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Abstract

Background Worldwide observations point to a two-stage theory of disease called Toxicant-Induced Loss of Toler-
ance (TILT): Stage |, Initiation by an acute high-level or repeated lower-level chemical exposures, followed by Stage

II, Triggering of multisystem symptoms by previously tolerated, structurally diverse chemical inhalants, foods/food
additives and drugs. Until recently, there was no known biological mechanism that could explain these observa-
tions. In 2021, we published a plausible and researchable two-stage biomechanism for TILT involving mast cells: Stage
|, Initiation via mast cell sensitization; Stage I, Triggering of mast cell degranulation by previously tolerated exposures,
resulting in the release of thousands of mediators, including histamine and a host of inflammatory molecules. The
objective of this study was to identify common TILT initiators.

Methods A randomized, population-based sample of 10,981 U.S. adults responded to a survey which included items
concerning medical diagnoses, personal exposures, antibiotic use, and several possible initiators of Chemical Intoler-
ance (Cl). Cl was assessed using the internationally validated Quick Environmental Exposure and Sensitivity Inventory
(QEESI). Participants identified as chemically intolerant were asked to recall when their intolerances began and what
they felt had initiated their condition.

Results Twenty percent met QEESI criteria for TILT, approximately half of whom identified one or more initiating
exposures. Initiators in order of frequency were mold (15.6%), pesticides (11.5%), remodeling/new construction
(10.7%), medical/surgical procedures (11.3%), fires/combustion products (6.4%), and implants (1.6%). Protracted anti-
biotic use for infections involving the prostate, skin, tonsils, gastrointestinal tract, and sinuses were strongly associated
with TILT/CI (OR> 2).

Discussion Participants identified two broad classes of TILT initiators: 1) fossil fuel-derived toxicants (i.e., from coal,
oil, natural gas), their combustion products, and/or synthetic organic chemical derivatives, e.g., pesticides, implants,
drugs/antibiotics, volatile organic compounds (VOCs); and 2) biogenic toxicants, e.g., particles and VOCs from mold
or algal blooms. One in four primary care patients suffers from Medically Unexplained Symptoms (MUS). Doctors

in primary care, neurology, psychiatry, psychology, occupational medicine, and allergy/immunology would be well-
advised to include TILT in their differential diagnosis of patients with so-called MUS. Because 20% of U.S. adults meet
QEESI criteria for Cl, the role of contemporary exposures in initiating and exacerbating these conditions via mast
cells needs our immediate attention. There is a concomitant need for policies and practices that reduce initiating
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exposures as well as ubiquitous and often unavoidable triggers such as fragranced personal care, cleaning, and laun-
dry products in multi-occupant housing, workplaces, medical settings, schools, places of worship, and all public build-
ings—literally anywhere air is shared. Fossil fuels are assaulting humans and other animal species both from within

via mast cell sensitization, and from without via climate change.

Keywords Chemical intolerance (Cl), Toxicant-induced
loss of tolerance (TILT), Multiple chemical sensitivity (MCS),
Idiopathic environmental intolerance (IEl), Pesticides,
mold, antibiotics, combustion products, volatile organic
compounds (VOCs), Microbiome, prevention, breast
implant illness, mast cells, environment, exposures, mast
cell activation syndrome (MCAS), Toxicity, sensitization,
electromagnetic fields (EMF)

Introduction

Chemical Intolerance (CI) is characterized by multisys-
tem symptoms triggered by everyday exposures to chem-
icals, foods, and drugs [2, 4]. Symptoms often include
fatigue, headaches, weakness, rash, mood changes,
musculoskeletal pain, gastrointestinal and respiratory
problems, as well as difficulties with attention and con-
centration often described as “brain fog” [2, 4, 38, 76,
117]. CI is a rapidly rising international public health
concern. Prevalence estimates range from 8 to 33% in
population-based surveys [5, 20, 27, 66, 87]. In both
Japan [53] and the U.S. [103], surveys conducted a dec-
ade apart revealed substantial increases in CI. This paper
builds upon our earlier report for this cohort which doc-
umented that 20% of U.S. adults fulfill criteria for CI as
measured by the Quick Environmental Exposure and
Sensitivity Inventory (QEESI) [89].

Over the past 35 years, despite numerous proposed
case definitions for the condition, no consensus has
emerged [2, 4, 28, 29]. The published literature often
refers to CI as multiple chemical sensitivity (MCS) or idi-
opathic environmental intolerance (IEI). We no longer
use MCS or IEI, because they are too limiting and over-
look the two-stage TILT process. As we have shown [72]
and show once again in this paper, there are well-docu-
mented and well-characterized exposures which initiate
illness in large groups of individuals exposed to chemi-
cals, e.g., during the Gulf War, breast implants, pesti-
cides, and VOCs during new construction or remodeling.
A recent comprehensive epidemiologic and diagnostic
review indicates that assessing CI most often involves
the QEESI [97]. First published in 1999 [82], the QEESI
is now widely used in lieu of a case definition and is con-
sidered the reference standard for assessing CI. To date,

researchers in more than 16 countries on five continents
have used the QEESI in their studies [43, 46, 52, 60, 101].
The QEESI is a validated questionnaire derived by factor
analysis from symptoms and intolerances to chemicals,
foods, and/or drugs reported by individuals who said
they became ill following exposure to either an organo-
phosphate pesticide or new construction/remodeling [81,
98]. Subsequent studies of groups who reported devel-
oping chronic illness following exposures to other toxi-
cants, including Gulf War veterans and breast implant
recipients, further demonstrated the QEESI’s utility as
a measure of CI. The QEESI offers high sensitivity and
specificity in differentiating CI individuals from the gen-
eral population, making it useful for clinical and research
applications [52, 81, 82].

The present paper builds on our two prior publica-
tions that focused on TILT as a global phenomenon [80],
and mast cell activation and mediator release as a plau-
sible underlying biomechanism for TILT [80]. Here we
attempt to differentiate between TILT initiators (Stage
I of TILT) and TILT triggers (Stage 1I), the latter being
more readily observable both by affected individuals and
their medical providers. Patients and clinicians who are
unaware of the two-stage nature of the condition often
mistake the myriad triggers in Stage II of TILT as causal
and overlook Stage I (relating to what initiated TILT).
There is great value in using self-reported questionnaires
to better understand the types of events or exposures
which affected individuals recall as having preceded CI.
Their recollections may help guide future research and
help predict and prevent TILT in the future.

TILT as an underlying mechanism for Cl

Individuals with CI often attribute onset of their illness
to specific exposure events such as the Gulf War, the
World Trade Center collapse, or exposures to pesticides,
VOCs associated with new construction or remodeling,
implants, and/or mold [72, 77, 91]. The fact that those
who share the same initial exposure frequently exhibit
different manifestations complicates diagnosis. For
example, an entire family may be exposed to mold in
their home. Some members may experience headaches,
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others nausea, while still others have cognitive difficul-
ties. Some may report no symptoms at all. Moreover, if
family members see different doctors, a pattern of new-
onset, environmentally initiated illnesses may be missed.

First proposed by [75, 76], TILT is a two-stage disease
process: Stage I, called initiation, and Stage 2, triggering
[2, 4, 76]. Initiation begins with exposure to a particular
chemical or combination of chemicals, often at levels
below so-called “safe” occupational or environmental
exposure limits. TILT can develop rapidly (e.g., after a
pesticide exposure), or gradually over a period of months
(e.g., in a “sick” building) (see Fig. 1). Initiating events
commonly go unrecognized and therefore unreported,
leaving triggers and symptoms as the only documented
components. This has thwarted our understanding of the
etiology of TILT. Further, our failure to ask patients about
possible initiating events has caused confusion con-
cerning the origins of other comorbid conditions such
as ADHD, autism, asthma, irritable bowel syndrome,
migraine headaches, depression, anxiety, brain fog and
other cognitive and mood difficulties. In addition, it has
led to a slew of non-etiologic diagnoses including MCS
and IEL

Masking often obscures awareness of both initiators
and triggers. Masking results from the overlapping of
symptoms triggered by multiple ongoing exposures [2,
4, 78]. Routine use of nicotine-containing products; xan-
thines (e.g., chocolate, coffee, tea); alcoholic beverages;
certain medications; scented personal care; cleaning or
laundry products; and exposure to combustion products
from a gas stove or heating system often mask or hide
the relationship between exposures and symptoms. A
10-item Masking Index (which is not a scale) is therefore
included in the QEESI to assess ongoing exposures that

Diagnosis based

on symptoms
> Symptoms

@ Triggering
Multi-system
symptoms

Sensitive
person

Initiation
@ Low or high level

initial event

Loss of Specific
Tolerance

Susceptible
person

Fig. 1 Iceberg depicting two-stage process underlying
Toxicant-Induced Loss of Tolerance (TILT)
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may otherwise be difficult for patients to recognize. For a
detailed discussion of masking, see [2, 4] and [78]. A per-
son with a high masking score on the QEESI is less able
to recognize symptom triggers [53, 81]. A very low mask-
ing score suggests that a person may have been avoiding
triggering exposures for such a long time that they no
longer recognize specific triggers.

Following TILT initiation, affected individuals report
an inability to tolerate everyday exposures to a wide
range of chemically diverse substances (including but not
limited to the initiator itself) at levels that never bothered
them previously and do not bother most people. Trigger-
ing exposures can include structurally unrelated ingest-
ants, inhalants, and skin contactants. Common triggers
include fragrances, nail polish/remover, hairspray, pesti-
cides, mothballs, cleaning products, fresh paint, tobacco
smoke, organic solvents, diesel or gas engine exhaust, as
well as foods/food additives and medications (see Fig. 2)
(2, 4, 39, 40, 117].

Understanding TILT and initiating events

Our understanding that chemical exposures can cause
new-onset intolerances (often perceived as “allergies”
for chemicals, foods, and drugs) evolved from interviews
with physicians in nine European countries who reported
seeing patients with heightened multisystem symptoms
along with sensitivities to odors, solvents, and sometimes
foods, often following a single major chemical exposure
or repeated lower level exposures [3, 79]. In both Europe
and the United States, commonly reported initiators
included pesticides, paints and lacquers/organic sol-
vents, formaldehyde, anesthetic agents, and hairdressing
chemicals.

The first systematic study of initiating events was pub-
lished in 1995 by [77]. They compared two groups who
reported developing intolerances following distinctly
different exposures: a well-characterized organophos-
phate pesticide exposure (n=37) and an exposure related
to new construction or remodeling (2=75). Although
these exposures involved entirely different chemical
classes, individuals in both groups reported strikingly
similar patterns of chemical and food intolerances [77].
Subsequently, [81] studied symptoms and intolerances
reported by Gulf War veterans (n="72), breast implant
recipients (n=87), and individuals suffering from MCS
who attributed onset of their illness to various exposures
(n=96) [81].

Recently we reviewed and summarized initiating expo-
sure events reported by eight well-documented groups
of individuals who had shared the same initial expo-
sures and subsequently developed CI [72]. These groups
included: (1) EPA workers exposed following new carpet
installation; (2) Gulf War veterans; (3) casino workers
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Fig. 2 TILT initiators and triggers

exposed to organophosphate pesticides; (4) pilots and
cabin crews exposed to aircraft oil fumes (“fume events”);
(5) World Trade Center first responders and others in
close proximity to the disaster; (6) breast and other
implant recipients; (7) individuals exposed to mold in
their homes; and 8) tunnel workers exposed to gasoline
vapors (benzene) in a confined space.

These studies have helped elucidate the phenomenol-
ogy of TILT (see Fig. 1), but until now, there have been
no population-based data to help us understand which
exposures people most often view as having initiated
their intolerances. In the present study, we draw upon
our previously described population-based sample of
more than 10,000 U.S. adults to answer the following key
research questions:

A) What percentage of U.S. adults meet the QEESI cri-
teria for CI?

B) Among those with CI, which initiators do they most
commonly implicate?

C) Does exposure to multiple initiators increase the risk
of CI?

D) Do repeated or protracted courses of antibiotics over
the lifespan increase the risk of CI?

While pesticides are frequently reported CI initiators,
both antibiotics and pesticides are known to disrupt the

microbiome [22, 104], hence our fourth research ques-
tion. Digestive difficulties and food intolerances are com-
mon in all TILT exposure groups [77, 81]. Further, as
we previously reported, our gastrointestinal tracts are
densely populated with mast cells, which are our ancient
immune systems’ first responders to foreign substances
[80]. In the GI tract, mast cells protect us against the
largest quantity of xenobiotics we encounter—the food
we eat. We reasoned that disruption of the microbiome
might play a prominent role in the development of CI.
Consequently, we included exploratory questions con-
cerning antibiotic use. Finally, it should be noted that
the majority of antibiotics today are themselves synthetic
chemical derivatives of petroleum [47].

Methods

Sample population

We conducted a population-based survey of U.S. adults
aged 18 years and older. The survey was deployed
between June 1-2, 2020, using the SurveyMonkey audi-
ence platform (2020). SurveyMonkey recruitment pro-
cedures are available here: www.surveymonkey.com/mp/
audience. 10,981 respondents were randomly selected
from nearly 3 million online users of the SurveyMonkey
platform. The survey had an abandonment rate of 10.1%
and took an average of approximately 5 min to complete.
The modeled error estimate for this survey was+1.4%.
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Data were weighted based on the population sizes of all
50 states plus the District of Columbia, as well as by gen-
der, age, race, and education within each census region to
match the U.S. Census Bureau’s 2015 American Commu-
nity Survey (ACS) targets.

Survey

Respondents answered an 80-item survey we called the
Personal Exposure Inventory which included several
items concerning individuals’ medical diagnoses and
personal exposures including antibiotic use and several
possible initiating exposures. CI was assessed using the
QEESI Chemical Intolerance and Symptom Scales [81]
(see supplement section for list of worldwide studies
using the QEESI, now considered the reference stand-
ard for screening CI). Scores greater than or equal to 40
on both scales are considered to be very suggestive of CL
Scores from 20 to 39 on one or both scales are suggestive
of CL Scores less than 20 on both scales are not sugges-
tive of CI [81]. Of the total sample, 281 (2.5%) could not
be classified for CI and were excluded from the analysis
because they did not complete both QEESI scales.

All respondents were queried concerning protracted
antibiotic use: “Over your lifetime, have you taken a pro-
longed course of antibiotics for any persistent, difficult-
to-treat infection(s)? (Check all that apply).” A series of
“yes” or “no” check boxes followed, inquiring about spe-
cific sites or types of infections: ear, tonsils, sinus, dental,
lungs, gastrointestinal, skin, genitourinary, wound, fun-
gal; plus, two gender-specific sites, vagina and prostate.
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against the QEESI’s CI categories [87]. Individuals with
a positive screen on the BREESI (i.e., those reporting
adverse responses to chemicals, foods, and/or drugs)
were asked what they thought had initiated their CI
(see the flowchart in Fig. 3). Participants responded
“yes” or “no” to a series of check-box items: “Was there
a particular exposure(s) that initiated your chemical
intolerances/sensitivities?” Respondents who answered
affirmatively were asked to select which of the fol-
lowing potential initiators applied to them: Medical/
Aesthetic Implants, Pesticides, Combustion Products,
Mold, Surgical/Medical Procedures, or New Construc-
tion/Remodeling. We included the question about sur-
gical/medical procedures because we wanted to learn
whether procedures other than implants might be
implicated.

Statistical analysis

Data quality Data quality Definition

measure dimension

Any NULL chemical Completeness Any record having

Score atleast 1 NULL value
in the QEESI chemical
score

Any NULL symptom Completeness Any record having

Score at least 1 NULL value

in the QEESI symptom
score

R . L Same non-0 chemical  Accuracy Any record having
The Brief Environmental Exposure Sensitivity Inven- ¢ the same non-0 QEES|
tory (BREESI) is a validated three-question screen- chemical score
ing survey that has shown excellent predictive value
10,981 Americans survey
DQand QEESI Classified
N=7,997
[
v v
Low Medium High
N =1,745(21.8%) N = 4,605 (57.6%) N = 1,647 (20.6%)
A4
Asked about an Initiating Event
N=15,576(69.7%)
|
Mold Pesticides Medical Remodel / Combustion Breast Other Don’t Know
N =975 N=772 Procedure Construction N =403 Implants N=416 or None
(17.5%) (13.8%) N =705 N =669 (7.2%) N =102 (7.5%) N = 3,406
(12.6%) (12.0%) (1.8%) (61.1%)

Fig. 3 Study participant flow
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Data quality Data quality Definition Table 1 Descriptive statistics for total population sample
measure dimension (N=7997)
Same non-0 symptom  Accuracy Any record having Variables in logistic models predicting Cl %
Score the same non-0 QEESI
symptom score Demographics N=7997
Gender mismatch Validity Any record submit- 9% Female 4580 573
ted vv_ith the gender . Age> 60 1827 229
questions not matchlng
the survey monkey Household income
panel gender <$50,000 2843 356
Male & vaginitis Validity Any record indicating $50,000-$100,000 2586 323
mslse gender and vagi- >$100,000 1802 25
Female & prostate Validity Any record indicat- Missing /66 100
ing female gender Cl assessment by QEESI N=7997
and prostate cancer Not suggestive of Cl 1745 218
Male & breast Validity Any record indicating Suggestive of Cl 4605 576
Implants ir%apl)lea%f:der and breast Very suggestive of Cl 1647 20.6
Too Fast Accuracy Any record indicating Clinitiators (see Fig. 1) N=5576 697
survey completion Mold 975 175
in 2 min or less Pesticides 772 138
The 10,981 survey records were assessed for data qual- Remodeling/construction 669 120
ity (DQ). A list of data conditions that could pose com- Medical/surgical procedures 705 126
pleteness, validity, or accuracy concerns was created. Combustion 403 /2
Any record with these DQ concerns was excluded from Other 416 /3
the analytic data set. Some of the measures could tech- Implants 102 18
nically be accurate (e.g., “Male & Breast Implants”), Don'tknow or none 3406 611
but out of an abundance of caution were excluded. The  Protracted antibiotics N=7997
same could be said for the “Too Fast” measure: with ~ /nfectionsite
a survey length of between 15 and 22 questions, it is Sinus 1990 249
very unlikely that a respondent could read and respond Ear 1541 193
accurately to all questions in under two minutes. By Dental 1503 188
omitting any records that violated one or more DQ Pneumonia 1402 175
measures, 2985 records were excluded (27.2%). The Urinary tract 1231 154
largest single DQ measure contributing to exclusion Wound 81 10.1
was “Too Fast” with 1,616 records, and the second Tonsil 744 93
largest was “Gender Mismatch” with 614 records. We Gastrointestinal 665 83
have taken this approach to help ameliorate some well- Skin 608 76
known DQ issues associated with web-based surveys, Fungal 551 69
including response probabilities and biases [11, 25]. Vaginal 238 30
Our final analytic sample was N=7997. Prostate 14 1.4
Other 207 26
Binary logistic regressions were conducted to deter- None 3007 -

mine the extent to which initiating events and pro-
tracted antibiotic use were predictive of CI risk. The
binary outcome variable compared not suggestive to
very suggestive QEESI categories. We first used initi-
ating exposure events and protracted antibiotic use as
continuous variables (based on the number of identi-
fied exposures) in separate models which included age,
gender, and household income as covariates (Table 4,
Models 1 and 2). In Models 3 and 4 (Table 4), initiat-
ing events and antibiotics were used as independent
dichotomous (individual yes/no) predictors of CI. A
final model combined both the initiating event and

antibiotics items (Table 4, Model 5) in the form of a
multivariate model. All models were adjusted for gen-
der, age, and household income. In this study, we used
a p-value 0.05 threshold to determine statistical sig-
nificance. Analyses were conducted using JMP (1989—
2019) and SAS software (2014) [61, 98].
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Table 2 Percentage of multiple initiators chosen among those choosing more than one initiator (N=966)

Construction % Medical % Implants % Pesticide % Combustion % Mold %
Construction 199 14.9 54 20.8 14.7 26.8
Medical 26.0 45 189 1.2 251
Implants 1.8 2.7 35 3.2
Pesticide 18.2 19.8 38.2
Combustion 6.5 182
Mold 27.7
Other

Diagonal percentages indicate the percentage of participants choosing only that single initiating event

Results

Descriptive statistics

Table 1 provides descriptive statistics for the entire sur-
vey population. The number and percentages of QEESI
scores, initiating events, and protracted antibiotic
courses are shown. Figure 3 depicts respondent flow and
shows the numbers and percentages who completed sur-
vey items for initiating events. Only individuals with a
positive BREESI screen (79.2%) were asked about initiat-
ing exposure events. Approximately half of those with a
positive BREESI screen (54.5%) did not identify an ini-
tiating event. In order of frequency, initiators specified
by participants who identified any initiating event were
Mold (15.6%), Pesticides (11.5%), Medical/Surgical Pro-
cedures (11.3%), Remodeling/New Construction (10.7%),
other (6.7%), Combustion Products (6.4%), and Implants
(1.6%). Table 2 shows the overlapping responses for the
initiator items. The initiators most frequently selected
together were Mold, Pesticides, and Remodeling/
Construction.

Table 3 Lifetime protracted antibiotic courses and initiating

events

Antibiotic courses N Percent
0 3382 42.29

1 1752 21.91

2 1125 14.07

3 749 937

4 425 5.31

5 251 3.14

6+ 313 392
Initiating events N Percent
0 5856 7323

1 1175 14.69

2 593 742

3 268 335

4+ 105 1.31

Table 3 shows the distribution of the total numbers and
percentages reported for initiating events and protracted
antibiotic use.

Figure 4 shows the initiating exposure items. In
descending order, the initiating events with the high-
est average QEESI scores were Implants, Pesticides,
Combustion Products and Medical/Surgical Exposures.
Figure 5 breaks down the initiator responses by QEESI
category. As might be expected, the very suggestive CI
group identified the most initiators, followed by the sug-
gestive group which in turn identified more than the not
suggestive group. Figure 6 depicts the mean number of
initiating events by QEESI category, suggesting a linear
relationship.

Statistical modeling results

Model 1: Initiating exposure events as a continuous predictor
variable

Results from the logistic regression model that used initi-
ating events as a count variable are presented in Table 4.
The model R* was 0.16. Initiator count, gender, and age
were significant contributors to the model (p<0.01). To
assess a non-linear association, a squared term for Initi-
ating Exposures count was added and was not significant
(p=0.31). Interactions between gender and age were also
evaluated and were not significant, nor was household
income (p=0.07). Females were twice as likely to have
QEESI scores very suggestive of CI. Respondents older
than 60 years were approximately half as likely to have
scores very suggestive of CI compared to respondents
under 60. Notably, for every initiating exposure event
reported by respondents, the odds of their belonging to
the very suggestive category nearly tripled, increasing by
2.9 on average.

Model 2: Antibiotics as a continuous predictor variable

Results from the logistic regression model that used
the number of protracted antibiotic exposures appear
in Table 4. To assess a non-linear association, a squared
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Table 4 Logistic regression models initiators and antibiotics predicting chemical intolerance
Model 1 Model 2 Model 3 Model 4 Model 5
Odds ratio (95% Cl) Odds ratio (95% Cl) Odds ratio (95% Cl)  Odds ratio (95% Cl) Odds ratio (95% Cl)
Number of initiating events 29(25-34) - -
Number of antibiotic exposures - 1.8(1.7-1.9) -
Female 23(1.9-2.8) 20(1.7-24) 2.3(1.9-2.8) 2.1(1.8-24) 2.1(1.7-2.6)
Age > 60 0.51 (0.4-0.6) 0.52 (04-0.6) 0.48(0.38-0.61) 0.51(0.42-0.62) 0.55 (0.43-0.70)
Household income 0.93 (0.90-0.96) 0.93 (0.90-0.95) 0.93 (0.90-0.96) 0.92 (0.90-0.95) 0.93(0.90-0.97)
Implants - - 3.6 (1.2-10.5) - 2.9(0.9-8.5)™
Pesticides - - 5(3.5-8.6) - 48 (3.1-7.5)
Combustion products - - 7 (1.5-4.6) - 23(1.3-4.0)
Mold - - 29(2.1-4.0) - 23(1.7-33)
Surgical/medical procedure - - 2(1.6-3.1) - 9(1.3-2.6)
New construction - - 3(1.6-3.3) - 22(1.5-3.2)
Prostate - - - 3(1.1-4.9) 6(0.6-4.5)"™
Skin - - - 3.0(2.1-43) 1.7 (1.2-2.6)
Tonsils - - - 9(14-2.6) 16 (1.1-24)
Gastrointestinal - - - 24(1 7-3.2) 1.9(1.3-2.9)
Sinus - - - 2(1.8-2.7) 1.8 (1.4-24)
Wound - - - 2(1.6-3.0) 8(1.2-2.7)
Fungal - - - 5(1.1-22) 1.1(0.7-1.7)™
Pneumonia - - - 7(14-22) 1.5(1.1-2.0)
Ear - - - 5(1.2-1.8) 1.2 (0.9-1.5)™
Dental - - - 1.5( 2-19) 14(1.1-1.9)
Vaginal - - - 099 (0.57-1.7)" 0.90 (0.5-1.8)™
Urinary tract - - - 1.5(1.2-1.9) 1.7(1.2-2.3)
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term for antibiotic exposure count was added. Both the
linear and non-linear terms for antibiotic count, as well
as gender, income, and age were all significant contribu-
tors to the model (p<0.01). The interaction between
gender and age was significant (p=0.01), but the overall
effect estimate was small, indicating that females over
60 years of age were slightly less likely to have scores
very suggestive of CL. The model reported an R? of 0.21.
Importantly, for every initiating exposure reported by a
respondent, the odds of having scores very suggestive of
ClI increased by 1.9 on average. When including the sig-
nificant non-linear trend, the odds ratio (OR) showed a
2.4 increase for each initiator.

Model 3: Initiating exposure events as binary predictors
Results from the logistic regression model that included
Initiating Exposures as individual binary exposure vari-
ables are also presented in Table 4 (Model 3). The model
reported an R? of 0.16. Gender and age were signifi-
cant contributors (p<0.01), unlike household income
(p=0.06). Each of the six initiating exposures contrib-
uted significantly to the model (p <0.01). Ranked in order
are the ORs for each class of initiating exposures: Breast
Implants (OR=7.5), Pesticides (OR=4.4), Combustion
Products (OR=3.6), Mold (OR=2.9), Surgical/Medical
Procedures (OR=2.4), New Construction/Remodeling
(OR=2.2).

Model 4: Antibiotics as binary predictors

Results from the logistic regression model that included
antibiotic exposures as individual binary exposure vari-
ables are presented in Table 4. The model reported an
R? of 0.20. Gender, income, and age were significant
contributors to the model (p<0.01). All protracted anti-
biotic exposures contributed significantly to the model
(p<0.04). Ranked in order are the ORs for protracted
antibiotic use by infection site/type: prostate (OR=3.0),
skin (OR=2.8), tonsils (OR=2.7), gastrointestinal tract
(OR=2.5), sinuses (OR=2.2), wounds (OR=1.9), fungal
(OR=1.8), pneumonia (OR=1.7), ear (OR=1.7), dental
(OR=1.7), vagina (OR=1.6), urinary tract (OR=1.6).

Model 5: Initiating exposures and antibiotics as binary
predictors

Results from the logistic regression model that consid-
ered Initiating Exposures and Protracted Antibiotic Use
as individual binary exposure variables are presented
in Table 4. The model reported an R? of 0.22 with good
fit. As in the other models, gender and age remained
significant contributors to the model (p<0.01), while
household income did not. All six initiating exposures
significantly contributed to this model (p <0.01). Nine of
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the 12 antibiotic exposures contributed significantly to
this model (p <0.05). Model 5 fit the data well (p=1.0 for
lack of fit).

Ranked in order, the ORs for both protracted antibi-
otic use and exposure events are as follows: Pesticides
(OR=4.8), Breast Implants (OR=2.9), Combustion
Products (OR=2.3), Mold (OR=2.3), Remodeling/New
Construction (OR=2.2), and Surgical/Medical Proce-
dure (OR=1.9). For antibiotics, the ranked order was:
Gastrointestinal (OR=1.9), Sinus Infection (OR=1.8),
Wound (OR=1.8), Skin (OR=1.7), Urinary Tract
(OR=1.7), Tonsils (OR=1.6), Pneumonia (OR=1.5),
Dental (OR=1.4), Fungal (OR=1.1).

Discussion

Identifying initiators

Approximately two-thirds of our sample (n=5576/7997,
70%) had a positive BREESI screen (answered “yes” to
one or more of the three BREESI items), indicative of at
least some degree of chemical, food, and/or drug intoler-
ance. Approximately 40% of these individuals attributed
onset of their illness to an initiating exposure event or
multiple events. Further, a lifetime history of protracted
antibiotic use was associated with chemical intolerance.
Specifically, we found that with every additional initiating
exposure event, the odds of reporting CI nearly tripled. We
also demonstrated that prolonged courses of antibiotics
were associated with increased risk of CI, and with every
additional course of antibiotics the odds of CI nearly dou-
bled. That discrete exposure events were associated with
Cl is consistent with findings from of our prior published
study showing that CI is frequently preceded by identifi-
able toxicant exposures such as new carpet installation,
pesticide use, combustion/pyrolysis emissions, occupy-
ing a moldy home, occupational exposures to VOCs, and
breast implants [72]).

Women tended to have higher scores on the QEESI, a
finding consistent with other studies which have shown
the prevalence of CI among females across various pop-
ulations ranged from 69 to 80% [32, 54, 66, 103]. This
difference may be biologically based or stem from dif-
ferences in exposures, e.g., women repeatedly exposed
to fragranced cosmetics, soaps, sprays and personal
care products, as well as fragranced cleaning and laun-
dry products, all of which commonly are used in poorly
ventilated spaces. In addition, it is well-established that
males and females differ in their immune responses to
foreign and self-antigens. For instance, elevated humoral
immunity (immunoglobulins) in females compared to
males is physiologically conserved, perhaps imparting an
adaptive advantage for transferring protective antibod-
ies in utero to a fetus [33]. Anatomic differences between
males and females also may affect vulnerability to CI
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[88]. For example, mast cells in the nose can be sensi-
tized by inhaled VOCs, mold, or combustion products.
Subsequent exposures can trigger mast cell degranula-
tion releasing a cascade of mediators causing swelling of
the nasal mucosa and occluding sinus openings, which
are smaller on average in females. Cutting off air to the
sinuses results in an anaerobic condition and chronic
infections, likely leading to repeated or prolonged
courses of antibiotics.

In general, the strength of the association between
antibiotic use and CI suggests a potential causal role of
antibiotics in CI initiation. Although this question cannot
be answered by this single study, in part due to the limi-
tations to be discussed later, it nonetheless supports the
hypothesis that alterations in the gut microbiome may
be associated with the development of CI [12, 26], sug-
gesting the need to restore normal gut flora. Importantly,
however, it is not clear from this analysis nor from prior
literature in which direction a potential causal associa-
tion may lie. That is, it is unclear how antibiotic use may
contribute to the development of CI: Do antibiotics com-
promise the gut microbiome? And/or do CI individuals
take more antibiotics?

Regarding protracted antibiotic use for specific types
of infections among those with scores very suggestive of
CI, antibiotics prescribed for infections categorized as
Skin, Tonsils, Gastrointestinal, Prostate, Sinuses, Wound,
and Pneumonia were most strongly associated with CI
(OR>1.5). Early evidence of an association between the
gut microbiome and CI was previously documented by
[77] who showed a direct relationship between the num-
ber of intolerances for chemical inhalants and the num-
ber of food intolerances reported by people who said they
became ill after organophosphate or remodeling expo-
sures [77]. Further, organophosphate exposures, such as
exposures to the common agricultural pesticide chlor-
pyrifos (now banned for household use) are known to
disrupt the gut microbiome [31, 67, 121, 123]. Similarly,
antibiotics alter the gut microbiome [94]. Adding further
weight to this association is evidence of reduced food
intolerances among individuals following treatment with
probiotics [70, 90, 109, 110].

In the present analysis, the initiating exposures
reported most frequently (>10% of respondents who
identified an initiating event) were Mold, Remodeling/
New Construction, Medical/Surgical Procedures, and
Pesticides, while exposures to Combustion Products,
Implants, and others were less frequently reported. The
ranking of initiating events based on odds ratios differed
from that of their frequencies, with Pesticides, Breast
Implants, Mold, and Combustion Products showing the
highest odds ratios (OR>2), followed in order by Surgi-
cal/Medical Procedures (OR=1.9). It is important to

Page 11 of 19

note that the rankings of initiating events may be influ-
enced by, and therefore partially reflect, the obviousness
of an exposure event from the perspective of a survey
participant. For instance, since occupants are apt to see
and/or smell mold indoors, as opposed to invisible or
non-odorous airborne VOCs and pesticides, participants
may have implicated mold disproportionately.

Evidence and implications of initiating exposures

The concept that the exposures and exposure events
reported in this analysis have the potential to initiate CI is
supported by well-documented reports in peer-reviewed
papers describing the initiation of CI among groups of
individuals who shared the same initial exposure events,
several of which are summarized in our prior work [72,
81], as well as reports of Cl-related symptoms that abate
following the removal of certain exposures, e.g., breast
implants. [114]. Notwithstanding, mold was the most fre-
quently implicated exposure (17.1%) in our study. Mold
spores, mold VOCs and debris can concentrate in the air
where fresh air ventilation is poor, giving rise to adverse
health effects [65]. Evidence of mold-related CI was well-
documented in the case of nine Finnish family members
who moved into a moisture-damaged house where they
subsequently developed a range of symptoms including
eye irritation, cough, congestion, shortness of breath, and
chemical intolerances. Their symptoms abated only when
the family moved to a different home [106].

Finland is located in a subarctic region where snow
melt, leaking roofs, and winter storms lead to water
intrusion, mold growth and mold-related health prob-
lems in homes, workplaces, and schools. Based upon
clinical experience with more than 1000 patients with
“Dampness and Mold Hypersensitivity Syndrome’, Finn-
ish physician Ville Valtonen reported that approximately
half of such patients ultimately developed CI and related
symptoms [108]. Likewise, researchers in Tampere, Fin-
land [85] used the QEESI to assess patients referred for
respiratory and/or voice symptoms associated with work-
place moisture damage. Compared to randomly selected
controls from the Finnish Population Information Sys-
tem, the patients had significantly higher scores on the
Chemical Intolerance (39% vs. 23%, p<0.001), Symptom
Severity (60% vs. 27%, p<0.001) and Life Impact scales
(53% vs. 20%, p<0.001). Scandinavian researchers have
also identified exposures to both electromagnetic fields
(EMF) and mold as potentially altering mast cells and
underlying CI [37, 62, 63, 92, 93, 112, 113].

Similarly, Kilburn [64] compared symptomatic adults
living in moldy homes to individuals who became ill
following exposure to various chemicals (e.g., diesel
exhaust, organophosphate insecticides, glutaraldehyde,
and cleaning agents) to asymptomatic controls. Applying
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a comprehensive battery of neurobehavioral tests, he
found a more than fivefold higher incidence of abnor-
malities in the two exposed groups relative to controls
[64]. Interestingly, the 1995 publication concerning CI
in European countries conducted by one of the present
authors did not identify mold as an initiator [3], nor was
mold mentioned in the 1989 New Jersey Report or sub-
sequent book by [2, 4]. In recent years, global warming
has led to more rainfall, floods, hurricanes, roof leaks,
and water intrusion, resulting in increased mold growth
indoors.

While mold spores and particles can be toxic via inges-
tion or inhalation and can irritate any exposed part of
the body, inhaling low molecular weight mold VOCs
(mVOCs) may constitute an important initiating expo-
sure that has been largely overlooked [10]. Supporting
this possibility is an experiment in which developing fruit
flies exposed to mVOCs at levels comparable to those
reported in moldy buildings [65] exhibited Parkinson’s
disease-like symptoms [55, 56]. Importantly, when wet,
any organic materials such as carpets, fabrics, paper, ply-
wood, compressed wood, and gypsum board can grow
mold within 48—72 h. Careless removal of moldy mate-
rials and/or applying chemicals such as cleaning agents,
bleach, or disinfectants further exposes workers and
occupants. MVOCs vary greatly in toxicity as demon-
strated by [122] who compared the toxicities of mVOCs
from 24 fungal species isolated from mold colonies cul-
tured following Hurricane Sandy on fruit fly larvae in a
shared test tube atmosphere [122].

In the present study, exposure to new construction/
remodeling was implicated by 12.0% of those fulfilling
QEESI criteria for CI. Strong evidence for a causal role
for new construction/remodeling-related chemical expo-
sures and CI arose in 1987 when approximately 27,000
square yards of new carpet were installed in the U.S. EPA
headquarters building in Washington, D.C., leading to
an estimated 124 of 2000 employees subsequently fall-
ing ill, eight of whom acquired CI, most often reacting to
fragrances, traffic exhaust, and tobacco smoke. Though
not the first evidence of CI, this event represents the first
widely acknowledged episode involving CI acquired in
a sizable group, many of whom were federal indoor air
scientists. The substance most implicated in these ill-
nesses was 4-phenylcyclohexene (4-PCH), an undesirable
byproduct with an odor of new carpet from the manufac-
ture of styrene-butadiene rubber (SBR) latex—an adhe-
sive used to attach carpets to their backing. A description
of this event and related indoor air testing can be found
elsewhere [2, 4, 51, 84].

Although initiation by medical/surgical procedures
was reported third most often, by 12.6% of those with CI,
diverse scenarios were involved, making it challenging
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to isolate causal associations. However, potentially rel-
evant exposures included anesthetics, intravenous tub-
ing, chemotherapy and other cancer therapies. The best
documentation of CI in the context of medical or sur-
gical procedures relates to breast implant recipients
[114]. The present findings, and the fact that our survey
included questions concerning both implant- and non-
implant-related medical/surgical procedures, suggests
the need for further research to understand the potential
relationship between non-implant-related medical/surgi-
cal procedures and the development of CI. Studies of CI
related to anesthesia and chemotherapy may provide use-
ful insights, for example, by using the QEESI to evaluate
patients pre- and post-surgery or chemotherapy.

Surgical implants were identified as an initiating event
by just 1.8% of our CI participants. Following such pro-
cedures, many physicians have reported multisystem
symptoms in patients closely resembling chronic fatigue
syndrome and CI [15, 111]. Importantly, Wee et al. (2020)
reported significant improvements in symptoms such
as fatigue, memory, and, most notably food intolerances
among 750 breast implant patients whose implants were
removed. Similarly, Campbell et al. (1994) reported that
implant removal reversed symptoms in 40—-60% of breast
implant patients. Potential exposures include silicone
which may leach slowly from intact breast implant mem-
branes [14, 16], producing inflammatory and immuno-
logical responses [16, 111], as well as metals which can
migrate into surrounding tissue [42] and processing
aids and peroxides used to facilitate the curing process
for implant gels. At increased risk were individuals with
autoimmune antibodies [111, 120], whose symptoms may
involve CI [14, 100]. Additional reported associations
between chemical intolerance and breast implants appear
elsewhere [2, 4, 57, 81].

Pesticides, implicated by 12% of our participants with
CI, have long been known to initiate CI, particularly
exposures to organophosphates and/or carbamates [2,
4, 77]. Pesticide exposures arise from domestic pesticide
use, commercial extermination, occupational use/pro-
duction, agricultural use, or community-wide spraying
[23]. Described in detail casino workers who developed a
“mystery illness” coinciding with the application of carba-
mate and pyrethroid pesticides in the employee café and
basement walls [23]. Subsequently, 12 of 19 workers who
were referred for medical evaluation developed CI, mani-
festing as new-onset “sensitivities” to perfumes, gasoline,
newsprint, cleaning materials, pesticides, and solvents.

In many communities, aerial pesticide spraying is a
regular occurrence, particularly during peak mosquito
seasons and in the wake of hurricanes and floods [30,
69, 71]. TILT may represent yet another adverse impact
related to climate change as global temperatures rise and
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the populations and habitat ranges of pests such as ticks
and mosquitos increase [58, 73]. Safer approaches to pest
management, including organic gardening and farming,
the use of beneficial insects, sophisticated modeling to
better understand pest populations, and methods that
reduce pesticide resistance, can help protect the public
from pesticide-initiated CI.

Pesticides were widely applied to prevent vector-borne
disease among Gulf War troops. The U.S. Department of
Defense estimated that at least 40,000 service members
may have been overexposed to organophosphates [50,
96]. Following the war, over 200,000 individuals devel-
oped so-called “Gulf War Illness’;, characterized by mul-
tiple symptoms which often included chemical, food,
and drug intolerances [35, 102, 107, 115]. Importantly,
research on wartime exposures has also implicated chem-
ical weapons released or present near military personnel
during the Gulf War as risk factors for CI, including the
organophosphate (OP) nerve agents sarin and cyclosa-
rin, which similarly inhibit the enzyme acetylcholinest-
erase (AChE). Further, pyridostigmine bromide, also a
carbamate, was administered in pill form to an estimated
250,000 U.S. soldiers as a pre-treatment against possible
nerve agent exposure [41]. Researchers have thoroughly
explored OP toxicity in terms of cholinesterase inhibi-
tion. With TILT, we appear to be dealing with an entirely
new mechanism for OP toxicity, that is, sensitization of
mast cells. This offers a new view of the multisystem,
often disabling symptoms and chemical, food, and drug
intolerances reported by OP-exposed individuals [80].
As early as 1996, physician and researcher Gunnar Heu-
ser postulated that chemical exposures can trigger a mast
cell disorder, which he felt could explain the underlying
mechanism of TILT [48, 49].

Miller and Mitzel [77] described 37 individuals who
reported multisystem symptoms and chemical and food
intolerances following OP pesticide extermination.
Theirs was also the first paper to implicate OPs as likely
initiators of Gulf War Illness. Other researchers investi-
gating Gulf War Illness have shown that troops exposed
to petroleum fires, as well as chemical weapons contain-
ing sarin and cyclosarin developed symptoms of CI [41,
50, 115].

Combustion products (including pyrolysis products),
which were cited as initiators by over 7% of our CI par-
ticipants, similarly have been implicated as initiators of
CI. This was described by pilots, flight attendants, and
frequent flyers exposed to visible smoke/fumes and strong
odors followed by Cl-like symptoms, a phenomenon
known as “aerotoxic syndrome”. Michaelis et al. [74] sur-
veyed British pilots about their experience with contami-
nated air aboard aircraft and found that 88% were aware
of cabin air contamination, with 34% reporting “frequent”
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exposures, 7% reporting visible smoke or mist, and 53%
describing neurological symptoms including “chemi-
cal sensitivity” [74]. Similarly, following the collapse of
the World Trade Center (WTC), Dr. Steven Levin of the
Mount Sinai School of Medicine noted that some of his
patients “once away from Lower Manhattan have noticed
a general improvement in their symptoms but find that
exposure to cigarette smoke, vehicle exhaust, cleaning
solutions, perfume, or other airborne irritants provokes
reoccurrence of their symptoms in ways they never expe-
rienced before 9/11” The WTC disaster exposed many
individuals to high concentrations of complex combustion
particles [72].

Possible mechanisms

There is evidence linking CI to autoimmunity through
autoantibody production against myelin basic pro-
tein, myelin-associated glycoprotein, ganglioside GM1,
smooth muscle cells, and antinuclear autoantibod-
ies [1, 19, 44, 105]. Other proposed mechanisms for CI
involve olfactory-limbic kindling, that is, amplification
of reactivity to inhaled and ingested chemicals resulting
in persistent affective, cognitive, and somatic symptoms
[7-9, 17]. Building on this mechanism, [86] outlined a
plausible set of interacting synergistic biomechanisms
implicating an excess of N-methyl-D-aspartic acid or
N-methyl-D-aspartate (NMDA) activity effecting nitric
oxide-mediated stimulation of glutamate, decreased
cytochrome P450 metabolism, and ATP depletion, result-
ing in increased permeability of the blood—brain barrier,
thereby allowing organic chemicals to enter the central
nervous system and resulting in CI symptomatology [86].

Organophosphate pesticides (OPs), which bind irre-
versibly to cholinergic receptors, appear to be among
the most severe and permanently damaging CI ini-
tiators. Organophosphates can trigger degranulation of
human and animal mast cells [119]. In mice, repeated
oral administration of the OP malathion led to mast cell
degranulation at doses below those that inhibit cholinest-
erase. Malathion is widely used for mosquito control,
agriculture, and landscaping. Residues are present in
foods [6].

The parasympathetic nervous system also modulates
mast cell activity via a cholinergic pathway [34]. Mast
cells play pivotal roles in regulating cerebral blood flow
[68], directly affecting brain function. Notably, both mast
cell activation syndrome (MCAS) and CI patients com-
monly report cognitive difficulties, including “brain fog”.
A study by one of this paper’s authors (Miller) involving
low-level VOC (acetone) exposure in ill vs. asymptomatic
Gulf War vets demonstrated that cerebral blood flow
failed to increase to match the requirements of a difficult
cognitive task [18, 81].
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Some of the most severely “TILTed” individuals report
initiation by exposure to OPs [77]. Groups exposed to
OPs and at risk for TILT include agricultural workers,
sheep dippers, building occupants exposed to pesticides,
Gulf War soldiers, and airline crew members exposed
to “fume events” during which engine lubricants bleed
into cabin air [2, 4, 116]. OPs irreversibly bind acetylcho-
linesterase (ACHE). Activity of the enzyme paraoxonase,
or PONI, helps determine a person’s ability to detoxify
OPs [24, 36, 59] and may explain why certain individuals
are particularly susceptible to TILT. However, mast cell
sensitization helps explain the long-term illnesses and CI
that some individuals develop.

Finally, the role of oxidative stress (OS) must be consid-
ered. It has been established that reactive oxygen species
(ROS) are involved with intracellular signaling of various
proinflammatory cytokines regulating innate immunity,
including mast cells [21]. Several studies demonstrate
that over-production of ROS triggers proinflammatory
processes through activation of several regulatory pro-
teins [95].

OS in known to mediate various allergic disorders, such
as asthma, rhinitis, and atopic dermatitis. Understanding
the biopathways of OS along with the role that antioxidants
play, can help in the development of treatments of many
associated diseases [45]. Persistent OS can damage pro-
teins, lipids, and DNA as a result of inflammation initiated
from environmental exposures [13]—either from a single
high-level toxicant exposure, or from concurrent low-level
exposures from multiple sources, such as those initiating
exposures reported by the respondents in our survey.

TILT appears to involve alteration/sensitization of
our immune systems’ ancient first responders—mast
cells—so that individuals no longer tolerate previously
endured chemical inhalants, foods and drugs. In this way,
TILT resembles both allergy and toxicity. Both stages of
TILT—(I) initiation by a wide variety of toxicants and
(2) subsequent triggering by previously tolerated xeno-
biotics—appear to involve oxidative stress leading to the
generation of free radicals which can disrupt cell metab-
olism, gene expression, and signal transduction. TILT
initiation, for example, may result from DNA oxidation
causing instability of the genome by affecting mast cell
DNA, either directly or epigenetically [21].

Taken together, our data support the idea that the
person who reports multiple symptoms, multiple intol-
erances, and recurrent infections as well as a history
of exposure events is sharing a cohesive narrative, one
that points to physiological (as opposed to psychoso-
matic) explanations of their oft-confusing complaints.
Patients with high QEESI scores may have experienced
one or several toxic exposures over time as well as mul-
tiple protracted antibiotic courses. Personal histories are
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complex. For example, a water intrusion event that led to
mold growth may have been remediated using phenolic
disinfectants or bleach, with fragrances applied in order
to mask odors. Subsequent remodeling might include
demolition, installing new carpet, painting, applying
adhesives, and the introduction of new outgassing finish-
ing materials and furnishings (e.g., particleboard). These
exposures irritate the airways and could lead to chronic
or recurrent sinus infections, for which doctors may pre-
scribe protracted courses of antibiotics. Both pesticides
and antibiotics can disrupt normal gastrointestinal flora
resulting in new food intolerances.

Our results suggest that exposures to antibiotics over
the life course and certain major environmental expo-
sures are predictive of CI. This is consistent with a recent
paper by [99] reporting an association between infection
and CI [99]. Although not reported in their manuscript,
it may be surmised that those with infections receive
antibiotic treatments. From this we might infer that there
may be a causal relationship between these exposures and
later intolerances that manifest as multisystem symptoms
which wax and wane in response to subsequent chemical,
food, and drug exposures. Future research should explore
the mechanism by which exposures and/or alterations in
the gut microbiome may compromise our ancient mast
cells and innate cell-mediated tolerance. Allergy and toxi-
cology as currently practiced appear to have overlooked
the two steps of TILT and the fact that toxic exposures
can sensitize mast cells.

Chemically intolerant individuals have few proven
treatment options other than avoiding exposures that
initiate and continue to trigger their symptoms. Many
remain on restrictive elimination diets for years. Pre- and
probiotics offer a potentially attractive option. In our
most recent study, we demonstrated that nearly 60% of
patients diagnosed with mast cell activation syndrome
(MCAS) met QEESI criteria for CI. This suggests that
therapies used to treat MCAS may also be useful for
treating CI/TILT, e.g., medications like cromolyn which
prevent mast cell degranulation and/or H1 and H2 anti-
histamines which block the action of histamine released
by mast cells on tissues [80, 83, 118].

Implications for future research

Our large population-based surveys have identified many
of the most frequently cited CI/TILT initiating exposures.
All of these exposures except for mold involve fossil fuels,
their combustion products and/or their synthetic chemi-
cal derivatives. Key culprits in both cases—VOCs from
mold and fossil fuels—appear to involve low molecular
weight VOCs such as terpenes in fragrances or short
chain volatiles released by molds identified by [122].
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Further studies should address the following research
questions, which we believe to be high yield:

(1) Are fossil fuels exposures sensitizing our ancient
immune systems’ first responders, that is, mast
cells? (TILT Stage |, Initiation)

(2) Do sensitized mast cells release cascades of media-
tors (histamine, cytokines) when they subsequently
encounter structurally unrelated xenobiotics, for
example, nanograms of inhaled VOCs, or foods/
food additives in the GI tract? (TILT Stage 2, Trig-

gering).

Practical interventions for patients suspected of hav-
ing TILT now involve: (1) explaining to them, their fami-
lies, landlords and employers that they are now sensitive
to tiny quantities of particles and VOCs which may arise
from biological sources (mold, algae) or from fossil fuels,
their combustion products or synthetic chemical deriva-
tives and (2) discussing how these might be eliminated
from their home, school, and work environments (e.g.,
no exposure to fragrances, combustion products, no
attached garages, etc.). Living with restrictions like these
is a daunting challenge. Consequently, we recommend
that public health measures and medical counseling
should include recommendations to reduce or avoid ini-
tiating exposures as the first order of business.

One in four primary care patients suffers from MUS.
Doctors in primary care, neurology, psychiatry, psychol-
ogy, occupational medicine, and allergy/immunology
would be well-advised to incorporate the QEESI and an
individualized exposure history in their evaluation of
patients with MUS as well as those diagnosed with con-
ditions of unknown etiology such as myalgic encephalo-
myelitis/chronic fatigue syndrome (ME/CES), asthma,
fibromyalgia, autism, ADHD, depression or other psy-
chological conditions. None of these are etiologic diag-
noses; CI and TILT are etiologic diagnoses. Practitioners
should not presume that any illness is psychosomatic
without exploring environmental initiators and triggers.
They need to screen all patients using the BREESI/QEESI
and learn about CI and TILT. The GI tract is densely pop-
ulated with mast cells, and digestive difficulties and food
intolerances are prevalent in CI. The role of contempo-
rary exposures in initiating and exacerbating these con-
ditions via mast cell sensitization needs our immediate
attention. Mast cells evolved over 500 million years ago.
In contrast, our exposures to fossil fuels and combustion
products are new since the Industrial Revolution (less
than 300 years ago), while exposures to fossil fuel-derived
synthetic chemicals have grown exponentially in recent
generations since WW1II—less than 100 years ago. Fos-
sil fuels are assaulting humans and other animal species
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both from within via mast cell sensitization, and from
without via climate change.

Strengths and limitations

The considerable number of randomly sampled sur-
vey participants (n>10,000) is a strength of this study.
It improves the generalizability of our findings and
enhances our ability to understand the prevalence of CI
across the U.S. and across genders and age groups. It also
improves our understanding of exposures that may initi-
ate CI/TILT, thus extending our prior work, which was
limited to previously published case reports and others’
studies that were not population-based [72].

Also, the application of multivariate statistical methods
expands our understanding of the relative roles of vari-
ous xenobiotics in CI/TILT initiation, representing a step
forward in the literature. Lastly, our search for the under-
lying causes of CI represents a much-needed addition to
the CI/TILT literature whose principal focus has been on
so-called “triggers” that elicit CI symptoms from day-to-
day with no attempt to determine what initiated TILT.

This study also has important limitations. First, we
should note that event-driven analyses remain an inher-
ently more reliable indicator of what initiates CI/TILT.
However, in the absence of large cohorts who developed
TILT following well-characterized exposure events, the
use of population-based surveys, as employed in this
study, represents a valuable alternative for understand-
ing what initiates or truly underlies CI/TILT. Of note,
our findings mirror decades of observations in countries
on five continents by many thousands of patients, physi-
cians, and public health practitioners.

An additional limitation is that only about half of those
with positive QEESI screens recalled a specific expo-
sure that may have initiated their symptoms. However,
given the exponential increase in exposures to toxicants
derived from fossil fuels and biological sources, coupled
with reduced fresh air in buildings due to energy con-
servation efforts spurred by the 1973 Arab oil embargo,
TILT has become epidemic.

Another potential limitation is the absence of race/
ethnicity data for our participants, which prevents any
comparison of CI prevalence across different minority
populations. Although this analysis includes a diverse
survey population and substantial numbers of partici-
pants, we cannot rule out the possibility of selection
bias. Thus, it is useful to discuss the ways in which such
bias may have entered our study as well as its implica-
tions for our findings. Given that the completion of our
survey on a computer required active engagement and
therefore a minimum level of health and wellbeing, it
is likely that our survey under-sampled individuals
most affected by CI/TILT. Importantly, however, this
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“healthy participant effect” (analogous to the healthy
worker effect) would tend to bias our results in the
direction of making our estimates of CI prevalence
overly conservative.

Such bias may have been more pronounced among
elderly survey participants, which may partly explain the
reduced prevalence of CI reported in this age group. Lack
of access to the Internet, a computer, or a smartphone, as
well as language limitations, also may have reduced the
generalizability of our findings across low-income and
minority populations. Lastly, a potential limitation inher-
ent in health-related surveys is so-called “recall bias’, in
which individuals most afflicted by an illness are more
apt to recall and report exposure-related details.

Conclusion

Using the internationally validated QEESI in a survey
of over 10,000 U.S. adults, we were able to document a
20% prevalence of CI, half of whom attributed onset of
their illness to an initiating exposure event or multiple
events. A lifetime history of protracted courses of anti-
biotics also was associated with CI/TILT, as were specific
prostate, skin, tonsil, gastrointestinal tract, and sinus-
related antibiotic uses. The initiating exposures most
frequently reported to be associated with CI/TILT were
mold, remodeling/new construction, medical/surgical
procedures, and pesticides, while combustion products,
implants, and others were less frequently reported. Initi-
ating events with the highest odds ratios included pesti-
cides, breast implants, mold, and combustion exposures,
followed in order by remodeling/new construction and
surgical/medical procedures. Overall, woman tended
to score higher on the QEESI than did men. This study
elucidates the types of exposure events that may initiate
CI/TILT, thereby providing useful insights into the ways
in which populations, including sensitive subgroups, can
avoid TILT in the future. Although certain exposures
such as medical/surgical procedures may be difficult to
avoid, reducing exposures to contaminants related to
pesticide use, new construction/remodeling, and mold
is possible and should be the focus of efforts to prevent
future CI/TILT. The fact that many patients report TILT
initiated by various drugs, implants, and surgical proce-
dures makes it important that all patients be screened for
CI using the BREESI/QEESI and whenever feasible, that
individual susceptibility be considered prior to medical
or surgical interventions.
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