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Asthma and chemical hypersensitivity: prevalence, etiology,

and age of onset

SM Caress' and AC Steinemann?

| Environmental Studies, University of West Georgia, Pafford 128, Carrollton, Georgia, USA
2Civil and Environmental Engineering, and Public Affairs, University of Washington, Seattle, Washington

This study investigates asthma’s national prevalence and potential overlap with chemical hypersen-
sitivity. It also examines asthma’s etiology, age of onset, and demographic characteristics. Data
were collected from a geographically weighted random sample of the continental U.S. (1058
cases), in four seasonal cohorts (2005-2006). The study found that 12.9% of the sample report
asthma, 11.6% report chemical hypersensitivity, and 31.4% of those with asthma report chemical
hypersensitivity. Among asthmatics, 38% report irritation from scented products, 37.2% report
health problems from air fresheners, and 13.6% report their asthma was caused by toxic exposure.
Asthma cases affected each racial/ethic group in roughly the same proportion, with nearly 50%
classified as childhood onset. Toxicology and Industrial Health 2009; 25: 71-78.
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Introduction

An expanding body of evidence indicates that
asthma is increasing in the United States and
other industrialized nations (Centers for Disease
Control and Prevention, 2004). To understand
this growth of reported asthma cases, researchers
are examining various aspects of asthma’s etiology
and dynamics. A major focus of this research has
been on asthma’s potential association with other
conditions and with exposure to chemicals.
Complicating this research is that asthma has
different ages of onset, frequently classified into
childhood onset and adult onset categories. Addi-
tional sub-classification distinguishes some adult
onset cases as occupational asthma, a result of a
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workplace exposure to toxic substances. Efforts to
analyze the origins of asthma have motivated
researchers to investigate its connection with other
related conditions. Recent studies have explored
the possible association of certain types of asthma
with chemical hypersensitivity (Ross, 1997; Meggs,
1995; Overstreet and Djuric, 1999), suggesting that
the presence of chemical hypersensitivity in some
asthma cases can help elucidate asthma’s origin.
Chemical hypersensitivity may be medically
diagnosed as multiple chemical sensitivities
(MCS), and is also known as toxicant induced
loss of tolerance or environmental illness (Miller,
etal., 1997). Chemical hypersensitivity is usually
considered a condition distinct from asthma. Indi-
viduals with MCS react adversely to common
chemical substances at levels that are normally con-
sidered tolerable. MCS sufferers have difficulty
being exposed to common products such as house-
hold cleaners, fresh paint, perfume, synthetic
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building materials, new carpets, pesticides, and
other petrochemical-based products (Ashford and
Miller, 1998). MCS is chronic, and the primary
way that sufferers can prevent reactions is to
avoid offensive chemicals. Although asthma’s
symptoms usually include wheezing and breathing
difficulties, MCS is characterized by a range of
multi-system symptoms such as dizziness, eye burn-
ing, headache, numbness, gastritis, fevers, edema,
and seizures. MCS reactions range from mild to
disabling and can result from exposures to even
low levels of irritating substances (Rea, et al.,
1978).

MCS is characterized by a two-step process. The
first step is initiation. Initiation is when the disorder
first develops and can result from a single high-level
exposure to a particular toxic agent or after chronic
exposure to one or more toxic substances, often at
low levels. The second step is triggering, which
occurs after MCS has developed. Triggering is
characterized by adverse physical reactions that
result from exposure to any one of a wide range
of offensive substances, even at levels considerably
lower than previously tolerated.

Research on a potential linkage between asthma
and MCS indicates that they can co-occur with cer-
tain types of asthma. Some adult-onset asthma may
be the result of exposures to toxic materials in the
workplace (deBono and Hudsmith, 1999), and
some childhood onset asthma may also be pro-
moted by exposures to toxins (Gustafsson and
Andersson, 2004). Occupational asthma originates
from workplace exposures to toxic substances
(Brooks, 1995), and work-aggravated asthma is
preexisting asthma that is aggravated by irritants
at work (Chan-Yeung and Malo, 1995). Reactive
airways dysfunction syndrome (RADS), also
termed irritant-induced asthma (Alberts and
Brooks, 1996), is characterized by bronchial mal-
function and originates after a massive single expo-
sure to a toxic substance (Chan-Yeung, 1995).
RADS is a persistent airways hyperresponsiveness
and, once sensitized, afflicted individuals react
adversely to much lower levels of the irritating
substance.

Evidence from case studies suggests that RADS
sufferers can exhibit chemical hypersensitivity
(Meggs, 1995). Individuals with RADS experience
adverse reactions not only to low levels of the sub-

stances that originally caused their condition but
also to a wide range of other toxic chemical sub-
stances at levels that are typically considered to be
tolerable. Although the mechanisms of this combi-
nation of symptoms, not typically associated with
asthma, are not thoroughly understood, the simul-
taneous occurrence of bronchial hyperresponsive-
ness with chemical hypersensitivity has led some
researchers to conclude that RADS and MCS
have overlapping characteristics.

The apparent association between MCS and
RADS provided the impetus for a study using ani-
mal models, which found that some forms of
asthma and MCS have some common etiologies
and characteristics (Overstreet and Djuric, 1999).
An additional case study, which focused primarily
on symptomatology, indicated that some forms of
asthma and MCS have similar overlapping dynam-
ics (Meggs, 1995).

Asthma’s and MCS’ etiology

Research on asthma’s etiology indicates different
potential methods of initiation. Occupational
asthma is typically the result of an exposure to a
toxic substance in a work environment, but the
circumstances surrounding the exposure event can
differ (Chan-Yeung and Malo, 1995). RADS is
considered to be non-immunologic, while some
other forms of asthma have immunologic mechan-
isms, even though there has been speculation that
the dynamics of the origins may have similarities
(Brooks, etal., 1985). Additional research has
examined the effects of exposure to toxic agents,
exposure times, and exposure levels on asthma
(Piirilae, et al., 1996).

While research also shows that MCS results
from exposure to toxic substances, its connection
to other disorders has received considerable atten-
tion even though no definitive relationship has been
shown. Studies on MCS initiation have been based
on one or more of the following systems: neurolog-
ical, immunological, endocrine, and psychological
(Mitchell, 1995). It has been suggested that neuro-
logical disorders are connected to MCS (Fiedler,
etal., 1992), while other studies indicate that
MCS is associated with immunological dysfunc-
tions (Levin and Byer, 1987). Some researchers
contend that MCS does not follow the same pattern
as immunological disorders, which has led others to
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Yes, % No, % Don’t know Decline/missing
Have asthma 12.9 (n=137) 86.3 (n=913) 02 (n=2) 0.6 (n=06)
Have chemical hypersensitivity 11.6 (n=123) 85.7 (n=907) 1.8 (n=19) 09 n=9)
Diagnosed with MCS 39 (n=41) 95 (n=1005) 04 (n=4) 0.7 (n=218)
Have allergies to natural substances 38.1 (n=403) 59.7 (n = 632) 1.8 (m=19) 0.4 (n=4)
Find scented products irritating 29.9 (n = 316) 59 (n = 624) 10.7 (n=113) 0.5m=25)
Air fresheners cause breathing problems 20.5 (n = 217) 76.7 (n = 812) 24 (n=295) 04 (n=4)

examine the connection between MCS and immune
dysfunction linked to the neuroendocrine system
(Meggs, 1992). It also has been suggested that
inflammation of the respiratory tract (Meggs,
1995) and disorders such as porphyria are potential
causation factors (Ellefson and Ford, 1996). Addi-
tional studies have explored the role of the limbic
system in chemical hypersensitivity (Bell, ez al.,
1995). Some studies focus on the role of psycholog-
ical factors. These psychologically based studies
speculate that hypersensitivity to low levels of che-
micals may be a somatization disorder (Gots, 1995)
or a conditioned response (Siegel and Kreutzer,
1997). Psychogenic studies, however, have been
criticized for methodological weaknesses, such as
biased patient selection and the lack of pre-
symptom data (Davidoff and Fogarty, 1994). Ulti-
mately, the preponderance of research indicates
that MCS is a multi-system, multi-symptom condi-
tion that is initiated by some form of exposure to
toxic substances.

Antecedent population studies

An earlier population study, which examined the
potential association of asthma with chemical
hypersensitivity, found considerable overlap
(Caress and Steinemann, 2005). This previous
study, which used a random sample of 1054 geo-
graphically weighted cases from the continental
United States collected in 2003-2004, found that
14.1% of the respondents reported being diagnosed
with asthma and 11.2% reported a hypersensitivity

Table 2. Frequencies: asthma with other symptoms

to chemicals. Of those with asthma, 27.2% reported
also being hypersensitive to chemicals and 7.4%
reported also being diagnosed with MCS. Of
those diagnosed with MCS, 42% reported also
being diagnosed with asthma.

This earlier population study also inquired about
the effects of air fresheners and scented products on
individuals with asthma. It found that 29.7% of
those with asthma said air fresheners caused
breathing difficulties, headaches, or other health
problems and that 37.2% of asthmatics said scented
products were irritating. Because reactions to both
these types of products are typical symptoms of
MCS, these results provided additional evidence
of a possible association between asthma and
MCS. These results also support the findings of
other research that indicated that air fresheners
could create difficulties for sensitive individuals
(Liu, et al., 2004).

Although there have been earlier efforts to deter-
mine the national prevalence of asthma (Centers
for Disease Control and Prevention, 2004), there
has been little systematic epidemiological research
that investigates the percentage of asthma cases
that are a result of toxic exposures. There is also
a paucity of etiological research that accumulates
data on potential initiating events of asthma. Addi-
tionally, there has been only preliminary research
into the demographic characteristics of individuals
with asthma, and while there has been speculation
that certain population groups are more likely to
develop asthma (McLean, et al., 2004), this connec-
tion has not been definitively substantiated.

Yes, % No, % Don’t know, % Decline/missing, %
Asked only respondents with asthma
Have allergies to natural substances 73 (n=100) 26.3 (n = 36) 0.7(mn=1) 0(m=0)
Find scented products irritating 38 (n=52) 51.1 (n=170) 10.9 (n = 15) 0(n=0)
Air fresheners cause breathing problems 37.2 (n=151) 58.4 (n=280) 4.4 (n=06) 0(n=0)
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Table 3. Asthma etiology

Asked only of respondents with asthma

<11 years
48.9% (n = 66)
Yes

Know cause of asthma 36.1% (n = 48)
Only asked respondents who knew or suspected cause of asthma (n = 59)
Yes No
13.6% (n = 8)

Age asthma onset
No

Asthma from toxic exposure

11-20 years
15.6% (n=21)

55.6% (n = 74)

72.9% (n = 43)

>20

32.6% (n=44)
Don’t know
7.5% (n=10)

Don’t know/refuse
2.9% (n=4)
Decline/missing
0.8% (n=1)

Don’t know/decline
13.6% (n=28)

Further, because prior studies and anecdotal evi-
dence suggest that specific types of asthma produce
symptoms that include chemical hypersensitivity in
addition to bronchial hyperresponsiveness, this
potential association needs further investigation.
These antecedent studies also suggest that occupa-
tional asthma and MCS may have potential etio-
logical commonalities. The initiating and triggering
process of MCS results from exposures to toxic
agents and has apparent similarities to occupa-
tional and work-aggravated asthma. There have
been, however, no comprehensive population stud-
ies of these symptomatic and etiological overlaps.

The increased concern about the growing occur-
rence of asthma has also provided the impetus for
researchers to examine asthma’s potentially dispro-
portionate impact on certain racial/ethnic and
gender groups (Centers for Disease Control and
Prevention, 2004). Although cases studies have
been conducted, there has been no comprehensive
population study that has explored the etiology and
degree that asthma affects different ethnic/racial
and gender groups.

Methods

This population study uses a random national sam-
ple of the continental United States. The sample
size is 1058 cases, which were gathered in four
seasonal cohorts (summer 2005, fall 2005, winter
2006, and spring 2006). This sample size produces

Table 4. Frequencies: chemical hypersensitivity

a confidence interval of +3.0% and a confidence
level of 95%. The research implement used in this
study was a 34-item questionnaire administered by
phone. The sample population was constructed
with random digitally dialed numbers, which were
geographically weighted to insure a valid national
sampling.

The questionnaire investigated the prevalence of
both asthma and chemical hypersensitivity and
their potential co-occurrence. It probed etiological
and phenotype factors by collecting information on
age of onset and potential initiating and triggering
sources. It made inquiries to categorize reported
asthma cases into age-of-onset groupings and to
determine if either childhood or adult asthma
were more likely to be associated with chemical
hypersensitivity. The questionnaire also asked
about allergies to natural substances and the medi-
cal diagnosis of MCS. Demographic data were col-
lected on age, race/ethnicity, and educational level
of the respondents. The demographic characteris-
tics of those with asthma were contrasted with
those of the entire sample to determine whether
there is a propensity for specific types of asthma
linked with chemical hypersensitivity to affect cer-
tain population groups.

This study seeks to provide new data and fill the
research gaps described earlier by using a national
sample representative of the American population.
This sample will be used to achieve the following
four research objectives:

Asked only respondents with chemical hypersensitivity

Yes No Don’t know Decline/missing
Also diagnosed with asthma 34.9% (n=43) 65% (n = 80) 0% (n=0) 0% (n=0)
Also allergic to natural substances 63.5% (n ="18) 34.1% (n=42) 2.4% (n=13) 0% (n=0)
At what age did you get your sensitivities to common chemicals? (z = 116) (7 missing)
<20 years 20-35 years 36-50 years >50 Don’t know/decline
Age of onset 28.5% (n = 33) 30.2% (n = 35) 28.5% (n = 33) 9.5% (n=11) 3.5% (n=4)
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Asthma with chemical sensitivity

Have asthma

Yes No

Also chemically 31.4% (n = 43) 64.9% (n = 89)
hypersensitive

Also diagnosed with MCS  11.7% (n = 16)

Age of asthma onset with chemical hypersensitivity

87.6% (1 = 120)

Have chemical hypersensitivity

Yes No
Asthma onset
<11 years 25.8% (n=17) 71.2% (n =47)
11-20 years 52.4% (n=11) 47.6% (n = 10)
>2() years 29.6% (n =13) 63.6% (n =28)

Age of asthma onset with age of onset of chemical hypersensitivity

Don’t know Decline/missing

2.9% (n=4) 0.7% (n=1)

0.7% (n=1) 0% (n=10)

Don’t know Decline/missing Total

1.5% (n=1) 1.5% (n=1) 100% (n = 66)
0% (n=0) 0% (n=0) 100% (n =21)
6.8% (n=13) 0% (n=10) 100% (n = 44)

Age of chemical hypersensitivity onset

<20 >20
Asthma onset
<20 86.6% (n = 13) 55.6% (n = 15)
>20 6.7% (n=1) 44.4% (n=12)
Don’t know/refuse 6.7% (n=1) 0% (n=0)
Total 100% (n=15) 100% (n =27)

e The first objective is to determine the prevalence
of both asthma and chemical hypersensitivity in
the general population and examine their co-
occurrence. Additionally, this study will mea-
sure the extent that respondents with asthma
report breathing difficulties from air fresheners
and deodorizers and irritation from scented pro-
ducts such as perfume and aftershave lotion.

e The second objective is to investigate asthma’s
etiology. Initially, the percentage of respondents
with asthma who can identify its origin will be
recorded. A further analysis will determine what
percentage of asthma cases can be linked to
exposure to toxic substances.

e The fourth objective is to examine whether

asthma and chemical hypersensitivity afflict cer-
tain population groups more than others and
whether specific types of asthma are more com-
monly found in particular groups. This involves
the analysis of demographic data from the entire
sample and contrasting it with the demographic
characteristics of individuals who report asthma,
chemical hypersensitivity, and a combination of
both conditions.

Results

The third objective is to determine the age of
onset of asthma and to elucidate asthma’s etiol-
ogy by delineating the circumstances when it ini-
tially develops and when it reoccurs (triggers).
The age of onset of chemical hypersensitivity
in individuals who report both asthma and
chemical hypersensitivity will also be explored
and compared.

The study found that 12.9% (rn = 137) of the sample
reported being diagnosed with asthma, and 31.4%
(n = 43) of this group also reported chemical hyper-
sensitivity. This was higher than the 11.6%
(n = 123) of the entire sample that reported chemi-
cal hypersensitivity. Of those with chemical hyper-
sensitivity, 34.9% (n = 43) also had been diagnosed
with asthma. Also, while 11.7% (n = 16) of those

Table 6. Demographics of entire sample (n = 1058)

Gender

Male Female Missing

35.4% (n=374) 63.3% (n=670) 1.3% (n=14)
Education level

<HS HS Grad Some Coll.
12.5% (n = 132) 24% (n = 254) 29.5% (n = 312)
Race/ethnicity

Asian Hispanic Black

3.6% (n = 38) 7.5% (n=179) 14.2% (n = 150)

Coll. Grad> Decline Missing
32% (n = 339) 1.2% (n=13) 0.8% (n=28)
White Other/decline

69.5% (n="1735) 5.3% (n = 56)
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Table 7. Demographics of respondents with asthma (n = 137)

Gender

Male Female

30.7% (n = 42) 69.3% (n=95)
Education level

<HS HS Grad Some Coll.
18.9% (n = 26) 18.3% (n = 25) 29.2% (n = 40)
Race/ethnicity

Asian Hispanic Black

1.5% (n=2) 11.7% (n = 16) 19.7% (n = 27)

Coll. Grad>
31.4% (n = 43)

Decline
1.5% (n=2)

Missing
0.7% (n=1)

Other/decline
1.5% (n=2)

White
65.7% (n = 90)

with asthma also report being diagnosed with
MCS, 3.9% (n = 41) of the entire sample was diag-
nosed with MCS.

While 29.9% (n=316) of the entire sample
(n = 1058) found scented products irritating and
20.5% (n = 217) get headaches or breathing difficul-
ties from air fresheners and deodorizers, this is
more common for asthmatics (n = 137), with 38%
(n = 52) being irritated by scented products and
37.2% (n=51) having problems from air fresh-
eners. Asthmatics are also far more likely to have
allergies to natural substances (dust, mold, grass,
pollen, or animal dander) with 73% (n = 100)
reporting it compared to the 38.1% (n=403) of
the entire sample. Allergies to natural substances
were also more common among respondents with
chemical hypersensitivity (63.5%) (rn=78) than
with the entire sample.

When those with asthma were asked if they knew
or strongly suspected the cause of their asthma,
36.1% (n=48) said “yes,” 55.6% (n=74) said
“no,” and 7.5% (n=10) said “not sure,” with
0.8% (n = 1) declining to answer. Additional inqui-
ries were made of the respondents who said either
that they knew or strongly suspected the cause of
their asthma (n = 48) or who said that they had a
suspicion but were not sure of the cause (rn = 10).
When asked if their asthma was the result of an
exposure to a toxic substance, 13.6% (n = 8) said
“yes,” 72.9% (n=43) said “no,” and 13.6%
(n = 8) said they were not sure if it was from a
toxic exposure or not. Those who said their asthma
was not a result of a toxic exposure listed a wide
variety of causes ranging from accidents, to hered-
ity, to a byproduct of surgery.

The age of original onset of those with asthma
was classified as the following categories: 48.9%
(n = 66) acquired asthma under age 11, 15.6%
(m=21) between the ages 11-20, and 32.6%
(n=44) after age 20, with 2.9% (n=4) of not

sure. This indicates that nearly 50% of the asthma
cases can be classified as childhood asthma. Of the
cases of asthma that developed under age 11, 25.8%
(n = 17) reported chemical hypersensitivity, 52.4%
of the adolescent onset group (age 11-20 years)
(n=11) reported it, as did 29.6% of the over age
20 group (n = 13).

The age of onset of asthma was compared with
the age of onset of chemical hypersensitivity in
respondents who had both conditions. Of the
respondents who reported that their chemical
hypersensitivity began under age 20, 86.6% said
that their asthma also began under age 20. How-
ever, 55.6% of those who said that their hypersen-
sitivity began after age 20 also reported that their
asthma first developed before age 20.

The racial/ethnic characteristics of those in the
sample with asthma were Asian 1.5% (n = 2), His-
panic 11.7% (n = 16), Black 19.7% (n = 27), White
65.7% (n = 90), and other/decline 1.5% (n = 2). This
is in contrast to the racial/ethnic characteristics for
the entire sample: Asian 3.6% (n = 38), Hispanics
7.5% @m=179), Black 14.2% (n=150), White
69.5% (n = 735), and other/decline 5.3% (n = 56).

The gender of those with asthma was male
30.7% (n=42) and female 69.3% (n=95), com-
pared with male 35.4% (n=374), female 63.3%
(n = 670), with missing 1.3% (n = 14) for the entire
sample.

Discussion

The prevalence of asthma (12.9%) and of chemical
hypersensitivity (11.6%) is congruent with findings
of previous studies (e.g., Caress and Steinemann,
2005). The percentage of asthmatics that report
chemical hypersensitivity (31.4%) also suggests a
potential overlap between the two conditions.
Age-of-onset data indicate that nearly half
(48.9%) of all asthma cases can be classified as
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childhood onset (before age 11), with nearly one-
third (32.6%) as adult onset (after age 20) and
15.6% as adolescent onset (between age 11 and
20). Adolescent onset could also be interpreted as
childhood asthma, thus expanding the childhood
onset asthma group to nearly two-thirds of all
asthma cases.

Chemical hypersensitivity with asthma is found
in similar proportions in both the childhood (under
age 11) onset group (25.8%) and adult (over age 20)
onset group (29.6%), with more than 50% in the
adolescent (age 11-20) onset group (52.4%).

Respondents with asthma were far more likely to
report adverse effects from scented products and air
fresheners than other respondents in the sample.
Asthmatics exhibit symptoms of MCS, and in greater
proportions than the general population, are also con-
sistent with earlier studies (Meggs, 1995).

Demographic data indicate that asthma affects a
broad cross section of the American population
and apparently does not disproportionately affect
any racial or ethnic group in this sample. While a
higher proportion of females report asthma, and
also report chemical hypersensitivity, these results
reflect the gender bias in the sample.

Notably, 13.6% of asthmatics report that their
asthma resulted from an exposure to a toxic sub-
stance. Definitive conclusions about asthma’s etiol-
ogy and classification, however, are limited by the
large percentage of asthmatics that could not iden-
tify the cause of their condition. Because chronic
exposure to toxic substances is difficult to docu-
ment and can escape attention of respondents,
asthma cases that resulted from chemical exposures
may have been obscured. This study provides evi-
dence supporting an association between asthma
and chemical hypersensitivity and emphasizes the
need for additional research on the links between
asthma and chemical exposures.

Acknowledgements
The authors thank Daniel Ribeiro and Amy Davis
for their valuable assistance with this manuscript.

References

Alberts, WN, Brooks, SM (1996) Reactive airways dysfunc-
tion syndrome. Curr Opin Pulm Med 2: 104-110.

Asthma and chemical hypersensitivity
SM Caress and AC Steinemann

77

Ashford, NA, Miller, CS (1998) Chemical Exposures: Low
Levels and High Stakes. New York: Van Nostrand
Reinhold.

Bell, IR, Hardin, E, Baldwin, G, Schwartz, G (1995) Increased
limbic symptomatology and sensitizability of young
adults with chemical and noise sensitivities. Environ Res
70: 84-97.

Brooks, SM (1995) Occupational asthma. Toxicol Lett 82-83:
39-45.

Brooks, SM, Weiss, M, Bernstein, IL (1985) RADS: case
reports of persistent airways hyper-activity following
high level irritant exposure. J Occup Med 27: 473-475.

Caress, SM, Steinemann, AC (2005) National prevalence of
asthma and chemical hypersensitivity: an examination of
potential overlap. J Occup Environ Med 47: 518-522.

Centers for Disease Control and Prevention (2004) Asthma
prevalence and control characteristics by race/ethnicity-
United States, 2002. MMWR Morb Mortal Wkly Rep
53: 145-148.

Chan-Yeung, M (1995) Occupational asthma. Environ Health
Perspect 103 (Suppl. 6): 249-252.

Chan-Yeung, M, Malo, JL (1995) Occupational asthma. New
Engl J Med 333: 107-112.

Davidoff, AL, Fogarty, L (1994) Psychogenic origins of multi-
ple chemical sensitivities syndrome: a critical review of the
research literature. Arch Environ Health 49: 316-325.

deBono, J, Hudsmith, L (1999) Occupational asthma: a com-
munity based study. Occup Med 49: 217-219.

Ellefson, R, Ford, R (1996) The porphyrias: characteristics
and laboratory tests. Regul Toxicol Pharmacol 24: S119—
S125.

Fiedler, N, Maccia, C, Kipen, H (1992) Evaluation of chemi-
cally sensitive patients. J Occup Environ Med 34: 529-538.

Gots, RE (1995) Multiple chemical sensitivity: distinguishing
between psychogenic and toxicodynamic. Regul Toxicol
Pharmacol 24: 8-15.

Gustafsson, D, Andersson, K (2004) Effect of indoor environ-
mental factors on development of atopic symptoms in
children followed up to 4 years of age. Paediatr Perinat
Epidemiol 18: 17-25.

Levin, AS, Byer, VS (1987) Environmental illness: a disorder
of immune regulation. Occup Med 2: 669—681.

Liu, X, Mason, M, Krebs, K, Sparks, L (2004) Full-scale
chamber investigation and simulation of air freshener
emissions in the presence of ozone. Environ Sci Technol
38: 2802-2812.

McLean, DE, Bowen, S, Drezner, K, Rowe, A, Sherman, P,
Schroeder, S, et al. (2004) Asthma among homeless chil-
dren: undercounting and undertreating the underserved.
Arch Pediatr Adolesc Med 158: 244-249.

Meggs, WJ (1992) MCS and the immune system. Toxicol Ind
Health 8: 203-214.

Meggs, WJ (1995) Multiple chemical sensitivities—chemical
sensitivity as a symptom of airway inflammation. J Tox-
icol Clin Toxicol 33: 107-110.

Miller, C, Ashford, N, Doty, R, Lamielle, M, Otto, D, Rahill, A,
et al. (1997) Empirical approaches for the investigation of

Downloaded from http://tih.sagepub.com at UNIV WASHINGTON LIBRARIES on March 26, 2009


http://tih.sagepub.com

Asthma and chemical hypersensitivity
SM Caress and AC Steinemann

78
toxicant-induced loss of tolerance. Environ Health Perspect
105 (Suppl. 2): 515-519.

Mitchell, FL (1995) Multiple Chemical Sensitivity: A Scientific
Overview U.S. Department of Health and Human Services
Public Health Services Agency for Toxic Substances and
Disease Registry. Princeton: Princeton Scientific Pub. Co.

Overstreet, DH, Djuric, V (1999) Links between multiple
chemical sensitivity and asthma in a rat model of cholin-
ger hypersensitivity: a brief review. Toxicol Ind Health 15:
517-521.

Piirilae, PL, Nordman, H, Korhonen, OS, Winblad, I (1996)
A thirteen-year follow-up of respiratory effects of acute

exposure to sulfur dioxide. Scand J Work Environ Health
22: 191-196.

Rea, WJ, Bell, IR, Suits, CW, Smiley, RE (1978) Food and
chemical sensitivity after environmental chemical expo-
sure: case histories. Ann Allergy 41: 101-110.

Ross, GS (1997) Clinical characteristics of chemical sensitivity:
an illustrative case history of asthma and MCS. Environ
Health Perspect 105 (Suppl. 2): 437-441.

Siegel, S, Kreutzer, R (1997) Pavlovian conditioning and mul-
tiple chemical sensitivity. Environ Health Perspect 105
(Suppl. 2): 521-526.

Downloaded from http://tih.sagepub.com at UNIV WASHINGTON LIBRARIES on March 26, 2009


http://tih.sagepub.com

