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Multiple chemical sensitivity (MCS) is characterized by heightened self-reported sensitivity to extremely low
concentrations of chemicals. It has numerous symptoms in common with the sick building syndrome, the Gulf War
syndrome, and chronic fatigue. Despite much research, reproducible objective findings are lacking for MCS, asisa
sound model to explain it. This paper proposes a 2-step model combining the needed epidemiologic terminology
with that of psychophysiological activation and sensitization. It is suggested that different environmental stressors
act as initiators. After initiation, the limbic system and other parts of the brain become sensitized and hyperrreac-
tive to environmental triggers. Odor acts as one important trigger. Future research should use more biological
assessments in combination with environmental and psychosocial data and involve patient groups with similar
symptoms, although diagnosed as suffering from different entities. The similarities and differences of patients with
such entities need to be understood before the entities themselves can be understood, diagnosed, treated, and

prevented.

Key terms electric sensitivity, environmental hyperreactivity, environmental illness.

Self-reported symptoms and illnesses, for example,
chemical sensitivity (CS) and multiple chemical sensi-
tivity (MCS), from exposure to chemicals and odors at
supposedly nontoxic levels have initiated an intense de-
bate about the possible cause-and-effect relationships (1,
2). The basis for much of the controversy is that of the
biological and toxicologic plausibility.

Proponents of the chemical origin of MCS suggest
that both acute exposure to chemicals and long-term re-
peated exposure to nontoxic levels act as a sensitizer.
Sensitization is defined in the neuroscientific and phar-
macologic literature as a progressive increase in the re-
sponse to a set stimulus over time (3). Many traditional
toxicologists and occupational health physicians argue
that there is a lack of biological and toxicologic plausi-
bility for the notion that nontoxic levels of chemicals
would result in symptoms characteristic of MCS. (For a
recent review of this debate see reference 2.) Some re-
searchers suggest that MCS and related syndromes may
be an expression of psychosomatic disorders, obsessive
or paranoid illness, or anxiety or depressive illnesses (4—
6).

One form of MCS is the sick-building syndrome,
which, over the years, has attracted substantial research

and an array of different types of practical intervention,
ranging from replacing building materials to improving
ventilation and indoor air quality (7—9). Despite sub-
stantial research, we still lack sufficient knowledge to
understand fully the truly predictive factors of the sick-
building syndrome. However, as can be seen in table 1,

Table 1. Symptoms characteristic of multiple chemical sensitiv-
ity and the sick-building syndrome.

Organ Symptoms

Central nervous system Headache
Drowsiness, lethargy, malaise
Fatigue

Memory impairment

Difficulty to concentrate

Irritability

Dizziness

Odor and taste complaints

Nose symptoms

Throat symptoms, coughs, colds

Dry throat, blocked nose

Eye symptoms, dry eyes, itching eyes

Upper respiratory system/
mucous membrane

Lower respiratory system Tight chest
Shortness of breath, difficulty to breathe
Wheezing
Flu-like symptoms

Skin Dry,stinging, smarting, itching skin

Reddening, rash
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symptoms characteristic of this syndrome are largely
identical to those of MCS. Therefore, future studies need
to be more detailed as to specific exposure circumstanc-
es precipitating MCS symptoms, as well as patients suf-
fering from the sick-building syndrome. A review of the
literature shows that researchers interested in the sick-
building syndrome predominantly focus on the building,
while MCS researchers are more interested in specific
chemical exposures, circumstances precipitating illness,
and its possible relationship to pathophysiology. Obvi-
ously, a more-integrated and multidisciplinary approach
is needed to further the understanding of both MCS and
the sick-building syndrome. In the future, it would prob-
ably benefit both MCS and sick-building-syndrome re-
search to do more integrated studies involving both MCS
and sick-building syndrome patients.

More recently, symptoms strikingly similar to those
of MCS have been reported among Persian Gulf War
veterans (10, 11). At least 30 000 deployed soldiers of
the allied forces have reported symptoms similar to those
of MCS following their return to their country of origin.
In many cases, the latency period has been several
months.

Thus, similar symptoms, such as headache, nausea,
memory impairment, memory loss, difficulty to concen-
trate, dizziness, light-headedness, eye irritation, and fa-
tigue, are common for several related exposure situations
in which concern over health effects from chemicals is a
comimon denominator.

In order to enhance our understanding of MCS, re-
searchers need to characterize their research subjects in
more detail in terms of socioeconomic background, age,
gender, previous exposures, and stimuli eliciting symp-
toms. Researchers should also provide a detailed descrip-
tion of symptoms. Information on somatic and mental
well-being needs to be presented in order to rule out com-
peting reasons for these nonspecific symptoms. The pre-
dominance of published reports on MCS lack succinct
descriptions of the patients’ clinical history, the circum-
stances surrounding the occurrence of MCS symptoms,
and other potential exposures of interest. There are prob-
ably both necessary and sufficient factors involved in the
initiation of MCS. Research efforts that do not encom-
pass a comprehensive picture of the chemical, physical

and psychosocial environments of MCS patients do not
add to the existing understanding of MCS and should be
discouraged. Mere case descriptions are also unlikely to
yield much new scientific knowledge.

Nonspecific symptoms characteristic of MCS are also
increasingly reported both in the general occupational
health and stress literature (12). Apparently, depending
on specific situational and environmental circumstanc-
es, patients with similar symptoms tend to attribute them
to different causes. The reasons for different attributions
may be exposure specifics, individual differences in ge-
netic and biological sensitivity, psychological profiles,
and co-factors of potential interest, such as psychophys-
iological stress and other diseases.

One problem with the current definition of MCS is
that it is rather vague and is solely based on self-reports
(13). There is a lack of validated and reproducible ob-
jective signs. Thus we put a heavy burden on the patients
forcing them not only to describe their symptoms, but
also to diagnose themselves as suffering from MCS.
Since numerous other exposures could result in the same
symptoms, it would be a great advantage if we could also
find more objective signs of MCS. Some researchers have
suggested that there is nasal pathology identifiable by
rhinolaryngoscopy (14). However, current knowledge is
far from allowing us to diagnose MCS according to in-
puts other than mere subjective reports and symptoms.
This lack of more objective signs also undermines the
scientific foundation, and therefore the acceptance of the
MCS concept. Nevertheless, the lack of sufficient knowl-
edge does not rule out a unique disease concept due to
repeated exposure to chemicals at nontoxic levels.

An integrated model of MCS would be beneficial for
future research on this entity. Rather than stating that it
is either a pure chemical toxicologic disorder or a psy-
chosomatic disorder, a model is presented allowing the
integration of current knowledge about the psychophys-
iological impact of environmental stressors.

Figure 1 outlines an integrated model for MCS. It is
suggested that MCS is the result of a 2-step process. The
initial initiation step is characterized by a reset and
heightened sensitivity of the limbic system. Researchers
typically include the hippocampus, parts of the basal
ganglia, the septum area, the amygdala, and the

Initiation Modifiers Hypersensitive/
step [:> (eg, environment, |:> reactive limbic
(necessary) genetics) system
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memory
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Figure 1. Integrated 2-step model proposed for multi-
ple chemical sensitivity (MGS).
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hypothalamus, which communicate with all other re-
gions, among limbic structures (15). The limbic system
is critically important to the integration of physiologi-
cal, cognitive, and behavioral responses. If the initial
environmental exposure is of sufficient strength, for ex-
ample, an acute exposure to high levels of chemicals from
a spill, to smoke, or to intense psychosocial stress, the
impact on the limbic system may be irreversible. Repeat-
ed exposure to individually subacute levels of environ-
mental burdens may also result in an initiation process
leading to a permanent reset of limbic sensitivity and
heightened reactivity. Research during the last decade
strongly suggests that repeated exposure to environmen-
tal factors of subcritical intensity or acute exposure to
intense environmental stressors may actually reset the
limbic hypothalmic-pituitary-adrenal (HPA) axis, the
limbic-sympathetic axis, and the immunologic system.
Subsequently, the resetting of limbic sensitivity will re-
sult in major metabolic, autonomic, cardiovascular, and
related changes (16, 17).

Numerous studies of patients suffering from environ-
mental illness, such as MCS and electric hypersensitivi-
ty, report that many subjects exhibit a heightened psy-
chophysiological response to various external stimuli
(18—20). Limbic and mesolimbic brain regions are
among the most sensitive to repeated, intermittent envi-
ronmental stimuli. Following the initiation step, there is
a progressive and enduring enhancement of the behavio-
ral and neurochemical responses to various environmen-
tal stimuli, including low levels of chemicals. It has re-
cently been reported that 1 uT of 50-Hz electromagnetic
fields impairs sleep, measured by electroencephalogra-
phy (21). Should these results be reproduced in future
research it is possible that electromagnetic fields may act
as initiators or as triggers in already initiated patients.
Psychological trauma, everyday stressors, and unresolved
stress, such as posttraumatic stress disorders, all result
in sustained or repeated activation of the limbic system.
The important implication of this model for future MCS
research is that one needs to consider numerous environ-
mental initiators, not only chemicals but also psychoso-
cial initiators and unresolved stressors from the past.
According to the proposed model, any environmental
stressor resulting in sustained activation of the limbic
system is of relevance to the understanding of why some
people develop MCS. The proposed model does not claim
that MCS is psychosomatic in origin. It helps explain
why certain persons are more susceptible to subtoxic lev-
els of chemicals than others. The arousal results in acti-
vation of the hypothalamic-pituitary adrenocortical axis
and the sympathetic system. It is suggested that patients
with MCS fail to reset their psychophysiological activa-
tion to their original level, but rather reach another pla-
teau with higher tension. This phenomenon is described
as allostasis — the ability to achieve stability through
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change (16). Naturally, such factors as individual varia-
tions in chemical uptake and phenotypic variations in
xenobiotic metabolism may contribute also (22).

After the initiation, subjects exhibit a heightened re-
sponse to environmental stressors, such as low-level
chemical exposures. People can have both a heightened
reactivity to chemicals and a sustained reaction. Origi-
nally, before the initiation process, the environmental
stimulus is not sufficiently potent by itself to evoke any
substantial psychophysiological response. Once the or-
ganism has been sensitized, it is suggested that symptoms
characteristic of environmental illness are elicited at ex-
tremely low levels. According to this model, the elicita-
tion occurs at still lower levels should other environmen-
tal exposures, such as noise, electromagnetic fields, or
mental stressors, coexist with the chemical exposure.

The proposed model differs from Bell’s original neu-
ropsychologically based olfactory-limbic model (23). The
Bell model suggests that chemicals in the environment
gain access to the central nervous system by way of the
olfactory and limbic pathways. In the brain, chemicals
subsequently cause long-term changes in the limbic sys-
tem and increase overall cortical arousal. The Bell mod-
el predicts that cognitive weaknesses will be associated
to a higher degree with the limbic brain regions (ie, the
frontal or temporal lobe rather than nonlimbic areas, such
as posterior cortex). A recent testing of the Bell hypoth-
esis did not provide any definite conclusion as to the va-
lidity of the olfactory-limbic model (24). However, the
model proposed here suggests that various stressors, in-
cluding psychosocial stressors and life trauma, may be
sufficient to create measurable changes in the limbic sys-
tem and increase the sensitivity to environmental triggers,
such as odor or noise. The challenge will be to find bet-
ter objective indicators of such changes in the limbic sys-
tem. Neurophysiological and neuroendocrine parameters,
as well as advanced analyses of the immune system,
could provide some opportunity to enhance the ability to
measure changes in the reactivity of the central nervous
system to environmental stimuli.

This model offers distinctive measurement points,
both subjective and more objective ones. Based on the
model, research should focus on a better standardization
and validation of the instruments used to assess prior ex-
posure. An understanding of prior exposure is critical to
an understanding of whether or not an initiation process
may have taken place. A prior exposure history should
both involve acute toxic exposures and repeated subtox-
ic exposures. According to the model one needs to con-
sider many more environmental stressors, not only chem-
icals, of the past. If different latency periods are applied
in the analysis, our understanding of the initiation proc-
ess should provide additional value.

The model also identifies modifying variables, such
as current environmental conditions, genetics and
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allostatic load, that is, the resetting of the homeostatic
system and its degree of constant adjustment to external
and internal challenges.

Since the model suggests that the initiation process
results in a limbic system with heightened sensitivity to
environmental stimuli, it is possible to carry out various
tests of the model. Using already existing exposure mod-
els, such as exposure to noise or flickering lights, it would
be easy to test specific aspects of the proposed model. Is
the response different to exposure to subtoxic levels of
specific chemicals, as well as mixtures of chemicals, with
and without environmental coexposures? The olfactory
system is closely connected with the limbic system, and
it is an important warning system to the body. Exposures
to multiple odorous chemical inhalants may act as sig-
nificant warning signals of possible environmental threats
(14). It is suggested that the response pattern to environ-
mental odors is influenced by the concurrent activity of
the limbic system. In persons with heightened sensitivi-
ty and reactivity of the limbic and mesolimbic systems,
a set level of chemical exposure will result in a substan-
tially stronger response because the neuroendocrine and
neuroimmune systems are set to lengthen short-term sur-
vival. The olfactory system, as well as cells in the cen-
tral and peripheral nervous system, are awash in a mi-
lieu interior of stress hormones with a lack of protective
anabolic hormones. This phenomenon will subsequently
affect the intracellular transcription process and protein
synthesis.

I'suggest that future research on MCS should address
concurrent environmental stressors that trigger the lim-
bic system. This approach is especially important since
MCS patients react to environmental concentrations of
chemicals at extremely low levels. I suggest that future
MCS research models need to apply an integrated physi-
ological model that allows for the impact on such other
factors as well. Environmental MCS research will thus
increase the understanding of the impact on cellular and
subcellular systems of subtoxic chemical exposures and
its relevance to subjective and objective signs and disor-
ders. On the basis of existing knowledge, it could strong-
ly be argued that exposure models only encompassing
controlled chemical exposures and their effects fail to
include critical determinants of the final human response.

In an ongoing study of my group, we are testing sub-
jective and objective effects from exposure to singular
chemicals or a mixture of chemicals. By masking cer-
tain smells, we are attempting to separate the exposure
to a chemical itself from that of the odor effect. We are
looking at possible effects from exposure on the nasal
mucosa, various stress hormones, such as prolactin and
cortisol, but also anabolic hormones (eg, sex hormones).
In addition, we are photographing the cornea to study
possible exposure-related reddening of the eye. By
combining these objective measures with subjective

ratings of central nervous system functions, well-being,
and specific reactions to various odors, we hope to be
able to enhance our understanding of the possible inter-
action between environmental and internal exposure. Fol-
lowing the more traditional exposure arrangement, we
will consider combining numerous environmental stres-
sors with that of low-level chemical exposures. We have
tried such combined environmental exposure assessments
in studies of patients suffering from electric sensitivity
(2).

In conclusion, the vision of future MCS research is
that models and experiments to a larger extent apply our
current knowledge of how various environmental stres-
sors (chemical, physical and psychosocial) act concur-
rently to influence the limbic system and its relationship
to symptoms characteristic of MCS. Researchers need to
reconsider the terminology and consider that similar
symptorms, assigned different names, such as MCS, sick-
building syndrome, and electric sensitivity, could have
factors in common, factors whose identification is criti-
cal to a better understanding of the etiology and progres-
sion of environmental illness. Such knowledge is of par-
amount importance if the management, treatment and,
ultimately, prevention of MCS and related environmen-
tal hazards is to be improved.
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