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Introduction

Multiple chemical sensitivity (MCS) is a chronic disorder 
characterized by a variety of physical and psychological 
symptoms associated with repeated exposure to nontoxic 
concentrations of odorous chemicals. Symptoms affect several 
organs, especially the central nervous system (CNS), most 
frequently with patients complaining of headache, irritability, 
and cognitive dysfunctions; the musculoskeletal, respiratory, 
and digestive systems are also frequently involved.[1] To 
correctly screen populations for MCS, Miller and Prihoda[2] 
developed the environmental exposure sensitivity inventory 
(EESI) and its quick form (qEESI), which are considered 

to be the most reliable tools for research on patients with a 
complaint of chemical sensitivity. 

Several studies in the last few years showed cerebral blood 
fl ow distribution abnormalities in patients with MCS, 
especially while processing odorous substances.[3-5] In 
particular, MCS sufferers were demonstrated to peculiarly 
react to sensory stimuli, with activation of such brain areas 
connected with motivational and emotional processing of the 
information such as the amygdala and the hippocampus.[3-6]
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In parallel, the same brain circuits seem to be important in 
auditory processing, given the fact that the limbic system 
receives neural input from the auditory cortex; tinnitus (a false 
sound perception) and hyperacusis (the perception of a sound 
well-tolerated by the majority of hearers as excessively 
loud or even unbearable) were found to be related to those 
clinical hearing alterations frequently linked to this neural 
connections.[7,8] For instance, researchers have investigated 
the association between chemical sensitivity and other kinds 
of environmental intolerances including noise sensitivity. 
This has been done principally by means of questionnaire 
surveys in clusters of healthy subjects (i.e., teenage students, 
twins) and no strong association between intolerance to 
chemicals and to noise was found, raising the hypothesis that 
they should be considered as separate entities.[9-11]

The medial olivocochlear efferent system (MOC) is a widely 
studied group of neurons involved in auditory function. Outer 
hair cells (OHCs) receive a rich efferent innervation from 
MOC neurons, which results, when MOC refl ex is activated, 
in an inhibition of OHC activity. While MOC activation 
reduces the gain of the cochlear amplifi er, its function has 
been extensively related to ameliorating speech perception in 
a noisy environment. Another effect related to MOC refl ex 
is to protect the auditory organs from exposure to extremely 
loud sounds although this seems to be just an epiphenomenon 
of MOC activity and not its primary function.[12]

MOC refl ex activity is studied clinically by means of 
the amplitude change (usually reduction) in otoacoustic 
emissions (OAEs) after contralateral suppression 
(CS-OAE) with broadband noise. Reductions in the 
contralateral suppression of OAEs, linked to alterations 
in auditory efferent activity, have been found in several 
experiments.[13,14] The main purpose of the present study 
was to evaluate MOC refl ex in a cohort of MCS patients 
without a history of audiological conditions by contralateral 
suppression of OAEs. In addition, we explore the relationship 
of MOC refl ex functionality with the extent and gravity of 
MCS symptoms, by means of a correlation analysis of our 
results with qEESI scores. To our knowledge, this is the 
fi rst attempt at evaluating the presence of alterations of the 
auditory function in MCS patients.

Methods

Participants and study design 
We included in the study MCS patients admitted to the 
Regional Center for Diagnosis, Prevention and Treatment 
of MCS and evaluated at our institution for those symptoms 
related to ear-nose-throat complaints. Diagnosis of MCS was 
achieved according to the US Consensus Criteria for MCS 
and the revisions suggested by Lacour et al,.[15] which were 
operationalized as follows:
1. Symptoms are present for at least 6 months;

2. Symptoms occur in response to exposure to at least two 
of 11 common volatile chemicals;

3. Co-occurrence of at least one symptom from the CNS 
and one symptom from another organ system;

4. Symptoms cause signifi cant lifestyle changes,
5. Symptoms occur when exposed and lessen or resolve 

when the symptom-triggering agent is removed;
6. Symptoms triggered by exposure levels do not induce 

symptoms in other individuals who are exposed to the 
same levels.

We also enrolled as the control group a population of gender- 
and age-matched healthy controls (HCs).

Both eligible MCS patients and HCs were required to 
meet the following entry criteria: subjects with diabetes, 
oncologic or human immunodefi ciency virus (HIV) 
history, neurological and psychiatric or mood disorders, 
history of surgery, radiation, and trauma to the brain 
were excluded from the study. No patient showed liver or 
renal abnormalities or was pregnant or breastfeeding. The 
peripheral blood of MCS and HCs was tested for the usual 
parameters. A detailed case history was collected for all 
subjects who underwent a full ear-nose-throat examination. 
Neurological diseases were excluded with the mini-mental 
state examination and magnetic resonance imaging. All 
those conditions that could potentially develop an auditory 
dysfunction were considered as exclusion criteria. Thus, 
patients with hearing disorders or surgery history, head 
trauma, neuropsychiatric disorders (Parkinson’s disease, 
Alzheimer’s disease, schizophrenia, multiple sclerosis, 
and depression), lower airways and/or lung diseases, 
active hepatitis, cirrhosis, chronic renal failure, vitamin 
B12 defi ciency, alcohol, tobacco, or drug abuse, cerebral 
vascular accidents, insulin-dependent diabetes mellitus, 
hypothyroidism, and Cushing syndrome were not included 
in the study. Finally, we excluded all subjects taking drugs 
that could possibly impact auditory functions.

The Ethics Committee of our university approved the 
protocol research. The study adhered to the principles 
of the Declaration of Helsinki and all of the participants 
provided written informed consent after receiving a detailed 
explanation of the study.

Audiologic testing
Patients and controls underwent pure tone audiometry 
(PTA) testing (GSI 61 clinical audiometer, Grason-Stadler, 
Eden Prairie, USA). Subjective auditory thresholds for 
500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz were included 
in the statistical analysis to ensure that there was no 
difference in hearing level between the groups. Impedance 
audiometry (GSI Tympstar, Grason-Stadler, United States) 
was performed, both to rule out asymptomatic chronic otitis 
media and to assess the cocleostapedial refl ex threshold [or 
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middle ear muscle refl ex (MEMR)] for the aforementioned 
frequencies. The utility of measuring the MEMR threshold 
is to avoid stimulating such refl ex while performing 
contralateral suppression of OAEs with broadband noise.[16]

Otoacoustic emissions
Transient-evoked OAEs (TEOAEs) were recorded in a 
soundproof room, using the Otodynamics ILO system, 
calculating sound pressure variations in the external auditory 
canal in response to acoustic stimulation. Stimuli were 
administered with a probe sealed in the auditory canal while 
the subjects were instructed to remain still and relaxed. Both 
ears were analyzed. TEOAEs were evoked with a “nonlinear” 
ipsilateral 80-dB sound pressure level (SPL) click stimulation 
consisting of three in-phase clicks followed by an out-of-phase 
click with a 10-dB higher intensity. TEOAEs were considered 
for data analysis if a response 3 dB above noise fl oor was 
present for all frequencies tested. By means of the ILO 
software, 260 samples per condition were recorded; data were 
included in the analysis if the “stability” of the stimulus was 
above 80% and the “whole wave reproducibility” was above 
60% as calculated by the software. Contralateral suppression 
TEOAEs (CS-TEOAEs) were recorded with the same setting 
described above, by adding contralateral 60 dB SPL broadband 
noise (500–8,000 Hz) administered by earphones connected to 
a GSI 61 audiometer (see above). The order of experimental 
testing (left/right ear, with or without CS) was randomized 
for each patient. Both TEOAE and CS-TEOAE values were 
calculated for the frequencies 1,000 Hz, 1,500 Hz, 2,000 Hz, 
3,000 Hz, and 4,000 Hz for each ear. The suppression value 
(Δ) was obtained by subtracting CS-TEOAE values to the 
correspondent TEOAE stimulation.

qEESI
In order to fulfi ll the exploratory approach to the intensity 
of MCS-related symptoms, all MCS subjects fi lled in a 
modifi ed version of qEESI symptom severity (SS) scale.[17] 
In this subtest, patients scored from 1 (low) to 3 (severe) 
the intensity of head-related (HEAD), cognitive-related 
(COG), affective-related (AFF), neuromuscular-related 
(NM), musculoskeletal-related (MS), skin-related (SKIN), 
genitourinary-related (GU), gastrointestinal-related (GI), 
heart/chest-related (COR), and airway or mucous membrane-
related (AIR/MM) symptoms. 

Data handling and statistical analysis
Means and standards deviations (SDs) of TEOAEs and CS-
TEOAEs per frequency were calculated in both HC and MCS 
groups as well as means and SDs of qEESI subscale scores 
only in the latter.

In order to assess that data were of Gaussian distribution, 
D’Agostino K squared normality test was applied 
(where the null hypothesis is that the data are normally 
distributed).

A “between-groups” analysis of variance (ANOVA) was 
performed for each frequency PTA measurements and 
TEOAEs and CS-TEOAEs. Further, statistical differences of 
each frequency TEOAEs and CS-TEOAEs were calculated 
by means of a “within-subjects” ANOVA in both groups. 
Age, disease duration (in months), and gender were treated 
as continuous and categorical predictors. Signifi cant cutoff 
level (α) was set at a P value of 0.01. 

Bonferroni correction for multiple comparisons was used to 
test post hoc of signifi cant main effects. 

Then Spearman’s rank correlation was performed between 
disease duration, qEESI subitems scores, and Δ. 

A signifi cant cutoff level (α) was set at a P value of 0.01. In 
order to avoid familywise error, a Bonferroni correction for 
multiple comparisons was applied (STATISTICA 7 package 
for Windows, StatSoft, Tulsa, USA).

Results

Subjects 
Twenty-three consecutive MCS patients were enrolled. 
Among them, three were using antidepressant drugs, one 
reported history of alcohol abuse, one of hypothyroidism, 
and were excluded. 

Therefore, 18 MCS patients (11 women and 7 men, mean 
age 49.5 ± 9.3 years) met the eligibility criteria and were 
included in the study. The control group (HC) consisted of 
20 right-handed healthy individuals (12 women and 8 men; 
mean age 48.6 ± 11.4 years).

Audiological data
Pure tone audiometry
Analysis of PTA measurements shows that the auditory 
threshold for both groups was above (i.e., better) 20 dB 
at all frequencies tested, with a mean threshold of 
14.56 ± 4.43 dB for the controls and of 12.29 ± 2.02 dB 
for MCS patients.

Otoacoustic emissions
For detailed means and SDs of TEOAEs and CS-TEOAEs, 
see Figure 1. 

The “within-subject” ANOVA and subsequent post hoc 
t-test showed a signifi cant (P < 0.01) suppression in HC in 
all frequencies except for one of the frequencies analysed 
(left 3,000 Hz). The same model did not fi nd any statistical 
difference in MCS subjects’ suppression. Moreover, a 
signifi cant (P < 0.01) “between-groups” effect was found 
between HC and MCS CS-TEOAE [Figure 2].
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Any statistical difference was found in PTA and TEOAEs 
when using the between-groups approach. 

qEESI 
Detailed mean and SDs in Table 1 and Figure 3f.

Correlation analysis
The Spearman’s rank correlation analysis and subsequent 
correction for multiple comparison found a signifi cant 
negative correlation between disease onset and ΔR3000 
(r = −0.672, P < 0.01, Figure 3a), COG scores and ΔR1500 
(r = −0.623, P < 0.01, Figure 3b) and ΔR2000 (r = −0.82, 
P < 0.01, Figure 3c), NM scores and ΔR3000 (r = −0.745, 
P < 0.01, Figure 3d) and between AFF scores and ΔR2000 
(r = −0.625, P < 0.01, Figure 3e).

Discussion

Auditory efferent activity has been widely studied, both 
in healthy and diverse diseased populations. Findings of 
alterations in MOC refl ex have been linked to clinical 
dysfunctions such as troubles identifying speech in noise, or 
other disorders such as dyslexia or learning disability.[18-20]

The fi rst interesting fi nding in the present study is the 
general reduction in contralateral suppression of TEOAEs 
in MCS patients without personal history of auditory and 
neurological disorders with respect to HC. In particular, it 
was found a different “within-subjects” behavior in both 
groups (see Figure 1) and a main “group effect” (P < 0.01) 
when comparing HC and MCS CS-TEOAE [Figure 2] not 
depending on differences in age, gender, or in PTA values 
with respect to HCs. This fi nding suggests that alterations in 
the auditory pathway, especially in the cortical–subcortical 
CNS could exist at a subclinical extent and could thus 
contribute to the pathological phenotype of MCS sufferers.

Neuropsychological and neuroimaging studies have 
shown––with a certain degree of debate — Several peculiar 
features in people affected by MCS and related illnesses. 
In particular, the prevalence of multiple personality traits 
as well as CNS hypereactivity and limbic kindling as key 
nodes in pathophysiological underpinnings of MCS was 
demonstrated.[21,22] In particular, the onset of MCS has been 
related to exposure to a “trigger” stimulus that alters CNS 
response in a way that subsequent stimuli are perceived as 
excessive and cause symptoms.[22]

Figure 1: On the left side, the mean TEOAE values (in dB) for all frequencies tested in both groups with respective SDs. On the right, 
CS-TEOAE mean suppression values (Δ) for each frequency tested in both groups

Table 1: Means and SDs of qEESI symptom severity data 
in our MCS cohort
qEESI subscale/disease onset Mean SD
Disease onset (months) 186.67 54.17
MS 2.39 0.7
AIR 2.78 0.43
COR 2.11 0.68
GI 1.89 0.68
COG 2.11 0.9
AFF 1.89 0.76
NM 2.22 0.81
HEAD 1.72 0.57
SKIN 1.83 0.62
GU 2 0.59
Mean time of onset (in months) is showed followed by each symptom subset score 
(see the Methods section for further explanations)
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Moreover, the relative hyperactivation found in some 
primary subcortical sensory structures (i.e., amygdala) — not 
counterbalanced by the same HC cortical activity and the same 
ability in controlling the arousing stimuli — was interpreted 
as neural behavioral changes related to low-level chemical 
exposures before emerging at the mind level.[5,23]

Aligning with these arguments and the supposed physiological 
role of the MOC system in humans in protecting from 
excessive sound transmission to the IHC by inhibition 
of OHC contractile activity,[12] the found MCS reduction 
in contralateral suppression with respect to HC could be 
related to a top-down deregulation along auditory perception 
network. This noteworthy aspect could be more relevant 
since noise sensitivity and MCS have been shown to overlap 
to a certain degree.[24]

Alternatively, MOC refl ex has been shown to enhance 
speech perception in a noisy environment;[18] alterations in 
this pathway could impair, even subclinically, the listening 
performance of MCS subjects and contribute to the 
psychological distress, which is peculiar of this condition. It 
is worthy that MCS sufferers have been shown to have an 
increased harm avoidance (especially after olfactory stimuli) 
with respect to controls.[25] However, we can hypothesize that 
such a mechanism could happen also in the presence of an 

acoustic stimulation even though speech-in-noise recognition 
has not been studied — To our knowledge — In MCS.

The second fi nding of the study demonstrated that 
contralateral suppression of TEOAEs is negatively correlated 
(for different frequencies; see Figure 3) both with i) the onset 
of MCS [Figure 3a] and ii) qEESI subsets [Figures 3b–e]. 
The fi rst aspect could strengthen the hypothesis that MOC 
refl ex alteration could be interpreted as an indirect CNS top-
down deregulation clue related to this condition onset and 
in particular, it could be useful along MCS disease staging 
in order to better follow the disease development. Second, 
we found that CS-TEOAE alterations are clustered to each 
of the most frequent neural-related symptom subsets of MCS 
(cognitive, affective, and neuromuscular). We argue that 
patients with predominance of this spectrum of symptoms 
may be screened for complaints of speech-in-noise 
disturbances or noise sensitivity. 

More studies are needed to understand the role of this MOC 
alteration in the wide spectrum of MCS clinical features; 
for example, further abnormalities of the auditory central 
pathways can be present, especially in the connection between 
the auditory cortex and the limbic system. Moreover, other 
auditory perception disorders such as tinnitus and hyperacusis 
are highly underestimated and could have a bearing in MCS 

Figure 2: Mean TEOAE and CS-TEOAE values (in dB) for each frequency tested in both groups (on the left healthy controls, HC; 
on the right multiple chemical sensitivity patients, MCS)
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sufferers as part of a general intolerance to sensory stimuli. 
Thus, it would be of great interest to evaluate the prevalence 
of such symptoms in this cohort of patients. 

Strengths and limitations of the study
Many uncertainties in the literature involving MCS auditory 
pathways could clearly be explained by different criteria for 
patient enrolment, different kinds of questionnaires employed 
in order to investigate symptoms spectrum, distortion related 
to the general incidence of personality traits in control 
subjects, and many nuisance variables biasing the general 
research in MCS.

In this work, we tried to reduce artifacts that could affect 
symptoms spectrum outcomes by enrolling and studying — 
by means of validated questionnaires — only MCS patients 
with commonly accepted criteria and regularly followed by 
the local center for diagnosis, treatment and prevention of 
MCS.

Moreover, we performed a mixed ANOVA model aiming 
at studying outcomes by using a powerful within/between 
effect. Thus, we tried to reduce biases related to sex and 
age ratios, misdiagnosis of MCS, and possible outcome 
distortions related to the general incidence of personality 
and social disturbances in the general population.[26,27] On 
the other hand, a possible limitation of the study could be 
represented by the Bonferroni multiple correction applied as 
post hoc test to both ANOVA and Spearman’s correlation, 
possibly increasing the likelihood of type II statistical errors.

Conclusions

In our study, for the fi rst time we found alterations of the 
auditory efferent system (i.e., MOC refl ex) by means of a 
reduction in the CS-TEOAEs in MCS patients. This fi nding 
suggests that subclinical alterations of the auditory pathway 
can be present, and justifi es the need for a thorough evaluation 
in MCS patients to unveil the presence of auditory perception 
disorders such as noise sensitivity or speech-in-noise 
disturbances. Our results were not related to age, gender, or 
subjective pure-tone auditory thresholds; indeed, we found 
a correlation between the time of onset of the disease and 
the absence of contralateral TEOAE suppression at certain 
frequencies. Furthermore, the reduction in MOC refl ex was 
related, for some studied frequencies, to different symptoms 
subsets based on qEESI data. These fi ndings suggest that 
MOC alterations could be part of the complex CNS features 
of this condition. 

Further studies are needed to clarify the extent of auditory 
perception disorders in MCS patients, and to explore other 
alterations of the auditory central pathways in these diseases. 
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Figure 3: Spearman’s rank correlation analysis for disease onset and ΔR3000 (a) Cognitive symptoms (COG) and ΔR1500 (b) and 
ΔR2000 (c) Neuromuscular symptoms (NM) and Δ R3000 (d) and affective symptoms (AFF) and ΔR2000 (e). All values showed 
statistically signifi cant negative correlation (see results). In fi gure (f), qEESI total scores by subset were obtained by adding single 
scores of our cohort
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