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Featured Application: This review highlights non-pharmacological interventions—particularly
cognitive and behavioral therapies—as promising approaches for improving symptom
management in individuals with Multiple Chemical Sensitivity. The findings support their
integration into clinical practice and may guide the development of personalized,

multidisciplinary treatment strategies.

Abstract: Background: Multiple Chemical Sensitivity is a complex and disabling condition
characterized by a range of non-specific symptoms triggered by low-level exposure to common
environmental chemicals. It often leads to significant impairment in quality of life, psychological
well-being, and daily functioning. Non-pharmacological approaches—such as lifestyle modifications
and psychological interventions—are frequently used in clinical practice, but their effectiveness
remains uncertain. Objective: To evaluate the effectiveness of lifestyle-based interventions in
improving outcomes in adults with MCS. Methods: A systematic review was conducted following
PRISMA guidelines (PROSPERO: CRD420251013537). Searches were performed in MEDLINE,
Google Scholar, CINAHL, and ResearchGate from March to April, 2025. Eligible studies included
adults (=18 years) with a verified diagnosis of Multiple Chemical Sensitivity, reporting outcomes such
as stress perception, anxiety, depressive symptoms, or quality of life. Methodological quality and risk
of bias were assessed using PEDro, NIH, CEBMa, and RoB 2.0 tools. Results: Twelve studies (n=378)
were included. Cognitive and behavioral therapies consistently demonstrated reductions in
symptom severity, maladaptive thought patterns, and functional limitations. Mindfulness-based
stress reduction showed beneficial effects, while other mindfulness-based approaches were less
conclusive. Exposure-based therapies helped improve chemical tolerance and reduce avoidance
behaviors. Electromagnetic and biomedical interventions showed preliminary but limited evidence
of effectiveness, and aromatherapy was well tolerated though minimally effective.
Conclusions:Among lifestyle-based interventions, cognitive and behavioral therapies appear most
effective for managing symptoms of Multiple Chemical Sensitivity. Nevertheless, heterogeneity in
study design, intervention protocols, and outcome measures limits the generalizability of findings.

Keywords: Multiple Chemical Sensitivity; lifestyle interventions; cognitive-behavioral therapy;
transcranial direct current stimulation; psychological well-being; symptom severity; quality of life
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1. Introduction

Multiple Chemical Sensitivity (MCS) or Idiopathic Environmental Intolerance (IEI) is an
acquired, chronic condition characterized by the recurrence of non-specific, multisystem symptoms
triggered by exposure to environmental chemicals at concentrations that are not typically considered
toxic to the general population [1,2]. Originally described by Cullen in 1987 [3], MCS presents with
an estimated prevalence ranging from 0.1% to 5%, with a higher incidence reported among those
with a history of allergic conditions [4,5]. Importantly, approximately 30% to 50% of MCS patients
also meet diagnostic criteria for chronic fatigue syndrome or fibromyalgia [6], pointing toward
potential overlapping pathophysiological mechanisms [7,8].

The clinical presentation of MCS is heterogeneous and may involve multiple organ systems such
as respiratory, ocular, gastrointestinal, musculoskeletal, gynecological, and nervous [9]. Neurological
symptoms including headaches [10], cognitive impairment [12], sleep disturbances [3,13], and
irritability are particularly disabling and significantly contribute to reduced quality of life, functional
limitations, and social withdrawal [14,15]. Furthermore, the most frequently reported neurological
symptom is cacosmia, a sensory alteration marked by heightened sensitivity to odors (hyperosmia),
and a distorted perception of smells (dysosmia) in response to specific chemical stimuli. [16]. Symptom
onset typically occurs during or shortly after exposure and may persist for several days even after
the stimulus has ceased. Although olfactory triggers are the most common [17], some patients also
report symptom exacerbation following exposure to auditory [18], dietary [19], or pharmacological
agents [1,10].

Despite increasing recognition of MCS as a chronic, multifactorial condition, therapeutic options
remain limited and often unsatisfactory. Common approaches such as chemical avoidance [10,20],
nutritional supplementation [21], and various alternative therapies remain controversial due to
limited scientific evidence and, in some cases, the risk of symptom exacerbation. Among the available
treatment options, cognitive behavioral therapy (CBT) [22,23], supportive psychotherapy [24] and
olfactory desensitization techniques [25], have shown the most consistent benefits in improving
patients’ ability to cope with chemical sensitivities and reducing symptom intensity.

Lastly, there is growing scientific and clinical interest in the role of complementary, accessible,
non-pharmacological lifestyle interventions such as tailored nutrition [19,26], regular physical
activity [27], stress-reduction strategies (e.g., mindfulness, yoga), and environmental adaptations
[28,29]. These interventions align with patient-centered approaches and may offer significant benefits
by targeting modifiable behavioral and environmental factors. Preliminary studies and observational
reports have indicated potential improvements in symptom management, functional capacity, and
quality of life [30,31].

Nonetheless, the existing body of evidence remains fragmented, methodologically
heterogeneous, and lacks an integrated, systematic appraisal. To date, no comprehensive systematic
review has rigorously examined the effectiveness, safety, and scope of lifestyle-based interventions
in individuals with MCS, thereby underscoring a critical gap in the literature and the pressing need
for evidence-based clinical guidance. Accordingly, the objective of the present systematic review is
to evaluate the efficacy of lifestyle interventions in adults diagnosed with MCS, with particular
emphasis on their impact on symptom severity, functional capacity, quality of life, and overall well-
being.

2. Materials and Methods

2.1. Data Sources and Search Strategy

A systematic literature review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [32]. The review protocol was
prospectively registered in the PROSPERO database (CRD420251013537), ensuring methodological
transparency and adherence to established standards.
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The literature search was carried out between March 17, 2025, and April 6, 2025, with the aim of
identifying all relevant studies that examined the effectiveness of interventions targeting physical
and psychological symptoms in patients diagnosed with MCS. The following electronic databases
were systematically searched: MEDLINE (PubMed), Google Scholar, CINAHL Complete, and
ResearchGate. For MEDLINE, the search strategy included the following terms: “multiple chemical
sensitivity” [MeSH] OR “environmental sensitivity” [Tiab] OR “chemical intolerance” [Tiab] OR
“environmental illness” [Tiab]. Equivalent search queries, adapted to each platform’s syntax, were
applied to Google Scholar, CINAHL, and ResearchGate to ensure comprehensive coverage of the
topic.

The initial screening process was conducted independently by two reviewers (D.P.C. and C.P.R.)
who assessed titles and abstracts for potential eligibility. Full-text articles were then evaluated by a
blinded third reviewer (S.E.M.P.). In cases of disagreement, a fourth reviewer (LM.M.P.) was
consulted to resolve discrepancies and reach consensus. The complete search strategy, including the
combination of keywords and Boolean operators used across all databases, is detailed in Table 1.

2.2. Study Selection

The selection of the studies was carried out according to predefined eligibility criteria to ensure
the scientific rigor and relevance of the included evidence. Eligible studies comprised: (1) randomized
or non-randomized controlled trials, case-control studies, case series, case reports, or ongoing studies
(2) published from the earliest available date up to March 31, 2025, (3) written in English or Spanish,
and (4) available in full-text format. The target population included (5) adults (=18 years) with a
confirmed diagnosis of MCS. In addition, (6) studies had to evaluate interventions based on lifestyle
modifications—such as dietary changes, environmental adaptations, physical activity, or mind-body
practices—aimed at improving the management of MCS. Finally, (7) studies were required to report
at least one outcome variable related to stress perception, illness perception, anxiety, depressive
symptoms, work capacity, or quality of life.

Studies were excluded if they: (1) involved individuals under the age of 18, (2) lacked a
confirmed diagnosis of MCS, or (3) focused exclusively on pharmacological treatments or diagnostic
procedures unrelated to lifestyle modification. Furthermore, (4) studies not available in full text, (5)
those written in languages other than English or Spanish, and (6) those categorized as reviews,
editorials, commentaries, letters to the editor, or conference abstracts without original data were
excluded. Lastly, (7) studies addressing occupational or environmental exposure without a
therapeutic component, or in which MCS was not the primary condition under investigation, were
not considered eligible.

2.3. Data Extraction

Data extraction was performed independently by two authors (D.P.C. and C.P.R.) using a
standardized PICO-based template to extract relevant information. The extracted data included
study characteristics (authors, year, and country of publication), study design, study objectives, sample
characteristics (sample size, demographic data, disease classification, intervention details), and outcome
measures. Additionally, details regarding the intervention and control groups, statistical results, and
conclusions were recorded. A pilot test was conducted to ensure the reliability of the data extraction
process, following the Cochrane Handbook for Systematic Reviews of Interventions (v.5.1.0). In cases of
disagreement, a third author (5.M.P.) resolved the discrepancies.

2.4. Methodological Quality Assessment

The methodological quality of the included studies was assessed using standardized tools based
on study design. For randomized controlled trials, the PEDro scale [33] was applied to evaluate
internal validity and statistical interpretability. Studies were classified as excellent (scores 9-10), good
(6-8), fair (4-5), or poor (<4). Case series were evaluated using the NIH Quality Assessment Tool for
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Case Series Studies [34], which examines domains such as study objectives, population selection, data
collection, outcome measures, statistical analysis, and ethical considerations.

For case reports, the CEBMa Case Study Evaluation Tool [35] was used, focusing on the clarity
of the clinical problem, methodological rigor, data analysis, practical implications, and ethical
compliance. The use of these validated tools allowed for a structured and transparent appraisal of
methodological quality across study types, enhancing the reliability of the review outcomes.

2.5. Risk of Bias Assessment

The risk of bias in randomized clinical trials was assessed using the Cochrane Risk of Bias Tool
(RoB 2.0) [36], which evaluates critical aspects of study methodology. This tool assesses
randomization processes, deviations from intended interventions, missing outcome data, outcome
measurement, and selective reporting. Studies were classified as having low risk, some concerns, or
high risk of bias, depending on the likelihood that the biases identified could alter the study
outcomes. In cases of conflicting evaluations, discrepancies were discussed among the reviewers, and
the final decision was made by the third investigator (S.M.P.).

2.6. Grade of Recommendation

Finally, the certainty of the evidence was determined using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) framework [37]. This system classifies evidence
based on five domains: study design, imprecision, indirectness, inconsistency, and publication bias.
The certainty of the evidence was categorized into four levels: high quality, when all domains were
satisfied; moderate quality, when one domain was not met; low quality, when two domains were not
met; and very low quality, when three or more domains were not satisfied.

3. Results

3.1. Study Selection

A total of 137 records were initially identified through systematic searches across five major
international databases: MEDLINE (PubMed) (n = 32), PEDro (n = 32), Scopus (n = 28), CINAHL (n =
20), and Web of Science (n = 25). Following the removal of 16 duplicate records, 121 references
remained and were screened for relevance based on titles and abstracts. As a result, 63 records were
excluded in this phase.

The remaining 58 full-text articles were assessed for eligibility according to predefined inclusion
and exclusion criteria. Of these, 45 articles were excluded for the following reasons: inappropriate
diagnosis (n = 12), non-eligible study design (n = 18), and language not meeting inclusion criteria (n
=16).

Ultimately, 12 studies met all eligibility criteria and were included in the qualitative synthesis.
These selected studies provide evidence regarding lifestyle-based interventions in adults diagnosed
with MCS, focusing on outcomes such as stress perception, illness perception, anxiety, depressive
symptoms, work capacity, and quality of life. The study selection process is illustrated in Figure 1,
which displays the PRISMA 2020 flow diagram summarizing each step of the review.
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Figure 1. PRISMA 2020 flow diagram.

3.2. Characteristics of the Included Studies

A total of 12 studies were included, encompassing a range of research designs such as RCTs [40-
42], pilot studies [44,45], case reports [38,43,46,47], a case series [48], a single-case experimental design
[39], and an ongoing observational case-control study [49], with a combined sample size of 378
participants [38—49]. Most studies focused on individuals diagnosed with MCS or IEI [38-48], with
the exception of one observational case-control study conducted on healthy individuals, age- and
gender-matched to IEI patients, as part of a matched-control comparison [49].

Psychological and biopsychosocial interventions were predominant, particularly those based on
CBT [38-40,48-50]. These interventions typically incorporated components such as cognitive
restructuring, relaxation techniques, psychoeducation, and graded exposure. Mindfulness-based
interventions (MBIs) were also prominent, including mindfulness-based cognitive therapy (MBCT)
[41,42] and mindfulness-based stress reduction (MBSR) [45]. The duration of these interventions
varied widely, ranging from brief programs to structured 8-week interventions, and up to 11 months
in some cases [46].

Additional therapeutic approaches included pulsed electromagnetic field (PEMF) therapy [40],
electroconvulsive therapy (ECT) [43], and aromatherapy massage [44]. While all were reported as
feasible and well-tolerated, clinical outcomes varied across studies. Several interventions also
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integrated biomedical education and lifestyle modifications within a broader biopsychosocial
framework [46].

Follow-up periods extended up to six months in some studies [38,49], allowing for limited
assessment of long-term effects. Geographically, the studies were conducted in Denmark [40-43],
Sweden [39], the United States [38,48], Canada [45-47], Japan [44], and France [49], reflecting a diverse
and international evidence base. A summary of study characteristics and key findings is presented
in Table S2.

3.3. Methodological Quality Assessment

The overall methodological quality of the studies included in this review varied from low to
excellent, with an average score of 6.2 out of 10 (SD = 2.39), as assessed using a modified 10-item
version of the PEDro scale. Among the five studies evaluated, one study was rated as having excellent
methodological quality [40], two were classified as good quality [41,42], one as acceptable [43], and
one as having low methodological quality [44].

A recurring methodological limitation across these studies was the lack of blinding procedures.
Only one study reported blinding of participants, therapists, and outcome assessors [40]. In contrast,
the remaining studies did not include blinding of participants [41-44], therapists [41-44], or assessors
[41-43], which may increase the risk of performance and detection bias. This limitation is common in
psychological and behavioral intervention trials, where full blinding is often infeasible due to the
nature of the interventions. Table 1 presents a detailed overview of the methodological quality
assessment based on the 10-item PEDro criteria.

Table 1. Methodological Quality Analysis (PEDro Scale).

Year, Author Score Quality 1 2 3 4 5 6 7 8 9 10 11

Tran et al. (2016) [40] 10  Excellent Yes Yes Yes Yes Yes Yes Ye Yes Ye Yes Yes
s s

Haugue et al. (2015) [41] 7 Good  Yes Yes Yes Yes No No No Yes Ye Yes Yes
s

Araki et al. (2012) [42] 6 Good  Yes Yes Yes No No No No Yes Ye Yes Yes
s

Skovbjerg et al. (2012) [43] 5 Acceptabl Yes Yes Yes Yes No No No No No No Yes

e
Sampalli et al. (2009) [44] 3 Low Yes No No Yes No No No No No Yes Yes

Methodological quality assessment of the included studies was conducted using the PEDro Scale [33], which
consists of 11 items: (1) eligibility criteria (not scored), (2) random allocation, (3) concealed allocation, (4) baseline
comparability, (5) blinding of subjects, (6) blinding of therapists, (7) blinding of assessors, (8) adequate follow-
up (>85%), (9) intention-to-treat analysis, (10) between-group statistical comparisons, and (11) reporting of point
estimates and variability. The total PEDro score ranges from 0 to 10 (excluding item 1), with higher scores

indicating greater methodological quality.

3.3.1. Case Series

The methodological quality of the included case series, assessed using the NIH Case Series
Quality Assessment Tool [34], was rated as moderate overall. One study met 7 out of 9 applicable
criteria and was therefore rated as having good methodological quality [39]. The second study
fulfilled 5 out of 9 criteria, corresponding to an acceptable quality rating [48]. Both studies exhibited
certain limitations. Notably, the study rated as acceptable [48] did not report whether participants
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were recruited consecutively and lacked clearly defined inclusion and exclusion criteria.
Furthermore, both studies lacked blinding of outcome assessors and did not conduct or report
statistical analyses to support their findings.

Table 2. Methodological Quality Analysis (NIH Case Series Quality Assessment Tool).

Year, Author Score Quality 1 2 3 4 5 6 7 8 9 10

Amin & Forslund (2018) [39] 7/9 Good + + + ?2 + + + + 7 NA

Guglielmi et al. (1994) [48] 5/9 Acceptable - ? ? + + + - + + NA

Methodological quality assessment of the included studies was conducted using the NIH Case Series Quality
Assessment Tool [34], which consists of 10 items: (1) Clear objective; (2) Defined population, (3) Consecutive
inclusion; (4) Intervention described, (5) Valid/reliable measures - (6)Adequate follow-up; (7) Complete

outcomes; (8): Statistical analysis; (9) Outcomes described; (10) Prospective design.

3.3.2. Case Reports

The methodological quality of the included case reports was assessed using the CEBMa Case
Study Evaluation Tool [35], which includes ten criteria focused on transparency, replicability, and
clinical relevance. The studies scored between 6 and 9 out of 10, with a mean score of 7.3, indicating
moderate to good methodological quality across the four included reports [38,44,46,47].

All case reports provided a clear description of the clinical problem, the intervention
implemented, and the observed outcomes [38,44,46,47]. However, consistent limitations were
identified in items 5 to 7, particularly regarding the clarity and replicability of the intervention
[44,46,47], the completeness of outcome reporting [44,46], and the inclusion of adverse events
[44,46,47].

In several cases, the interventions were not described in sufficient detail to ensure replicability
[44,46,47], and follow-up periods were either short or not clearly specified [44,46]. Furthermore, none
of the reports referenced similar previously published cases, which limits their external validity and
generalizability.

Table 3. Methodological Quality Analysis (Case Report Evaluation Tool, CEBMa).

Year, Author Score Quality 1 2 3 4 5 6 7 8 9 10
Woolfolk et al (2018) [38] 9/9 Good + + + + o+ 4+ 7 4+ o+ +
Elberling et al. (2010) [44] 6/9 Acceptable + + + ? ? - - + + +

Busse et al (2008) [46] 7/9 Good + + 4+ o+ - - -+ 4 +
Stenn et al (1998) [47] 7/9 Good + + + + 2 7 - 4+ 4+ +

Methodological quality assessment of the included studies was conducted using the NIH Case Series Quality
Assessment Tool [35], which consists of 10 items: (1) Clear description of the case, (2) Clear timeline, (3) Diagnostic
tests/results clearly described; (4) Intervention(s) clearly described, (5) Post-intervention outcomes clearly
described, (6) Adverse events reported; (7) Takeaway lessons provided; (8) Patient’s perspective included; (9)
Ethical approval stated, (10) Conclusions grounded in evidence.

3.4. Risk of Bias Analysis

The risk of bias across the five included randomized controlled trials was assessed using the
Cochrane Risk of Bias 2.0 (RoB 2.0) tool [36], which evaluates five domains: bias arising from the
randomization process, deviations from intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported result. As shown in Figure S4, the overall risk of bias
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was judged to be high in the majority of studies, with only one study rated as having low risk across
all domains [40].

A high risk of bias was most frequently observed in the domains of selection of the reported
result and deviations from intended interventions, affecting over half of the trials [42—44].Common
issues included the lack of blinding of participants and personnel and selective outcome reporting,
particularly in pilot or exploratory studies [42—44].

In the domain related to the randomization process, three studies [43,44] were rated as high risk
due to inadequate concealment of allocation or insufficient reporting. While most studies showed
low concerns regarding missing outcome data and outcome measurement, some concerns remained
due to the reliance on self-reported outcomes and the absence of pre-registered protocols.

Given these findings, and considering the exploratory nature of several included trials, the
internal validity of results should be interpreted with caution. A detailed summary of the individual
risk of bias judgments is presented in Table 4, and the distribution across domains is illustrated in
Figure 2.

Risk of bias domains
D1 D2 D3 D4

el X )
Haugue et al. (2015} . .
Araki et al. 2012) ‘ (—)

0000
——

Dorains:

D1: Rias aris ng fram ‘he randomization process.

D2: Bins due to deviafions rom interded intervention. ® Hon

D3: Bias due fo miss ng outcome data. %) Some soncerns
D4 Bias in measuremen: of the aulcome.

DS5: Bias in selac.ion ol iha reporled resul ®

Study

Bias arising from the randomization process _:—

Bias due to deviations from intended interventions _:—
Bias due to missing outcome data _:

Bias in measurement of the outcome _:]

Bias in selection of the reported result _

[ O ——

Overall risk of bias

| . Low risk D Some concerns . High risk |

Figure 2. Risk of bias assessment for the included studies. The bar chart illustrates the overall distribution of risk
of bias across all included studies, categorized by each domain of the Cochrane Risk of Bias 2.0 tool. Colors
indicate the proportion of studies rated as low risk (green), some concerns (yellow), or high risk (red) within

each domain and for the overall bias judgment.
3.5. Synthesis of Main Results

3.5.1. Cognitive Behavioral Therapy in Reducing MCS Symptoms

CBT and its adaptations were the most frequently applied interventions across the included
studies [38-40,46-48]. Overall, CBT demonstrated consistent effects in reducing symptom severity
related to MCS, with participants reporting improvements in somatic complaints, hypersensitivity
reactions, and overall symptom burden. Several studies also noted reductions in catastrophic
thinking and symptom-related anxiety, highlighting cognitive restructuring as a key mechanism of
action [38,39,48].

Regarding functional outcomes, participants who received CBT showed enhanced daily life
engagement, return to work, and reduced avoidance of environmental triggers [46,47]. Notably, in
studies with longer intervention durations, these effects were maintained at follow-up [38,47].
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Moreover, graded exposure was a central component in several CBT protocols and appeared to play
a crucial role in the desensitization to chemical stimuli and behavioral reengagement.

3.5.2. Mindfulness-Based Therapy in Reducing MCS Symptoms

MBIs were assessed in three studies using different delivery formats, including MBCT [41,43]
and MBSR [44]. Overall, results were mixed. Among the included studies, MBSR showed the most
promising outcomes, with statistically significant reductions in psychological distress, and
improvements across multiple mental health domains both post-intervention and at follow-up [44].

In contrast, MBCT did not produce significant changes in symptom severity or life impact scores
[41,43]. However, participants reported subjective improvements in illness perception and coping,
suggesting potential cognitive-emotional benefits despite the lack of statistical significance.

3.5.3. Exposure-Based Therapies in Reducing MCS Symptoms

Exposure techniques, either as standalone strategies or as components within broader CBT
frameworks, were described in four studies [38,46—48]. These interventions aimed to gradually
increase tolerance to chemical stimuli perceived as aversive or harmful. Reported outcomes included
reduced avoidance behavior, increased tolerance to environmental triggers (e.g., perfumes, synthetic
fabrics), and functional recovery in activities of daily living [46,47]. The effectiveness of these
programs appeared to depend on factors such as structured progression, therapist guidance, and
integration with cognitive strategies aimed at addressing maladaptive beliefs and anxiety.

3.5.4. Electromagnetic and Biomedical Therapies

One randomized clinical trial evaluated Transcranial PEMF in individuals with MCS [40]. The
intervention resulted in a significant reduction in symptom severity, although no significant effects
were observed regarding life impact or functional outcomes. Post hoc analyses revealed reductions
in hyperalgesia among PEMF responders. In addition, ECT was described in a single case report
involving a patient with severe MCS and no comorbid depression [44]. The case documented
substantial improvements in symptom scores and restoration of social functioning, with effects
sustained during a biweekly maintenance ECT phase.

3.5.5. Complementary Interventions in Reducing MCS Symptoms

A pilot crossover study evaluated the effects of aromatherapy with essential oils in individuals
with IEI [42]. The intervention produced short-term improvements in mood, as measured by the
Profile of Mood States (POMS), but did not result in significant changes in MCS symptoms or anxiety
levels. The therapy was reported to be well tolerated and subjectively perceived as relaxing, though
the findings suggest it may be more appropriate as a supportive rather than primary treatment
strategy.

4. Discussion

This systematic review critically integrates the current evidence on the effectiveness lifestyle-
based interventions for adults with MCS, highlighting encouraging results across cognitive-
behavioral [38-40,46-48], mindfulness-based [41,43,44], and exposure-focused therapies [38,46—48].
Despite variability in study designs and certain methodological limitations that preclude definitive
conclusions, the findings nevertheless align with prevailing neurophysiological and biopsychosocial
models that frame MCS as a functional somatic disorder primarily mediated by central mechanisms
of symptom perception and regulation [40,41,46].

Notably the reviewed interventions, CBT emerged as the most extensively studied and
consistently effective modality. Across studies, CBT-based protocols were recurrently associated with
reductions in somatic symptom burden, maladaptive cognitions (such as catastrophizing), and
avoidance behaviors, in parallel with meaningful improvements in daily functioning and social
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reintegration [38—40,46—48]. Taken together, these therapeutic outcomes lend empirical support to the
hypothesis that CBT exerts its benefits through top-down modulation of central nervous system
circuits, particularly those involving limbic structures responsible for threat detection [50],
interoception [51], and emotional regulation [40,46,48].

Moreover, neuroimaging data further substantiate this model. Adults with MCS demonstrate
hyperactivation of the amygdala, insular cortex, and anterior cingulate cortex (ACC) in response to
minimal chemical exposures, thereby resulting in exaggerated limbic responsivity and enhanced
salience attribution to environmental cues [40,51-53]. In particular, reduced 5-HT;A receptor binding
in the ACC and amygdala has been correlated with increased harm avoidance and emotional
dysregulation in this population [54,55].

In this context, CBT may counteract these neural dysfunctions by promoting cognitive
reappraisal, enhancing inhibitory control within prefrontal-limbic circuits, and attenuating
autonomic hyperreactivity [40,46,48]. Specifically, through mechanisms such as the restructuring of
dysfunctional beliefs [56], graduated exposure to feared stimuli [57], and behavioral activation [58],
CBT may restore prefrontal regulation over subcortical emotional responses, thus mitigating
symptom amplification and perceptual sensitization to environmental triggers [40,47,48].

Importantly, these clinical and neurobiological findings converge with predictive coding
frameworks of functional somatic disorders [59-61], which propose that maladaptive prior beliefs
can override ambiguous sensory input, ultimately generating distressing symptoms in the absence
of identifiable physiological abnormalities [49,55]. From this perspective, CBT may serve to
recalibrate the balance between sensory evidence and cognitive prediction, offering a mechanistically
grounded explanation for its therapeutic efficacy in MCS.

In parallel to CBT, MBIs such as MBSR and MBCT were associated with significant reductions
in psychological distress [41,42,45] and modest improvements in illness perception and perceived
control [62]. These effects are plausible, given evidence that mindfulness practices modulate
prefrontal and ACC activity, enhance parasympathetic tone, and suppress hypothalamic-pituitary-
adrenal (HPA) axis reactivity [64]. However, MBCT trials reported limited or non-significant effects
on MCS-specific outcomes, suggesting that while MBIs may bolster emotional resilience and coping
capacities [3,29], they may require integration with targeted exposure or cognitive techniques to
influence core symptom domains.

Furthermore, exposure-based therapies, whether employed independently or embedded within
CBT protocols, consistently demonstrated clinically relevant reductions in environmental avoidance
and enhanced chemical tolerance [38,39,45-48]. Such findings are congruent with established
mechanisms of fear extinction and desensitization [65], in which repeated, controlled exposure to
conditioned stimuli leads to downregulation of threat-related limbic activation [66,67]. Consequently,
this process likely contributes to the normalization of cognitive threat appraisal and the modulation
of central sensitization circuits.

Although less frequently examined, biomedical and neuromodulatory interventions such as
transcranial PEMF therapy [40,68] and ECT [44] also yielded reductions in symptom severity,
potentially through central neuromodulatory effects. PEMF has been hypothesized to alter cortical
excitability, reduce neuroinflammatory responses, and modulate autonomic function [69], while ECT
is known to affect global neural connectivity and neurotransmitter balance, thus offering therapeutic
benefits in severe, refractory cases of MCS [70].

Lastly, complementary therapies, including aromatherapy, demonstrated limited efficacy in
alleviating core MCS symptoms but were associated with transient mood improvement and high
tolerability [3,10,42,71]. As such interventions may serve as supportive strategies to enhance
psychological well-being and overall quality of life when integrated into comprehensive, multimodal
treatment plans.

4.1. Clinical Implications and Future Research Directions


https://doi.org/10.20944/preprints202504.0658.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 April 2025 d0i:10.20944/preprints202504.0658.v1

11 of 16

The findings of this review support a biopsychosocial model of MCS, emphasizing the role of
central sensitization, maladaptive beliefs, and behavioral avoidance in symptom persistence.
Clinicians are encouraged to move beyond purely environmental or somatic explanations,
integrating evidence-based psychological and behavioral interventions into routine care.

On the one hand, CBT should be considered a frontline approach, particularly for addressing
catastrophic thinking, avoidance behaviors, and emotional dysregulation. On the onthe hand,
mindfulness-based programs offer additional benefits by promoting stress resilience, emotional
regulation, and improved interoceptive awareness. Both modalities are adaptable to individual or
group settings and demonstrate high feasibility and acceptability in clinical contexts.

Furthermore, professionals should adopt a graded and individualized reactivation plan, aiming
to reduce excessive avoidance and promote psychological flexibility. Environmental control
strategies should be balanced to avoid reinforcing symptom chronicity. A multidisciplinary,
integrative treatment plan—incorporating psychological therapy, autonomic regulation (e.g., HRV
training), and lifestyle changes (e.g., sleep hygiene, activity pacing)—may yield the most sustainable
outcomes.

To enhance clinical decision-making, practitioners are encouraged to follow developments in
biomarker research and neurophysiological monitoring, which may soon help guide personalized
interventions. Meanwhile, emphasis should be placed on long-term follow-up, outcome
standardization, and functional improvement as key therapeutic goals.
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Figure 3. Summary of lifestyle-based interventions for Multiple Chemical Sensitivity, illustrating therapeutic
categories, proposed mechanisms of action, and associated clinical effects. Cognitive-behavioral and exposure-
based therapies showed the most consistent benefits, while complementary and biomedical approaches

demonstrated more limited but supportive outcomes.

4.2. Limitations

This review presents several limitations that should be considered when interpreting its
findings. Firstly, the limited number of high-quality randomized controlled trials weakens the overall
evidence base. Many included studies were pilot trials, case reports, or non-randomized designs,
frequently lacking control groups—factors that increase the risk of bias and may overestimate
treatment effects. Secondly, the absence of adequate blinding, particularly in studies involving
psychological and behavioral interventions, raises concerns due to the influence of expectations on
subjective outcomes.
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Thirdly, the substantial heterogeneity in intervention types, dosages, outcome measures, and
follow-up periods hinders comparability and prevents meta-analytic synthesis. Moreover, the
scarcity of studies specifically examining tDCS in MCS limits conclusions regarding its efficacy and
underlying mechanisms. These limitations highlight the need for more rigorous, standardized, and
adequately powered research in this field.

5. Conclusions

This systematic review critically examined the effectiveness of lifestyle-based interventions for
adults with MCS. The evidence indicates that approaches such as cognitive-behavioral therapy,
mindfulness-based interventions, and exposure-based strategies are associated with improvements
in psychological outcomes, including reductions in distress, maladaptive cognitions, and functional
limitations. Future research should focus on well-designed randomized controlled trials,
standardization of interventions, and inclusion of objective biomarkers to clarify mechanisms and
optimize treatment strategies for this complex condition.
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