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Abstract

Background: Multiple chemical sensitivity (MCS) develops in response to repeated small-level chemical exposures or amagjor
exposurein asubset of people, who then experience symptomsthat can range from mild to debilitating when exposed to chemicals.
The arrival of the COVID-19 pandemic and the stringent health measures put in place may have increased the burden for those
living with MCS, as it became more challenging to avoid chemicals that trigger their condition.

Objective: This study aimed to better understand the lived experience of Canadians living with MCS during the first year of
the COVID-19 pandemic.

Methods: An online questionnaire was created to ask participants to compare daily living during the pandemic to before March
11, 2020. Data were collected in January and February 2021. Three areas were investigated: (1) environmental exposures to
chemical triggers from ambient air (pollution from industry, farming, and traffic) and indoor air (the smell of cleaning products,
cooking odors, and smoke); (2) access to, and satisfaction with, health care visits; and (3) how people experiencing MCS rated
contact with their social network.

Results: In al, 119 Canadians who had lived with MCS for more than a year completed the questionnaire. The participant
sample was mostly female (86.6%, n=103) and highly educated, with 57.1% (n=68) having a university degree. Slightly more
than half (57.1%, n=68) were older than 55 years. McNemar chi-square and Wilcoxon signed rank tests were used to evaluate if
there were statistically significant changes before (“ prepandemic period”) and after (“postpandemic period”) March 11, 2020.
Perceived exposure to pollution from a highway or a road was significantly decreased from the prepandemic to postpandemic
period (z=—3.347; P<.001). Analysis of industry or power plants also suggested a significant decrease in the perceived exposure
from the prepandemic to postpandemic period (z=—2.152; P=.04). Participants reported an increase in exposure to odors from
disinfectants or sanitizers that entered their living environment (P<.001). There was a significant decrease between prepandemic
and postpandemic levels of satisfaction when attending in-person meetings with a physician (z=—2.048; P=.04), yet there were
no significant differences between prepandemic and postpandemic levels of satisfaction for online or telephone meetings with a
physician. Although people with MCS experienced increased social isolation (P<.001), they also reported an increase in
understanding from family (P=.03) and a decrease in stigma for wearing personal protective equipment (P<.001).

Conclusions: During the first year of the COVID-19 pandemic, people with MCS were impacted by inaccessibility, loss of
social support, and barriers to accessing health care. This study highlights unique challenges and possible benefits associated
with the COVID-19 pandemic public health measures for individua s living with MCS. These findings can guide decision makers
to improve policies on accessibility through appropriate accommodation measures.
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Introduction

Multiple chemical sensitivity (MCS), also known as
toxicant-induced loss of tolerance, has been described as a
chronic condition that develops in response to repeated
small-level chemical exposures or amajor exposure in a subset
of people [1-3]. After an “initiation” stage, the person reacts
strongly to subsequent chemical exposures and may experience
symptoms such as headache and difficulty concentrating,
shortness of breath, nausea, stomach pain, skin irritation,
nutritional deficiencies, and overall fatigue [4-7]. The
pathophysiological mechanisms underlying the condition are
still being researched and described in the scientific literature
[4,5,8]. Asthereis no known diagnostic marker for MCS, the
condition is diagnosed based on patient history and symptom
reports alone [9].

The Canadian Community Health Survey of 2020 reports that
over 1 million Canadians have adiagnosis of MCS, adiagnosis
seen to predominantly affect women (72%), with approximately
half of those diagnosed being older than 55 years of age [10].
From apublic health perspective, MCSisarecognized disability
[11] that can cause challenges for everyday living. The arrival
of the COVID-19 pandemic may have increased the burden for
those living with MCS, as avoiding chemical cleaners became
nearly impossible [12]. “Pandemic products’ such as cleaners
and disinfectants [13] are now widely used and accepted by the
public as a necessary part of infection prevention and control
[14]. While the COVID-19 transmission rates have been
improved by many of these measures, the detrimental effects
of cleaners and disinfectants on health have been reported.
Poison control centers in Canada and the United States have
reported an increase in the total number of phone calls related
to accidental exposures to toxic levels of cleaners since the
beginning of the pandemic [15,16]. There has also been a
decrease in indoor air quality as particulate matter exposure
increased during the COVID-19 pandemic due to the increased
frequency of cleaning and household activities [17]. To avoid
productsthat may trigger symptoms, people experiencing MCS
have reported limiting contact with others and avoiding going
into their workplace, seeking health care [18], or shopping for
groceries[19]. In the context of the COVID-19 pandemic, both
the infection prevention and control measures and the virus
represent a threat to the health of people experiencing MCS.

Accessing health care has become increasingly difficult with
the emergence of COVID-19. Some populationswere adversely
affected by the reallocation of health care resources during the
first few waves of the pandemic, including those with
life-threatening conditions such as cancer [20] and heart disease
[21], who received delayed diagnoses and care. For peoplewith
MCS, obtaining medical attention may have been challenging
astheir care may beviewed asalow priority. Despitethis, these
individuals live with comorbidities such as asthma, chronic
obstructive pulmonary disease, and diabetes, which may increase
their risk of developing severe COVID-19 symptoms [22,23].
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For these same reasons, patients with MCS may have avoided
vaccination clinics or urgent care facilities; according to the
Centersfor Disease Control and Prevention (CDC), 1in 4 adults
inthe United States avoided medical visitsduring thefirst wave
of the COVID-19 pandemic due to fear of infection, with a
higher proportion among those with disabilities [24]. To our
knowledge, how people experiencing MCS accessed medical
care during the pandemic remains unknown.

The existing scientific literature describes aspects of the health,
social, and economic functioning of people experiencing MCS
[25-29]. A recurrent theme that emerges is the invisible and
complex nature of chemical sensitivities, which makesit difficult
to explain to friends or colleagues and is often contested by
health care providers [30]. As a result, people experiencing
MCS can be reticent to ask for accommodations for their
condition as their symptoms may be trivialized or discounted
entirely. According to the Accessible Canada Act of 2019, for
people with impairments of any kind (eg, physical, cognitive,
or sensory perception), the inability to participate fully and
equally in society is considered a barrier to accessibility [31].
For people experiencing MCS, this barrier is most often felt
when they must explain and request that the built environment
be as nontoxic and scent-free as possible. Thus, the stigma of
this condition, along with the burden involved in planning
outings to safe shared spaces, can result in socia isolation. In
thislight, the pandemic may have affected the lived experiences
of people experiencing MCS in how they experienced shared
living spaces, accessed heslth care, and maintained socia
connections.

The aim of thisstudy isto better understand the lived experience
of people experiencing MCS during the first year of the
COVID-19 pandemic. Specifically, three domains are
investigated in a cohort of people experiencing MCS: (1)
environmental exposuresto chemical triggersfrom ambient and
indoor air (ie, how the living environment is perceived); (2)
access to, and satisfaction with health care (eg, what concerns
people experiencing MCS had with the physical space of
medical facilities or staff); and (3) how people experiencing
MCS rated contact with their social network, including issues
of isolation and requests for accommaodation for their MCS.

Methods

Study Design

A cross-sectional study design with aretrospective component
was used to measure the impact of the COVID-19 pandemic
before and after March 11, 2020, when the World Health
Organization (WHO) officially declared COVID-19 apandemic
[32].

Ethical Considerations

This study was approved by the Women's College Hospital
Research Ethics Board (study # 2020-0157-E). Participants
were treated in accordance with the Declaration of Helsinki.
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All participants provided informed consent electronically. To
maintain confidentiality, participant data were deidentified
(identified on all databases with an ID number only).
Participants were not compensated for their time.

Recruitment and Procedures

Participants were a convenience sample of Canadian residents.
To be €ligible, they had to be older than 18 years of age;
proficient in either English or French; and have experienced
MCS symptoms for at least 1 year prior to March 11, 2020.
Participant recruitment and data collection occurred between
January 19, 2021, and February 12, 2021. Participants were
recruited via 2 websites (Association pour la santé
environnementale du  Québec—Environmental  Health
Association of Québec [ASEQ-EHAQ] and Women'’s College
Hospital), on sociad media, and via email through the
ASEQ-EHAQ mailing list. A link was embedded in the post or
email that connected directly to the screening questionnaire.
Participants could also visit the ASEQ-EHAQ website for
further information and could accessthe screening questionnaire
by clicking on the MCS or COVID-19 project page.

Aninitial online screening questionnaire determined eligibility,
after which participants were either deemed ineligible and
thanked for their interest or deemed eligible and provided with
accessto the consent form. Upon consenting to the study terms,
participants accessed the questionnaire on the Qualtrics XM
platform (Qualtrics, LLC), a secure web-based data collection
survey tool. If a participant had any difficulty filling out the
survey online, the participant contacted ASEQ-EHAQ by
telephone to give verba consent and the survey was
administered over the phone. Informed consent was obtained
fromdl participants. All study materials were available in both
English and French.

A sample of 373 potential participants was screened. Of these,
254 (68.1%) did not meet inclusion criteria, while 119 (31.9%)
did and agreed to complete the questionnaire.

Questionnaire

The questionnaire was created in house by specialist physicians,
expert scientists, and people with lived experience of MCS. To
ensure content validity, the questionnaire was reviewed with
input by people experiencing MCS and a panel of clinicians
prior to the beginning of the study. Participants answered atotal
of 81 questions, of which 21 were retained for the purpose of
this study.

The questionnaire asked participantsto consider their livesfrom
before the pandemic (“prepandemic period” being defined as
before March 11, 2020) and at the time of the survey
(“ postpandemic period” being defined as after March 11, 2020)
with a data collection window of January 19 to February 12,
2021. Participants answered questions regarding their sex, age,
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income, education, M CS symptomatol ogy, and thetime between
symptom onset and diagnosis. To assess the impact of
COVID-19 public health measures, first, participantswere asked
toindicateif they were exposed (yes, no, or unsure) to chemical
triggers from their living and the outdoor environment (ie, in
indoor and outdoor air). Living environment items included
home cleaning products; cooking odors and smoke; and outdoor
items included pollution from industry, farming, and traffic.
Next, participants responded (yes or no) if they were able to
access a family doctor or a doctor who treats MCS, both
in-person and online health care visits. Satisfaction with visits
was rated on a 5-point Likert scale from very dissatisfied to
very satisfied. Possible barriers to attending any health care
professional visitswere assessed by asking if participantswould
be concerned (yes or no) with indoor air quality issues
(renovations, disinfectant use, or scents from the building
cleaning products), the risk of infection (social distancing,
exposure to flu or colds), and being in contact with chemicals
in new masks. Participantswere also asked if they had requested
accommodation for their condition (yes or no) and if thisrequest
had been met. Changes in social networking were assessed by
asking participants to rate how often, on a 5-point Likert scale,
they experienced social isolation, participation in the
community, stigmafrom wearing a mask, support from others,
or meetingswith friendsand family. Finally, 1 question assessed
how difficult it was (difficult, moderate, or easy) to obtain help
with tasks such as shopping or home maintenance. The
guestionnaire and response values can be found in Multimedia
Appendix 1.

Data Analysis

The data were downloaded from Qualtrics, deidentified, and
imported into statistical software. Data were analyzed using
SPSS Statistics (version 27; IBM Corp) predictive analytics
software. An exact significance criterion of .05 (2-tailed) was
adopted for all statistical tests. Due to the nature of the scoring,
and the repeated measures design, repeated measures
nonparametric analyses were conducted. Outliers were thus
retained. Less than 10% of the values were missing, so no
imputation was conducted. Descriptive statistics are presented
as mean with SD, median with IQR, and counts with
percentages. Statistical significance was assessed using the
McNemar chi-square test for binomial distributions and
Wilcoxon signed rank test for differences between responses
before and after March 11, 2020.

Results

Demographics

Respondents' (N=119) demographic characteristics are presented
in Table 1.
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Table 1. Demographic characteristics of people experiencing MCS? (N=119).

Variables Values
Sex, n (%)
Female 103 (86.6)
Male 16 (13.4)
Agegroup (years), n (%)
25-34 9(7.6)
35-44 23(19.3)
45-54 19 (16)
55-64 43(36.1)
64-74 19 (16)
=75 6 (5)
Current work status, n (%)
Employed 46 (38.7)
Unemployed 34 (28.6)
Student or retired 39 (32.7)
Household income® (CAD $), n (%)
<10,000 2(1.9)
10,000 to 20,000 30(28.6)
20,000 to 30,000 6(5.7)
30,000 to 40,000 11 (10.5)
40,000 to 50,000 11 (10.5)
50,000 to 60,000 10(9.5)
60,000 to 70,000 5(4.8)
70,000 to 80,000 9(8.5)
>80,000 21(20)
Prefer not to answer 14 (11.8)
Education, n (%)
Secondary school 9(7.6)
College 40 (33.6)
University 68 (57.1)
Prefer not to answer 2(1.7)
Time since onset of symptoms (years), mean (SD) 20.22 (12.67)
Time period between onset and diagnosis (n=92; years), mean (SD) 8.39 (9.55)

3\ CS: multiple chemical sensitivity.

BAIl dollars are listed in Canadian currency. The conversion rate for CAD $1 to US $ ranged from 0.78 to 0.79 cents between January 19 and February

12, 2021 (Bank of Canada currency converter).

Exposureto Triggers From the Living Environment

The dichotomous (yes or no) prepandemic and postpandemic
change in self-reported exposure to odors or other triggers was
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assessed using the McNemar chi-sgquare test (Table 2). Of the
9items participants were asked to assess, therewas astatistically
significant change (P<.001) in exposure to disinfectants or
sanitizers; no others were significantly different.
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Table 2. Changesin exposure to triggers from the living environment (indoor air quality).
Triggers and prepandemic level s Postpandemic levels, n P value®d
No Yes

Cleaning products >.99¢
No 37 10
Yes 10 56

Cooking odors 2g°
No 46 6
Yes 2 59

Disinfectants or sanitizers <.0019
No 40 24
Yes 5 46

Scents >.99¢
No 32 5
Yes 6 71

Home renovation 08¢
No 63 4
Yes 12 27

Incense 23°
No 79 3
Yes 8 18

Laundry products 18°
No 24 2
Yes 7 82

Second- or thirdhand tobacco smoke 30°
No 57 5
Yes 10 40

Second- or thirdhand marijuana smoke >99°
No 70 4
Yes 4 31

8Before March 11, 2020.

BAfter March 11, 2020.

CExact significance (2-tail ed).
dAsymptotic significance (2-tailed).

Exposureto Triggers From the Greater Environment
(Ambient Air Quality)

Participantsrated their perceived exposureto air pollutantsfrom
farming, industry or power plants, highways, or roads, and
residential or commercia smoke. Differences were assessed
using a Wilcoxon signed rank test. There were no significant
differences when comparing prepandemic and postpandemic
air pollution exposure ranks due to farming and residential or
commercial smoke; however, perceived exposure to pollution
from ahighway or aroad was significantly decreased from the
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prepandemic (median 2, IQR 0-2) to postpandemic period
(median 0, IQR 0-2; z=—3.347; P<.001). Analysis of industry
or power plants suggests asignificant decreasein the perceived
exposure from the prepandemic (median 0, IQR 0-1.75) to
postpandemic period (median 0, IQR 0-0; z=—2.152; P=.04).

Health Care

Health Care Accessibility

Participants' ability to access a doctor, as well as items of
concern regarding visiting medical facilities, are tabulated in
Table 3. A McNemar chi-square test revealed that participants
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endorsed their access to a family doctor was statistically
different (P<.001) after March 11, 2020. Similarly, analysis of
discordant pairs suggests a statistically significant difference
in access to a family doctor to address one’s MCS condition
before and after March 11, 2020 (P=.03). Regarding access to
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amedical facility, therewas a statistically significant difference
in exposure to chemicals in new masks (P<.001), exposure to
unscented disinfectants or sanitizers (P=.004), and exposure to

scents in the building or premises (P=.006). Table 3 shows the
complete results.
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Table 3. Health care provider and facility accessibility before and after March 11, 2020.
Accessibility and prepandemic levels? Postpandemic levels, n P value™d
No Yes Unselected Selected

Accessto a family doctor <0019
No 15 1 _e —
Yes 16 87 — —

Accessto a family doctor who addresses M CS9 03¢
No 49 0 — —
Yes 6 32 — —

Air pollution exposure <0019
Unselected — — 70 0
Selected — — 12 37

Cleaning products used in the building or premises 002¢
Unselected — — 29 1
Selected — — 13 76

Distanceto travel 003¢
Unselected — — 72 1
Selected — — 12 34

Exposuresto chemicalsin new masks <0019
Unselected — — 68 29
Selected — — 4 18

Exposures to unscented disinfectants or sanitizers 004¢
Unselected — — 66 16
Selected — — 3 34

Outbreak of flu or colds 34C
Unselected — — 102 3
Selected — — 7 7

Physical distancing or wearing of masksor glovesinadequate <0019
Unselected — — 87 19
Selected — — 3 10

Exposuresto scented disinfectants or sanitizers 61°
Unselected — — 29 6
Selected — — 9 75

Exposuresto scentsin the building or premises 006°
Unselected — — 24 1
Selected — — 11 83

Exposuresto scentsworn by health care workersor support staff 39¢
Unselected — — 36 4
Selected — — 8 71

Mold or water damage exposurein the building or premises 63°
Unselected — — 9% 3
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Accessibility and prepandemic levels? Postpandemic levels, n P value™d
No Yes Unselected Selected

Selected — — 1 19

Recent construction or renovations <0019
Unselected — — 87 0
Selected — — 11 21

Second- or thirdhand smoke exposures >9g°
Unselected — — 82 6
Selected — — 5 26

@Before March 11, 2020.

PAfter March 11, 2020.

CExact significance (2-tailed).
dAsymptoti c significance (2-tailed)
®Not available.

fMcs: multiple chemical sensitivity.

9Question only displayed if participants endorsed having access to afamily doctor in the prepandemic and postpandemic period (n=87).

Satisfaction With Health Care

There was a significant decrease between the prepandemic
(median 2, IQR 1-3) and postpandemic periods (median 2, IQR
0-3) in the levels of satisfaction when attending in-person
meetings with a physician (z=—2.048; P=.04). There were no
significant differences between prepandemic and postpandemic
levels of satisfaction when attending online or telephone
meetings with a physician.

Requests for Accommodation

A McNemar chi-square test was conducted to determine the
relative change in people experiencing MCS requesting

accommodation for their condition (see Table 4). The results
suggest a statistically significant difference between requests
before and after March 11, 2020 (P<.001). Overall, the majority
(101/119, 84.9%) of people experiencing MCS requested
accommodation for their MCS prior to March 11, 2020, whereas
during the COV1D-19 pandemic, requests for accommodation
decreased to 58% (69/119).

When asked if, overal, their requests were reasonably
accommodated acrossthese categories, results show there were
no significant differences (P>.99) between prepandemic and
postpandemic levels of the request being met. This suggests
that people experiencing MCS received the same level of
accommodation when the request was made.

Table 4. Accommodation: requests and items of concern (reason the request was made for people experiencing MCS? N=119).

Requested accommodation

Prepandemic level sb, n(%) Postpandemiclevels®, n(%)

Reason the request was made
Use of scent
Use of scented laundry products which enter the living space
Fumes from cleaning products used in common areas
Participants asked for
Scent-free policies
Use of scent-free and |east-toxic cleaning products

Supply of scent-free and least-toxic soaps, disinfectants, or sanitizers

86 (85.1) 49 (71)
61 (60) 33 (47.8)
54 (53.5) 28 (40.6)
82 (69) 37 (31.4)
79 (66.4) 45 (37.8)
69 (58) 37 (31.4)

3 CS: multiple chemical sensitivity.
bBefore March 11, 2020.
CAfter March 11, 2020.

Wilcoxon Signed Rank Test Analysis of Social
I nteractions

Participants were asked to rate their experience of socia
isolation, stigma, support, and obtaining assistance both before

https://formative.jmir.org/2024/1/e48434

and after the pandemic began. Table 5 shows that 10 of 13
categories report significant differences.
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Table 5. Self-reported changes to social networking by people experiencing multiple chemical sensitivity pre-post March 11, 2020.

Self-reported changes Prepandemic scores, Postpandemic scores, zscore  pygue?P
median (IQR) median (IQR)

Social isolation
Feeling socially isolated 2(1-3) 3(2-9) -6.020 <.001°
Participation in the local community 1(0-3) 0(0-1) —4.907 <.001°
Stigma wearing masks, gloves, or other protective equipment 2(0-9) 0(0-1) -5.683 <.001°
Support and understanding from family 2(1-3) 3(1-3) —2.265 032
Support and understanding from friends 2(1-3) 2(1-3) -0.481 662
I n-person meeting with friends 2(1-3) 1(0-1) —7.633 <.001°
I n-person meeting with family 2(1-3) 1(0-1) —7.288 <.001°
Online relationships or meetings 1(0-2) 2(1-3) —7.156 <.001°

Level of difficulty of finding scent-free workersfor the following task
Shopping for groceries 2(2-3) 2(2-3) 0.584 802
Driving to appointments or for (nongrocery) shopping 3(2-3) 3(2-3) -2.310 0022
Home repairs or maintenance 2(1-2 2(2-3) -2.814 <.001°
Home support 3(2-3) 3(2-3) -0.333 272
House cleaning 3(2-3) 3(2-3) -1.265 001°

3Exact significance (2-tailed).
bAg/mptoti c significance (2-tailed).

Discussion

Principal Findings

This study assessed how a cohort of Canadians with MCS
experienced changesin their living environment, access to and
experience of hedlth care, and interactionsin their social network
before and after the COVID-19 pandemic was declared on
March 11, 2020. Results indicate significant changes in all 3
areas and provide insight into how people with MCS
experienced the effects of the COVID-19 pandemic in their
daily lives.

The 119 participants in this study were predominantly female
(n=103, 86.6%) and highly educated, with 57.1% (n=68) having
a university degree, 33.6% (n=40) having completed college,
and 7.6% (n=9) having completed secondary school. Slightly
more than half (n=68, 57.1%) were older than 55 years of age,
in line with Canadian statistics. The mean duration of MCS
symptoms was 20.2 (SD 12.67) years, and the average time it
took to receive a diagnosis of MCS was 8.4 (SD 9.55) years,
suggesting that MCS began in early adulthood, but participants
only received adiagnosis almost adecade later. For comparison,
the mean timeto diagnosisfor fibromyalgia, achronic condition
that co-occursfrequently with MCS, isapproximately 6.2 years
[33].

https://formative.jmir.org/2024/1/e48434

Principal Results

Indoor and Outdoor Air Quality—The Living
Environment

Within days of the declaration of the pandemic, provinces across
Canadaimplemented national public health measuresto reduce
the risk of viral transmission [34]. Isolation was mandated,
which resulted in the closing of daycares, schools, and
nonessential businesses, as well as limiting travel between
regions; in Québec, an early evening curfew was imposed.
Family members spent an increased amount of time indoors,
posing a risk of contracting COVID-19 from another family
member, but also risking exposure to poor indoor air quality
[35]. Indoor air quality isamajor contributor to human health
and is significantly affected by human activities such as
smoking, vaping, cooking, using appliances, heating and
cleaning [36]. Participants in this study reported increased
exposures to odors from disinfectants that entered their living
environment, which may reflect the increased human density
and duration of activitieswithin nearby homes and multifamily
dwellings, as well as the intensified cleaning that was carried
out using products strong enough to inactivate COVID-19.

The risk to health from ambient and indoor air pollution has
come into sharp focus with the COVID-19 pandemic [37-39].
Here, we report the added concern by participants of repeated
exposure to odorsfrom disinfectantsthat may trigger symptoms
and may lead to an increase in sensitivity to chemicals, akin to
the dose-response rel ationship between exposureto disinfectants
and increased risk of asthma in adults and children [40].

JMIR Form Res 2024 | vol. 8| 48434 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Furthermore, fragranced products can emit volatile organic
compounds associated with harmful effects on the neurological,
gastrointestinal, respiratory, and immune systems [13]. As not
all activeingredients are disclosed on product labelsthereisan
additional risk to users' health, especially when they are used
without necessary caution [41]. This reinforces the importance
of accurate labeling for fragranced, unscented (which may
contain masking agents), and fragrance-free disinfectants, with
appropriate symbols for toxicity, clear indications of optimal
use, and warnings about the risk of emissions from mixing
products together [42].

In Europe, adecreasein ambient air pollution observed during
lockdown periods proved beneficial to overall health [43].
Ambient air analyses from ground-level urban Canadian cities
reveal ed significant reductionsin black carbon, nitrogen dioxide,
and particulate matter under 2.5 microns (PM,5) with an
increase in ozone levels during thefirst phases of the pandemic
[44]—in line with multiple reports from countries worldwide
[45]. Consistent with this, we found a decrease in perceived
outdoor pollution exposure from highways or roads and industry,
likely due to the slowdown of economic activities. This
reduction may have mitigated the effects of other odors
perceived by people experiencing MCS in their homes, as
outdoor air quality has a direct relationship with indoor air
quality, whichinturn hasimplicationsfor human health [46,47].

Health Care

AsCOVID-19—elated illnesses and mortality increased, health
care resources were reallocated to its treatment and prevention,
resulting in reduced access to nonurgent care, diagnostics,
surgeries, and other health services, evenin countrieswith strong
health care systems [48]. Participants reported a reduction in
access to a general practitioner for health care, as well as the
ability to reach a physician to address their MCS. Results also
demonstrate that people experiencing MCS were more
concerned that in-person clinic visits might expose them to
chemicals in new masks, hand sanitizers, and disinfectants.
There is evidence that increased mask and disinfectant use
worsens symptoms in individual s with chronic conditions such
asmigraine headaches or asthma[49,50]. Furthermore, abarrier
to health care for people experiencing MCSis that the clinical
and therapeutic management of MCS is complex and
multifaceted [51], imposing an additional burden on
interprofessional collaboration within an already strained health
care system. People experiencing MCS may have postponed or
abandoned attempts to access routine health care for these
reasons, which put them at greater risk for delayed diagnosis
and treatment of illness. The WHO has stressed the importance
of providing accessible environmentsfor peoplewith disabilities
[52], yet barriers intensified for those with disabilities during
the pandemic, especially in terms of health care [53]. Despite
this, participants did not report a change in satisfaction with
telephone or video appointments. Telehealth may be an
important avenue in the future of MCS care, obviating the need
for in-person visits (unless physical examination or testing is
required), thus reducing the chances of chemical trigger
exposures from the staff or clinic, and enhancing overall care
[54].
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According to Altman and Bernstein [55], a person’s disability
is not only reflected in their physical or cognitive functional
limitation but also by the restriction in socia participation due
to alack of accommodation [4]. In our study, the majority of
people experiencing MCS report not being accommodated for
their disability. People experiencing MCS often experience
other’s unwillingness to adjust in the social context because of
the disbelief, incomprehension, and lack of understanding of
MCS. Given that people experiencing MCS already experience
isolation, an accommodating environment would help mitigate
the added isolation imposed by the pandemic. Accommodation
requestsin this study consisted of asking for scent-free policies,
the use and supply of scent-free products, and using the
least-toxic cleaning products, al of which are policies enforced
by the Canadian Human Rights Act since 2007 for those with
MCS [56]. It is interesting to note that the number of
accommodation requests went down during the pandemic, and
we suggest 2 possible reasons for the decline. First, during this
extremely difficult time, participants may have suppressed their
needs because the use of disinfectants was critical to prevent
viral transmission and asking for accommodation may have
resulted in further disbelief and stigmatization. Second,
participants were already limiting their contact with others
outside of their homes as aroutine part of life and thus required
less accommodation during the pandemic.

Social | nteractions

I solation

The implementation of social distancing strategies worldwide
that were essential to limit the spread of the SARS-CoV-2 virus
alsoledtoanincreasein social isolation for people experiencing
MCS. The negative consequences of socia isolation on both
physical and mental health are well established, with strong
associations reported between socia isolation and all-cause
mortality, cardiovascular illness, anxiety, and depression [56].
People experiencing MCS in our study experienced decreases
in al in-person meetings with family, friends, and the
community, while enduring increased social isolation consistent
with reported isolation almost globally from the COVID-19
pandemic [57]. However, there was an increased level of
understanding from family and a decrease in stigma from
wearing persona protective equipment such as masks and
gloves. Brewer and Stratton [58] suggest there may be positive
outcomes of COV1D-19 health measuresfor peopleliving with
medically unexplained conditions, in that the pandemic
restrictions normalized their isolated lifestyle as one that was
not only acceptable but encouraged. For example, in the
workplace, many of those who were unable to work on-site due
to their medical condition could work from home. Overall and
importantly, lockdown and isolation may have provided insight
for others, including health care professionals, into the lived
experience of peopl e experiencing M CS—one of being isolated,
reticent to approach people and crowded public spaces, and
wearing protective equipment asapart of daily life. Altogether,
our findings on social support highlight both negative and
positive outcomes of COVID-19 social distancing measures on
people experiencing MCS.
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Finding Help

One problematic outcome of COVID-19 is the increased level
of difficulty in finding available human resources for support
with tasks, a general trend that stemmed from workers' fear of
contracting COVID-19[59]. In our study, human resourcesthat
were significantly more difficult to find included drivers for
medical appointments, workers for home maintenance, and
cleaning staff, all of whom would need to be scent free. This
lack of mobility and access to others may have increased the
sense of isolation of participants.

Limitations

Our study has several limitations. We do not know if participants
lived inurban or rural areasand, as such, cannot geographically
contextualize the air quality findings. Also, a retrospective
self-reported questionnaire is subject to recall and response bias.
For example, since the period before the beginning of the
COVID-19 pandemic is temporaly longer than the
“postpandemic” period, we cannot know how participants
estimated their average when reporting “more”’ or “less’ to any
given question. Finally, given the cross-sectional nature of the
study, no causal mechanism can beinferred. Futurework should
expand on these findings to include measures of indoor air
quality alongside qualitative investigations regarding quality
of life, especialy in relation to the built environment.

Bray et a

Conclusions and I mplications

People experiencing MCS experienced significant changes to
their daily lifewith thearrival of the COVID-19 pandemic. This
study highlights unique challenges and possible benefits
associated with indoor air quality, access to medical care, and
socia networking. Our study has important public health
implications since, to our knowledge, it is the first study
examining the impact of public health measures to counter the
COVID-19 pandemic on the daily lives of people experiencing
MCS. This study highlights a new context that people
experiencing MCS must navigate in terms of their sensitivities
to antimicrobia products and supports an emerging body of
literature describing the risks associated with the overexposure
or misuse of products used to control the COVI1D-19 pandemic
[40,60]. Moving forward, it would be crucia to increase
awareness of the chemicals contained in disinfectants and their
health effects by clearly labeling the full list of ingredients and
using only effective yet least toxic and fragrance-free products.
We hopethat our findings can guide decision makersto improve
policies on accessibility, through appropriate accommodation
measures, and better serve this vulnerable population in the
current and future health crises. Since people experiencing MCS
are particularly vulnerable in the context of the pandemic,
identifying and removing barriersto accessto health care should
be prioritized for this population.

Acknowledgments

The authors thank all the participants experiencing multiple chemical sensitivity (MCS) who took the time and the effort to
contribute to the study. Funding for this study was obtained by the Association pour la santé environnementale du
Québec—Environmental Health Association of Quebec (ASEQ-EHAQ).

Data Availability

The data sets generated and analyzed during this study are available from the corresponding author upon reasonabl e request.

Authors Contributions

All authors contributed to the conceptualization or interpretation of the work and reviewed this paper for intellectual content and
are accountable for its accuracy. All authors approved of the fina version for submission. IM, MAP, MG, PA, RB, and RP
performed the conceptualization. NA contributed to the statistical analyses. YW, SR, and EB performed the original draft
preparation and editing. RP performed the supervision.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Questionnaire, response options, and scoring.
[DOC File, 74 KB-Multimedia Appendix 1]

References

1. Magi S, Miller CS, Pamer RF, Ashford N. Toxicant-induced loss of tolerance for chemicals, foods, and drugs: assessing
patterns of exposure behind a global phenomenon. Environ Sci Eur. May 27, 2021;33(1):1-19. [FREE Full text] [doi:
10.1186/s12302-021-00504-2]

2. Miller CS. Chemical sensitivity: symptom, syndrome or mechanism for disease? Toxicology. Jul 17, 1996;111(1-3):69-86.
[doi: 10.1016/0300-483x(96)03393-8] [Medline: 8711750]

3. Miller CS. Toxicant-induced loss of tolerance--an emerging theory of disease? Environ Health Perspect. Mar 01,
1997;105(suppl 2):445-453. [FREE Full text] [doi: 10.1289/ehp.97105s2445] [Medline: 9167978]

https:/formative.,jmir.org/2024/1/e48434 JMIR Form Res 2024 | vol. 8| e48434 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v8i1e48434_app1.doc&filename=e4886e7d714e793ce9bc6b1127e31626.doc
https://jmir.org/api/download?alt_name=formative_v8i1e48434_app1.doc&filename=e4886e7d714e793ce9bc6b1127e31626.doc
https://doi.org/10.1186/s12302-021-00504-z
http://dx.doi.org/10.1186/s12302-021-00504-z
http://dx.doi.org/10.1016/0300-483x(96)03393-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8711750&dopt=Abstract
https://ehp.niehs.nih.gov/doi/10.1289/ehp.97105s2445?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1289/ehp.97105s2445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9167978&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Bray et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Zucco GM, Doty RL. Multiple chemical sensitivity. Brain Sci. Dec 29, 2021;12(1):1-24. [FREE Full text] [doi:
10.3390/brainsci12010046] [Medline: 35053790]

Bolt HM, Kiesswetter E. Is multiple chemical sensitivity aclinically defined entity? Toxicol Lett. Mar 10,
2002;128(1-3):99-106. [doi: 10.1016/s0378-4274(01)00537-9] [Medline: 11869821]

Suzuki K, Haruyama Y, Kobashi G, Sairenchi T, Uchiyama K, Yamaguchi S, et al. Central sensitization in neurological,
psychiatric, and pain disorders: a multicenter case-controlled study. Pain Res Manag. Feb 15, 2021;2021:6658917. [doi:
10.1155/2021/6656917] [Medline: 33643501]

Del Casdle A, Ferracuti S, Mosca A, Pomes LM, Fiasché F, Bonanni L, et al. Multiple chemical sensitivity syndrome: a
principal component analysis of symptoms. Int J Environ Res Public Health. Sep 09, 2020;17(18):6551. [FREE Full text]
[doi: 10.3390/ijerph17186551] [Medline: 32916833]

Molot J, Sears M, Marshall LM, Bray RI. Neurological susceptibility to environmental exposures. pathophysiological
mechanisms in neurodegeneration and multiple chemical sensitivity. Rev Environ Health. Sep 16, 2021;37(4):509-530.
[FREE Full text] [doi: 10.1515/reveh-2021-0043] [Medline: 34529912]

Vadala M, Laurino C, Corazzari V, Pamieri B. A proposal for clinical biomarkers in multiple chemical sensitivity. Clin
Ter. 2020;171(2):€149-e155. [FREE Full text] [doi: 10.7417/CT.2020.2205] [Medline: 32141487]

Canadian Community Health Survey (CCHS) - annual component - 2020. Statistics Canada. 2020. URL : https.//www23.
statcan.gc.calimdb/p2SV.pl 2Function=getSurvey & SDD S=3226 [accessed 2024-06-19]

Environmental sensitivities and scent-free policies. Canadian Human Rights Commission. Jun 17, 2024. URL : https:.//www.
chrc-ccdp.gce.calen/resources/publicati ons/environmental -sensitiviti es-and-scent-free-policies [accessed 2024-06-19]
Gajebasia S, Butt S, Affleck A. Living with multiple chemical sensitivity during the COVID - 19 pandemic: a patient's
perspective. Clin Exp Dermatol. May 2022;47(5):963-964. [ FREE Full text] [doi: 10.1111/ced.15098] [Medline: 35019158]
Steinemann A, Nematollahi N, Rismanchi B, Goodman N, Kolev SD. Pandemic products and volatile chemical emissions.
Air Qual Atmos Health. Aug 27, 2020;14(1):47-53. [doi: 10.1007/s11869-020-00912-9] [Medline: 32874372]

Cleaning and disinfection of environmental surfacesin the context of COVID-19. World Health Organization. 2020. URL:
https.//www.who.int/publications/i/item/cl eaning-and-di sinfecti on-of -environmental -surfaces-inthe-context-of -covid-19
[accessed 2022-04-01]

Yasseen Il A, Weiss D, Remer S, Dobbin N, MacNeill M, Bogeljic B, et al. Increases in exposure calls related to selected
cleaners and disinfectants at the onset of the COVID-19 pandemic: data from Canadian poison centres. Health Promot
Chronic Dis Prev Can. Jan 2021;41(1):25-29. [EREE Full text] [doi: 10.24095/hpcdp.41.1.03] [Medline: 33438943]
Chang A, Schnall AH, Law R, Bronstein AC, MarraffaJM, Spiller HA, et a. Cleaning and disinfectant chemical exposures
and temporal associationswith COV1D-19 — national poison data system, United States, January 1, 2020—-March 31, 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(16):496-498. [FREE Full text] [doi: 10.15585/mmwr.mm6916el] [Medline:
32324720]

Mousavi A, Wu J. Indoor-generated PM 2.5 during COVID-19 shutdowns across California: application of the PurpleAir
indoor-outdoor low-cost sensor network. Environ Sci Technol. 2021;55(9):5648-5656. [FREE Full text] [doi:
10.1021/acs.est.0c06937] [Medline: 33871991]

Bellman V, Zolnikov TR. Understanding patient-provider interaction, treatment acceptance, and outcomesin medically
unexplained symptoms. Cureus. 2022;14(12):€32915. [FREE Full text] [doi: 10.7759/cureus.32915] [Medline: 36699771]
Soderholm A, Soderberg A, Nordin S. The experience of living with sensory hyperreactivity-accessibility, financial security,
and social relationships. Health Care Women Int. Aug 2011;32(8):686-707. [doi: 10.1080/07399332.2011.585727] [Medline:
21767095]

Bogaert B, Buisson V, Kozlakidis Z, Saintigny P. Organisation of cancer care in troubling times: a scoping review of expert
guidelines and their implementation during the COVID-19 pandemic. Crit Rev Oncol Hematol. 2022;173:103656. [FREE
Full text] [doi: 10.1016/].critrevonc.2022.103656] [Medline: 35337970]

Georgel, SanaM, Kobsa S, Deroo S, Kriegel J, Blitzer D, et a. The rapid transformation of cardiac surgery practicein
the coronavirus disease 2019 (COVID-19) pandemic: insights and clinical strategies from a centre at the epicentre. Eur J
Cardiothorac Surg. 2020;58(4):667-675. [FREE Full text] [doi: 10.1093/ejcts/ezaa?28] [Medline: 32573737]

Canadian Community Health Survey (CCHS) - annual component - 2020. Statistics Canada. URL : https.//www23.
statcan.gc.cal/imdb/p3lnstr.pl 2Function=assembl el nstr& lang=en& Item 1d=1262397 [accessed 2024-06-19]

Underlying medical conditions associated with higher risk for severe COVID-19: information for healthcare professionals.
Centersfor Disease Control and Prevention. URL: https.//www.cdc.gov/coronavirus/2019-ncov/hcp/clinical -care/underlying
conditions.html [accessed 2023-02-09]

Czeider ME, Marynak K, Clarke KEN, Salah Z, Shakyal, Thierry JM, et a. Delay or avoidance of medical care because
of COVID-19-related concerns - United States, June 2020. MMWR Morb Mortal WKly Rep. Sep 11, 2020;69(36):1250-1257.
[EREE Full text] [doi: 10.15585/mmwr.mm6936a4] [Medline: 32915166]

Driesen L, Patton R, John M. The impact of multiple chemical sensitivity on people's social and occupationa functioning;
asystematic review of qualitative research studies. J Psychosom Res. May 2020;132:109964. [doi:
10.1016/j.jpsychores.2020.109964] [Medline: 32114179]

https:/formative.,jmir.org/2024/1/e48434 JMIR Form Res 2024 | vol. 8| e48434 | p. 12

(page number not for citation purposes)


https://www.mdpi.com/resolver?pii=brainsci12010046
http://dx.doi.org/10.3390/brainsci12010046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35053790&dopt=Abstract
http://dx.doi.org/10.1016/s0378-4274(01)00537-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11869821&dopt=Abstract
http://dx.doi.org/10.1155/2021/6656917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33643501&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17186551
http://dx.doi.org/10.3390/ijerph17186551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32916833&dopt=Abstract
https://www.degruyter.com/document/doi/10.1515/reveh-2021-0043
http://dx.doi.org/10.1515/reveh-2021-0043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34529912&dopt=Abstract
http://www.clinicaterapeutica.it/2020/171/2/12_VADALA.pdf
http://dx.doi.org/10.7417/CT.2020.2205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32141487&dopt=Abstract
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3226
https://www.chrc-ccdp.gc.ca/en/resources/publications/environmental-sensitivities-and-scent-free-policies
https://www.chrc-ccdp.gc.ca/en/resources/publications/environmental-sensitivities-and-scent-free-policies
https://academic.oup.com/ced/article-abstract/47/5/963/6693099?redirectedFrom=fulltext
http://dx.doi.org/10.1111/ced.15098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35019158&dopt=Abstract
http://dx.doi.org/10.1007/s11869-020-00912-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32874372&dopt=Abstract
https://www.who.int/publications/i/item/cleaning-and-disinfection-of-environmental-surfaces-inthe-context-of-covid-19
https://doi.org/10.24095/hpcdp.41.1.03
http://dx.doi.org/10.24095/hpcdp.41.1.03
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33438943&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6916e1
http://dx.doi.org/10.15585/mmwr.mm6916e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32324720&dopt=Abstract
https://europepmc.org/abstract/MED/33871991
http://dx.doi.org/10.1021/acs.est.0c06937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33871991&dopt=Abstract
https://europepmc.org/abstract/MED/36699771
http://dx.doi.org/10.7759/cureus.32915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36699771&dopt=Abstract
http://dx.doi.org/10.1080/07399332.2011.585727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21767095&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1040-8428(22)00080-4
https://linkinghub.elsevier.com/retrieve/pii/S1040-8428(22)00080-4
http://dx.doi.org/10.1016/j.critrevonc.2022.103656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337970&dopt=Abstract
https://europepmc.org/abstract/MED/32573737
http://dx.doi.org/10.1093/ejcts/ezaa228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32573737&dopt=Abstract
https://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&lang=en&Item_Id=1262397
https://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&lang=en&Item_Id=1262397
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://doi.org/10.15585/mmwr.mm6936a4
http://dx.doi.org/10.15585/mmwr.mm6936a4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32915166&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2020.109964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32114179&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Bray et al

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Skovbjerg S, Brorson S, Rasmussen A, Johansen JD, Elberling J. Impact of self-reported multiple chemical sensitivity on
everyday life: a qualitative study. Scand J Public Health. Aug 2009;37(6):621-626. [doi: 10.1177/1403494809105430]
[Medline: 19411319]

Briones-Vozmediano E, Espinar-Ruiz E. How do women suffering from multiple chemical sensitivity experience the
medical encounter? a qualitative study in Spain. Disabil Rehabil. 2019;43(8):1110-1120. [doi:
10.1080/09638288.2019.1650297] [Medline: 31407924]

Gibson PR, Sledd LG, McEnroe WH, Vos AP. Isolation and lack of accessin multiple chemical sensitivity: aqualitative
study. Nurs Health Sci. 2011;13(3):232-237. [doi: 10.1111/].1442-2018.2011.00606.x] [Medline: 21595819]

Micarelli A, Cormano A, Caccamo D, Alessandrini M. Olfactory-related quality of life in multiple chemical sensitivity: a
genetic-acquired factors model. Int JMol Sci. 2019;21(1):156. [FREE Full text] [doi: 10.3390/ijms21010156] [Medline:
31881664]

Gibson PR, Leaf B, Komisarcik V. Unmet medical care needs in persons with multiple chemical sensitivity: a grounded
theory of contested illness. INEP. 2016;6:75. [doi: 10.5430/jnep.v6n5p75]

Accessible Canada act. Government of Canada. 2019. URL : https.//www.canada.ca/en/empl oyment-social -devel opment/
programs/accessible-peopl e-disabilities/act-summary.html [accessed 2024-06-19]

Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Biomed. 2020;91(1):157-160. [doi:
10.23750/abm.v91i1.9397] [Medline: 32191675]

Gendelman O, Amital H, Bar-On Y, Ben-Ami Shor D, Amital D, Tiosano S, et a. Time to diagnosis of fibromyalgia and
factors associated with delayed diagnosisin primary care. Best Pract Res Clin Rheumatol. 2018;32(4):489-499. [doi:
10.1016/j.berh.2019.01.019] [Medline: 31174818]

Canadian COVID-19 intervention timeline. Canadian Institute for Health Information. 2020. URL: https.//www.cihi.calen/
canadian-covid-19-intervention-timeline [accessed 2024-06-19]

Urrutia-PereiraM, Médllo-da-Silva CA, Solé D. Household pollution and COVID-19: irrelevant association? Allergol
Immunopathol (Madr). 2021;49(1):146-149. [doi: 10.15586/aei.v49i1.48] [Medline: 33528942]

Tran VV, Park D, Lee YC. Indoor air pollution, related human diseases, and recent trends in the control and improvement
of indoor air quality. Int J Environ Res Public Health. 2020;17(8):2927. [FREE Full text] [doi: 10.3390/ijerph17082927]
[Medline: 32340311]

Zang ST, Luan J, Li L, YuHX, Wu QJ, Chang Q, et al. Ambient air pollution and COVID-19 risk: evidence from 35
observational studies. Environ Res. 2022;204(Pt B):112065. [FREE Full text] [doi: 10.1016/j.envres.2021.112065] [Medline:
34534520]

Di CiaulaA, Moshammer H, Lauriola P, Portincasa P. Environmental health, COVID-19, and the syndemic: internal
medicine facing the challenge. Intern Emerg Med. 2022;17(8):2187-2198. [FREE Full text] [doi:
10.1007/s11739-022-03107-5] [Medline: 36181580]

Zhu C, Mahargjan K, Liu K, Zhang Y. Role of atmospheric particulate matter exposure in COVID-19 and other health risks
in human: areview. Environ Res. 2021;198:111281. [FREE Full text] [doi: 10.1016/j.envres.2021.111281] [Medline:
33961825]

Parks J, McCandless L, Dharma C, Brook J, Turvey SE, Mandhane P, et a. Association of use of cleaning products with
respiratory health in a Canadian birth cohort. CMAJ. 2020;192(7):E154-E161. [FREE Full text] [doi: 10.1503/cmaj.190819]
[Medline: 32071106]

Cimolai N. Transparency of disinfectant and hand sanitizer contents in the context of COVID-19. Eur Rev Med Pharmacol
Sci. 2021;25(6):2464-2467. [FREE Full text] [doi: 10.26355/eurrev_202103 25391] [Medline: 33829428]

Anthes E. Coronavirus lockdowns may rai se exposure to indoor air pollution: smarter cooking and cleaning can lessen the
risk. Scientific American. URL : https.//www.scientifi camerican.com/article/coronavirus-lockdowns-may-rai se-exposure-to
-indoor-air-pollution/ [accessed 2024-06-19]

Schneider R, Masselot P, Vicedo-Cabrera AM, Sera F, Blangiardo M, Forlani C, et al. Differential impact of government
lockdown policies on reducing air pollution levels and related mortality in Europe. Sci Rep. 2022;12(1):726. [FREE Full
text] [doi: 10.1038/s41598-021-04277-6] [Medline: 35082316]

Mashayekhi R, Pavlovic R, Racine J, Moran MD, Manseau PM, Duhamel A, et al. Isolating the impact of COVID-19
lockdown measures on urban air quality in Canada. Air Qual Atmos Health. 2021;14(10):1549-1570. [FREE Full text]
[doi: 10.1007/s11869-021-01039-1] [Medline: 34025821]

Adam MG, Tran PTM, Balasubramanian R. Air quality changesin cities during the COVID-19 lockdown: acritical review.
Atmos Res. 2021;264:105823. [FREE Full text] [doi: 10.1016/j.atmosres.2021.105823] [Medline: 34456403]

Huang S, Lawrence J, Kang CM, Li J, Martins M, Vokonas P, et al. Road proximity influencesindoor exposures to ambient
fine particle mass and components. Environ Pollut. 2018;243(Pt B):978-987. [FREE Full text] [doi:
10.1016/j.envpol.2018.09.046] [Medline: 30248605]

WallaceL. Indoor particles: areview. JAir Waste Manag Assoc. 1996;46(2):98-126. [doi: 10.1080/10473289.1996.10467451]
[Medline: 8846246]

https://formative.jmir.org/2024/1/e48434 JMIR Form Res 2024 | vol. 8| e48434 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1177/1403494809105430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411319&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2019.1650297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31407924&dopt=Abstract
http://dx.doi.org/10.1111/j.1442-2018.2011.00606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21595819&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms21010156
http://dx.doi.org/10.3390/ijms21010156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31881664&dopt=Abstract
http://dx.doi.org/10.5430/jnep.v6n5p75
https://www.canada.ca/en/employment-social-development/programs/accessible-people-disabilities/act-summary.html
https://www.canada.ca/en/employment-social-development/programs/accessible-people-disabilities/act-summary.html
http://dx.doi.org/10.23750/abm.v91i1.9397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191675&dopt=Abstract
http://dx.doi.org/10.1016/j.berh.2019.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31174818&dopt=Abstract
https://www.cihi.ca/en/canadian-covid-19-intervention-timeline
https://www.cihi.ca/en/canadian-covid-19-intervention-timeline
http://dx.doi.org/10.15586/aei.v49i1.48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33528942&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17082927
http://dx.doi.org/10.3390/ijerph17082927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32340311&dopt=Abstract
https://europepmc.org/abstract/MED/34534520
http://dx.doi.org/10.1016/j.envres.2021.112065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34534520&dopt=Abstract
https://europepmc.org/abstract/MED/36181580
http://dx.doi.org/10.1007/s11739-022-03107-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36181580&dopt=Abstract
https://europepmc.org/abstract/MED/33961825
http://dx.doi.org/10.1016/j.envres.2021.111281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33961825&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=32071106
http://dx.doi.org/10.1503/cmaj.190819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32071106&dopt=Abstract
https://www.europeanreview.org/article/25391
http://dx.doi.org/10.26355/eurrev_202103_25391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33829428&dopt=Abstract
https://www.scientificamerican.com/article/coronavirus-lockdowns-may-raise-exposure-to-indoor-air-pollution/
https://www.scientificamerican.com/article/coronavirus-lockdowns-may-raise-exposure-to-indoor-air-pollution/
https://boris.unibe.ch/id/eprint/165125
https://boris.unibe.ch/id/eprint/165125
http://dx.doi.org/10.1038/s41598-021-04277-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35082316&dopt=Abstract
https://europepmc.org/abstract/MED/34025821
http://dx.doi.org/10.1007/s11869-021-01039-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34025821&dopt=Abstract
https://europepmc.org/abstract/MED/34456403
http://dx.doi.org/10.1016/j.atmosres.2021.105823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34456403&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0269-7491(18)30753-X
http://dx.doi.org/10.1016/j.envpol.2018.09.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30248605&dopt=Abstract
http://dx.doi.org/10.1080/10473289.1996.10467451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8846246&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Bray et al

48. ChudasamaYV, Gillies CL, Zaccardi F, Coles B, DaviesMJ, Seidu S, et a. Impact of COVID-19 on routine care for
chronic diseases: aglobal survey of views from healthcare professionals. Diabetes Metab Syndr. 2020;14(5):965-967.
[FREE Full text] [doi: 10.1016/j.dsx.2020.06.042] [Medline: 32604016]

49. Yuksdl H, Kenar SG, Gursoy GT, Bektas H. The impacts of masks and disinfectants on migraine patientsin the COVI1D-19
pandemic. J Clin Neurosci. 2022;97:87-92. [EREE Full text] [doi: 10.1016/j.jocn.2022.01.006] [Medline: 35066364]

50. Eldeirawi K, Huntington-Moskos L, Nyenhuis SM, Polivka B. Increased disinfectant use among adults with asthmain the
eraof COVID-19. JAllergy Clin Immunol Pract. 2021;9(3):1378-1380. [FREE Full text] [doi: 10.1016/].jaip.2020.12.038]
[Medline: 33385592]

51. Damiani G, Alessandrini M, Caccamo D, Cormano A, Guzzi G, Mazzatenta A, et al. Italian expert consensus on clinical
and therapeutic management of multiple chemical sensitivity (MCS). Int JEnviron Res Public Health. 2021;18(21):11294.
[FREE Full text] [doi: 10.3390/ijerph182111294] [Medline: 34769816]

52. World Health Organization. Disability considerations during the COVI1D-19 outbreak. 2020. URL : https://www.who.int/
publicationg/i/item/WHO-2019-nCoV-Disability-2020-1 [accessed 2024-06-19]

53. Croft S, Fraser S. A scoping review of barriersand facilitators affecting the lives of people with disabilities during COVID-19.
Front Rehabil Sci. 2021;2:784450. [FREE Full text] [doi: 10.3389/fresc.2021.784450] [Medline: 36188856]

54. Breton M, Sullivan EE, Deville-Stoetzel N, McKinstry D, DePuccio M, Sriharan A, et al. Telehealth challenges during
COVID-19 asreported by primary healthcare physicians in Quebec and Massachusetts. BMC Fam Pract. 2021;22(1):192.
[FREE Full text] [doi: 10.1186/s12875-021-01543-4] [Medline: 34563113]

55. Altman BM, Bernstein A. Disability and health in the United States, 2001-2005. Centersfor Disease Control and Prevention.
Jul 2008. URL: https://stacks.cdc.gov/view/cdc/6983 [accessed 2024-07-12]

56. Leigh-Hunt N, Bagguley D, Bash K, Turner V, Turnbull S, ValtortaN, et al. An overview of systematic reviews on the
public health consequences of social isolation and loneliness. Public Health. 2017;152:157-171. [doi:
10.1016/j.puhe.2017.07.035] [Medline: 28915435]

57. KimHHS, Jung JH. Social isolation and psychological distress during the COVID-19 pandemic: across-national analysis.
Gerontologist. 2021;61(1):103-113. [EREE Full text] [doi: 10.1093/geront/gnaal68] [Medline: 33125065]

58. Brewer G, Stratton K. Living with chronic fatigue syndrome during lockdown and a global pandemic. Fatigue.
2020;8(3):144-155. [doi: 10.1080/21641846.2020.1827503]

59. Carnevale JB, Hatak I. Employee adjustment and well-being in the era of COVID-19: implications for human resource
management. J Bus Res. 2020;116:183-187. [FREE Full text] [doi: 10.1016/j.jbusres.2020.05.037] [Medline: 32501303]

60. Singh A. COVID-19: disinfectants and sanitisers are changing microbiomes. BMJ. 2020;370:m2795. [doi:
10.1136/bmj.m2795] [Medline: 32665219]

Abbreviations

ASEQ-EHAQ: Association pour la santé environnementale du Québec—Environmental Health Association of
Québec

CDC: Centersfor Disease Control and Prevention

MCS: multiple chemical sensitivity

WHO: World Health Organization

Edited by A Mavragani; submitted 24.04.23; peer-reviewed by M Raimi, RF Palmer, SSYilmaz; comments to author 10.04.24; revised
version received 23.05.24; accepted 29.05.24; published 17.07.24

Please cite as.

Bray R, Wang Y, Argiropoulos N, Robins S, Molot J, Pigeon Marie-Andrée, Gaudet M, Auger P, Bélanger E, PerisR
The Impact of COVID-19 Health Measures on Adults With Multiple Chemical Sensitivity: Cross-Sectional Sudy
JMIR Form Res 2024, 8:e48434

URL: https:.//formative.jmir.org/2024/1/e48434

doi: 10.2196/48434

PMID:

©Riina Bray, Yifan Wang, Nikolas Argiropoulos, Stephanie Robins, John Molot, Marie-Andrée Pigeon, Michel Gaudet, Pierre
Auger, Emilie Bélanger, Rohini Peris. Originally published in IMIR Formative Research (https://formative.jmir.org), 17.07.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https://formative.jmir.org, aswell asthis copyright and license information must beincluded.

https://formative.jmir.org/2024/1/e48434 JMIR Form Res 2024 | vol. 8| e48434 | p. 14
(page number not for citation purposes)


https://europepmc.org/abstract/MED/32604016
http://dx.doi.org/10.1016/j.dsx.2020.06.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32604016&dopt=Abstract
https://europepmc.org/abstract/MED/35066364
http://dx.doi.org/10.1016/j.jocn.2022.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35066364&dopt=Abstract
https://europepmc.org/abstract/MED/33385592
http://dx.doi.org/10.1016/j.jaip.2020.12.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33385592&dopt=Abstract
https://air.unimi.it/handle/2434/884765
http://dx.doi.org/10.3390/ijerph182111294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34769816&dopt=Abstract
https://www.who.int/publications/i/item/WHO-2019-nCoV-Disability-2020-1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Disability-2020-1
https://europepmc.org/abstract/MED/36188856
http://dx.doi.org/10.3389/fresc.2021.784450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36188856&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-021-01543-4
http://dx.doi.org/10.1186/s12875-021-01543-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34563113&dopt=Abstract
https://stacks.cdc.gov/view/cdc/6983
http://dx.doi.org/10.1016/j.puhe.2017.07.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915435&dopt=Abstract
https://europepmc.org/abstract/MED/33125065
http://dx.doi.org/10.1093/geront/gnaa168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33125065&dopt=Abstract
http://dx.doi.org/10.1080/21641846.2020.1827503
https://europepmc.org/abstract/MED/32501303
http://dx.doi.org/10.1016/j.jbusres.2020.05.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501303&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m2795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32665219&dopt=Abstract
https://formative.jmir.org/2024/1/e48434
http://dx.doi.org/10.2196/48434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

