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Abstract 

Background:  Chemical intolerance (CI) is a condition that may result in multisystem symptoms triggered by low 
levels of exposure to xenobiotics such as chemical inhalants, foods, and/or drugs. The population prevalence of self-
reported chemical intolerance is estimated to be between 4 and 25% across several countries. Clinicians and research-
ers require a brief, practical screening tool for identifying chemical intolerance.

Objectives:  We investigated the validity of a three-item screening questionnaire for CI, the Brief Environmental Expo-
sure and Sensitivity Inventory (BREESI). The internationally validated, and widely used 50-item Quick Environmental 
Exposure and Sensitivity Inventory (QEESI) was used as the reference standard.

Methods:  Five thousand individuals (n = 1000 in each of five countries: the US, Japan, Italy, Mexico, and India) 
responded to both the QEESI and the BREESI using an online research survey platform. We determined the statisti-
cal performance metrics for the BREESI, comparing the number of items chosen on the BREESI with QEESI scores for 
chemical intolerance. Logistic regression was used to determine the likelihood of chemical intolerance based on 
endorsing 0, 1, 2, or 3 items on the BREESI. We report the BREESI’s sensitivity and specificity, positive and negative 
predictive values, and positive and negative likelihood ratios.

Results:  Compared to the QEESI reference standard, the BREESI had excellent sensitivity, specificity, positive and 
negative likelihood ratios, and positive and negative predictive values for chemical intolerance in all countries except 
than in Japan, the negative predictive value was poor. Notwithstanding, logistic regression curves show that in all of 
the countries, for each one-unit increase in the number of BREESI items, there is a 4- to 5-fold increase in the odds of 
CI.

Discussion:  This study confirms the results of two recently published validation papers in the US. The BREESI per-
forms well as a screening tool for chemical intolerance. It is a practical screening tool for researchers, clinicians, and 
epidemiologists seeking to understand and address this important and prevalent condition.

Keywords:  Chemical intolerance, Idiopathic environmental intolerance (IEI), Drug intolerance, Food intolerance, 
QEESI, BREESI, Multiple chemical sensitivity (MCS), Mexico, India, Japan, Italy, United States
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Introduction
Chemical intolerance (CI) is characterized by multisys-
tem symptoms initiated by a one-time acute high-dose, 
or persistent low-dose exposures to environmental toxi-
cants [2], with new-onset intolerances often triggered by 
subsequent exposures to structurally unrelated chemi-
cals [16, 34], foods [29, 30, 38], and/or drugs [19]. CI 
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symptoms include fatigue, headache, weakness, rash, 
mood changes, musculoskeletal pain, gastrointesti-
nal, difficulties with memory and concentration (often 
described as “brain fog”), and respiratory problems [2, 12, 
23, 24, 39]. There is growing international concern over 
CI and there is evidence of increasing 10-year prevalence 
rates in the US and Japan [16, 34].

Precise prevalence estimates for CI are difficult to 
obtain, due in part to the various names that differ across 

studies, and the lack of a universally accepted case defi-
nition. Further, the criteria and diagnostic tools used to 
assess CI differ across studies [21]. Prevalence rates in 
different population-based surveys also differ by whether 
CI is clinically diagnosed (between 0.5 and 6.5%) or self-
reported (up to  ~ 20%) [3–7, 17, 28, 36].

Recent reports indicate that at least one in ten US 
adults have well-documented food allergies, and one in 
five report food intolerances [13, 29, 30]. A large US elec-
tronic medical records study showed that 2.1% of health 
plan patients reported three or more drug intolerances 
[20]. Similarly, a UK survey of more than 25,000 inpa-
tients with a documented drug intolerance showed that 
4.9% had Multiple Drug Intolerance Syndrome, defined 
as 3 or more adverse reactions to drugs [26]. Despite its 
relatively high prevalence, chemical intolerance often 
goes undiagnosed as physicians and researchers have not 
had a rapid way to screen for CI.

The Quick Environmental Exposure and Sensitiv-
ity Inventory (QEESI) is the most widely used clinical 
and research tool for identifying CI. It has emerged as 
an international reference standard, used by researchers 
in over 17 countries with a collective N of ~ 32,000 (see 

[28] for a list of these studies using the QEESI). Although 
the 50-item QEESI can be completed in 15–20 min, cli-
nicians and researchers need a rapid, accurate means to 
screen for CI. In response, we developed a three-question 
instrument called the Brief Environmental Exposure and 
Sensitivity Inventory (BREESI), derived from the QEESI.

The BREESI’s three questions gauge an individual’s 
tendency to react adversely to diverse substances repre-
senting the three major exposure categories (chemical 
inhalants, foods, and drugs) included in the QEESI.

In two prior studies, the BREESI demonstrated excel-
lent positive and negative predictive values (97% and 
95%, respectively) and good specificity and sensitivity 
(90% and 87%, respectively) in a clinical sample of 297 
primary care patients [27]. Using a US population-based 
sample of over 10,000 Americans, the BREESI also dem-
onstrated good positive and negative predictive values 
(83% and 97%, respectively) and good specificity and sen-
sitivity (93% and 91%, respectively) [28].

Given the global relevance of CI and international use 
of the QEESI, we wanted to investigate the BREESI’s per-
formance as a screening instrument for CI in an interna-
tional sample. We selected four countries other than the 
US in which to re-validate the BREESI using random, 
population-based survey methods. We selected India, 
Italy, Japan, and Mexico based upon our interest in their 
environmental trends and published literature (or lack 
thereof ) on chemical intolerance. Although we investi-
gated the BREESI’s performance in the US in our previ-
ous study [28], it is also included here for comparison, 
using the same sampling methodology as the other four 
countries. This study provides the BREESI’s sensitivity, 
specificity, positive and negative predictive values, and 
positive and negative likelihood ratios using the QEESI as 
the reference standard.

The Brief Environmental Exposure and Sensitivity Inventory (BREESI)
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Materials and methods
Sample recruitment
Respondents were randomly recruited by email through 
a global research-literate, multi-lingual data collection 
specialist company that provides recruitment services 
for researchers (www.​dynata.​com). Dynata adheres 
to the European Society for Opinion and Marketing 
Research code of conduct. In this study, Dynata per-
formed survey translation, including back-translation, 
for each country. Respondents were recruited from 
Dynata’s nationally representative research panel in 
each country. Invitations to participate include e-mail, 
phone alerts, banners, and messaging on panel commu-
nity sites to include those with a diversity of motivations 
to take part in research. Weighted randomization was 
used to assign surveys to participants. A review of the 
data was performed to ensure that answers were logical 
and not random responses, with additional logic checks 
built into the script to ensure participants could not con-
tinue if they tried to submit illogical answers. Overuse of 
item non-responses (e.g., ‘Don’t Know’) were identified 
and removed from the final data during quality checks. 
Our sample was collected by stratifying approximately 
equal numbers of participants (n = 1000) across seven 
age bands: 18–19, 20–29, 30–39, 40–49, 50–59, 60–69, 
and 70 and older, and by gender for approximately equal 
numbers of males and females.

QEESI scoring
The QEESI has 4 scales: Chemical Exposures, Other 
Exposures, Symptom Severity, and Life Impact. Each 
scale contains 10 items which are rated from 0 to 10 on 
a Likert scale: 0 = “not at all a problem” to 10 = “severe/
disabling symptoms” (total scores for each scale have a 
potential range from 0 to 100). Only the Chemical and 
Symptom scales are used to classify individuals into 
severity groups [24, 25]. The cut-off criteria for “very 
suggestive” of CI is a score greater than or equal to 40 
on both the QEESI Chemical Intolerance and Symptom 
Scales. The criteria for “not suggestive” of CI are scores 
less than or equal to 19 on each of those scales.

Statistical analysis
We calculated sensitivity and specificity, positive and 
negative predictive values, and likelihood ratios for the 
BREESI items.

Positive predictive value (PPV) is the probability that 
subjects with a positive screening test truly have CI. 
Negative predictive value (NPV) is the probability that 
subjects with a negative screening test truly do not have 
CI. Specificity, sensitivity, PPV, and NPV are measures 
that depend upon the prevalence of the clinical event 
in the population under study [14]. In contrast, positive 

likelihood ratios (PLR) and negative likelihood ratios 
(NLR) do not depend on disease prevalence and are 
therefore preferred and considered more accurate than 
NPV and PPV [1]. According to Sedighi [32]:

•	 Positive likelihood ratio (PLR): ratio between the 
probability of a positive test result given the presence 
of the disease and the probability of a positive test 
result given the absence of the disease: PLR = true 
positive rate/false positive rate = sensitivity/(1-speci-
ficity).

•	 Negative likelihood ratio (NLR): ratio between the 
probability of a negative test result given the presence 
of the disease and the probability of a negative test 
result given the absence of the disease: NLR = false 
negative rate/true negative rate = (1-sensitivity)/
specificity.

A PLR greater than 10 is strong evidence for determin-
ing a disease condition is present. Conversely, an NLR 
less than 0.10 is strong evidence for ruling out a disease 
condition [22]. The accuracy statistic (e.g., the receiver 
operator curve), reflects the overall performance of the 
test.

Using logistic regression, we determined odds ratios 
(OR) with 95% confidence intervals and the c-statistics 
for the BREESI as a predictor of chemical intolerance. 
Age and gender were included in a multivariate model as 
covariates. All analyses were conducted using SAS statis-
tical software [33].

Results
Table 1 shows population demographics. Age ranges and 
gender distribution were statistically equivalent across 
countries. However, mean ages differed and were highest 
in Italy and Japan, followed by the US, Mexico, and then 
India, which had the lowest mean age.

Figure  1 shows the average and the range of Chemi-
cal Exposures and Symptom Severity Scale scores for 

Table 1  Age and gender by country

1 Values with different letters indicate statistical differences at p < 0.05
2 No statistical difference by country Mantel–Haenszel Chi-square p = 0.13

N = 1000 per country

Age range, 
years2

Mean ages, 
years (standard 
deviation)1

Percent female2

India 18–99 38.07 (14.12)a 48.50

Italy 18–88 48.14 (16.46)b 51.90

Japan 18–89 48.07 (16.65)b 51.80

Mexico 18–90 39.56 (15.44)a 51.70

United States1 18–88 45.76 (16.87)c 51.00

http://www.dynata.com
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each country. Note that average scale scores for both 
scales exceed 40 for India. Italy and Japan both have aver-
age scores ≥ 40 on the Chemical Exposures Scale, but 
scores < 40 on the Symptom Severity Scale. Mexico and 
the US averaged scores below 40 on both scales.

The metrics in Table  2 indicate how well the BREESI 
correctly categorizes “very suggestive” and “not sugges-
tive”. True negatives should be congruent with “not sug-
gestive” of CI (i.e., no BREESI items chosen), and true 

positive should be congruent with “very suggestive” (all 
three BREESI items chosen). Sensitivity indicates how 
well a test predicts true positive cases. Specificity indi-
cates how well a test predicts true negative cases. Sen-
sitivity ranged from 79 to 93% for all countries except 
Japan, which had 17% sensitivity due to the high num-
ber of false negatives. Specificity across countries ranged 
from 79 (India) to 99% (Japan, which has a low number of 
false positive cases).
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Fig. 1  Distribution of QEESI chemical intolerance and symptom scores by country. Values with different letters indicate statistical differences at 
p < 0.05
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The PPV (probability of true positive cases) of the 
BREESI was between 75 (Mexico) and 97% (India). The 
NPV (percentage of true negative cases) for US, Mexico, 
India, and Italy ranged from 79 to 96%. These ranges 
indicate that in these countries the BREESI correctly 

classifies those without chemical intolerance. Japan’s high 
number of false negatives is reflected in a low NPV of 
57%.

Responses on individual BREESI items by country 
appear in Table 3. The outliers were India and Japan. In 
India, 44% endorsed all three BREESI items (chemical 
inhalants,  foods, and drugs). In contrast, in Japan, only 
5% endorsed all three.

Table  4 shows the odds of CI with each additional 
BREESI item chosen. The logistic regression probability 
graphs are shown in Fig. 2. The predicted probabilities of 
CI increase sharply with increasing BREESI items cho-
sen. Each country shows a similar increase in the odds of 
CI with increasing number of BREESI items. The odds of 
CI increase are 4- to 5-fold with each additional BREESI 
item. Consistent with the poor NPV for Japan, with 0 
items endorsed on the BREESI, the predicted probability 
of CI is 50%, yet the odds of CI still increases with each 
additional BREESI item.

Discussion
Our study of four non-US countries with 1000 respond-
ents each confirms the BREESI’s utility as a brief screen-
ing tool for chemical intolerance. The BREESI is not a 
substitute for the QEESI or physician-diagnosed CI, but 
a quick screening tool. Patients who might benefit from 
interventions to ameliorate CI could be deprived of the 
opportunity because many clinicians overlook CI as 
a clinical diagnosis. As always, in clinical practice it is 
important to consider and address alternative explana-
tions for a patient’s signs and symptoms, irrespective of 
the results of the QEESI.

As Table  2 depicts, all of  the statistical performance 
metrics were excellent in the United States, Italy, Mexico, 
and India, confirming the BREESI as an efficient and reli-
able chemical intolerance screening tool. In Japan, how-
ever, there was a significant number of false negatives. 
For example 42% of those choosing none of the BREESI 
items had QEESI-defined CI, and therefore the negative 
predictive value and sensitivity were poor. On the other 
hand, the specificity and positive predictive value in 
Japan were excellent. Note that in Fig.  2, even in Japan, 
as the number of BREESI items increased, the greater the 
likelihood of CI. However, with zero BREESI items cho-
sen, the probability of CI is much higher than the rest of 
the countries.

This anomaly in Japan might be explained by cultural 
response differences. Hui and Triandis [18] suggest 
that survey responses vary between cultures. For exam-
ple, consistent with our findings, Roster et  al. [31] and 
Chun et  al. [10] show that Asians tend to demonstrate 
lower extreme response scores than westerners, tend to 
believe it is more important to be modest and respond 

Table 2  Performance metrics for BREESI by country

Value 95% 
confidence 
intervals

India

 Sensitivity 91.58% 88.38–94.13%

 Specificity 92.21% 83.81–97.09%

 Positive likelihood ratio 11.75 5.45–25.36

 Negative likelihood ratio 0.09 0.07–0.13

 Positive predictive value 93.49% 86.94–96.87%

 Negative predictive value 89.96% 86.53–92.59%

 Accuracy 91.86% 89.01–94.17%

Italy

 Sensitivity 80.75% 74.36–86.14%

 Specificity 96.97% 91.40–99.37%

 Positive likelihood ratio 26.65 8.72–81.39

 Negative likelihood ratio 0.2 0.15–0.27

 Positive predictive value 93.21% 81.80–97.67%

 Negative predictive value 90.72% 87.92–92.93%

 Accuracy 91.45% 87.59–94.42%

Japan

 Sensitivity 17.22% 12.37–23.04%

 Specificity 99.57% 97.65–99.99%

 Positive likelihood ratio 40.48 5.60–292.67

 Negative likelihood ratio 0.83 0.78–0.88

 Positive predictive value 96.43% 78.87–99.49%

 Negative predictive value 64.34% 62.90–65.76%

 Accuracy 66.63% 62.04–71.01%

Mexico

 Sensitivity 92.50% 86.24–96.51%

 Specificity 93.53% 88.06–97.00%

 Positive likelihood ratio 14.29 7.58–26.93

 Negative likelihood ratio 0.08 0.04–0.15

 Positive predictive value 97.26% 94.98–98.52%

 Negative predictive value 93.26% 89.49–95.99%

 Accuracy 92.50% 86.24–96.51%

United States

 Sensitivity 78.71% 71.42–84.87%

 Specificity 97.28% 93.18–99.25%

 Positive likelihood ratio 28.93 10.96–76.31

 Negative likelihood ratio 0.22 0.16–0.30

 Positive predictive value 92.85% 83.13–97.17%

 Negative predictive value 91.05% 88.24–93.23%

 Accuracy 91.52% 87.79–94.41%
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cautiously [9, 35]. In a review of studies on differences in 
cross-cultural response styles, Clarke [11] shows differ-
ences occur primarily with ordinal response formats (e.g., 
Likert scales). Asian cultures tend to choose more mid-
dle-level items on Likert scales than other cultures [37]. 
We checked this assertion in our data with responses 
from the 10-item chemical and symptom scales. Indeed, 
we found Japan’s responses to be consistent with Wang 
et al. [37]. Figure 3 depicts this phenomenon. The bottom 
of Table 3 shows that the frequency of endorsements of 
the BREESI items differs by country. Japan had the low-
est endorsement rates of all three items (inhaled chemi-
cals, foods, and drugs), and India had the highest rates of 
endorsing all three BREESI items. Based on these results, 

we suggest  that caution be taken when interpreting 
results from different cultures.

This current study is consistent with two previous US 
studies showing the BREESI to be an efficient and reli-
able CI screening tool [27, 28]. We are hoping that the 
BREESI will lead healthcare providers across the globe 
to consider how CI may underlie a wide range of chronic 
and acute health problems. When patients report new 
onset (or marked worsening) of chemical, food, and/or 
drug intolerances, healthcare providers can screen with 
the BREESI and confirm with the QEESI to help patients 
identify and avoid exposures that trigger symptoms.

Table 3  Responses for individual BREESI items by country (N = 1000 for each country)

Superscripted letters are statistical comparisons of BREESI categories across countries. Countries with the same letters are not statistically different. Those with 
different letters are statistically different at p < 0.05
a N and percentages exceed 1000 or 100% due to respondents choosing multiple BREESI items

Number of BREESI items 
chosen

Country

India % (95% CI) Italy % (95% CI) Japan % (95% CI) Mexico % (95% CI) US% (95% CI)

0 19.6 (17.2–22.2) 33.3 (30.3–36.3) 59.4 (56.2–62.5) 23.4 (20.8–26.1) 32.3 (29.4–35.3)

1 18.3 (15.9–20.8) 26.7 (23.9–29.6) 27.1 (24.4–29.9) 29.4 (26.6–32.3) 29.5 (26.7–32.4)

2 17.9 (15.6–20.4) 18.7 (16.3–21.3) 8.9 (7.2–10.8) 26.4 (23.7–29.3) 19.1 (16.7–21.7)

3 44.2 (41.1–47.3) 21.3 (18.8–24.0) 4.6 (3.3–6.1) 20.8 (18.3–23.5) 19.1 (16.7–21.7)

Single BREESI Itema % % % % %

None 19.6a (17.2–22.2) 33.3b (30.3–36.3) 59.4c (56.2–62.5) 23.4a (20.8–26.1) 32.3b (29.4–35.3)

Chemicals 71.4a (68.5–74.2) 57.7d (54.6–60.8) 35.7b (32.7–38.7) 66.2c (63.2–69.1) 56.5d (53.3–59.6)

Foods 55.3a (52.2–58.4) 34.2d (31.3–37.2) 9.2b (7.5–11.2) 39.5c (36.4–42.6) 32.9d (29.2–35.9)

Drugs 60.0a (49.7–69.6) 36.1c (33.1–39.1) 13.8b (11.7–19.1) 38.9c (35.8–42.0) 35.6c (32.6–38.6)

Table 4  Logistic regression of BREESI predicting chemical intolerance

Odds ratios comparing Very Suggestive of CI to Not Suggestive of CI

Estimate (SE) Odds ratio 95% CI

India 1.62 (0.14) 5.05 3.86–6.57

Italy 1.64 (0.16) 5.16 3.81–7.01

Japan 1.65 (0.14) 4.39 2.87–6.71

Mexico 1.64 (0.13) 5.21 3.97–6.82

US 1.45 (0.22) 5.22 3.93–6.92

Odds ratios comparing Suggestive of CI to Not Suggestive of CI

Estimate (SE) Odds ratio 95% CI

India 0.86 (0.13) 2.39 1.82–3.12

Italy 0.84 (0.14) 2.32 1.76–3.05

Japan 0.84 (0.21) 2.33 1.53–3.54

Mexico 1.01 (0.11) 2.74 2.23–3.36

USA 1.10 (0.13) 3.01 2.33–3.87
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Fig. 2  Predictive probabilities of chemical intolerance by number of BREESI items endorsed. These are the Logistic model curves showing the 
probability of Chemical Intolerance on the Y axis given a one-unit increase of the number of BREESI items chosen (x axis). Odds ratio (OR) and 95% 
confidence interval (CI) are also given. The dependent variable compares the Very Suggestive vs Not Suggestive of CI groups
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Limitations
There are several important limitations to this study. We 
conducted these studies without input from researchers 
in the countries we studied. Although  the instruments 

were translated and back-translated in the language for 
each country, there was no cross-cultural validation by 
researchers in those countries. This may constitute a 
lack of cross-cultural validation of the BREESI or QEESI, 

Fig. 3  Frequency of responses on the QEESI Chemical and Symptom Scales by Country. Japan’s response tendency for central responses on 
Likert-type scales such as these is consistent with other research [37]
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particularly in Japan. Notwithstanding, the QEESI has 
been translated into several languages and is used world-
wide. It has emerged as the reference standard for assess-
ing chemical intolerance [28].

As a result of the intentional sampling selection meth-
ods, the age ranges and gender distribution of the coun-
tries under study did not differ. However, the average age 
of the respondents across countries did differ (Table  1). 
This may be due to actual differing average ages of the 
populations. Nevertheless, age may remain a source of 
bias. We have attempted to mitigate this concern by 
including age as a covariate in the logistic models.

The CI  prevalence estimates we obtained based on 
the QEESI (India  54.7%, Japan 40.3%, Italy 34.3%, U.S. 
31.2%, Mexico 26.0%) are substantially higher than those 
of other population estimates [3, 8, 15, 17]. This calls into 
question how representative the sample is and thus these 
findings should be interpreted with caution. Without 
further extensive investigation, we cannot confirm that a 
representative sample from each country was obtained. 
For example,  we lack basic information on important 
characteristics such as socioeconomic standing, lifestyle, 
general health, comorbidities, gender, and/or age. The 
participation rate among these paid volunteers does not 
allow a responders/non-responders comparison. These 
issues are a major contributor to selection bias  and the 
prevalence estimates obtained in this study are most 
likely influenced by selection bias. However, these limita-
tions do not affect our reported validation of the BREESI.

Although a clinical assessment of CI to confirm a diag-
nosis could have lessened concerns about inflated preva-
lence estimates, it was not feasible or practical to obtain 
physician-based diagnoses for this international study.

The present analysis confirms that the BREESI is a valid 
screener for CI, but it is not a substitute for the QEESI 
or clinical assessment. It is useful for clinicians to screen 
their patients for CI, for researchers conducting popula-
tion health surveys, and for epidemiologists dealing with 
exposed populations (e.g., disasters, occupational expo-
sures). We present the study as pilot work and recognize 
that future studies with larger samples are warranted.

Conclusion
There is growing international concern over intolerances 
to chemical inhalants, foods, and drugs. This study con-
firms two previous studies showing the BREESI’s utility 
as a good screening tool for chemical intolerance. The 
BREESI is a practical tool for researchers, clinicians, 
and epidemiologists seeking to understand and address 
this important and prevalent condition in different 
populations.
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