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Background: There are still some gaps in the summary and generalization of cosmetic-related adverse reaction reports.
Objective: The aim of this study is to summarize and analyze the occurrence of cosmetic adverse reactions in Shanghai Han
population by using available survey data.

Materials and Methods: Collection, statistics and analysis of patients with cosmetic adverse reactions in Shanghai Huashan Hospital
from 2017 to 2021.

Results: Among the 1004 patients, most of them (96.71%) were diagnosed as cosmetic contact dermatitis, which often occurred within 3
days of using cosmetics (51.79%). A total of 260 patients were tested with patch test, but the compliance rate was only 18.08%. Among
them, 240 patients underwent additional European standard allergen tests, and positive allergens were detected in 210 cases (87.5%).
Univariate analysis revealed that dosage form (emulsion and cream), age (<25 years) and the allergic ingredients triethanolamine, rose oil,
propylene glycol, thiomersal and musk ambrette are associated with the occurrence of cosmetic adverse reactions within seven days.
A logit prediction model was also successfully constructed: Logit (P) = 1.710-0.796x1 + 1.185x2 —3.650X3-1.335X4.

Conclusion: This study complements the data reported on cosmetic adverse reactions in the Chinese Han population and suggests that
in future clinical diagnosis and data collection, emphasis should be placed on patch testing, combining the patch test with cosmetic
protoplast with the European standard allergen test to improve the detection rate.

Keywords: adverse reaction reporting, cosmetics, contact dermatitis, personal care products, patch tests

Introduction

Unlike the general population’s perception of cosmetics, the medical definition of “cosmetics” is any product that
cleanses and beautifies the exterior of the body (hair, nails, skin, etc.).' In this study, we used the US Food and Drug
Administration (FDA)? definition of cosmetic products, including skin care products, sunscreens, hair dyes, hair removal
creams, etc.

With the increasing demand for cosmetics and the increasing variety of cosmetic products,* adverse reactions caused
by cosmetics are gaining more and more attention. Several studies have shown that the chemicals contained in some
cosmetics and some naturally occurring toxic ingredients, such as snake venom, may pose a threat to the health of people
with allergies.” ' Some cosmetic products would interact with the skin microbiota and cause certain degree of disruption
of the skin barrier."' Mild symptoms include only mild allergic reactions, such as local itching and erythema, etc, while
severe cases may even have physical symptoms such as headache and nausea.*'*'?

With the increasing frequency of cosmetic adverse reactions, more attention has been paid to the identification and

monitoring of adverse cosmetic reactions.'* One of the most commonly used diagnostic methods is the patch test.'>"”
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The patch test is commonly used to evaluate allergic contact dermatitis. By making a reagent of the possible allergens
and applying it to the skin, it is not only effective in assessing the severity of the allergic reaction, but also in helping the
patient to detect the allergen.

The monitoring system for cosmetic adverse reactions is being gradually improved as the standard of living of the
Chinese people continues to improve and the use of cosmetics becomes more widespread.'* The purpose of this study is
to analyze the epidemiological characteristics of 1004 cases diagnosed and recorded in Huashan Hospital due to adverse
reactions of cosmetics in the past five years (2017-2021), as well as the results of 260 patch test with cosmetic
protoplasts and European allergen tests. The patch test, the European standardized allergen assay and related statistical

methods follow international recommendations.'®2°

Materials and Methods
Study Population

Data collection began in January 2017 and ended in December 2021. 1004 patients were those who went to Huashan
Hospital of Fudan University in Shanghai for treatment due to adverse cosmetic reactions during the period, and were
recorded at the permission of the patients.

Allocation of Cosmetic Allergens

In this study, cosmetic allergens were classified into two main groups: general and specific. The general category was
subdivided into three groups: hair, skin care and cosmetic modifications (Supplementary Table 2). Classification is based
on China’s New Cosmetics Regulation (CSAR) (intertek.com).

Interpretation of Patch-Test Reactions
Patch test with cosmetic protoplast to make the cosmetics suspected of sensitization into reagents, paste them on the skin
for 48 hours, and then take them out to observe the reaction of patients for 48 hours and 72 hours respectively. The results
and significance are as follows: negative reaction (no reaction), suspicious reaction (pale erythema), positive reaction
(mild erythema and papules), strong positive reaction (edematous erythema and papules), and ultra-strong positive
reaction (significant erythema, blisters, or maculopapular).'®

The European standard allergen patch test (EUROIMMUN) follows the same procedure as the patch test, with the
patch also being removed at 48 hours and the skin reaction evaluated at 48 and 72 hours, respectively. A total of 48
allergens are included in the European standard allergen test (Supplementary Table 1).

Photo-patch test were performed by applying the suspected photosensitizer to the patient’s back in three simultaneous
patch tests, measuring the minimum erythema (MED) on the forearm or abdomen, and removing the three patch tests 24
hours later, with the first removed and protected from light, the second irradiated with UVB below the MED, and the
third irradiated with UVA for 20 to 30 times the MED. The results were evaluated in the same way as the patch test with
cosmetic protoplast.

Statistical Analysis

The analysis is presented below. Continuous variables are represented by mean + standard deviation (SD), and
categorical variables are represented by frequency (%). Continuous variables were compared using #-test and
Wilcoxon rank sum test; categorical variables were compared using Pearson chi-square test. Logistic regression models
were used to detect the relationship between allergens and the two groups (<7 days group and >7 days group). The area
under the curve (AUC) was used to evaluate the predictive power of the forecasting model and the Hosmer-Lemeshow
(HL) test was used to estimate the goodness-of-fit of the logistic regression model. Bilateral P < 0.05 was considered
a statistically significant difference. Statistical analysis and graph production were performed using SPSS software
(version 22).
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Results

Characteristics of the Study Participants

As shown in Table 1, a total of 1004 patients were included in this study, of which 49 were males (4.88%) and 955 were
females (95.12%). The age distribution was unknown in 52 of the 1004 patients. Of the remaining 952 patients, the mean
age was 34.66 years, the median age was 33 years, the youngest age was only 11 years. The largest number of patients,
approximately 70%, were between 19 and 40 years of age. The 25th and 75th percentiles were 26 and 41 years,
respectively.

Cosmetic Categories and Sources
Among the classification of cosmetic products, the most cases were caused by the common category of cosmetics, with
927 cases (92.33%) and only 77 cases (7.67%) in the special category of cosmetics. Among them, the highest percentage
of the common cosmetics category was skin care, with 8§19 cases, accounting for more than 80% of all cases, with
cosmetic water (150 cases, 14.94%), masks (161 cases, 16.04%), cosmetic lotion (239 cases, 23.80%) and cosmetic
cream (231 cases, 23.00%) being the most common.

Over half of the cosmetics were sourced from online purchases (520 cases, 51.79%), and shopping malls (259 cases,
25.80%) and beauty salons (78 cases, 7.77%) were also common purchase channels, which are shown in Table 2.

Preliminary Diagnosis

Cosmetic contact dermatitis was the most common diagnosis, with 971 cases (96.71%) diagnosed in this study, while
other diagnoses included cosmetic skin pigmentation abnormalities (1.39%) and cosmetic photosensitive dermatitis
(0.90%). The other detailed diagnoses are shown in Figure 1. Of these, acne specifically refers to acne-like rashes on
the face caused by cosmetics. Lipitis is contact lipitis, which specifically refers to allergic reactions on the lips caused by
cosmetics.

Onset Time

As in Table 3, more than a quarter of the patients (25.70%) developed the disease within one day after using cosmetics,
and more than half of the patients (51.79%) developed the disease within three days. More than eighty percent (80.28%)
of all cases developed within two weeks of application of cosmetics.

Table | Population Distribution

Variables Age (in years) Male [n = 49] Female [n = 955] Total [n = 1004]
| Unknown 4 (8.16%) 48 (5.03%) 52 (5.18%)

2 Under or equal to 18 7 (14.29%) 8 (0.84%) 15 (1.49%)

3 19-29 20 (40.82%) 331 (34.66%) 351 (34.96%)

4 3040 7 (14.29%) 327 (34.24%) 334 (33.27%)

5 Above or equal 41 11 (22.45%) 241 (22.24%) 252 (25.10%)

Table 2 Product Sources

Case Number | Incidence Rate (%)
Online shopping | 520 51.79
Market 259 25.80
Beauty salons 78 7.77
Other 27 2.69
Unknown 120 11.95
Total 1004 100
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Figure | Demonstration of the results of the preliminary diagnosis through pie charts.

Lesion Site, Conscious Symptoms, Lesion Pattern
The lesions occurred almost exclusively on the face (99.30%), with other sites such as the neck (1.99%), scalp (0.60%),
and the external auricle (0.30%) also having a few sites. Other rare sites of lesions are shown in Figure 2A.

In the face, the most predominant occurrence was on the cheek (91.04%), and lesions were also found on the forehead
in nearly half of the cases (46.02%), while other common lesion sites were around the periocular region (15.74%),
perioral region (9.06%), chin (7.37%), and nose (6.27%). The respective percentages are shown in Figure 2B.

Almost all patients suffer from itching as a conscious symptom (98.01%) and about one in eight patients also
experience a burning sensation (12.45%). This is followed by symptoms of pain, tightness, and dryness (Figure 2C).

In Figure 2D, a variety of lesion patterns were observed, 95.92% of the patients would have erythema. Papules and
edema were also relatively common lesion patterns (33.07% and 18.03%, respectively).

It is not uncommon for a patient to have multiple lesions with multiple sites at the same time, or to have multiple
spontaneous symptoms with multiple lesion patterns. A total of 507 patients had more than 2 lesion sites, accounting for
50.50% of the cases. There were 176 cases (17.53%) with multiple self-perceived symptoms, and 56.37% of patients had
multiple lesion patterns (566 cases).

Patch Test with Cosmetic Protoplast, European Standard Allergen Series, Photo-Patch
Test

A total of 260 patients underwent patch testing for cosmetic allergens, of which 47 had positive results associated with
adverse reactions, a compliance rate of 18.08%. Of these 260 patients, 240 underwent additional patch testing for
European standard allergens, of which 210 were detected, with a positivity rate of 87.5%.

Table 3 Onset Time

Frequency | Incidence Rate (%)
<ldays 258 25.70
3days 521 51.79
7days 720 71.71
|4days 806 80.28
30days 852 84.86
Total 1004 100
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Figure 2 Lesion site, conscious symptoms, lesion pattern. (A) Demonstration of body sites of disease by radar diagram (B) Demonstration of facial onset by radar diagram
(C) Demonstrating symptoms of consciousness through radar diagram (D) Demonstration of lesion type by radar diagram.

Including the 240 patients noted above, a total of 266 of the 1004 patients in this study underwent patch testing for
European standard allergens, and 218 patients had allergens detected, a detection rate of 81.95%. The most common
allergen/irritant was sodium dodecyl sulfate (107 cases, 49.08%), followed by Thiomersal (85 cases, 38.99%).

There were also 88 patients who underwent the photo-patch test in all cases, of which 17 were positive, with
a positivity rate of 19.32%.

Correlation Analysis of the Time of Onset of Cosmetic Adverse Reactions
To explore the potential factors associated with the time to onset of allergic reactions to cosmetics. We screened 218

patients who were able to check for allergic components. As shown in Supplementary Table 3, dosage form (emulsion

and cream), triethanolamine, rose oil, and propylene glycol were negatively associated with the presence of allergic
reactions within 7 days (r <0, P < 0.05), and age (< 25 y), thiomersal, and musk ambrette were positively associated (r >
0, P < 0.05). While bronopol, sodium dodecyl sulfate, vanillin, triclosan, and salicylic acid did not seem to be associated.

To further explore independent factors associated with time to onset, indicators that were statistically significant (p <
0.05) in the univariate analysis such as dosage form (emulsion and cream), thiomersal, propylene glycol, and triethano-
lamine were included in the regression analysis model. As shown in Table 4, based on the independent predictors
determined by unconditional logistic regression, we developed the logit model as follows: Logit (P) = 1.710-0.796x1 +
1.185%2 —3.650X3-1.335X4, where X1 is represented as the dosage form (emulsion and cream), X2 is thiomersal, X3 is
propylene glycol and X4 is triethanolamine. To estimate the goodness of fit of the logistic regression model, a Hosmer-
Lemeshow (HL) test was performed. The HL test showed that the model fitted well with an HL statistic = 4.978 (p=
0.419). Therefore, the risk of onset within seven days score was calculated for the entire study group using the model and
plotted on a ROC curve.
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Table 4 Independent Factors

Univariate Analysis Logistic Regression

P P OR
Dosage form (emulsion and cream) | 0.016 0.031 0.451[0.219~0.928]
Thiomersal 0.046 0.007 3.270[1.384~7.726]
Propylene glycol 0.001 0.002 0.026[0.003~0.253]
Triethanolamine 0.015 0.001 0.263[0.118~0.588]

The ROC curve using the model to predict onset within seven days are shown in Figure 3. The area under the receiver
operating characteristic curve were 0.743 (95% CI 0.673-0.813). Based on the ROC curve, the optimal cut-off point for
predicting the risk score for onset within seven days of the event is 0.836 (sensitivity 53.9%, specificity 81.1%).

Discussion

As the construction of China’s cosmetic adverse reaction monitoring system becomes more and more well established,
we recorded and analyzed 1004 patients who went to Huashan Hospital for cosmetic adverse reactions during a total of
five years from 2017 to 2021, using the method of hospital targeted monitoring and recording. Due to the different
definitions of the term “cosmetic”, and in order to be as comparable as possible to previous studies, we have adopted
a broader definition in medicine, ie all skin care and beauty products are defined as cosmetics.

Among the participants in our study, the 19- to 29-year-olds made up the highest percentage, about 35%, followed by
the 30- to 40-year-olds, about one-third. This data is consistent with previous studies.'**'*** This age group is more
conscious of self-care as well as beautification and uses cosmetics significantly more frequently than other age groups.
More than 90% of the population of patients attending the clinic were women, probably due to the fact that women use

cosmetics much more frequently than men, in line with the pattern shown in previous studies.?'**
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Figure 3 Use the ROC curve to evaluate the performance of the model.
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In this study, online shopping was the most predominant source of cosmetic purchases, accounting for more than half
of all sources, which may be related to the rise of online shopping in recent years and people’s increased trust in online
shopping.

Consistent with previous studies, skin care cosmetics have the highest correlation with the occurrence of contact
dermatitis. There is literature demonstrating that many skin care products incorporate a variety of chemical additives in
order to increase their effectiveness, and these chemical additives are often the main culprit of contact dermatitis,"® and
there have even been reports of products such as soap causing aberrant respiratory distress syndrome.'” Additionally,
daily skin care products are used more frequently in life and may be the reason why skin care products account for the
highest percentage of adverse cosmetic reactions.

Cosmetics may cause a wide range of adverse reactions, such as pigmentation disorders, acne, and urticaria,' and may
even lead to endocrine disruption.® Of these 1004 cases we recorded, almost all of them occurred as cosmetic contact
dermatitis, 971 cases (96.71%). More than half of the patients self-reported onset within three days of cosmetic use, but
the accuracy of this data may be diminished due to recall bias. Itching, followed by pain and tightness are the main
symptoms. Most of the sites of onset are on the face, consistent with the site of contact with the skin care products used.
The above data are consistent with the clinical features of cosmetic contact dermatitis.'-*'~?

Allergic patch test for suspected cosmetics was performed in 260 patients out of the total number of cases, but the
compliance rate was only 18%. This reflects the necessity of adding the European standard series of allergy tests, which
is also mentioned in the guidelines related to patch testing.”’ Cosmetic contact dermatitis can be classified as cosmetic
irritant contact dermatitis and cosmetic allergic contact dermatitis depending on the pathogenesis.'® In this clinical test,
we did not enforce a distinction between irritant and allergic reactions. If the patch test with cosmetic protoplast shows
a positive result and the patient’s history and clinical presentation are consistent, we consider a correlation between the
adverse reaction and the cosmetic product. However, the compliance rate of the original object patch test was relatively
low. Possible reasons are as follows: First, most patients often have acute contact dermatitis, with severe symptoms such
as itching and pain, and some of them may have taken oral antihistamines before the tests to relieve symptoms, which
may interfere with the accuracy of the patch test; Second, some patients use a variety of cosmetics at the same time,
therefore, the adverse reaction may not be caused by the cosmetics brought by the patient for the patch test with cosmetic
protoplast, or it may be caused by the combined use of several cosmetics; Third, the negligence of long-term cosmetic
use. The cosmetics that patients carry for patch test are often the latest purchased and used, and different allergens cause
adverse reactions for different lengths of time, causing this adverse reaction to occur may also be the cosmetics that have
been used for a period of time before; Fourth, the results of the patch test are influenced by the subjective judgment of the
physician. Patch test results may be ignored because the allergic reaction is relatively mild. Finally, possible deteriora-
tion, dilution, or loss of cosmetics during the period prior to the clinic attendance, due to factors such as preservation or
the quality of the product itself, may also result in a false negative patch test.

In the present study, the compliance rate of the photopatch test was also low, only 19.32%, and the number of patients
who underwent the photopatch test was also low, only 88. The possible reason for this is that photosensitizing substances
are not the main factor causing cosmetic adverse reactions, which has been reported in the previous literature.**

As early as the early 21st century, a modified European standard series of allergen tests has been used in China and its
usefulness has been confirmed.? In this study, a total of 266 patients participated in European standard allergen patch test
examination, and 218 cases were positive. More than 80% of the patients were able to detect allergens through European
standard patch test. A total of 48 antigens were positive, most notably sodium dodecyl sulfate and thiomersal, and the
remaining 46 antigens were sporadically distributed, in agreement with previous studies.” The European standard patch
test can compensate to a certain extent for the low detection rate of the patch test with cosmetic protoplast, which enables
patients to recognize their allergens more clearly and avoid buying related products when purchasing cosmetics in the
future, thus reducing the risk of adverse reactions. The detection rate can be increased to 86% with the addition of
European standard allergens, although the compliance rate of the patch test with cosmetic protoplast is low (18%).
Therefore, we recommend that the patch test with cosmetic protoplast be performed in conjunction with the European
standard allergen patch test to improve the detection rate. Even if the patch test with cosmetic protoplast is positive, more
specific allergens can be screened using the European standard allergen patch test, which will guide patients in their
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future product purchases. But it should be supplemented that with the increasing variety of cosmetic products in recent
years, there may be some potential allergens that are hard to be detected by the European standard allergens. As well, the
results of the patch test are subjectively judged by physicians, and thus there are limitations to the interpretation of their
results in this study.

Acute allergic reactions have more severe clinical symptoms,®® so in order to better help the group, especially the
allergic group, we did an analysis of the correlation between each indicator and the occurrence of allergic reactions
within seven days. We found that dosage form (emulsion and cream), triethanolamine, rose oil, and propylene glycol
were independent risk factors for the occurrence of anaphylactic reactions within seven days, and used this to develop
a predictive model for the occurrence of anaphylactic reactions within seven days. Allergic individuals can be screened
according to this model when choosing cosmetics to reduce the probability of acute allergic reactions.

In recent years, the advancement of nanotechnology may well improve the appealing adverse effects of cosmetics.
Nanomaterials have the advantages of small size, high safety and stability, easy dose control, and high bioavailability.*’
They have been reported in the field of atopic dermatitis and psoriasis.”®*° However, they are currently limited to
laboratory studies. With the maturity and popularization of nanotechnology, it would have a broad application prospect in
the field of cosmetics.

Besides, there are the following limitations in this study: First, there are certain limitations in the whole study process.
Among the allergens we statistically identified, some of them are also found in non-care products (eg industrial

products),**-*!

and the source of potential allergens is not fully confirmed to originate from make-up products.
Furthermore, since the definition of “cosmetic” in medicine is not fully standardized, there may be some bias in
comparing the data with other literature.

Second, when accounting for the initial time of cosmetic use to the time of distance from onset, the collection of
medical history relied on patients’ memories of their condition, and hence a certain amount of recall bias may lead to
incomplete accuracy of the data. Moreover, many patients no longer suffer from the onset of the disease as a result of
their first exposure to the allergen, but may have a second or even a third onset. In contact dermatitis, the time of onset
and the severity of the second and third immunizations are different relative to the first immunization, but this is not
distinguished in our data.

Despite these shortcomings, this study describes the epidemiological characteristics, cosmetic classifications, diag-
nostic types, onset times, as well as the characteristics of lesions, self-perceived symptoms, and patch test results of
cosmetic adverse reactions in Han Chinese population in Shanghai and even in East China based on a large amount of
data. The study also suggested a combined patch test with cosmetic protoplast with a European standard allergen series,
which has positive implications for general dermatologists in identifying and diagnosing cosmetic adverse reactions. It
also provides guidance to the general population on how to properly use and purchase cosmetics and how to perceive
adverse reactions to cosmetics.

Conclusion

In conclusion, this study complements the data on reported adverse cosmetic reactions in the Chinese Han population
and elucidates the need to improve the detection rate of patients with allergens in combination with European
standardized allergen testing. Using correlates and allergens/irritants, we established a prediction model for the
occurrence of allergic reactions within seven days to provide a reference for the selection of skin care products for
allergic people. We suggest that people with allergies actively screen for allergens and choose appropriate skincare
products. In addition, the use of nanotechnology in cosmetics is likely to be an important way to reduce their adverse

effects in the future.

Data Sharing Statement

The data is not publicly available due to the contain information that could compromise confidentiality of the patients.
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