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Abstract: Sensitive skin is characterized by symptoms such as stinging and tingling in response
to stimuli that usually do not cause unpleasant sensations. Epidemiological studies show that
individuals with sensitive skin are more prone to developing skin allergies, although the link between
both conditions is unknown. Aiming to evaluate the presence of allergens in facial-skin products
for sensitive skin, a pool of 88 cosmetic products from international brands marketed in pharmacies
and parapharmacies was analyzed. A list of allergens identified in product labels was compiled
and grouped according to their function. Fragrances were the most common allergens, followed
by skin-conditioning agents, surfactants, and preservatives. Fragrances presenting the highest use
percentages were linalool, benzyl alcohol, geraniol, and citronellol. Overall, the majority of cosmetic
formulations were absent of fragrance allergens, being present only in 7% of products. Other allergens
were found in most products (95%). This finding should be interpreted with caution, since many
of these compounds are rare sensitizers and studies demonstrating their risk for individuals with
sensitive skin are lacking. With this study, useful information for health professionals is provided to
support their advice and to help consumers choosing cosmetic products.
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1. Introduction

Sensitive skin was first described by Maibach in 1987 under the name of Cosmetic
Intolerance Syndrome, and it is clinically characterized by the occurrence of multiple sen-
sations such as tightness, burning, tingling, pain, pruritus, and stinging [1-3]. Although
the occurrence of visible dermatological reactions is rare, patients can also develop ery-
thema, desquamation, and dryness [1,4]. These symptoms normally occur in response to
a stimulus such as pollution, heat, cold, wind, and cosmetics, that usually lacks unpleas-
ant sensations [5]. Psychological and physiological factors, namely stress, emotions, and
the menstrual cycle, might also have a role in the appearance of symptoms identified in
sensitive skin [6].

Currently, there are three hypotheses in the literature that try to explain its patho-
physiology, namely the disruption of the epidermal-barrier function, enhanced immune
responsiveness, and neurosensory dysfunction [1]. The disruption of the epidermal-barrier
function can be related to a derangement of intracellular lipids due to a decrease in ceramide
content and lower levels of pyrrolidone carboxylic acid, bleomycin hydrolase, and transglu-
taminase, as well as a higher number of smaller and immature corneocytes [7-9]. This can
facilitate the penetration of irritants or allergens, provide inadequate protection of the nerve
endings, and increase transepidermal water loss [1]. Notwithstanding, this hypothesis
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has been questioned. A recent study using confocal Raman microspectroscopy showed no
significant differences in subjects with sensitive skin compared to those with nonsensitive
skin regarding stratum-corneum thickness, transepidermal water loss, ceramide content,
and natural moisturizing factors [10]. An individual with sensitive skin experiences a wide
variety of symptoms, highlighting a possible relation with neurosensory dysfunction [11].
The skin possesses cutaneous nerve fibers, namely unmyelinated C fibers, with neurosen-
sory receptors, such as endothelin and transient-receptor-potential channels, responsible for
mediating pain, itches, and warmth. Individuals with sensitive skin demonstrated fewer
unmyelinated C fibers, possibly caused by a degeneration after contact with environmental
factors, which are thought to be involved in the appearance of sensitive skin. Consequently,
this can overactivate the nerve-ending receptors and increase the release of neuropeptides,
which may induce the release of proinflammatory cytokines and chemokines, resulting in
an inflammatory response. Unpleasant sensations such as burning pain and pruritus may
be perceived in a process where the transient-receptor-potential vanilloid type 1 (TRPV1)
might be a key player [11-15]. It is thought that an overexpression of TRPV1 is involved
in the pathophysiology of sensitive skin by increasing neuronal excitability. Moreover,
Ehnis-Pérez et al., demonstrated that TRPV1 expression is upregulated in individuals with
sensitive skin, and this correlates with the intensity of the symptoms [16].

A recent hypothesis correlating sensitive skin with microbiota changes is being stud-
ied, but contradictory results have been obtained. Sensitive skin demonstrated a higher
phylogenetical diversity in skin microbiota, as well as a greater abundance of Lactobacillus
and Mucor racemosus, and a smaller abundance of Malassezia restricta when compared with
nonsensitive skin [17]. The abundance of Staphylococcus was also significantly decreased
in sensitive skin [18]. However, in a study performed by Hillion et al. [19], no correla-
tion between a genus, dominant bacterial species, or a phylum and sensitive skin was
noted. Overall, the possible hypotheses behind the pathophysiological mechanisms of
sensitive skin are complex, and they are not necessarily mutually exclusive, being possibly
interlinked [20].

A study by Alani et al. [21] published in 2013 showed that men use up to 85 cosmetic
ingredients and women up to 168 ingredients daily in their skincare routine, which can
eventually lead to the occurrence of adverse reactions. Cosmetic-contact dermatitis is the
cause of 2-4% of dermatological appointments, but this estimate must be higher, since
most patients simply avoid the use of the suspected cosmetic. The importance of the
identification of allergens responsible for these skin reactions increased when in 1997 it was
made mandatory to include the list of the ingredients on the labels of cosmetics [22]. In 2004,
cosmetic manufacturers were obligated to label the 26 fragrances present in the Annex III
of EU Cosmetic Regulation 1223 /2009 to alert consumers. This facilitated the identification
of allergens by clinicians and their avoidance by consumers [21]. When products contain
fragrance materials, they must be described on the label as “aroma”, or “parfum” [23].
Although there is no described mechanism by which skin allergens may play a role in the
pathophysiology of sensitive skin, epidemiological studies support the association between
sensitive skin and allergic predisposition [24]. In this regard, people with sensitive skin are
estimated to be 1.8 to 5 times more prone to develop a skin allergy [25].

According to epidemiological studies, sensitive skin affects 71% of the adult global
population. This condition is more frequent on the face, the corporal region in contact with
the highest number of cosmetics, thinner skin barrier, and higher nerve density [6,14,26].
Several cosmetic products are available in the market targeting people with sensitive skin.
The evaluation of the top 10 active ingredients present in cosmetic products from multi-
national brands for sensitive skin was already performed by our group [3]. However, to
the best of our knowledge, the evaluation of the presence of allergens in those products
remains unexplored. This study aims to unveil the presence of allergens in cosmetic prod-
ucts specially formulated for sensitive skin. For this study, ingredients were characterized
as allergens if they are classified likewise by the FDA [27], if they are included in the
European Standard Series for patch testing [28], if they are fragrances whose discrimination
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on product labels is mandatory according to Annex III of the EU Cosmetic Regulation
1223/2009 [23], or if skin sensitization was reported in recent studies [29,30].

2. Materials and Methods
2.1. Data Collection

To evaluate the presence of allergens in skincare products for sensitive skin, the com-
position of a series of cosmetic products from multinational manufacturers commercially
available in the Portuguese market in 2019 was collected. All products marketed in pharma-
cies and parapharmacies which exhibited the following expressions in the label: “sensitive
skin”, “reactive skin”, or “intolerant skin”, were included in the analysis. The information
was collected from the products’ labels and on the manufacturers” websites. A list of
117 cosmetic allergens was compiled based on the list of fragrance allergens presented on
Annex III of EU Cosmetic Regulation 1223/2009 [23], the European Standard Series for
patch testing [28], allergens classified by FDA [27], and the allergens which are used in
cosmetic products documented by Goossens [29] and Uter et al. [30] and listed according
to the International Nomenclature of Cosmetic Ingredients (INCI). The platforms of the
Cosmetic Ingredient Review (CIR) [31] and the opinions of the Scientific Committee on
Consumer Safety (SCCS) [32] were also consulted to verify the safety of the ingredients.

2.2. Data Analysis

Allergens were grouped according to their function, e.g., fragrance or others, which
were then grouped as preservatives, ultraviolet (UV) filters, etc., based on CosIng ingredient
database [33]. Data were analyzed regarding the relative number of products containing
allergens, the occurrence of combinations of these ingredients, and the number of allergens
for each function, in percentage. The percentage of cosmetic products containing parfum
was also determined. Allergens were then ranked in descending order of occurrence.

3. Results

According with the methodology used, the list of ingredients from 88 products from
19 multinational brands was analyzed regarding the presence of fragrance allergens with
regulatory restrictions in Europe [23], the European Standard Series for patch testing [28],
allergens classified by FDA [27], and other allergens documented by Goossens [29] and
Uter et al. [30].

3.1. Fragrance Allergens

The occurrence of fragrance allergens in analyzed products is represented in Figure 1.

0=
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Figure 1. Prevalence of products for sensitive skin that contained no fragrance allergens (0), one
fragrance allergen (1), and combination of fragrance allergens (2+).

The presence of 12 fragrance allergens from the 26 fragrance allergens regulated in
Europe was confirmed in six from the 88 cosmetic products for sensitive skin analyzed
(7%). The percentages varied from 1.1% to 4.5%, with linalool being the allergen present in
the most cosmetic products (4.5%), followed by benzyl alcohol and geraniol (3.4%), and
citronellol (2.3%). The fragrances amyl cinnamal, benzyl benzoate, butylphenyl methylpro-
pional, citral, coumarin, eugenol, hexyl cinnamal, and limonene were found in less than 2%
of the analyzed products (Figure 2).
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Figure 2. Prevalence of the fragrance allergens regulated in Europe in products for sensitive skin.

3.2. Other Allergens

Regarding allergens other than fragrances, these ingredients were present in most
products (95%). Of those, 78% possessed two or more allergens, with a combination of at
least five being the most prevalent, with 27%. The following positions, with one, two, three,
and four allergens were present between 16 and 18% of the cosmetic products. Only 5% of
the products were absent of any allergen (Figure 3).

—T T

0% 10% 20% 30%
Figure 3. Prevalence of products for sensitive skin that contain no allergens (0), one allergen (1), or
combinations of allergens (2; 3; 4; 5+).

From the 35 allergens found summarized in Figure 4, pentylene glycol and tocopheryl
acetate were clearly in evidence, being present in about 42% and 36% of the products,
respectively. Other ingredients were also labeled in a major part of the cosmetic products
analyzed. Chlorphenesin, butylene glycol, and cetyl alcohol were present in at least 20% of
the formulations. Avena sativa derivatives, Butyrospermum parkii butter, ethylhexyglycerin,
cetearyl alcohol, potassium sorbate, C12-15 alkyl benzoate, and ethylhexyl methoxycinna-
mate possessed a prevalence between 10 and 20%. The following positions were occupied
by more 24 allergens which were found in less than 10% of the analyzed products.
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Figure 4. Prevalence of allergens in products for sensitive skin. (UV = ultraviolet).

3.3. Allergens” Function

After the analysis of the constitution of the products for sensitive skin regarding
the presence of allergens, these ingredients were categorized according to their function
(Figure 5). Botanical derivatives were also grouped. From all the ingredients with potential
to cause skin sensitization, fragrances and skin-conditioning agents were most common,
with 24% and 22% usage frequency, respectively. They were followed by surfactants and
preservatives with 15% and 13%, respectively. The remaining ingredients were botanical
derivatives, UV filters, antioxidants, and pH adjusters with less than 10% usage.

Fragrance =
Conditioning agent =
Surfactant =}
Preservative =
Botanical derivative =}
UV filter—

Antioxidant =

DUUUHHHH

pH adjuster—y

T 1 T I T 1
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Figure 5. Function of allergens other than fragrances present in the analyzed cosmetic products for
sensitive skin, in percentage. (UV = ultraviolet).
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The INCI names “parfum” or “aroma” were found in 64% of products’ labels.

4. Discussion

Cosmetic products, especially leave-on products, are in close contact with the skin for
long periods of time, and they may trigger development of allergic reactions [34]. Individu-
als with sensitive skin have a reduced tolerance to the application of cosmetic products,
being more prone to the appearance of multiple symptoms such as tightness, burning, tin-
gling, pain, pruritus, and stinging [1], and to being diagnosed with allergic reactions [24,25].
Some ingredients, such as anti-inflammatory and antioxidant ingredients, are added to
cosmetic formulations to reduce individuals’ symptoms and counter allergen potential.

In this study, the labels of cosmetic products for sensitive skin were analyzed regarding
the presence of skin allergens. From the 88 products under study, only six were formulated
with fragrance allergens present in the Annex III of EU Cosmetic Regulation 1223 /2009,
all being substances with a well-characterized allergenic potential. Linalool was the most
common fragrance allergen, which is expected, since it is the most used fragrance substance,
together with limonene [35]. On the contrary, limonene was one of the allergens with the
lowest usage percentage. When they were present in products’ formulations, most of these
ingredients were incorporated in the same formulation, creating combinations of allergens
that can potentiate synergistic effects, increasing the risk of sensitization [36,37].

Fragrances are the most common cause of allergic-contact dermatitis, despite being
widely used in cosmetic products [38]. From the 88 products analyzed, 32 contained
“parfum”, affirming the presence of fragrances on their composition. According to the
SCCS in its opinion on fragrance allergens in cosmetic products (SCCS/1459/11) [39],
allergen fragrances go beyond the 26 that have to be listed in labels, and consumers must
be aware of them. Therefore, alterations to the previous regulation are under study to
expand the list of 26 fragrances to 87, but this modification is yet to come into force. The
implementation of these alterations may increase the number of allergens that ought to be
listed on cosmetic products’ labels [40].

New allergens are always appearing, and their identification is usually based on
case notifications under the Cosmetovigillance system and reports by dermatologists/
imunoalergologists [41]. Most of the analyzed products (95%) contained at least one aller-
gen, and 78% contained allergens combinations that may further increase the occurrence of
skin allergies. They were distributed into seven functions, where skin-conditioning agents,
surfactants, and preservatives proved to be the most prevalent.

Seven allergens with conditioning-agent functions were found, with pentylene glycol
being the most frequent. This 1,2-glycol, mostly used as a skin-conditioning agent and
as a preservative [42], is considered a rare allergen, based on Local Lymph Node Assay
results, with few cases of sensitization described in the literature [43,44]. Contact allergy to
butylene glycol, frequently used due to its moisturizing and antibacterial properties, is not
very common, but some cases were reported [45-47]. Regarding ethylhexylglycerin, with
humectant, surfactant, emollient, and preservative properties, several allergic reactions
were described [44,48,49], with it considered a moderate allergen based on Local Lymph
Node Assay results [50]. C12-15 alkyl benzoate has emollient, antimicrobial, and skin-
conditioning properties and can be an occasional sensitizer, with at least one case of
contact allergy reported [51]. Scientific evidence supporting the allergenic character of the
remaining conditioning agents, cetearyl isononanoate, cetearyl ethylhexanoate, panthenol,
capryloyl glycine, and cetyl PEG/PPG-10/1 dimethicone, was also found [52-58]. Despite
being used in some skin conditions for restoring skin-barrier function, lanolin has been
associated with some cases of sensitization [59,60].

Surfactants were the third allergens function with the highest percentage, with cetyl
alcohol and cetearyl alcohol being the two most frequently noted. Despite their wide
use in cosmetics as emulsion stabilizers, surfactants, viscosity controllers, and opacifying
agents [61], they are associated with cases of skin sensitization [62-65]. Decyl glucoside,
arachidyl glucoside, cetearyl glucoside, and coco glucoside are alkyl glucosides, a family
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of surfactants elected “Allergen of the Year” in 2017 by the American Contact Dermatitis
Society [66]. They are not potent sensitizers based on Local Lymph Node Assay results,
but individuals with atopic skin or multiple skin allergies might have an increased risk
of sensitization [66,67]. Sodium cetearyl sulfate, mostly used as a cleansing agent [68], is
considered an extremely rare sensitizer based on Local Lymph Node Assay results, but at
least one case of allergic-contact dermatitis was already reported [69].

The incidence of surfactants was followed by preservatives, one of the most frequent
causes of allergic-contact dermatitis due of cosmetics [70]. In studies involving animals and
humans, chlorphenesin, a chlorophenol derivative with antimicrobial properties [71], was
not a sensitizer, nor a photosensitizer. However, some cases of skin irritation and eczema
were described [72-75]. A positive reaction to potassium sorbate, a rare skin sensitizer with
fungistatic activity, might reflect a sensitization to sorbic acid, meaning that consumers
with sorbic-acid sensitivity must also avoid products containing potassium sorbate [76].
Sodium hydroxymethylglycinate and diazolidinyl urea are both formaldehyde-releasing
preservatives. In Europe, the probability of sensitization to diazolidinyl urea occurring
ranges between 0.5 to 1.4%, and about 24 to 75% of these reactions are relevant [22,77].
In vivo studies involving sodium hydroxymethylglycinate demonstrated its potential to
cause skin sensitization [78]. In 2021, SCCS recommended the concentration reduction of
these products to 0.001% to protect consumers sensitive to formaldehyde [79]. Triclosan,
along with other 27 substances also suspected to be endocrine disruptors, is being analyzed
by the SCCS regarding its safety for human health. Three other allergens present in
this analysis, ethylhexyl methoxycinnamate, octocrylene, and benzophenone-4, are being
evaluated for the same reasons [80,81]. The presence of sodium metabisulfite in cosmetics
for sensitive skin is a concern, since the prevalence of allergic reactions to this preservative
increased from 2.24% to 3.42% between 2011 and 2019 [82].

With awareness of the sun’s damaging effects, the incorporation of UV filters into
everyday cosmetics besides sunscreens is increasing [83]. Four UV filters were noticed, with
ethylhexyl methoxycinnamate being the most frequent. As triclosan, this ingredient has
been associated to modifications on the endocrine system [84]. Octocrylene is considered a
moderate sensitizer based on Local Lymph Node Assay results, with the occurrence of sen-
sitization in those with sunscreen intolerance between 0.7 and 5% [85,86]. It is commonly
associated with photoallergic-contact dermatitis, being responsible for approximately 80%
of all reactions, which are probably secondary to previous photosensitization to ketopro-
fen [87]. In March 2021, SCCS considered octocrylene safe to be used in cosmetics regarding
its contact sensitization and potential endocrine-disrupting properties [88]. Ethylhexyl
salicylate is a UVB absorber and an uncommon allergen despite the existence of some
case reports in the literature. Moreover, it can also cross-react with a common fragrance
component, benzyl salicylate [89]. Benzophenones were considered the Allergen of the
Year in 2004 by the American Contact Dermatitis Society, with benzophenone-3 being the
leading allergen. Benzophenone-4 has been used to substitute benzophenone-3, but cases
of skin sensitization may be increasing [85]. In a study, benzophenone-4 produced a higher
number of positive patch-test results compared with other chemical UV filters tested, and
was the third most-frequent positive test result overall [83].

Some consumers believe cosmetic products with natural ingredients, principally
botanical derivatives, are safer and more beneficial for health and environment, increasing
their preference [90]. However, these complex mixtures of chemicals may cause skin
sensitization [91]. Avena sativa (oat) extracts can improve barrier function due to their
anti-inflammatory, antioxidant, and antipruritic properties [90]. Despite all the benefits,
cases of skin sensitization to oat were already reported [92,93], and the risk of being
sensitized increased with an impaired skin barrier [90]. Butyrospermum parkii provides
moisturizing and barrier-protective properties [94,95], but crude extracts of shea nuts
might have allergenic properties [94], and a positive patch test in a patient suffering from
cosmetic dermatitis was described [29]. Bisabolol, used in numerous cosmetics due to its
anti-inflammatory, antibacterial, and skin-soothing properties [96], is being considered
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an allergen due to the report of allergic-contact dermatitis cases [96,97]. A case report of
an allergic-contact dermatitis caused by Rosa canina, an ingredient with antioxidant and
regenerative properties, has already been documented [98].

Analyzing antioxidants, tocopheryl acetate is considered a nonsensitizer [99], but
it is one of the suspects for sensitization in a case report of contact dermatitis [100].
Ascorbyl tetraisopalmitate, considered nonirritant and nonsensitizer, and propyl gal-
late, with high sensitizing potential, also demonstrated their capability to cause contact
dermatitis [101-103].

Despite not being considered an allergen, a reported case of allergic-contact dermatitis
was hypothesized to be linked to the pH adjuster aminomethyl propanol [104].

Overall, although these ingredients are safe, several case reports regarding skin sen-
sitization are found in the literature. These findings unveil a high number of allergens in
cosmetic products for sensitive skin, which may pose concerns.

5. Conclusions

It is estimated that a major part of the global population suffers from sensitive skin,
and the cosmetic industry formulates products especially designed for this condition
which are intended to avoid and minimize its symptoms. The presence of allergens in
cosmetic formulations is not related with the pathophysiology of sensitive skin, but a higher
probability of developing skin allergies has been described.

Fragrance allergens were found in a minority of products (7%) included in this study,
and of those, the majority were present in allergen combinations (5%), with the remaining
products containing only one ingredient (2%). The fragrances that presented the highest
percentages were linalool, benzyl alcohol, geraniol, and citronellol. Noteworthy, benzyl
alcohol may also be used as a preservative ingredient. Other allergens were grouped in
seven categories according to their function, and after fragrances, the most prevalent group,
in descending order, were skin-conditioning agents, surfactants, preservatives, botanical
derivatives, UV filters, antioxidants, and pH adjusters. In the pool of analyzed products,
35 allergens were found, and 12 were present in more than 10% of the products, those
being pentylene glycol, tocopheryl acetate, chlorphenesin, butylene glycol, cetyl alcohol,
Avena sativa derivatives, Butyrospermum parkii butter, ethylhexylglycerin, cetearyl alcohol,
potassium sorbate, C12-15 alkyl benzoate, and ethylhexyl methoxycinnamate. Moreover,
these allergens were present mainly in combinations (78%) and the remaining (17%) were
present alone in the formulation.

Overall, it was noted that most cosmetic formulations were absent of fragrances
recognized as allergens. Allergens other than fragrances were present in most products. Of
those, the majority were considered rare skin sensitizers, with few cases of skin sensitization
reported. It is also important to note that the usage concentrations in cosmetic products
of these ingredients were not disclosed in the labels, and published reports of reactions
at high concentrations may not be relevant when the ingredients are used at lower levels.
Despite allergens being found in cosmetics for sensitive skin, these allergens do not cause
sensitive skin, although they may induce sensitized /allergic skin in rare cases.

This work unveils the most-used allergens in cosmetic products for sensitive skin
marketed in Europe, and the scientific evidence supporting their sensitization risk. This
insight highlights the importance of reading labels prior to suggesting or using cosmetic
products, contributing to the avoidance of skin allergens by susceptible consumers.

6. Limitations

This study was performed in a pool of cosmetic products of the Portuguese cosmetic
market (pharmacies and parapharmacies), but all from multinational cosmetic brands.
This may, however, result in discrepancies when compared with other markets. From the
listed allergens, some compounds are widely recognized as such, through regulations and
patch-testing series, while others were identified through isolated case reports. Moreover,
the concentrations of these ingredients are undisclosed, and published reports of reactions
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at high concentrations may not be relevant at lower concentration levels. Therefore, their
ability to elicit skin allergies or aggravate symptoms of sensitive skin is difficult to estimate.
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