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Abstract: Studies on sensitive skin pathophysiology in infants are challenging because most assess-
ment methods require self-reporting of signs. In this study, we aimed to identify and characterize
sensitive skin in children for the first time. A newly developed parent-reported questionnaire was
used to recruit children with sensitive skin. This questionnaire was also tested on an adult group.
Hydration, transepidermal water loss (TEWL), and inflammatory markers (cytokines, and polyun-
saturated fatty acids (PUFAs)) were quantified. A total of 77 children and 20 adults (33 and 10 with
sensitive skin, respectively) were recruited. The groups with sensitive skin had more clinical signs of
skin dryness. Skin hydration was lower in children in the sensitive compared with the nonsensitive
skin group. TEWL levels were similar between sensitive and nonsensitive subjects in both infant
and adult groups. Sensitive skin exhibited higher levels of cytokines and proinflammatory PUFAs
as well as lower levels of anti-inflammatory PUFAs. Sensitive skin syndrome was associated with
normal skin barrier function but lower hydration in infants and children. The higher levels of
proinflammatory markers suggest that sensitive skin is associated with low-level inflammation. It is
hypothesized, for the first time, that PUFAs are involved in sensitive skin syndrome in infants.

Keywords: pediatrics; sensitive skin syndrome; skin barrier; skin physiology/structure

1. Introduction

Sensitive skin is a syndrome defined by “the occurrence of unpleasant sensations
in response to stimuli that normally should not provoke such sensations” [1]. Among
the triggering factors, environmental (e.g., heat or cold), physical (e.g., textiles), and
chemical (e.g., cosmetics or detergents) factors have been shown to provoke sensitive skin
reactions [2–4]. Clinically, sensitive skin syndrome is mostly characterized by objective skin
signs, such as skin redness, as well as by a number of perceived and subjective sensations,
such as stinging, burning, pain, pruritus, and tingling sensations [1]. The determination of
sensitive skin syndrome is mainly reliant on patient self-diagnosis [5]. To date, only a few
questionnaires for the evaluation of sensitive skin syndrome have been developed [6,7].

While the physiology of sensitive skin in adults remains unclear, this syndrome has
been associated with impaired skin barrier function [8,9] in a number of studies, while this
association was not identified in others [10,11]. Similarly, some studies observed a lower
hydration level in the skin of subjects with sensitive skin under basal conditions [12,13],
whereas others did not [10,11]. A recent study performed using confocal Raman spectroscopy
did not discover any alterations in the skin barrier of sensitive skin in terms of stratum
thickness, water, natural moisturizing factors (NMFs), or ceramide/fatty-acid content [14].

In addition to skin barrier function, other factors, such as changes in the cutaneous
sensory system, may play a role in sensitive skin syndrome. The intraepidermal nerve C
fiber density is lower in subjects with sensitive skin [15], and the expression of transient
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receptor potential vanilloid-1 (TRPV1) is upregulated in subjects with sensitive skin [16].
The inhibition of this receptor successfully reduced capsaicin-induced burning in women
sensitive to capsaicin [17]. Notably, activation of TRPV1 increased the expression of
inflammatory cytokine interleukin 8 (IL-8) [18]. In a previous study; however, no differences
in inflammatory markers were observed between nonsensitive and sensitive skin [15],
whereas another study observed higher levels of prostaglandin E2 in sensitive skin [19].
Despite the focus on elucidating the underlying causes of sensitive skin in adults, no factors
have been unequivocally linked to its pathophysiology.

Reports describing sensitive skin in children, particularly in infants, are extremely
scarce, and the biometrologic characteristics of sensitive skin in infants and children have
never been studied. Such studies of sensitive skin in infants and children are challenging.
The first hurdle is to secure the enrollment of infants and children with genuine cases of
sensitive skin. Sensitive skin syndrome is associated with subjective sensations that cannot
be reported or described by infants or children. Therefore, any identification of sensitive
skin syndrome in children has to be based on parent observations, which leads to potential
bias or over-/misdeclaration. Another difficulty is the characterization of sensitive skin
syndrome in infants and children, considering that biomarkers have not yet been identified
in adult populations. Lastly, another challenge is the need to perform noninvasive clinical
investigations, due to obvious ethical reasons.

In order to study sensitive skin in infants and children, we sought (i) to develop a
parent-reported questionnaire designed to identify sensitive skin in children on the basis of
skin reactions to previously described triggering factors [20], (ii) to recruit children using
this newly developed questionnaire, (iii) to recruit adults with sensitive or nonsensitive
skin in order to validate the questionnaire, and (iv) to perform noninvasive evaluations
in both children and adults in order to identify and validate biomarkers of sensitive skin.
As sensitive skin syndrome has been associated with skin hydration and barrier function
variations, we measured skin hydration, TEWL (transepidermal water loss), NMFs, and
ceramides and performed clinical scoring of dry skin. As sensitive skin syndrome has also
been linked to inflammation pathways, some biomarkers of skin inflammation, such as
IL-1α, IL-1 receptor antagonist (IL-1 RA), IL-8, and polyunsaturated fatty acids (PUFAs),
were also measured in the subjects.

2. Materials and Methods
2.1. Questionnaire for Identification of Sensitive Skin in Children

We previously performed an epidemiological study including more than 8000 subjects
across five countries, where we showed that approximately 30% of children are described
as having sensitive skin by their parents. In this study, the triggers of skin sensitivity could
be grouped into three categories of environmental, mechanical, and external factors [20].
In order to recruit children with sensitive skin, we developed a new parent-reported
questionnaire based on skin reactions induced by the triggers that we had previously
documented [2–4]. The parents were asked to document whether the skin reaction was
objective (e.g., redness) or subjective (e.g., itch, burning, or prickling). The child was
reported as having sensitive skin syndrome if the parent described skin reactions due to at
least two factors. On the contrary, a child was considered to have nonsensitive skin if no
skin reaction was reported for any trigger (Figure 1). Details of the counts per trigger for
the sensitive skin panel are presented in Appendix Figure A1. The included subjects were
healthy with phototype I–III. Subjects with diagnosed atopic dermatitis were excluded
from both nonsensitive and sensitive groups as an association of AD with sensitive skin
characteristics could exist and interfere with the evaluated parameters [21,22].
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Figure 1. Questionnaire for the identification of children with sensitive or nonsensitive skin.

2.2. Clinical Evaluations

The study was conducted in Poland under dermatological control from March to May
2016. All measurements were performed on face skin. All evaluations were completely
noninvasive. Written informed consent was obtained for each subject enrolled in the
study. The study was conducted according to the guidelines of the Declaration of Helsinki
following Good Clinical Practice. Ethical review and approval by an independent IRB
were waived for this study due to the noninvasive methods used; as such, this study was
reviewed by an internal institutional review board.

Dryness of the skin was evaluated clinically on the face using the specified symptom
sum score of scaling, roughness, redness, and cracks (SRRC) [23]. This score corresponds
to the sum of four characteristics (scaling, roughness, redness, and cracks) and includes
five grades for each characteristic (from 0 = absent to 4 = extreme). We considered both the
whole score and the score for scaling, roughness, and redness characteristics.

2.3. Instrumental Assessment

Hydration and TEWL measurements were performed on the cheek using a Corneome-
ter CM825 device (Courage and Khazaka, Köln, Germany) and an Aquaflux AF 200 device
(Biox System Ltd., London, UK, closed chamber method).

2.4. Quantification of Biological Markers in Skin Surface Samples

Interleukin-1α (IL-1α), IL-1RA, and IL-8 were extracted from swabs collected from
the cheek using two swab kits (one for interleukins and one for PUFAs). Each kit contained
two sterile cotton swabs and 500 µL of sampling cocktail buffer (Synelvia proprietary
information: a mixture of surfactants/chelating agents) in an Eppendorf tube. Cotton
swabs were wetted by soaking the swab in cocktail buffer. The swab was then gently
applied to the skin surface delimited by a provided template. Pressure was applied, and
the swab was moved over the whole skin test area (5 cm2) for 45 s. The swab was cut with
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scissors and placed into the Eppendorf tube. This procedure was repeated with the second
swab, which was then placed in the same Eppendorf tube. Samples were stored directly
on wet ice and stored in a −20 ◦C freezer within 2 h of sampling and shipped on dry ice
to Synelvia SAS (Toulouse, France) for analysis. After a 30 min sonication, the cytokines
were quantified using specific enzyme-linked immunosorbent assay (ELISA) kits (R&D
Systems Inc., Minneapolis, MN, USA). Total protein level was used for normalization of
each cytokine. For determination of total protein, the Protein Assay BCA Kit (Bio Basic Inc.)
was used. The BCA kit uses a bicinchoninic acid (BCA) formulation, which enables the
detection and quantification of proteins in an alkaline medium, whereby proteins reduce
Cu2+ to Cu+. The detected Cu+ reacts with two molecules of BCA, leading to a colored
complex which is analyzed at 562 nm.

Polyunsaturated fatty acids were extracted from the swabs using a chloroform/
methanol solution for 1 h at ambient temperature. The organic fraction was washed using
a buffer solution, and the lipidic fraction was methylated. The PUFAs were then analyzed
using gas chromatography (Agilent 7890A gas chromatograph, Agilent Technologies Inc.,
Santa Clara, USA) coupled to mass spectrometry (Agilent 5975C mass spectrometer, Agilent
Technologies Inc., Santa Clara, USA). The following PUFA species were quantified: linoleic
acid (C18:2), arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosahexaenoic acid
(C22:6), and palmitic acid (C16:0), the latter of which was used for normalization. Because
palmitic acid is the main constituent of sebum, this fatty acid was used as an internal
standard for the normalization of the concentration of PUFA in the biological samples
collected. Actually, on the skin surface, PUFAs are soluble in sebum and are most probably
collected with sebum by the swab technique used in our study. Although palmitic acid
has recently been considered as a signal molecule involved in inflammatory processes in
acne, we did not observe any variation of the levels of palmitic acid between sensitive and
nonsensitive groups, demonstrating that palmitic may not be involved in sensitive skin
syndrome.

2.5. Statistical Analysis

Statistical analysis was performed using R software version 3.6.1 [24]. Normality
of the data was tested using a Shapiro–Wilk test, whereas a Wilcoxon test or Student’s
t-test was used to assess the statistical significance of differences between nonsensitive
and sensitive skin groups for both children and adults groups. p < 0.05 was considered to
indicate statistically significant differences. Histograms represent the mean ± standard
deviation.

3. Results

A total of 77 children aged three to 48 months were recruited. Of these, 44 subjects
(26 females and 18 males) had nonsensitive skin, and 33 subjects (15 females and 18 males)
had sensitive skin. In addition, adults aged 18–20 years (10 subjects with nonsensitive skin
(six women and four men) and 10 subjects with sensitive skin (six women and four men))
were recruited in order to validate the questionnaire for discrimination of sensitive skin
from nonsensitive skin.

Differences in SRRC scores between sensitive and nonsensitive skin groups were
observed. The global score (sum of the four characteristics) indicated that subjects in the
sensitive skin group had more skin dryness than the nonsensitive skin group for both
children and adults (p < 0.001 for each group, Figure 2A). The children in the sensitive
skin group had more scaling (p < 0.001, Figure 2B), roughness (p < 0.001, Figure 2C), and
redness (p < 0.001, Figure 2D) than those in the nonsensitive skin group. Similar results
were observed for the adults with sensitive skin regarding roughness (p < 0.001, Figure 2C)
and redness (p < 0.01, Figure 2D). Cracks in the skin were virtually absent in both skin
types and in both age groups.
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Figure 2. Clinical evaluation of nonsensitive and sensitive skin dryness according to SRRC (scaling,
roughness, redness, and cracks) scores: (A) total SRRC score; (B) scaling score; (C) roughness score;
(D) redness score. Scaling, roughness, and redness were absent in the nonsensitive skin group aged
18–20 years. Data are shown as the mean ± SD of all subjects in the group. ** p < 0.01, *** p < 0.001.

In children, hydration was lower (−21%, p < 0.01, Figure 3A) in the sensitive skin group
than in the nonsensitive skin group. By contrast, no significant difference in hydration was
observed in adults. Furthermore, the barrier function, which was assessed via measurement
of TEWL, was not different between the sensitive skin and nonsensitive skin groups in
either children or adults (Figure 3B).

Figure 3. (A) Hydration measurement using a Corneometer and (B) TEWL (transepidermal water
loss) measurement using an Aquaflux. Data are shown as the mean ± SD of all subjects in the group.
** p < 0.01.
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In addition, we also assessed the inflammatory state of the skin via quantitation of
cytokine and PUFA expression. Children with sensitive skin presented higher levels of
IL-1α, IL-1RA, and IL-8 (+127%, +131%, and +98%, respectively, p < 0.001; Figure 4A–C)
than those with nonsensitive skin. Similar levels of cytokine expression were observed
in adult subjects with sensitive skin. In adults, the ratio of IL-1RA/IL-1α was higher in
those with sensitive skin than in those with nonsensitive skin (+41%, p < 0.001; Figure 4D).
Children with sensitive skin also exhibited higher levels of linoleic acid (+13%, p < 0.001;
Figure 5A) and arachidonic acid (+20%, p < 0.001; Figure 5B), which are both proinflamma-
tory biomarkers, than those with nonsensitive skin. Levels of anti-inflammatory PUFAs
were decreased (eicosapentaenoic acid and docosahexaenoic acid, −14% and −20%, respec-
tively, p < 0.05 and p < 0.001; Figure 5C,D) in children with sensitive skin compared to those
with nonsensitive skin. Results of the adult group were quite similar. More specifically, the
adult sensitive skin group had higher levels of the proinflammatory biomarkers linoleic
acid (+28%, p < 0.001; Figure 5A) and arachidonic acid (+51%, p < 0.001; Figure 5B) and
lower levels of the anti-inflammatory element eicosapentaenoic acid (−38%, p < 0.001;
Figure 5C) than the nonsensitive skin group.

No age dependence was observed with respect to the measured parameters for chil-
dren.

Figure 4. Quantification of cytokines: (A) IL-1α; (B) IL-1RA; (C) IL-8; (D) IL-1RA/IL-1α ratio. Data
are shown as the mean ± SD of all subjects in the group. ** p < 0.01, *** p < 0.001.
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Figure 5. Quantification of PUFAs (polyunsaturated fatty acids): (A) C18:2 linoleic acid; (B) C20:4
arachidonic acid; (C) C20:5 eicosapentaenoic acid; (D) C22:6 docosahexaenoic acid. Data are shown
as the mean ± SD of all subjects in the group. * p < 0.05, *** p < 0.001.

4. Discussion

In order to study the biometrological characteristics of sensitive skin in infants, it was
crucial to first develop a questionnaire for the identification of sensitive skin in children.
As questionnaires developed in adults [6,7] are not transposable to infants, we developed a
new questionnaire, which was designed for the identification of sensitive skin in infants
according to the parent description of skin reactions to multiple triggers grouped into
three main categories (environmental, mechanical, and chemical factors). Objective skin
reactions, such as redness, and general subjective signs, such as unpleasant sensation
perceived by the child, were considered. Questionnaires for the recruitment of the children
were addressed to the parents who gave answers according to the observation of objective
signs of their child’s skin and according to the observations of the behavior of their child
for subjective signs regardless of the child’s age. Older children are able to verbally
communicate subjective reactions, making it easier for the parents to understand their
feelings concerning the different triggers. A recent paper concluded that it is essential to
gain a full assessment of the associated symptoms and to select subjects on the basis of skin
reactions to multiple triggers in order to most accurately study the pathophysiology of
sensitive skin [7]. Therefore, subjects for this study were considered to have sensitive skin
when they reported a reaction to at least two factors, with at least one objective sign or two
subjective signs. The intensity and duration of objective reactions, such as redness, were not
taken into account for subject inclusion, but they can be studied in future work to determine
the severity of skin sensitivity. In order to further evaluate this new questionnaire, we
also recruited adults with sensitive skin for this study. The adult group was quite young
and may not be representative of adults in general. Differences with age could exist in
adults in terms of measured parameters; thus, we chose to restrict the age scale for this
group to 18 to 20 years to avoid group heterogeneity. Moreover, the adult panel was quite
small in our study, and future work should supplement the obtained data to strengthen the
questionnaire’s validation.

Global analysis indicated that the infants identified by the questionnaire share some
common characteristics, such as cytokine biomarkers, with adults who reported having
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sensitive skin according to the results of the questionnaire. This finding demonstrates that
the questionnaire, which is based on triggering factors of stress, can identify infants that
most likely present with sensitive skin syndrome.

Recent studies indicate that levels of proinflammatory mediators are not modified in
sensitive skin [15]. In the present work, we observed an imbalance in the expression of
inflammation markers on the skin surface in the absence of specific stimuli. In particular, in
infants and adults, increased levels of cytokines IL-1α, IL-1RA, and IL-8 and an increased
IL-1RA/IL-1α ratio only in adults were noted. IL-1α is a cytokine activated by classic
damage-associated molecular patterns (DAMPs) and functions as an “alarmin” [25]. IL-1α
is released in response to various stimuli, and large amounts of IL-1α are found in the
epidermis [26]. In addition, this cytokine has been reported to induce the expression of
antimicrobial peptides [27] in keratinocytes and to promote expression of chemokines,
such as IL-8 [28]. Keratinocytes produce not only IL-1α but also the receptor antagonist IL-
1RA [29]. An appropriate balance between IL-1α and IL-1RA helps to maintain homeostasis
and to regulate inflammation [29,30]. An elevated IL-1RA/IL-1α ratio was reported in
inflammatory skin diseases [31] and subsequent stress [29–32]. Lastly, IL-8, which is
a chemokine that mediates the recruitment of neutrophils [33], is involved in various
inflammatory diseases, such as psoriasis [34].

Our results also show that PUFA composition is modified in sensitive skin in the
absence of any stimuli. Polyunsaturated fatty acids are omega fatty acids that play a critical
role in many skin functions. The involvement of PUFAs in skin inflammation is still not
clear. Some omega-6 fatty acids, such as linoleic acid, are considered pro-inflammatory
but their context in inflammation is complex and still not properly understood [35–38].
Some skin diseases, such as atopic dermatitis or psoriasis, have been found to be associated
with the modification of PUFA composition in some studies, whereas other findings did
not provide evidence that PUFAs have a specific pattern in atopy [39–41]. It is generally
accepted that PUFAs are metabolized as signaling mediators involved in inflammatory
processes [42]. In particular, eicosapentaenoic acid and docosahexaenoic acid are omega-3
fatty acids generally considered as anti-inflammatory mediators [43,44], whereas linoleic
acid and arachidonic acid are omega-6 fatty acids generally associated with proinflam-
matory responses [35]. Interestingly, in sensitive skin, both in children and in adults, we
observed higher levels of linoleic and arachidonic acids that are considered proinflam-
matory, and lower levels of eicosapentaenoic and docosahexaenoic acids that present
anti-inflammatory activity.

Collectively, our data indicate that infants with sensitive skin syndrome present,
without any specific stimuli, elevated levels of inflammatory mediators in the absence of
any clinical manifestation of skin inflammation. This typical state of skin inflammation,
with molecular modifications in the absence of clinical manifestation, has been identified
as subclinical inflammation, as reviewed by Stamatas et al. in 2013 [45]. We show that
sensitive skin in infants presented elevated levels of cytokines related to innate immunity,
which may play a pivotal role in the subclinical inflammation of the skin [45]. Thus, we
hypothesize that, in sensitive skin subjects, skin inflammation is more easily triggered by
external factors than in nonsensitive skin subjects due to the presence of silent subclinical
inflammation in their skin.

Low levels of stratum corneum hydration were found in children with sensitive skin
compared to those with nonsensitive skin, while TEWL values were similar between
the two groups of children. These findings suggest that a decrease in stratum corneum
hydration may be due to the decreased water-holding capacity of the skin rather than to
alterations of barrier function. Interestingly, we further showed that levels of hygroscopic
NMFs and ceramide were not different between sensitive and nonsensitive skin in infants
or adults (data not shown). These results suggest that sensitive skin syndrome may not be
associated with typical biochemical parameters of dry skin, in agreement with previous
results [14]. The alteration of skin barrier function, often associated with sensitive skin
syndrome, may involve additional mechanisms that were not investigated in the present
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study. Such mechanisms may include disorganization of the structure of the intercellular
lamellar lipid or decreased stratum corneum cohesion in sensitive skin.

A clinical evaluation of sensitive skin showed that sensitive skin presents more ery-
thema than nonsensitive skin, consistent with the higher inflammatory marker levels
observed in sensitive skin in our study. We also show that sensitive skin presents greater
levels of scaling and roughness than nonsensitive skin, in line with our hypothesis that
sensitive skin may stem from altered stratum corneum and corneocyte cohesion, which
leads to a subtle imbalance in the regulation of water homeostasis in sensitive skin. Al-
tered cohesion of corneocytes may lead to a misdiagnosis of dry skin instead of sensitive
skin syndrome, particularly in infants. We previously demonstrated that low corneocyte
cohesion, altered corneocyte morphology, and increased desquamation are related to skin
immaturity in infants [46]. These same clinical hallmarks may actually also be present in
sensitive skin, but additional work is needed to further test this hypothesis.

5. Conclusions

Here, we presented the results of a study examining sensitive skin in children and re-
ported differences between sensitive skin and nonsensitive skin in this pediatric population.
Our data indicate that sensitive skin syndrome is associated with silent inflammation levels
and with nearly normal skin barrier function. Furthermore, while hydration was lower in
infants with sensitive skin, TEWL was virtually normal in these individuals. According
to these findings, we further hypothesize that sensitive skin syndrome is associated with
impaired skin maturation and desquamation, particularly in infants.
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Appendix A

Figure A1. Percentage of objective and subjective reactions to each trigger for child and adult groups.
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