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Background: Questionnaires and lactic acid sting test (LAST) are two widely used methods
to identify sensitive skin. However, the self-perceived sensitive skin by questionnaires was
not consistent with the determination of LAST.

Objective: The aim of the study was to measure the biophysical properties noninvasively of
sensitive skin evaluated by questionnaire and LAST and to investigate their correlations with
the scores of questionnaire and LAST.

Methods: A total of 209 healthy Chinese females completed the study. Self-assessment
questionnaire and LAST were both performed to identify sensitive skin. Epidermal biophy-
sical properties, including skin hydration, transepidermal water loss (TEWL), sebum content,
erythema index (EI), a* value, L* value, skin elasticity, and skin pH, were measured with
noninvasive instruments.

Results: The frequency of sensitive skin was 50.2% and 66.0% by questionnaire and LAST,
respectively. Subjects with self-assessed sensitive skin had a slightly higher LAST positive
rate. Skin hydration, sebum content, a* and EI values were significantly higher in the self-
assessed sensitive skin group, while TEWL, a* and EI values increased but L* value
decreased with significance in the LAST positive group. The LAST stingers among sensitive
skin subjects had higher EI but not in the healthy skin subjects. In addition, questionnaire
scores positively correlated with skin hydration, sebum content, a* and EI values, while
a positive relationship of LAST scores with TEWL, a* and EI values was observed. The
scores of questionnaire and LAST both negatively related to L* value.

Conclusion: Self-assessed questionnaire is associated with sensitive skin featured by oily
and red face without impaired barrier function, whereas LAST is suitable to identify fragile
skin barrier and enhanced blood flow on the face. Combination of both methods to diagnose
sensitive skin might be more reliable.
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Introduction

Sensitive skin is an old concept that originated in the 1970s, but has attracted more
and more attention in the recent decade. The special interest group on sensitive skin
of the International Forum for the Study of Itch (IFSI) published an expert defini-
tion of sensitive skin, which is a syndrome of discomfort sensations (stinging,
burning, pain, pruritus, and tingling) caused by stimuli that normally should not
provoke such sensations. These unpleasant feelings cannot be explained by the
lesions attributable to any skin disease. The skin can appear normal or be accom-
panied by erythema. All body areas can be affected by sensitive skin, especially the
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face.! Although the pathophysiology of sensitive skin is
still not clear, it is well accepted that impaired epidermal
barrier function and neurosensory hyperactivity are the
two potential mechanisms associated with it.>

Subjective and objective methods are mainly used to
assess sensitive skin, which are in line with clinical
implementation. The subjective evaluation methods com-
prise questionnaire and chemical probe tests. Self-
assessment questionnaire surveys are valid and popular
tools to identify sensitive skin in general population,
owing to its subjective nature and the deficiency of
objective signs.3 These questionnaires are dependent on
the self-perceived adverse sensations to the potential
stimuli by the means of scales or yes/no judgement.*>
The chemical probe tests evaluate neurosensory response
or cutaneous signs of irritation to chemical stimuli,
which represent the visible neurosensitivity (eg stinging
or vasodilation) of sensitive skin.° The stinging tests
usually use lactic acid, capsaicin, dimethyl sulfoxide
(DMSO), and chloroform: menthol (20:80) as chemical
probes, whereas sodium lauryl sulfate (SLS) occlusion
test is commonly applied to explore skin vasodilation.”®
Moreover, the objective assessment is conducted by non-
invasive instruments to measure the skin biophysical
characteristics, including stratum corneum hydration,
transepidermal water loss (TEWL), sebum content, pH,
erythema index, redness a* value, cutaneous blood flow,
stratum corneum cohesion, and skin thickness.®%'°

The epidemiological investigations of the prevalence of
sensitive skin normally employ self-reported question-
naires, while sensory testing methods are well-accepted
among dermatologists and cosmetic scientists to diagnose
sensitive skin syndrome and evaluate the treatment effi-
cacy. Nevertheless, the self-perceived sensitive skin by
questionnaires did not correspond to the determination of
sensitivity to lactic acid.''"'® The previous studies
included biophysical measurements, but the comparisons
were either between the self-declared sensitive and non-
sensitive subjects'? or between the lactic acid stinging test
(LAST) stingers and nonstingers.'® In addition, some
researchers investigated the correlation of skin parameters
and LAST only in sensitive population.'*'> Thus, we
aimed to elucidate the different biophysical properties of
questionnaire- and LAST-assessed sensitive skin by non-
invasive instruments, and the relationship between ques-
and LAST with the
parameters on both the healthy and sensitive populations.

tionnaire scores biophysical

Materials and Methods

Subjects

A total of 209 healthy Chinese female volunteers, aged
18-35 years (mean age +£SD: 23.3+3.5), participated in this
study after signing the written informed consent. All sub-
jects lived in Beijing (north latitude 39°56’, east longitude
116°20") for at least one year. The subjects with any facial
skin diseases (eg acne, allergic dermatitis, glucocorticoid-
dependent dermatitis, rosacea, infections), systemic disor-
ders and ongoing pharmacological treatment were
excluded. This study was conducted according to the prin-
ciples of the Declaration of Helsinki. The study protocol
was approved by Shanghai Ethics Committee for Clinical

Research.

Questionnaire Survey

Sensitive skin was defined by a self-assessment question-
naire designed according to the Baumann skin type question-
naire and literature.'®'® The skin condition self-assessment
questionnaire consisted of eight questions about the fre-
quency of burning, itching, tightening, scaling, tingling, and
other symptoms on the face of volunteers when they were
stimulated by environmental temperature change, environ-
mental pollution, seasonal change, lifestyle (exercise, mood
swings and spicy diet), changes in menstrual cycle, use of
cosmetics, and unexplained stimuli, as well as the frequency
of facial redness. The items of the questionnaire were scored
on a 4-point scale: l=never, 2=occasionally with quick
recovery, 3=often with mild symptoms, 4=always with
severe symptoms. The higher the score was, the worse the
skin condition. The total score of the questionnaire greater
than 15 was assigned to sensitive skin (SS) group, or to
healthy skin (HS) group.

Lactic Acid Sting Test

Lactic acid (Sigma Aldrich, USA) was prepared at a 10%
concentration in distilled water. Randomly, 10% lactic acid
solution was applied on one nasolabial fold and a saline
solution was simultaneously applied on the other side as
placebo. Solutions were absorbed in a single layer of filter
paper (8 mm diameter) at a volume of 50 pL and applied
by a gentle stoke on each side. The test was blinded for
subjects. The subjects were evaluated initially and at 2.5
and 5 min after the application of 10% lactic acid or
placebo solutions. The intensity of a self-declared sensa-
tion of discomfort including stinging, tingling, itching,
tightening, burning, or pain on the site of application was
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graded using a 4-point scale (0=none, 1=mild, 2=moder-
ate, and 3=severe). The cumulative scores at 2.5 and 5 min
on the lactic acid side >3 were considered positive to the
test and categorized into the LAST positive (LAST+)
group. Otherwise, subjects were divided into the LAST
negative (LAST-) group.

Biophysical Measurements

The measurements were carried out from October to
December 2019. The subjects were asked not to use any
skin-care products as well as soaps or surfactants when
washing their face for at least 12 h prior to the study. After
washing the face with running water and drying gently
with paper towels, subjects relaxed in a room with con-
trolled conditions (temperature of 22+2°C and relative
humidity of 50+5%) for 30 min. The skin biophysical
parameters were taken at three anatomical sites: forehead,
cheek (random side), and chin. Skin biophysical para-
meters were measured with various probes attached to
the MPA10 multi-probe adaptor system connected to
a PC, except that skin pH was recorded by a skin pH-
meter PH905. The skin hydration was determined using
the Corneometer CM825. The skin barrier function was
loss (TEWL) by
a Tewameter TM 300. Facial sebum content was measured
with Sebumeter SM 815. Skin erythema index (EI) was
measured using a Mexameter MX18. Skin color, based on

assessed as transepidermal water

the L*a*b* color system was evaluated by a Colorimeter
CL400. The skin elasticity measurement was performed by
a Cutometer MPAS580, and it was expressed by R2 value.
Each measurement was repeated at least three times, and
the average readings were taken.

Statistical Analysis

SPSS software version 25.0 (IBM Corp., Armonk, NY,
USA) was used for all statistical analysis. The data in
this study were expressed as mean +=SD. The chi-squared
test and Mann—Whitney U-test were carried out to com-
pare the difference of positive rates and scores of LAST
between HS and SS groups, respectively. Interactions
between skin groups and measured regions on the skin
parameters were examined by two-way ANOVA with
Tukey's HSD post-tests. The relationship between ques-
tionnaire scores, LAST scores and skin biophysical para-
meters at different facial regions were validated by
Spearman's correlation analysis. The statistical tests were
two-tailed with significance levels of 0.05.

Results

Stratification of Skin Sensitivity

All the subjects participated (n=209) had finished the
study. Among the participants, 104 subjects were classified
as healthy skin (49.8%) and 105 subjects were classified as
sensitive skin (50.2%) by the questionnaire (Table 1).
According to Figure 1A, it showed that over 90% of the
subjects in the HS group never or occasionally experi-
enced unpleasant feelings on their face owing to the
seven factors, whereas they happened more often among
the SS group with 25% to 60% of the subjects presenting
mild or severe symptoms. Moreover, the redness on the
face never occurred in three-quarters of the subjects in HS
group, while half of the SS group subjects had varying
degrees of red face.

There were 138 subjects having positive LAST
response (66.0%), and the other 71 subjects having nega-
tive result (34.0%) (Table 1). Furthermore, we combined
questionnaire and LAST results to further divide all parti-
cipants into four groups. It can be seen that about 60% of
the subjects in HS group responded positively in LAST,
which was 72.4% in the SS group (Table 1). But no
significant difference was observed in the LAST positive
rate between the two groups (p=0.0514). Subjects with
sensitive skin showed higher LAST scores at all assess-
ment time points as well as the total score (Figure 1B),
however, the difference was not
significant (p>0.05).

statistically

Biophysical Characteristics of HS and SS
Groups

As shown in Figure 2, a tendency to an increase in
hydration, sebum, a* values, and EI on the face of
subjects with  sensitive skin were  observed.
Nevertheless, significance was only present for hydra-
tion on the chin, sebum on the face, a* and EI values on
the cheek. TEWL, L*, R2 and pH values were compar-

able in HS and SS subjects.

Table | Prevalence of Sensitive Skin by Questionnaire and
Response to LAST

Clinical, Cosmetic and Investigational Dermatology 2021:14

LAST Negative (%) | LAST Positive (%) | Total (%)
Healthy skin 42 (40.4) 62 (59.6) 104 (49.8)
Sensitive skin | 29 (27.6) 76 (72.4) 105 (50.2)
Total 71 (34.0) 138 (66.0) 209 (100.0)
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Figure | Results of questionnaire and LAST scores in healthy skin (HS) and sensitive skin (SS) subjects. (A) Frequency distribution of questionnaire items of HS group
(upper) and SS group (lower). The values are expressed as percentage. (B) LAST scores of HS group and SS group. The values are expressed as mean +SD on a 0-3 scale.

Biophysical Characteristics of LAST
Negative and Positive Groups

The subjects who responded positively in LAST showed
significantly higher TEWL and a* values, and lower L*
values on the cheek and chin than those negative respon-
ders (Figure 3B, D and E). In accord with the increased
redness levels on the face, EI were dramatically enhanced
in LAST-positive subjects (Figure 3G). Sebum content
presented a higher trend without significant difference
between LAST negative and positive groups (Figure 3C).
Other parameters, including hydration, R2 and pH values,
were not influenced by LAST (Figure 3A, G and H).

Biophysical Characteristics of LAST
Negative and Positive Sub-Groups in HS

Population
With reference to LAST results, we divided the subjects in
theHS group into two sub-groups as LAST— and LAST+.

In comparison with LAST- sub-group, it illustrated that
TEWL and a* values on the cheek and chin were signifi-
cantly higher, and L* values on the chin were significantly
lower in LAST+ sub-group (Figure 4B, D and E).
Interestingly, hydration and sebum on the forehead were
a bit higher, but these values on the cheek and chin were
slightly lower in the healthy LAST-positive responders
(Figure 4A and C). The increasing tendency of EI and
pH values had no statistical difference between the two
sub-groups (Figure 4F and G). Skin elasticity of the two
sub-groups was at the same level (Figure 4H).

Biophysical Characteristics of LAST
Negative and Positive Sub-groups in SS

Population
It can be seen from Figure 5, TEWL on the cheek and
chin, a* on the cheek and EI on the whole face were
remarkably enhanced, while L* values on the cheek
in LAST-positive

greatly decreased sub-population.
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Figure 2 Biophysical parameters in healthy skin (HS) and sensitive skin (SS) subjects at three facial regions. (A) skin hydration, in arbitrary units (a.u.); (B) transepidermal
water loss (TEWL), in g/m2 *h; (C) sebum content, in ;,Lg/cmz; (D) lightness L* values, in arbitrary units (a.u.); (E) redness a* values, in arbitrary units (a.u.); (F) erythema
index, in arbitrary units (a.u.); (G) skin elasticity R2 values, in arbitrary units (a.u.); (H) skin surface pH, in arbitrary units (a.u.). The values are expressed as mean *SD.

*p<0.05, **p 0.01 compared between HS group and SS group.

Contrary to the results of HS population, hydration and
sebum on the cheek and chin displayed an increase trend
in LAST responders among the SS population.

Correlation of Questionnaire Scores with
Biophysical Parameters

Questionnaire scores positively correlated with hydration
on the chin, sebum content on the forehead and cheek, a*
and EI values on the whole face, and negatively with L*

values on the cheek (Table 2). It did not relate to either
TEWL, skin elasticity or pH (Table 2).

Correlation of LAST Scores with

Biophysical Parameters

The correlation of LAST scores with skin biophysical
parameters of different facial regions was shown in
Table 3. A positive relationship of LAST scores with
TEWL on the face, skin redness values on the cheek and
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Figure 3 Biophysical parameters in LAST negative (LAST-) and LAST positive (LAST+) subjects at three facial regions. (A) skin hydration, in arbitrary units (a.u.); (B)
transepidermal water loss (TEWL), in g/m2 *h; (C) sebum content, in uglcmz; (D) lightness L* values, in arbitrary units (a.u.); (E) redness a* values, in arbitrary units (a.u.); (F)
erythema index, in arbitrary units (a.u.); (G) skin elasticity R2 values, in arbitrary units (a.u.); (H) skin surface pH, in arbitrary units (a.u.). The values are expressed as mean

+SD. *p<0.05, **p<0.01 compared between LAST— group and LAST+ group.

chin, and EI on the cheek was observed. While a negative
relationship was seen between LAST scores and skin light-
ness values on the cheek. Skin hydration, sebum content,
elasticity and pH had no correlation with LAST scores.

Discussion

Sensitive skin is considered to be unpleasant sensations
stimulated by those that normally should not elicit such
sensations, and which cannot result from lesions of any

skin disease.' It is estimated that about 70% of the adult
population declare that they are suffering from sensitive
skin across the world."” As a complex and global skin
problem, this condition has weak correlation between sen-
sory symptoms and subjective signs,”’ making it difficult
to be reliably predicted and diagnosed.

In this study, it was demonstrated that the prevalence of
sensitive skin was diagnostic method dependent, which
was 50.2% and 66.0% by questionnaire and LAST,
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Figure 4 Biophysical parameters of healthy skin subjects who were negative (LAST-) or positive (LAST+) to LAST at three facial regions. (A) skin hydration, in arbitrary
units (a.u.); (B) transepidermal water loss (TEWL), in g/m* h; (C) sebum content, in pg/cm?; (D) lightness L* values, in arbitrary units (a.u.); (E) redness a* values, in arbitrary
units (a.u.); (F) erythema index, in arbitrary units (a.u.); (G) skin elasticity R2 values, in arbitrary units (a.u.); (H) skin surface pH, in arbitrary units (a.u.). The values are
expressed as mean *SD. *p<0.05, **p<0.01 compared between LAST— group and LAST+ group.

respectively (Table 1). In addition, the LAST response rate
was 59.6% in HS subjects and 72.4% in SS subjects
(Table 1). The prevalence of self-perceived sensitive skin
in Chinese females was from 23% to 65% as reported in

21726 and our result was in this range.

the previous studies,
The variation of prevalence might attribute to the differ-
ences in sample size, terms of questionnaires, ages of
subjects, and geographic location of these studies. The

LAST positive rates of general population were in the

range of 57%% to 72%'**” in Asia, and within 50% to
60% in America and Europe.''?*3° It seemed that over
half of the healthy population responded positively to
lactic acid regardless of ethnicity and geographic area.
Furthermore, 45% to 80% of the self-reported sensitive

11-14.3033 whereas it

skin subjects were LAST responders,
ranged from 36% to 66.7% among the nonsensitive skin
subjects,'>'*3% lower than the SS subjects of the same

study. Our findings were in accord with these researchers.
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Figure 5 Biophysical parameters of sensitive skin subjects who were negative (LAST-) or positive (LAST+) to LAST at three facial regions. (A) skin hydration, in arbitrary
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expressed as mean +SD. *p<0.05 compared between LAST— group and LAST+ group.

Therefore, questionnaire and LAST, the two most popular
subjective approaches for the diagnosis of sensitive skin,
might play a different role in evaluating the skin condition
in all subjects.

In order to reveal the underlying skin physiological
mechanism of these two methodologies, we adopted non-
invasive measurements of biophysical parameters of the
skin. The results showed that the SS group had higher skin

hydration and sebum content on the face with significantly
increased a* values and EI on the cheek, and equal levels
of facial TEWL, L*, R2 and pH compared to the HS group
(Figure 2). The literature is inconclusive in respect of the
water and oil levels on the face in sensitive skin popula-
tions. Previously, studies reported a significantly drier and
less oily facial skin in subjects with sensitive skin.>**> In

contrast, other researchers detected a nonsignificantly

1222 https:

Dove!

Clinical, Cosmetic and Investigational Dermatology 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Pan et al

Table 2 Correlation Coefficients of the Skin Parameters on
Different Facial Regions with Questionnaire Scores

Parameters Facial Regions

Forehead Cheek Chin
Hydration 0.073 0.053 0.2 3%*
TEWL 0.032 —0.030 0.106
Sebum 0.205** 0.233** 0.137
Lightness L* —0.086 —0.153* —0.063
Redness a* 0.157* 0.249%* 0.177*
Erythema index 0.232%* 0.278** 0.175%
Elasticity R2 0.055 0.066 0.009
pH 0.038 0.030 —0.113

Notes: *p<0.05, **p<0.01.

Table 3 Correlation Coefficients of the Skin Parameters on

Different Facial Regions with LAST Scores

Parameters Facial Regions

Forehead Cheek Chin
Hydration 0.013 -0.078 0.021
TEWL 0.174* 0.250°* 0.198**
Sebum 0.036 —0.044 —0.024
Lightness L* —0.061 —0.221%* —0.094
Redness a* 0.095 0.237%* 0.176*
Erythema index 0.128 0.138* 0.121
Elasticity R2 —0.004 -0.119 0.055
pH —0.039 —0.045 —0.063

Notes: *p<0.05, **p <0.01.

higher skin hydration®* and more sebum secretion®® at
facial areas in the SS subjects. The subjects in our study
were a young population with the highest level of sebum
production.®” Sebum has a detrimental effect on the struc-

ture of stratum corneum and damages its barrier

. 3839
function,”

which might cause the sensitive feeling of
the subjects. Although impaired skin barrier is the well-
accepted mechanism of sensitive skin, the result did not
support this hypothesis in terms of TEWL as reported in
the literature.'>*° The studies that observed higher TEWL
in sensitive skin compared to healthy skin conducted the
measurement either on the forearm or hand.*'™** Skin
reddening is often complained by individuals with sensi-
tive skin, and we found that the cheek was the most
noticeable area of the face with higher hemoglobin level,
indicating the increased vascular reactivity and higher
blood flow in sensitive skin.**** The negative correlation
of skin lightness on the cheek with questionnaire scores
might be owing to the enhanced redness and erythema
index. We found no significant differences in skin surface

pH and skin elasticity for sensitive skin subjects that were
consistent with the published articles.?***> The positive
relationship of hydration, sebum, a* and EI values with
questionnaire scores demonstrated that the self-assessed
sensitive skin subjects in our study had no obvious skin
barrier problem, but red and oily faces.

LAST has been widely employed for sensitive skin
screening in clinical studies.** It presented that LAST stin-
gers had remarkably increased TEWL, redness and EI as well
as decreased lightness of the facial skin, especially cheek and
chin (Figure 3). Furthermore, LAST stingers among HS
subjects displayed weaker barrier function and redder skin
color on the cheek and chin (Figure 4), yet those of SS
subjects had red, dark, and vulnerable cheeks accompanied
by a rise in EI on the whole face (Figure 5). LAST scores
positively correlated with TEWL, a* and EI values, but
negatively with L* values (Table 3). In Korean women,
LAST stingers had significantly higher TEWL than nonstin-
gers, and on significant differences were existed in skin
hydration, pH and sebum.*® The positive correlation between
LAST stinging scores and TEWL was also observed in the

2745 and Chinese

previous studies of healthy Asian females
women with sensitive skin.'* Lactic acid is a small molecule
chemical irritant that triggers neurosensory perceptions of
stinging, burning, itching, or even pain when contact is
made with the skin. The increased penetration of lactic acid
caused a higher LAST score to predict sensitive skin.*® That
is, the weaker the skin barrier was, the more possible to reach
a positive LAST result. The damaged skin barrier function of
LAST stingers might be due to the diminished skin integrity
with the increasing reaction to lactic acid.*’ Although there
was a lack of skin color measurements of LAST stingers on
the face, it has been proved that the blood vessels of LAST
positive subjects were closer to the epidermis with higher
frequency of branching vessels than LAST negative
subjects,* resulting in the redness appearance. In addition,
LAST reactors in the SS group showed higher hemoglobin
content of the skin but not in the HS group, which revealed
that the reason for facial redness in SS and HS subjects was
different. We supposed that SS subjects’ red face resulted
from the increased blood perfusion, whereas the fragile skin
barrier function and superficial blood vessels devoted to HS
subjects’ skin reddening. Skin surface pH value measured on
the nasolabial fold was 5.5 for both LAST stingers and
nonstingers,*® and our subjects also displayed an acidic pH
of facial skin without difference between groups.

The physiological characterization categorizes sensitive
skin into three types: type I features the repaired barrier
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function, type II characterizes by the normal barrier function
and chronic inflammation, and type III is a sub-health con-
dition without barrier function and inflammation problems.”
The chronic inflammation mediated the flushing or skin
erythema in type II sensitive skin.*’ Interestingly, question-
naire and LAST may focus on different types of sensitive
skin. More prone to the subjective feelings, the questionnaire
is good at picking out type II sensitive skin featured by a high
sebum content on the face and a high vascular reactivity on
the cheek without impaired cutaneous barrier function. In
contrast, LAST is suitable for the identification of type
I sensitive skin with fragile facial skin barrier and enhanced
blood flow.

Sensitive skin is a multidimensional condition with
complex and inconclusive mechanisms, so that no single
method could fulfil the need to differentiate sensitive skin
from the whole population. When choosing the assessment
methods, it is important to take into account the various
properties of the methods and the aim of the study to get
the most appropriate match. In practice, we recommend
using both the questionnaire and LAST to get more infor-
mation from the subjects to discern their sensitive skin
type. This study provides a comprehensive information
of biophysical parameters relating to different sensitive
skin assessment methods, helping to build a personalized
and integrated evaluation system.
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