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SIGNIFICANCE
The diagnosis of sensitive skin is difficult for dermatolo-
gists, since it is characterized by subjective symptoms, and 
because no international consensus exists on the best di-
agnostic tools. This study, performed on 100 women, de-
monstrates that the Burden of Sensitive Skin (BoSS) ques-
tionnaire, evaluating the burden of subjects with sensitive 
skin, can also be used by dermatologists as a diagnostic 
tool, and that smokers present less sensitive skin on the 
face than do non-smokers. However, the problem of objec-
tive assessment of sensitive skin remains unsolved.

The assessment of sensitive skin syndrome, charac-
terized by subjective unpleasant sensations, remains 
a challenge, since there is no international consensus 
on the best diagnostic tools. This study evaluated the 
combination of the Burden of Sensitive Skin (BoSS) 
questionnaire and the current perception threshold as 
diagnostic tools for sensitive skin syndrome, and the 
relationship between BoSS and the subjects’ smoking 
status, phototype and skin type. A total of 100 women 
completed the BoSS questionnaire, and current per-
ception threshold was measured on the face. The BoSS 
score was significantly higher in the self-reported sen-
sitive skin group compared with the non-sensitive skin 
group (25.61 vs 14.05; p < 0.001), and in non-smokers 
vs smokers (23.00 vs 18.37; p < 0.05). In addition, the 
current perception threshold values were similar bet-
ween the sensitive and non-sensitive groups. These 
results suggest that BoSS is a better diagnostic tool 
for sensitive skin syndrome than the current percep-
tion threshold, and that smokers less frequently have 
sensitive skin than do non-smokers. 

Key words: burden; sensitive skin; sensory perception; neuro-
meter; diagnostic; smoking; BoSS.
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Sensitive skin syndrome (SSS) is a common skin 
condition, defined by the occurrence of unpleasant 

sensory perceptions, such as stinging, burning, tingling, 
or itching in response to physical, thermal, chemical, hor-
monal, psychological, or other stimuli that normally do 
not provoke such sensations (1). Sensitive skin may have 
a normal appearance or be accompanied by erythema. 
All body parts can be affected, but the face is the most 
frequently involved. The prevalence of SSS is approx-
imately 39% among European populations, with more 
women than men claiming to have sensitive skin (2). 

While SSS places a considerable burden on patients 
(3), its physiopathology is not well understood. Two main 
hypotheses for the physiopathology of SSS have been 
proposed: an alteration in the epidermal barrier function 
and a neurosensory dysfunction (4). Recently, SSS was 
described as a small-fibre neuropathy characterized by 
damage to the small cutaneous Aδ and C nerve fibres 

(5), especially unmyelinated C-fibres (6). Furthermore, 
a study demonstrated that, compared with control sub-
jects, patients with SSS had significantly higher scores 
for neuropathic pain and showed a significantly lower 
heat pain threshold, measured with a quantitative sensory 
test, suggesting that their unmyelinated C fibres were 
damaged (7).

Internationally, no consensus exists on how to as-
sess and diagnose SSS, as the assessment of subjective 
phenomenon is always difficult. Because SSS presents 
with mainly subjective symptoms, an assessment using 
patient-reported scales might be the most appropriate 
(6, 8). Consequently, several questionnaires have been 
developed to assess sensitive skin and how it affects 
patients’ quality of life. However, only a few of the 
questionnaires have been validated. Among these are the 
Sensitive Scale, with its 10-item version (SS-10, correla-
ting with the Dermatology Quality of Life Index) (9), the 
3S questionnaire for sensitive scalp (10), and the Burden 
of Sensitive Skin (BoSS), developed in 2018 following 
a rigorously validated methodology (11). 

Nevertheless, while subjective methods are speci-
fic, they show low reproducibility, as they rely on the 
patient’s perception. The combined use of 2 different 
SSS diagnostic methods may be a more robust alternative 
for diagnosis. The stinging test, with either lactic acid or 
capsaicin, is frequently used to assess SSS, but is specific 
for the substance applied and the timing of application, 
hence the test is not representative of the global skin 
sensitivity of the patient’s skin (8). 

Sensitivity evaluations using the current perception 
threshold (CPT) enable further insight into the underlying 
mechanisms by distinguishing the type of nerve fibres 
involved. The Neurometer® CPT® device (Neurotron Inc., 
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Aurora, CO, USA) is an electrical current generator that 
measures the sensory threshold non-invasively on the skin. 
This painless procedure assesses the functional integrity 
of sensory fibres by applying transcutaneous electrical 
stimuli through 2 electrodes and measuring the CPT. The 
electrical currents concomitantly excite large and small 
sensory nerve fibres and allow their differentiation from 
each other. The frequencies produced by the Neurometer® 
CPT® provide selective stimulation of 3 subsets of nerve 
fibres: the 2,000-Hz current stimulates large myelinated 
Aβ fibres (touch and pressure sensation), the 250-Hz cur-
rent stimulates small myelinated Aδ fibres (temperature, 
pressure, fast pain, and prickling itch sensation), and the 
5-Hz current stimulates unmyelinated C-fibres (tempera-
ture, slow pain, and burning itch sensation).

The aim of this study was to determine whether the 
BoSS questionnaire, the CPT, or a combination of both 
are valid diagnostic tools for SSS. Moreover, this study 
aimed to investigate a potential correlation of the test 
results with the self-reported severity of facial skin 
sensitivity and patients’ smoking status, phototype, and 
skin type.

MATERIALS AND METHODS

Study subjects and design

This explorative open study was conducted in accordance with the 
French and European Guidelines for Good Clinical Practice, the 
recommendations of the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals for Human Use, 
the Declaration of Helsinki 1964 and its later amendments, and 
the laws and regulations currently in force in France. According 
to the local and European regulatory guidelines, this type of study 
does not require approval from local ethics committees. Written 
informed consent was obtained from all subjects. 

In order to include an homogeneous population of women with 
sensitive skin, according to Misery et al. (12), the inclusion criteria 
were: Caucasian type, female sex, age between 25 and 50 years, 
smoker (50% of the cohort), and presenting with phototype I to III 
according to the Fitzpatrick scale. The standard exclusion criteria 
were as follows: pregnant or breastfeeding, patients undergoing 
medical treatment, medical history of allergy to cosmetics or medi-
cines, exposure to sunlight within 4 weeks preceding the study, 
skin irritation on the face, and application of products to the face 
on the day of the test (except for usual cleansers). 

Among the 104 women reporting having SSS, screened from the 
CPP Initiative/Dermatec database (Tassin La Demi-Lune, France), 
who qualified for the current study, according to their self-reported 
sensitive skin, smoking behaviour, phototype and skin type, 102 
participants were enrolled for the study between March 2019 and 
April 2019. A total of 100 subjects completed the study and were 
included in the analysis. 

During a single visit to the CPP Initiative/Dermatec investigation 
centre, the subjects completed the BoSS questionnaire, and sensory 
perception measurements were performed, as described below.

BoSS questionnaire

The BoSS questionnaire, previously described in detail by Misery 
et al. (11), was completed by all subjects. It comprises 14 questions 
grouped in 3 dimensions: 

• Self-care (finding wool uncomfortable, impact on clothing 
purchase, on choice of laundry detergent, on choice of soap, 
on choice of clothes in the morning, on choice of cosmetics, 
and on choice of jewellery).

• Daily life (restricted food, impact on choice of leisure activities, 
linked to air conditioning, and pollution).

• Appearance (blushing with emotion, blushing after physical 
activity, and being annoyed when photographed). 

The BoSS questionnaire allows the subject to self-assess the bur-
den of their sensitive skin. The total score is calculated by summing 
the scores for each of the 14 questions using the following scale: 
0 = never, 1 = rarely, 2 = sometimes, 3 = often, 4 = constantly. The 
total score ranges from 0 to 56. 

Measurement of sensory perception

Sensory perception was determined as the CPT measured with 
the Neurometer® CPT®/C (Neurotron Inc., Denver, CO, USA) 
under environmentally controlled conditions (20 ± 2°C, 50 ± 10% 
relative humidity), as previously described (13). Measurements 
were performed on the cheek within the innervation area of the 
maxillary trigeminal nerve on both sides of the face. 

Statistical and descriptive analysis

Continuous variables were normally distributed as the mean ± stan-
dard deviation. The BoSS score data were presented as box plots 
with whiskers represented either the maximum values or 1.5 times 
the interquartile range of the data, whichever was smaller. 

Comparisons of the BoSS scores for the 3 dimensions and the 
total score between different levels of binary qualitative vari-
ables (i.e. skin sensitivity, smoking) were performed using the 
Student’s test or Wilcoxon test, similar to the comparisons of the 
CPT measurements (at 2,000, 250 and 5 Hz). The BoSS scores 
(the score from the 3 dimensions and total score) of qualitative 
variables having more than 2 levels (i.e. phototype and facial skin 
type) were tested using 1-way analysis of variance followed by 
pairwise post-hoc Tukey tests. A potential association between 
the BoSS scores and CPT values was assessed using Pearson’s 
correlation coefficient. The level of statistical significance was 
defined as a p-value < 0.05.

An exploratory analysis was performed using principal com-
ponent analysis (PCA) of the data obtained on both sides of the 
subjects’ faces (n = 200) characterized by 6 standardized variables 
(the scores of each dimension of the BoSS questionnaire and the 
CPT values at 2,000, 250 and 5 Hz) in order to reduce the di-
mensionality of the graph from 6 to 2 axes while maintaining the 
highest level of variance. The main 2 axis of the PCA described 
71% of the total inertia (39% and 32%, respectively) and were 
retained in order to compute a graphical visualization of the space 
occupied by the subjects defined by these 2 axes. Subjects were 
grouped according to their self-reported facial skin sensitivity and 
their smoking status. 

PCA and statistical (Student, Shapiro and Wilcoxon) tests were 
performed with R software (version 5.3.2) (https://www.R-project.
org/) using the package ade4.

RESULTS

Subjects’ characteristics
A total of 100 female subjects aged 24 to 50 years (mean 
age 36.7 ± 7.6 years) completed the study. Sixty percent 
presented with dry to mixed dry facial skin and 40% with 
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normal to combination skin, and 64% were phototype III, 
while the remaining 46% were phototype I–II. Among all 
subjects, 59% self-reported sensitive facial skin (n = 59), 
and 54% were smokers (n = 49). 

Burden of Sensitive Skin questionnaire 
The BoSS mean total score for the subjects with self-
reported sensitive facial skin was 25.61, and the score for 
the subjects without sensitive skin was 14.05 (p < 0.001) 
(Fig. 1). Subjects with self-reported sensitive facial skin 
also had higher scores for each of the 3 BoSS dimensions 
compared with self-reported non-sensitive skin subjects: 
self-care (14.93 vs 8.20), daily life (4.64 vs 2.10), and 
appearance (6.03 vs 3.76), all p < 0.001 (Fig. 1).

A statistically significant difference was also observed 
between the BoSS total score of 23.00 in non-smokers 
and that of 18.37 in smokers (p < 0.05), which was mostly 
related to the significantly higher score in the appearance 
dimension of 5.72 vs 4.37, respectively (p < 0.01; Fig. 2). 
The results did not show a difference in the BoSS score 
between different phototypes or skin types, regardless 
of the dimension.

Measurements of sensory perception
The distribution of the CPT values for the 3 frequencies 
employed was homogeneous between the self-reported 
sensitive skin group and self-reported non-sensitive skin 
group (Table I). However, the self-reported non-sensitive 

Fig. 1. Burden of Sensitive Skin (BoSS) scores according to the self-reported facial skin sensitivity of the subjects (n = 100). (A) BoSS total 
score; (B) self-care score; (C) daily life score; (D) appearance score (***p < 0.001). Data are presented as box plots representing the lower quartile, 
the median (black line) and the upper quartile. Crosses represent mean values.

Fig. 2. Burden of Sensitive Skin (BoSS) scores according to the smoking status of subjects (n = 100). (A) BoSS total score; (B) self-care 
score; (C) daily life score; (D) appearance score (ns: p > 0.05; *p < 0.05; **p < 0.01). Data are presented as box plots representing the lower quartile, 
the median (black line) and the upper quartile. Crosses represent mean values.
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Table I. Analysis of the current perception thresholds at 2,000, 250 and 5 Hz and the Burden of Sensitive Skin (BoSS) score in subjects 
with self-reported sensitive and non-sensitive skin for both sides of their faces (n = 200)

Self-reported sensitive skin (n = 118) Self-reported non-sensitive skin (n = 82)

CPT values, Hz
ΔCPT, Hz
(250–5)

BoSS
Total score

CPT values, Hz
ΔCPT, Hz
(250–5)

BoSS
Total score2,000 250 5 2,000 Hz 250 5 

Mean (SD) 81.9 (38.2) 12.1 (8.9) 5.3 (4.6) 6.8 (6.6) 25.6 (9.5) 78.3 (36.2) 11.7 (9.5) 4.9 (4.1) 6.8 (8.9) 14 (7.1)
Median 85.0 9.5 3.0 6.5 27 75.0 9.5 3.0 3.5 14
Min–Max 12–226 1.7–40 2–27  4–47 21–171 2–40 2–23 4–26
CTP values repartition, n (%)
  Inf min* 18 (15) 15 (13) 0 (0) 46 (39) 14 (17) 12 (15) 0 (0) 40 (49)
  Range min** 84 (71) 78 (66) 105 (89) 57 (70) 50 (61) 74 (90)  
  Range max*** 16 (14) 25 (21) 13 (11) 11 (13) 20 (24) 8 (10)  
  Sup max**** 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)   
* < 40 < 4 < 1 ΔCPT< 3
** 40–117 4–17 1–9
*** 118–244 18–52 10–38
**** > 244 > 52 > 38

CPT: current perception threshold; SD: standard deviation; Inf: inferior; min: minimum; max: maximum; Sup: superior.

Fig. 3. Principal component analysis (PCA) with axis 1 vs axis 2 characterized by the 
3 dimensions of Burden of Sensitive Skin (BoSS) scores and the 3 current perception 
threshold (CPT) frequencies (Neuro_2000Hz, Neuro_250Hz, Neuro_5Hz (Neurometer® 
CPT®/C (Neurotron Inc., Denver, CO, USA)) according to smoking status and facial skin 
sensitivity. (A) Solid arrows indicate the direction and weighing of vectors representing the 6 
considered variables. (B) The subjects projected on the PCA plane (dots) are represented by their 
number and the face side (right or left). (C) The subjects are grouped according to their smoking 
status, and (D) to the presence of facial sensitive skin.

skin cohort presented similar CPT values between the 
frequencies of 250 Hz and 5 Hz (49% of the subjects). To 
observe this difference, the delta CPT was computed for 
both groups. Even if the means were similar, the median 
delta CPT was lower in the self-reported non-sensitive 
skin group due to similar values at 250 Hz and 5 Hz for 
half of the group. The results did not show a difference 
in the CPT measurements and the smoking status of the 
subjects, regardless of the frequency employed.

Burden of Sensitive Skin questionnaire and measurements 
of sensory perception
No significant association was found between the BoSS 
scores and CPT measurements, regardless of the fre-
quency employed.

The 2 main axes of the PCA accumulated 71% of the 
total inertia. The first PCA axis (39% of total inertia) was 
represented mainly by the variables related to the BoSS 
questionnaire. This values on this axis increased with 
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decreasing BoSS scores for the 3 variables (Fig. 3A). 
The second axis (32% of total inertia) was represented 
mainly by the 3 variables related to the CPT measure-
ments. The values on this axis increased with decreasing 
CPT values at the 3 frequencies (Fig. 3A). The distri-
bution of subjects in this 2-dimensional space showed 
that the BoSS scores were lower in smokers than in 
non-smokers (Fig. 3C). Indeed, the coordinates along 
the first PCA axis were higher for smokers than for 
non-smokers. The results also showed that smokers had 
higher CPT values, with coordinates along the second 
PCA axis lower than those of non-smokers. Similarly, 
self-reported facial skin sensitivity was associated with 
higher BoSS scores than those in subjects without sen-
sitive skin (Fig. 3D).

DISCUSSION

To the best of our knowledge, this is the first study using 
CPT measurements in combination with the BoSS as a 
diagnostic tool for SSS. Three conclusions can be drawn 
from these results. First, this study showed an association 
between the BoSS scores and the self-report of facial skin 
sensitivity, which might enable us to distinguish between 
sensitive and non-sensitive skin. Secondly, the results 
suggest that either smokers less frequently have SSS 
than non-smokers. Thirdly, no significant association was 
found between CPT values and self-reported sensitive 
skin, BoSS scores, or smoking status, regardeless of the 
CPT frequency employed. Interestingly, a trend toward 
similar CPT values at frequencies of 250 and 5 Hz was 
found in subjects without facial sensitive skin, and higher 
CPT values were observed in smokers by PCA analysis, 
compared with non-smokers. 

The BoSS questionnaire measures the burden of SSS, 
which is associated with the severity of the disease, but 
the current study shows that it may also serve to diagnose 
SSS. In our initial study, the mean BoSS score in the very 
sensitive facial skin group corresponded to a BoSS score 
of ≥ 23 (11). In the current study, the mean BoSS score 
of the self-reported sensitive skin group was 25.6, sug-
gesting that these subjects can be considered as having 
a very sensitive skin. 

Moreover, the findings of the current study indicate an 
association between absence of smoking and SSS. The 
smoking status of subjects with SSS was also investiga-
ted by Falcone et al. (14), who demonstrated that 258 
women who smoked at the time of the study or had a 
history of smoking had an increased, albeit not signifi-
cantly increased, risk of sensitive skin compared with 
non-smoking women. A recent study performed in China 
on 1,598 subjects reported more smokers with sensitive 
skin (15). In the current study, the subjects were only 
asked whether they currently smoked and not whether 
they had smoked in the past, which might explain the 
difference in the results. An explanation of the reduction 

in SSS by smoking could be the thickness of the stratum 
corneum in smokers, although data in the literature are 
controversial. In one study, the thickness of the stratum 
corneum correlated negatively with the number of years 
smoking, whereas no correlation with smoking status 
was found in 71 men and women (16). Another study 
demonstrated that 98 men who had smoked for at least 
15 years had a thicker stratum corneum on their cheeks, 
but not on their temple, abdomen, dorsal forearm, or 
non-sun-exposed upper inner arm, compared with men 
who had never been smokers (17). Another hypothesis 
could be an adaptation of the skin to chronic exposure to 
smoke, inducing a reduction in skin sensitivity to avoid 
overreaction. Finally, nicotine, the major compound of 
cigarettes, is known to have anti-inflammatory properties 
through inhibition of prostaglandin synthesis (18, 19). 

No variations in the BoSS scores were observed in 
relation to phototypes or skin types. Regarding the skin 
phototype, some studies have associated sensitive skin 
with fair skin (12, 14, 20), possibly due to a thinner 
epidermis than in more pigmented skin (16). However, 
the association between sensitivity and fair skin re-
mains controversial, as other studies could not confirm 
an association of sensitive skin with skin phototype or 
ethnicity variations (20–23). While the current results 
do not show an association, subjects with phototypes IV 
to VI were excluded. The results showed no association 
between self-reported sensitive skin and dry, normal, 
or combination skins, in agreement with the systemic 
review by Richters et al. (24), whereas dry skin has been 
described as more sensitive than normal, combination, 
or oily skins (12, 20).

No association of CPT values with self-reported sensi-
tive skin was observed in the current study. Since damage 
to small cutaneous Aδ and C nerve fibres, especially un-
myelinated C-fibres (6), has been described in sensitive 
skin (5), we expected a significant decrease in the CPT 
at 5 Hz in sensitive skin compared with non-sensitive 
skin. This has been described in several studies (13, 25, 
27, 28). In some reports, CPT was also reduced at 250 
Hz (13, 27, 28). In previous studies using CPT assess-
ment, the stinging test (mostly with lactic acid) has been 
used to discriminate sensitive skin. Herein, self-reported 
sensitive skin and the BoSS questionnaire were used to 
identify sensitive skin more adequately (13, 25, 27, 28). 
Some possible limitations of the current study are the 
number and age of the subjects, as well as the skin types 
and phototypes included in the cohort. 

The diagnosis of SSS is difficult, as it is commonly ba-
sed on subjective symptoms, without defined individual 
thresholds. Nevertheless, since the BoSS questionnaire 
was able to identify SSS in this study, a score calculated 
from the BoSS that indicates the presence of sensitive 
skin could be useful for future studies. As SSS is a sub-
jective phenomenon, the performance of cumbersome 
objective tests may be of limited value. 
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In conclusion, this study suggests that the smoking 
status of the patients should be taken into consideration 
during diagnosis of SSS. In addition, the BoSS question-
naire, more than a SSS burden evaluation questionnaire, 
can also be considered as a good diagnostic tool for SSS, 
whereas CPT measurements could be more useful in 
identifying the absence of SSS, as performed in subjects 
with diabetes (29). Additional investigations are needed 
in larger and more diverse populations to propose a 
cut-off score. Finally, further studies on the correlation 
between the BoSS score and objective measurements 
of skin sensitivity should be performed to improve our 
understanding of SSS.
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