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Abstract

Background: Stratum corneum hydration (SCH) and transepidermal water loss
(TEWL) provide useful information about skin barrier function. This study aimed to
determine the value of GPSkin Pro, a new handheld device determining both SCH
and TEWL, to measure skin barrier impairment and to monitor barrier function in
rosacea in daily practice.

Materials and Methods: Two pilots were performed. Pilot 1: in 27 healthy partici-
pants, GPSkin SCH and TEWL were compared to Aquaflux® and Epsilon® values at
the forearm before and after skin barrier perturbation via tapestripping. Moreover,
GPSkin values were measured at both cheeks without intervention. Pilot 2: in 16
rosacea patients, GPSkin measurements were performed at the forearm, and at both
cheeks before and during anti-inflammatory treatment. They were compared to clini-
cal symptoms and to GPSkin values from pilot 1.

Results: Pilot 1: after merging data from before and after tapestripping, a strong
correlation was observed between GPSkin TEWL and Aquaflux® (R, = 0.9256), and
GPSkin SCH and Epsilon® (R, = 0.8798). Pilot 2: SCH was significantly lower at the
cheeks of rosacea patients compared to controls, with a normalizing trend during
successful treatment. TEWL was comparable among patients and controls and did
not change during treatment at all locations.

Conclusion: The GPSkin determines TEWL and SCH accurately in healthy and im-
paired skin barrier state and can monitor skin barrier function in rosacea during treat-
ment. The GPSkin device is much more practical compared to previous skin barrier
tools when used in clinical practice. Its further validation in other inflammatory skin

diseases is recommended.
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1 | INTRODUCTION

Measurement of stratum corneum hydration (SCH) and transepi-
dermal water loss (TEWL) provide important information about the
function of the skin barrier.” Impaired skin barrier function due to
stratum corneum (SC) abnormalities is a hallmark of chronic inflam-
matory skin diseases, such as atopic dermatitis, psoriasis, and pos-
sibly also rosacea.>> SCH and TEWL are also promising markers to
distinguish healthy from inflamed skin and to monitor treatment.®®

A variety of skin barrier device methodologies is available to
measure SCH and TEWL.%>?1! Unfortunately, these conventional
devices have various disadvantages; they are expensive, bulky, not
wireless, require repeated calibration, and intra- and inter-instru-
ment variation is large, making comparison of study outcomes chal-
lenging.® For all these reasons, assessment of skin barrier function is
currently limited to research facilities with the available financial and
logistic resources.

Recently, a new, noninvasive handheld device measuring SCH
and TEWL simultaneously was introduced; the GPSkin. It is low-
cost, light-weight, pocked-sized, rapid, wireless, and data are di-
rectly transmitted to a smartphone application via Bluetooth. Earlier
studies showed that the GPSkin provides precise and reliable SCH
and TEWL values when compared to conventional devices in healthy
skin.*?1* Moreover, it is able to show skin barrier differences after
application of topical agents.14 However, to our knowledge its valid-
ity in case of a damaged skin barrier and its ability to monitor skin
barrier function in patients with inflamed skin is not examined yet.
As papules and pustules in rosacea often improve during anti-inflam-
matory treatment,'® we will use this facial dermatosis as a model to
monitor inflamed skin state.

The aim of this study was to determine the value of GPSkin to mea-
sure accurate SCH and TEWL values after barrier function impairment,

by comparing these values with conventional devices. Moreover, the
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value of the GPSkin to monitor skin barrier function in daily practice in
rosacea patients during anti-inflammatory treatment was determined.

To do so, GPSkin values were compared to clinical scores.

2 | MATERIALS AND METHODS

This explorative pilot study, approved by the local medical ethics com-
mittee, consisted of two sub-pilots (Figure 1). In pilot 1, SCH and TEWL
were determined with the GPSkin Pro (GPOWER Inc) at the volar fore-
arm in healthy volunteers before and directly after skin barrier pertur-
bation. As a validation for GPSkin values, parallel measurements with
conventional devices were conducted; SCH with the Epsilon (E100,
Biox), and TEWL with the Aquaflux (AF200, Biox). In pilot 2, GPSkin
values were measured at both cheeks in rosacea patients before
and during treatment. These values were linked to GPSkin values of

healthy controls from pilot 1, and to their clinical symptoms.

2.1 | Devices
2.1.1 | GPSkin

The GPSkin measures SCH and TEWL simultaneously by placing its
probe onto the skin during 5-10 seconds. For SCH, two electronic
sensors at the edge of the probe measure SC capacitance (ie dielec-
tric constant). For TEWL, the probe opening (11 x 14 mm) contains
a pseudo-closed chamber system with temperature and humidity
sensors; this system is similar to a closed chamber system, but pro-
vides chamber ventilation to decrease its humidity and pressure. All
measurement results are directly sent by Bluetooth to a smartphone
application for data access.??*®%6 The device weights 40 g and is
wireless.

GPSkin, Epsilon, Aquaflux

FIGURE 1 Overview of the study
design, consisting of two sub-pilots. Pilot
1, healthy volunteers. GPSkin, Epsilon, and
Aquaflux measurements were performed
at the right volar forearm before and
directly after tapestripping. Moreover,

Pilot 2. Rosacea patients
GPSkin

/ Clinical scores
GPSkin
[ ]
Start of new rosacea
treatment (topical, oral) [ ]

Measurement 1

Measurement 2
(min. 1 mo after measurement 1)

GPSkin measurements were performed
one at the left and right cheek without
intervention. Pilot 2, rosacea patients.

GPSkin

Clinical scores
./ GPSkin GPSkin values and clinical scores were

determined at the left and right cheek
before and min. 1 mo after start of new
topical and/or oral anti-inflammatory
rosacea treatment. Additionally, GPSkin
values were determined at both time
points at the right volar forearm without
intervention
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2.1.2 | Epsilon

Stratum corneum hydration can be measured with the Epsilon, a new
generation corneometer, calculating the electrical capacitance of the
SC by placing the probe of the device (1.3 x 1.5 cm) onto the skin for
30 seconds. Compared to conventional single sensor corneometers,
the Epsilon contains 76 800 sensors, arranged in a 256 x 300 array
with a spacial resolution of 50 um and a sensing depth of 20 um.
Moreover, analysis software is integrated into the device, and linear
water-content-based images can be obtained. This allows mapping
of SCH and exclusion of regions with poor physical contact between
sensor and skin.'”Y? The device is transported in a 2 kg case and

measurements require connection to a laptop.

2.1.3 | Aquaflux

This device measures TEWL by placing its probe onto the skin for
a maximum of 180 s. The probe opening (7 x 7 mm) holds a closed
chamber equipped with a condenser (-7.65°C). The condenser acts
as a sink for incoming water vapor, crystallizing incoming moisture
into ice. Water vapor flux due to diffusion is calculated using the
humidity sensor with inbuilt calibration. No recovery time is neces-
sary before starting the next measurement, as the chamber microcli-
mate is controlled, independently of ambient humidity.!%'82022 The

device in total weights 1020 g and requires connection to a laptop.

2.2 | Pilot 1 healthy skin
2.2.1 | Participants

For pilot 1, healthy Caucasian volunteers were included. Informed
consent was obtained from each participant. Measurements were
performed in August 2018 at the department of Dermatology,
Radboud University Medical Center, Nijmegen, the Netherlands.
Exclusion criteria were: age <18 years, diagnosis of inflammatory/ac-
neiform skin diseases, signs of inflammatory/acneiform skin diseases
at the measurement sites, and use of immunosuppressive medica-
tion. Subjects did not use cream, body lotion, or foundation on the
day of measurements and refrained from physical activity and show-

ering within 3 hours before the measurements.

2.2.2 | Study procedures

The measurements took place at the right volar forearm, because this
location is easy to access, mainly refrained from UV-light damage, hair,
and sebaceous glands, and often used as a standard anatomical site
for skin barrier studies.®??2* All procedures were performed by one
investigator (JGML). A circular area of approx. 3 x 3 cm was demarked
with a pen at this location. The demarked skin was acclimatized to
ambient air (room temperature: 22-26°C; air humidity: 40%-65%) for
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at least 10 minutes before start of measurements. Volunteers were
placed in upright, sitting position during all study procedures.

First, SCH and TEWL were measured with the GPSkin once at the
air-exposed forearm. Then, SCH was determined by performing one
measurement with the Epsilon. The Snapshot mode was used with
a 5 seconds delay after first skin contact, and the average of three
frames was calculated automatically. For both devices, moderate pres-
sure was applied to keep contact with the skin surface. Thirdly, TEWL
was measured with the Aquaflux. After calibration of this device, two
measurements were performed with standard settings and a maximum
measurement time of 180 seconds. The average of the two measure-
ments was calculated. The Aquaflux was kept steady and perpendicular
to the skin surface with very light skin pressure during measurements.

Next, the skin barrier of the demarked forearm location was dis-
turbed using tapestripping, a noninvasive, painless, widely applied pro-
cedure to analyze SC barrier function without interfering with deeper,
living epidermal keratinocytes.”?>?? Repetitive adhesive tapes were
applicated to the skin for 10 seconds with a standardized pressure pen
(150 g/cm2; D'Squame) and sequentially removed until the skin became
partly to homogeneously refulgent, corresponding to partial to almost
complete removal of the SC; 13-33 tapes per volunteer were needed.
In this way, a wide range of SCH and TEWL values was obtained.

Directly after the tapestripping procedure, GPSkin, Epsilon, and
Aquaflux measurements were repeated at the demarked location as
described above. Lastly, one GPSkin measurement per cheek site
was performed in each volunteer for later comparison to rosacea
patients in pilot 2 (Figure 1).

2.3 | Pilot 2 Rosacea
2.3.1 | Participants

Patients with a clinical diagnosis of facial rosacea were included in
pilot 2 after signing informed consent. They were recruited between
July and December 2019 at the department of Dermatology, Radboud
University Medical Center, Nijmegen, Netherlands. Patients needed
to start with new topical or oral anti-inflammatory rosacea treatment
according to clinical daily practice via their physician.t® Excluded
were patients aged <18 years, using immunosuppressive medication,
or having other facial dermatological conditions or underlying dis-

eases able to interfere with rosacea diagnosis or assessment.

2.3.2 | Study procedures

Forearm and facial skin were acclimatized to ambient air for at least
10 minutes before the start of measurements. Then, one GPSkin
measurement per cheek site and at the right volar forearm was per-
formed. Additionally, facial clinical assessment was performed in-
cluding lesion count, investigator's global assessment (IGA), papules
and pustules scale, erythema scale, and telangiectasia scale (Table

S1). Directly after these measurements, anti-inflammatory rosacea
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FIGURE 2 Linear regression with R?-values and 95% confidence intervals (dotted lines) for GPSkin vs conventional devices. Spearman
correlation coefficient (R ) is also displayed. GPSkin was tested against the Aquaflux to measure TEWL (A) and the Epsilon to measure

hydration (B)

treatment was started; topical ivermectin (n = 13), topical metroni-
dazole (n = 1), doxycycline (n = 1), or topical ivermectin combined
with doxycycline (n = 1). Minimally 1 month later (median follow-up
time: 63 days; range: 35-94 days), GPSkin measurements and clini-

cal assessment at both cheeks and the right forearm were repeated.

2.4 | Statistical analysis

Due to the nonparametric character of data from pilot 1, Spearman
correlation analysis (R,) was used to calculate the relationship between
GPSkin values and results obtained from the Aquaflux and Epsilon.
Next, a simple linear regression analysis (R?) was performed to test
for a possible linear relationship between the measurements from
the GPSkin and conventional devices. For both analyses, values from
before and after tapestripping were merged. For pilot 2, differences
between baseline GPSkin values of rosacea patients and healthy con-
trols were analyzed using the Mann-Whitney U test. A Friedman test
with Dunn-Bonferroni post hoc method was performed to demon-
strate possible differences between GPSkin results among the three
body sites. GPSkin and lesion count differences of rosacea patients at
baseline and during therapy were explored with the Wilcoxon signed-
rank test. For all statistical tests, P-values <.05 were considered signif-
icant. Statistical analysis was performed using GraphPad Prism 5.03
(GraphPad Software) and SPSS (SPSS statistics 25, IBM Corporation).

3 | RESULTS

3.1 | Pilot 1 healthy skin

Twenty-seven volunteers (18 females and nine males; median age
37 years, range 23-67 years; skin type I-Ill) participated in pilot 1.
Correlation of GPSkin TEWL and SCH with Aquaflux and Epsilon
was very strong (R, > 0.80; Figure 2), and also highly linearly related

(R? > 0.80). Interestingly, the range of Epsilon values was large with
GPSkin values > 60. Before tapestripping, median TEWL was 5.1 g/
m?/h (range: 0.4-19.6) for GPSkin and 12.2 g/mz/h (range: 8.1-17.6)
for the Aquaflux. Median SCH was 21 arbitrary units (a.u.; range:
9-38) for the GPSkin and 9.6 a.u. (range: 5.3-16.1) for the Epsilon.
After tapestripping, median TEWL was 42.7 (range: 19.6-80.0) for
the GPSkin and 70.8 (range: 25.1-88.3) for the Aquaflux. Median
SCH was 73 (range: 27-74) for the GPSkin and 45.7 (range: 10.6-
63.5) for the Epsilon.

3.2 | Pilot 2 Rosacea
3.2.1 | Comparison to healthy controls

Sixteen rosacea patients (11 females and five males; median age
51 years, range 21-84 years) participated in pilot 2. No significant
differences were found in TEWL GPSkin readings between rosacea
patients and controls (Figure 3A). Post hoc analysis revealed that
TEWL at the forearm was significantly lower compared to the left
and right cheek, both in rosacea patients as well as controls (P < .05).
SCH was significantly lower in rosacea patients compared to con-
trols at the left and right cheek (Table 1, Figure 3B). SCH values

showed no significant anatomical differences.

3.2.2 | Effect of treatment

All 16 rosacea patients attended the follow-up visit. The GPSkin
follow-up data from the volar forearm of one patient were excluded,
because TEWL and SCH were very low (4 g/mz/h and 1 a.u. respec-
tively), probably due to a low battery. Median number of facial in-
flammatory lesions significantly decreased from 19 (range 0-45) at
baseline to 3 (range 0-21; P =.001) during treatment. Improvement in

IGA and erythema was noticed; telangiectasias remained unaffected
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FIGURE 3 GPSkin results at the left cheek, right cheek, and volar forearm of rosacea patients at baseline and healthy controls. (A),
TEWL, transepidermal water loss. (B), SCH, stratum corneum hydration. The boxes indicate the median value with 75th percentile and range.

*0.01 2 P<.05, **0.001 2 P<.01, ***P < .001

TABLE 1 GPSkin values of rosacea patients at baseline compared to healthy controls

Left cheek Right cheek Volar forearm
Rosacea Controls P- Rosacea Controls P- Rosacea Controls P-
(n=16) (n=27) value (n=16) (n=27) value (n=16) (n=27) value
TEWL, g/ 14.4 17.2 77 15.1 16.7 91 6.8 5.1 .24
m?/h (8.3-32.4)* (8.3-45.5) (7.8-30.3) (6.2-43.1) (2.3-28.5) (0.4-19.6)
SCH, a.u. 19 (3-31) 25 (1-51) .010 16 (3-29) 23 (7-49) .013 16 (6-54) 21 (9-38) .062

Abbreviations: a.u., arbitrary unit; SCH, stratum corneum hydration; TEWL, transepidermal water loss.

#Values are expressed as median (range).
Bold values indicate statistically significant P < .05.

(Figure 4). Compared to baseline, TEWL at both cheeks and the fore-
arm did not change at follow-up (Table 2, Figure 5). Although not sta-
tistically significant, a clear trend toward increased SCH at the left
and right cheek was seen during treatment; this increase in SCH was
not seen at the forearm. Figure 6 showed that SCH and TEWL were
significantly and negatively correlated (R;=-0.3970, P = .024). No
correlations were found between GPSkin values and clinical scores
(R? all < 0.25; data not shown).

4 | DISCUSSION
We showed that the GPSkin is able to provide reliable and accu-
rate TEWL and SCH values compared to conventional devices,
also after skin barrier perturbation. Moreover, we found that SCH,
measured with the GPSkin, was significantly lower in rosacea pa-
tients compared to controls, with a recovering trend toward normal
values after successful rosacea treatment. TEWL values in rosacea
patients were comparable to healthy controls and did not change
during treatment.

The GPSkin offers interesting advantages for application in clin-

ical practice compared to conventional skin barrier devices. First,

it measures TEWL and SCH simultaneously, preventing precise re-
placements of probes on the same skin site.}* Second, data about
skin temperature and humidity are displayed. Third, it is extremely
portable, affordable, allows rapid, and simple measuring and has a
long battery life (months, depending on use frequency), resulting
in much higher ease of use compared to the non-wireless, heavi-
er-weighted Epsilon and Aquaflux. Forth, data results are immedi-
ately visible at the smartphone screen, allowing immediate feedback
to the patient. Based on our experiences within this study, this is
very beneficial for improvement of therapy compliance.

In pilot 1, the correlation of TEWL and SCH measured by the
GPSkin and conventional tools was very high, both before and
after tapestripping. The Aquaflux has a sophisticated chamber

10,20 and

system to measure changes in TEWL after tapestripping,
the Epsilon provides precise SCH values due to its multi-sensor
character.’’” This implicates that the GPSkin is able to provide
very accurate skin barrier values as well. Aquaflux TEWL values
were consistently higher compared to GPSkin with equal ranges,
both before and after tapestripping. This can be explained by
calibration differences between both devices.'? Theoretically,
unventilated closed chamber systems such as GPSkin could re-

sult in divergent values after prolonged measuring due to water
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FIGURE 4 Clinical scores of all rosacea patients (n = 16) at baseline and during treatment (= follow-up). (A-C), IGA scale, erythema scale,

and telangiectasia scale. IGA, investigator's global assessment

vapor accumulation,®° but this was not observed in this study.
Regarding SCH, GPSkin values were higher than Epsilon values.
As the Epsilon has multiple sensors, the sensing depth is more
superficial compared to conventional devices (which have only
one sensor), confining measurement to the ‘dry’ SC only before
tapestripping.17 After tapestripping, SCH measured by the Epsilon
showed larger diversity than those measured by the GPSkin
(Figure 2). This may be caused by tapestripping heterogeneity;
this technique often results in skin areas with high damage sur-
rounded by relatively undamaged SC.1° Due to the relatively large
probe surface and multi-sensory character of the Epsilon, all these
areas were integrated into the measurement, while GPSkin values
were determined based on only one sensor with a smaller probe.
Moreover, if the SCis mostly removed, capacitance measurements
primarily reflect the hydration state of the ‘wet’ stratum granulo-
sum rather than the SC2%2%, especially the Epsilon device seems
less reliable in this situation.

The number of tape strips removed varied between the healthy
volunteers; we tried to induce a partial to almost complete skin bar-
rier removal, in order to obtain a wide range of SCH and TEWL val-

ues. A stronger SC cohesion results in less mass removal, requiring

more strips to be applicated for the same barrier disruption effect.”
Tape stripping procedure may be influenced by contact time, ana-
tomical location, and applied pressure.®® Therefore, a standardized
protocol is needed, which we used.

Current literature is inconclusive regarding potential SCH and
TEWL differences in rosacea skin compared to healthy skin, prob-
ably due to a large heterogeneity in studied rosacea subtypes,
measurement locations, and biophysical devices.>* We hypothe-
size that rosacea skin displays decreased SCH due to skin dryness,
a frequently mentioned symptom in this skin disease. Application
of topical treatment, such as ivermectin, reduces skin dryness and
thereby increases SCH. SCH and TEWL were negatively correlated
in the rosacea group, implying that an increase in skin hydration
could slow down the TEWL.} Decreased TEWL after treatment
was however not observed in this study. Possibly, skin barrier
recovery measured by TEWL takes longer than the immediate
moisturizing effect, especially in nonprotected areas such as the
face 14.32.33

Both in rosacea patients and in controls, TEWL of the forearm
was lower than the cheeks. This is in line with previous work; ana-

tomical differences in TEWL may be caused by intrinsic differences



LOGGER ET AL.

WILEY-L2

TABLE 2 GPSkin values of rosacea patients at baseline and during treatment

Left cheek Right cheek Volar forearm
During During During
Baseline treatment P- Baseline treatment P- Baseline treatment P-
(n=16) (n=16) value (n=16) (n=16) value (n=16) (n=15) value
TEWL, g/m%/h 144 13.6 .23 15.1 14.9 .59 6.8 7.8(3.4-28.9) .36
(8.3-32.4)° (6.7-25.3) (7.8-30.3) (6.7-34.1) (2.3-28.5)
SCH, a.u. 19 (3-31) 22 (13-38) A1 16 (3-29) 21 (7-34) .059 16 (6-54) 16 (9-43) .70
Abbreviations: a.u., arbitrary unit; SCH, stratum corneum hydration; TEWL, transepidermal water loss.
2Values are expressed as median (range).
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FIGURE 5 GPSkin results at the left cheek, right cheek, and volar forearm of rosacea patients at baseline and during follow-up. (A),
TEWL, transepidermal water loss. (B), SCH, stratum corneum hydration. The boxes indicate the median value with 75th percentile and range
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FIGURE 6 Weak inverse correlation found between stratum
corneum hydration and transepidermal water loss in rosacea
patients (baseline and follow-up data combined), measured with the
GPSkin

in eccrine sweat gland and sebaceous follicle activity, skin tem-
perature, blood flow, SC thickness, lipid content, and corneocyte
size and turnover time.3***Most likely, also external physical ef-
fects in the face may cause differences in TEWL values. No chi-
ral skin barrier differences seem to occur between the left and
right forearm.3®%” However, regional differences for both TEWL

as well as SCH exist within short distances of the face, requiring

measurements at exactly the same place during follow-up.3%3¢-38

This makes rosacea a challenging model for skin inflammation.

In pilot 2, we deliberately chose not to use a climate room during
measurements, as this prevents translation of our results into the daily,
clinical setting. We accepted normal fluctuations in weather, season,
and daytime. Despite this, TEWL values were constant at baseline and
at follow-up, implying that external factors did not have a large impact
on the results at both time points. This is a very interesting finding,
making application in daily practice certainly feasible. However, it re-
mains important to interpret skin barrier results in the light of potential
influencing external factors such as temperature, humidity, occlusion,

UV-light, anatomical location, cream use, physical activity, and sweat-

ing
TEWL, a baseline value should always be registered in each patient,

5853940 Considering the inter-individual variations in SCH and

and lesional skin should be compared with non-lesional skin.’?

5 | CONCLUSION

The GPSkin allows accurate, simple, and rapid determination of
TEWL and SCH, both in normal as well as in impaired skin barrier.
Moreover, the GPSkin is able to measure improvement in skin bar-
rier parameters in inflamed skin during successful treatment and

could therefore possibly contribute to objectification of treatment
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effectiveness. Based on our results, influence of external fac-
tors on GPSkin values seems to be limited. Further validation of
the GPSkin in other inflammatory skin diseases with impaired
skin barrier, such as atopic dermatitis and psoriasis, is preferred.
Ultimately, the GPSkin would replace the conventional, expensive,
and relatively complex skin barrier tools, both in research and
clinical setting. This paves the way for objective, home-based skin
barrier monitoring for patients with a variety of inflammatory skin
diseases, further improving patient-centered care and therapy

compliance.
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