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1 | INTRODUCTION

| AnujaV.Shah? | Eric L. Simpson?

Abstract

Background: Transepidermal water loss (TEWL) and surface capacitance measure
skin barrier permeability and stratum corneum (SC) hydration, respectively, and are
frequently utilized in atopic dermatitis clinical trials. Many barrier devices are costly
and often used only in the academic setting. GPSkin is a low-cost, patient-operated
device that measures both TEWL and SC hydration. This study aimed to test the reli-
ability of GPSkin and assess its correlation with current industry standards.
Materials and Methods: GPSkin was compared to the Biox AquaFlux (TEWL) and
Courage-Khazaka Corneometer (SC hydration). Participants with healthy skin (n = 50)
collected measurements with GPSkin in Trial 1 without any device education and in
Trial 2 with additional instruction. In Trial 2, the investigator also performed measure-
ments with GPSkin. Spearman's coefficients (r) were performed to assess device cor-
relation. Intraclass correlation coefficients (ICC) were calculated to determine
reliability.

Results: Overall, GPSkin was moderately correlated with current industry device
measurements for TEWL (Trial 1 r_:0.48; Trial 2 r_:0.40 participant, 0.34 investigator)
and SC hydration (Trial 1 r:0.63; Trial 2 r:0.45). GPSkin demonstrated “good” test-re-
test reliability for both TEWL (ICC: 0.89) and SC hydration (ICC: 0.85) measurements
when participants were provided with some device education. There was no differ-
ence in reliability between participants provided with device education and
investigators.

Conclusion: Based on these findings, we concluded that GPSkin provides reasonably
precise and reliable measurements of SC hydration and TEWL as compared to cur-

rent devices.
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whereas measuring surface capacitance provides information about
epidermal hydration. Clinical trials utilize both TEWL and SC hydra-

tion to monitor disease activity (eg, atopic dermatitis) and/or re-

The ability to measure skin barrier properties such as transepider-
mal water loss (TEWL) and surface capacitance provides objective
information to investigators and clinicians regarding skin barrier
function."> TEWL is a validated measure of epidermal permeability,2

sponse to interventions.®

Conventional devices that measure TEWL and SC hydration
can be costly, bulky, and require delicate calibration before each
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use. For these reasons, the availability of barrier devices is often
limited to tertiary care and research facilities, restricting pa-
tient populations that may participate in studies of skin barrier
function. GPSkin is a low-cost, non-invasive skin barrier device
marketed as patient-operable. It is compact and functions via
Bluetooth to a smartphone application. GPSkin potentially allows
for skin barrier monitoring by patients in their home; however, the
performance characteristics of the GPSkin device have not been
well described. The objective of this study was to validate GPSkin
by assessing its reliability and its correlation with current industry
devices.

2 | MATERIALS AND METHODS

2.1 | Study design

This prospective cross-sectional validation study was conducted
at a single institution. Participants 18 years of age and older with
healthy skin, without any active inflammatory skin conditions, par-
ticipated in the study at the Oregon Health & Science University
Dermatology Department (Oregon, USA). The Institutional Review
Board approved this study, and informed consent was obtained for
all participants.

Measurements were collected on the volar forearm as it is easily
accessible, has been a standard anatomical site of previous barrier
studies, and demonstrates similar reactivity and baseline measure-
ments to many other body regions.6 Device probes were held
perpendicular to the skin surface for duration of measurement col-
lection with enough pressure to create an adequate seal.

The GPower GPSkin device (TEWL and SC hydration) was
compared against current industry devices widely used: the Biox
AquaFlux (TEWL) and Courage-Khazaka Corneometer (SC hy-
dration; Figure 1). This study involved two trials (Table 1). In each
(n = 50), participants collected their own measurements with GPSkin;
AquaFlux and Corneometer measurements were investigator-col-
lected. Participants were provided with minimal device instruction
for Trial 1. Additional device education was provided prior to Trial
2. Additionally, investigator-performed GPSkin measurements were

collected in Trial 2.

2.2 | The devices

2.2.1 | Biox AquaFlux

The Biox AquaFlux AF 200 Evaporimeter utilizes a closed chamber
condenser system to measure TEWL. The purpose of the condenser
is to create an area of low humidity in the chamber relative to the
specimen being measured. Moisture from the chamber atmosphere
is sequestered onto the condenser and crystallized into ice, leaving
an area of lower humidity in the main chamber region. The probe
contacts the moisture-rich skin and water vapor passively diffuses
from high to low humidity, toward the Biox AquaFlux chamber
sensor.’

2.2.2 | Courage-Khazaka Corneometer

The Courage-Khazaka Corneometer CM 825 provides a marker of
skin hydration via a high frequency (0.9-1.2 MHz) capacitance meas-
urement of a dielectric skin medium. Utilizing the dielectric medium
in the skin, the Corneometer measures a dielectric constant, which
is reported in arbitrary Corneometer units of 0-120. This dielectric
constant is sensitive to changes is moisture and is what allows capac-

itance measurements to function as a surrogate for skin hydration.g'9

2.2.3 | GPower GPSkin

The GPower GPSkin measures both TEWL and skin capacitance. The
GPSkin capacitance measurement is collected from two sensors on
the outer edge of the probe and follows the same technological prin-
ciples as the Corneometer.

GPSkin utilizes a pseudo-closed chamber system for TEWL mea-
surement. The pseudo-closed chamber model is similar to a closed
chamber system but provides a degree of chamber ventilation to de-
crease chamber humidity and pressure. Further specifics on probe
configuration remain proprietary at this time.

Both TEWL and SC hydration are transmitted via Bluetooth to a
smartphone application where data may be accessed and analyzed.*°
GPSkin is currently being used for investigative purposes only and is

not yet FDA approved.

(©)

FIGURE 1 Study devices. A, Biox AquaFlux AF200, capable of measuring TEWL, (B) Courage-Khazaka Corneometer CM 825, capable of
measuring skin capacitance, and (C) GPower GPSkin, capable of measuring both TEWL and skin capacitance
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TABLE 1 Data collection schematic

FIGURE 2 Intraclass correlation
coefficients (ICCs) to Assess Device Test-
Retest Reliability. ICCs were calculated
for both TEWL (A,B,E,F) and hydration
(C,D,G,H) measurements collected by
participants (triangles) and investigators
(circles) for GPSkin (A,C,E,G), the
AquaFlux (B,F) and the Corneometer
(D,H). Data consisted of two outliers not
contained within the above graphs (B,F).
TEWL ICCs improved from Trial 1 to 2:
GPSkin improved from 0.18 (A) to 0.89

in Trial 2 (E) when comparing participant-
collected measurements and the AquaFlux
improved from 0.58 (B) to 0.86 (F). ICCs
reliability is interpreted as follows: <0.5,
poor; 0.5-0.75, moderate; 0.75-0.9, good;
and > 0.9 excellent.? “ICC for participant
vs participant, #ICC for participant vs
investigator, ICC for investigator vs
investigator

2.3 | Controlling for variables

TEWL and SC hydration measurements may be affected by exter-
nal factors, such as emollient use, hygiene habits, and room con-
ditions. These variables were controlled for during measurement
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Device Measure Trial 1 (n = 50) Trial 2 (n = 50)
GPSkin TEWL + hydration Participant Participant + investigator
AquaFlux TEWL Investigator Investigator
Corneometer Hydration Investigator Investigator
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humidity as thermal sweating is unlikely to occur and skin tempera-

ture is unlikely to affect measurements in this range.6 Participants

collection.®*! The study room was maintained at 20-22°C, 30%-50% for 6 hours prior to measurements.

were required to acclimate to the environment for 10-15 minutes.
The microclimate above the skin is sensitive to changes in water

vapor, so participants were not allowed to apply emollients or bathe
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2.4 | Statistical analysis

Primary outcomes included TEWL and SC hydration meas-
ured on healthy skin. Each measurement was collected twice to
allow for calculation of means and analysis of device test-retest
reliability. Intraclass correlation coefficients (ICCs) were cal-
culated by a two-way mixed effect model, with absolute agree-
ment, and classified as poor (<0.5), moderate (0.5-0.75), good
(0.75-0.9), or excellent (>0.9).12 Spearman's correlation coef-
ficients (rs) were utilized to assess the correlation between re-
lated devices (GPower GPSkin and AquaFlux; GPower GPSkin and
Corneometer). r, were categorized as very weak (0.00-0.19), weak
(0.20-0.39), moderate (0.40-0.59), strong (0.60-0.79), or very
strong (0.80-1.0). Statistical analysis was performed using Stata
software (StataCorp, LLC, College Station, TX, USA).1

3 | RESULTS

3.1 | Trial1l

Fifty participants with healthy skin were included in Trial 1. Mean
(+SD) TEWL values were 7.89 g/m?h (+5.09) for GPSkin and 12.62 g/
m2h (+7.78) for the AquaFlux. Mean SC hydration values were 22.88
AU (£7.27) for GPSkin and 34.57 AU (+6.18) for the Corneometer.
GPSkin demonstrated “poor” test-retest reliability (ICC = 0.18, 95%
Cl: -0.08-0.42) for TEWL, whereas the AquaFlux showed “moderate”
reliability (ICC = 0.58, 95% Cl: 0.36-0.73) for TEWL (Figure 2A,B).
The devices were moderately correlated by Spearman's for TEWL
(r,=0.48, P = 0.0004; Figure 3A1). Several data points were iden-
tified as having a > four-fold difference between values, all within
GPSkin TEWL measurements.
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GPSkin Hydration Participant
r,:0.63 (P <0.0001)

GPSkin Hydration Participant
rs: 0.43 (P=0.0018)

GPSkin Hydration Investigator
r.:0.54 (P <0.0001)

FIGURE 3 Spearman correlation coefficients (r)) for GPSkin versus standards. GPSkin was tested against the AquaFlux to measure TEWL
(top) and the Corneometer to measure hydration (bottom). In Trial 1, only participants collected measurements with GPSkin (A1 and B1). In
Trial 2, both participants (A2 and B2) and investigator (C2 and D2) collected measurements with GPSkin. Trial 2 TEWL data consisted of one
outlier data point not contained within the above graphs (A2, C2). A denotes method modification between trials. r, is interpreted as follows:
0.00-0.19, very weak; 0.20-0.39, weak; 0.40-0.59, moderate; 0.60-0.79, strong; and 0.80-1.0, very strong13
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For SC hydration, GPSkin demonstrated “good” reliability
(ICC =0.81, 95% Cl: 0.70-0.89) as did the Corneometer (ICC = 0.84,
95% Cl:0.73-0.91; Figure 2G,H), and the two devices showed a mod-
erately strong correlation (r, = 0.63, P < 0.0001; Figure 3B1).

3.2 | Trial2

Because of the low test-retest reliability in the first trial, methods
were modified to include increased participant education on device
use prior to the start of Trial 2. Participants (n = 50) were instructed
to click start on the device button, immediately stick the device onto
their forearm, and hold consistent pressure for the entirety of meas-
urement. Mean TEWL values for GPSkin were 7.04 g/mzh (£6.16) for
participant-measured and 7.32 g/m?h (+4.45) for investigator-meas-
ured. Mean TEWL value for the AquaFlux was 13.45 g/m>h (+7.09).
Mean SC hydration values for GPSkin were 21.1 AU (+7.69) for par-
ticipant-measured and 19.66 AU (+8.14) for investigator-measured.
Mean SC hydration value for the Corneometer was 35.19 AU (+6.41).
Test-retest reliability of GPSkin TEWL measurements improved
to “good” for participant (ICC =0.89, 95% Cl: 0.82-0.94), investi-
gator (ICC=0.88, 95% Cl: 0.79-0.93), and participant-investigator
(ICC =0.88,95% Cl: 0.79-0.93) comparisons (Figure 2E). The AquaFlux
also demonstrated “good” reliability for TEWL (ICC = 0.86, 95% ClI:
0.76-0.92; Figure 2F). Participant GPSkin TEWL measurements and
the AquaFlux were moderately correlated (rS =0.40, P=0.0045;
Figure 3A2) while investigator GPSkin TEWL measurements and the
AquaFlux were weakly correlated (r, = 0.34, P = 0.0147, Figure 3C2).
The test-retest reliability of GPSkin SC hydration measurements
remained “good” for participant (ICC = 0.85, 95% ClI: 0.74-0.91), in-
vestigator (ICC = 0.86, 95% Cl: 0.77-0.92), and participant-investi-
gator (ICC = 0.86, 95% Cl: 0.79-0.93) comparisons (Figure 2G). The
Corneometer continued to have “good” reliability (ICC = 0.86, 95%
Cl: 0.77-0.92; Figure 2H). GPSkin and the Corneometer were mod-
erately correlated for participant (r, = 0.45, P = 0.0018; Figure 3B2)
and investigator (r, = 0.54, P < 0.0001; Figure 3D2) measurements.

4 | DISCUSSION

We found GPSkin to provide reasonably precise and reliable measure-
ments of SC hydration and TEWL, with some limitation in accuracy
when compared to current gold standard devices. While GPSkin un-
derestimated both TEWL and SC hydration measurements, these un-
derestimations were consistent and of similar sizes suggesting software
changes could adjust for this potential calibration issue. Importantly,
GPSkin correlated with established industry devices for TEWL and
SC hydration. Additionally, GPSkin demonstrated “good” test-retest
reliability for both TEWL and SC hydration measurements when par-
ticipants were provided with some device education. There was no
difference in reliability between participants provided with device edu-
cation and investigators. This is of particular significance as it suggests
participants may be able to self-monitor their skin barrier at home and
provide more comprehensive data for future studies with GPSkin.

In many dermatological diseases, barrier measurements cor-
relate with disease activity. Equipping patients with their own bar-
rier devices may help guide patient-directed changes in therapy or
improve adherence to emollients.*>'* Additionally, the smartphone
era and its application-based technology provide the healthcare in-
dustry with a new platform for real-time interaction with patients.
Several specialties across medicine are exploring this new communi-
cation mode to improve adherence and patient-reported outcomes.
Smartphone application use has been associated with an increase in

1516 anhanced sun protective behaviors,'” and

medication adherence,
improved post-operative patient-reported outcomes.'® GPower's
application-based take-home technology could improve adherence
by offering patients real-time skin barrier function information.
While barrier devices provide valuable objective information
in trials, they can be cost-prohibitive, ranging from $10,000 to
$20,000 per device. GPSkin is a lower-cost alternative that may
allow for a greater number of clinicians and investigators to partici-
pate in skin barrier research or track skin barrier-related outcomes.
This study had some limitations. The AguaFlux and Corneometer
were utilized as gold standards for comparison; however, there are no
established industry standards for barrier devices. Additionally, while
maximal efforts were made to control external variables, data collection

occurred over several days with slight variations in climate variables.

4.1 | Future directions

GPSkin is currently being explored in patients with atopic dermatitis
to validate the device on lesional and non-lesional skin and to meas-
ure the discriminative ability of the device between known disease
severity states. Future directions will also include real-world longitu-
dinal data collection to inform clinical care.
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