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KEY POINTS

e Appropriate hydration practices during exercise are important for avoiding fluid-electrolyte imbalances and maintaining performance.

e Because of the considerable variation in sweating rate and sweat electrolyte concentrations, personalized fluid replacement strategies based on

individual sweat profiles are recommended.

e  Sweat testing has not been widely available for everyday use outside of elite sports and clinical research settings.

e (GSSl recently developed a wearable microfluidic device (Gx Sweat Patch) and smartphone image processing platform (Gx App) for on-body
measurement of local sweating rate and sweat chloride concentration. Algorithms in the Gx App are used to predict whole-body sweating rate
(WBSR) and whole-body sweat sodium losses from the local measures obtained from the Gx Sweat Patch.

e The Gx Sweat Patch and App enable individualized sweat testing under field conditions with no need for specialized expertise or laboratory tools.

e The Gx Platform has been validated against standard sweat testing methods, including the mass balance technique for WBSR and whole body

washdown for sweat chloride and sodium concentration.

INTRODUCTION

Appropriate hydration practices during exercise are important to avoid
fluid-electrolyte imbalances and help maintain performance (McDermott
et al., 2017; Sawka et al., 2007; Thomas et al., 2016). The key factor
impacting fluid intake requirements is sweat production, and it is well
known that there is significant inter-individual variation in sweating rates
(~0.5-2.5L/h) and sweat sodium and chloride concentrations ([Na*] and
[CF] ~10-90 mmol/L) during exercise (Barnes et al., 2019). Insufficient
fluid intake in the face of high volumes of fluid loss through sweating
can increase the risk for significant hypohydration (> 2% body mass
loss) (Belval et al., 2019). On the other hand, overdrinking relative to
sweat losses increases the risk of developing hyponatremia, particularly
during prolonged events (Hew-Butler et al., 2015). Individualized sweat
testing is recommended to help identify athletes with a higher versus
lower risk of significant fluid and electrolyte losses (McDermott et al.,
2017). However, sweat testing can be an involved process, requiring
certain specialized equipment and expertise to analyze and interpret the
results. In particular, sweat composition testing is not widely available
for everyday use outside of elite sports and clinical research settings.

Whole-body sweat losses are typically estimated by measuring change
in body mass before and after exercise while also accounting for any
fluid intake and/or urine loss during the test session (mass balance
approach) (Cheuvront & Kenefick, 2017). The reference technique for
whole-body measurement of sweat [Na*] and [CI] is the laboratory-
based washdown procedure (Lemon et al., 1986; Shirreffs & Maughan,
1997). A practical alternative approach is to predict whole-body sweat

losses from local sweating rate (LSR) and local sweat electrolyte
concentrations (Baker et al., 2018). Still, assessing sweat profiles
using established local sweat collection and analysis techniques is a
slow, labor-intensive process. While the absorbent patch technique
has been widely used with athletes to measure sweat electrolyte
concentrations (Barnes et al., 2019; Maughan et al., 2004), the
required post-collection harvesting and expensive benchtop analysis
of sweat is impractical for the general population and precludes real-
time feedback. Advances in wearable technologies have enabled
a simpler, less intrusive approach to sweat testing. To this end, the
Gatorade Sports Science Institute (GSSI) recently developed a wearable
microfluidic device (Gx Sweat Patch) and smartphone image processing
platform for on-body measurement of LSR and local sweat [CI-], as well
as algorithms to predict whole body sweating rate (WBSR) and whole
body sweat Na* losses (Gx App) (Figure 1) (Baker et al., 2020). The
purpose of this Sports Science Exchange article is to briefly describe
the science behind the Gx Platform and its practical utility in facilitating
personalized fluid intake recommendations.

Gx SWEAT PATCH
Overview

The Gx Sweat Patch (Figure 2) is a flexible stack of thin-film polymeric
materials (3M) consisting of an enclosed network of microchannels. The
patch collects sweat by a process called microfluidics, as the channels
in the patch route sweat by exploiting the natural pressure associated
with eccrine sweat excretion. It adheres to the skin via a patterned
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Figure 1: The Gx Sweat Patch and App were validated against standard methods
for determining sweat losses and sweat sodium chloride concentration (depicted
in the funnel), thus enabling a simpler approach to individualized sweat testing
under field conditions with no need for specialized expertise or laboratory tools.

hypoallergenic adhesive integrated into the bottom surface of the patch.
Inlet windows define two distinct sweat collection regions interfacing
with the skin, including one for LSR and another for sweat [CI].

Microchannel 1 contains an embedded orange dye that mixes with
excreted sweat near the inlet so that propagation of sweat is visible as
it flows through the channel pathway. The front of the orange streak
can be measured to determine collected sweat volume over time
(LSR). Microchannel 2 contains silver chloranilate used for colorimetric
analysis of local sweat [CI']. Sweat entering Microchannel 2 mixes with
the chloranilate, producing a purple color with an intensity that increases
monotonically with [CI-]. It is important to note that chloride is the
electrolyte of choice for the microfluidic patch because the colorimetric
chloride assay is well established, and the chemical reaction is robust
at various ambient temperatures. By contrast, sodium assays are
less stable, and none exist that precipitate sodium for quantitative
measurements via colorimetry. However, based on work from our
laboratory (Baker et al., 2020), there is a strong correlation between
whole-body sweat [CI] and [Na‘], allowing accurate predictions of
sweat [Na*] (Figure 3).

Instructions for Use

Applying the Gx Patch to the Skin.

The Gx Sweat Patch should be applied to the left ventral (inner) forearm,
about 2-3 inches below the elbow crease, prior to exercise. For optimal
patch adhesion, the skin needs to be cleaned (e.g., with an alcohol wipe)
and allowed sufficient time to air dry prior to application. It is critical that
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the forearm is free of skin-care products (lotions, sunscreen, etc.) before
patch application. In addition, the user should firmly press down for ~5-
10 seconds to seal the patch onto the skin. The ventral forearm was
chosen as the regional site because of the significant correlation with
WBSR and whole-body sweat electrolyte concentrations (Baker et al.,
2018; 2019). This location is also convenient for users to photograph with
their smartphone and tends to have less hair than other sites. Shaving is
not necessary for most individuals but may be helpful for adhesion if hair
follicles are dense. The Gx Sweat Patch can be placed on tattoos (see
Research Validation section below for more details).

Obtaining Sweat Profile Results.

To obtain sweat profile data the athlete or practitioner should use the
Gx App or Gx Teams (see description of each below) to take an image
of the Gx Sweat Patch while it is still on the skin. The image should
be taken after completion of the exercise session or just before the
orange channel fills completely during exercise, whichever comes
first. The minimum wear time to obtain sweat profile results (i.e., until
colored sweat is visible) varies depending on the athlete’s sweating
rate. Individuals with low sweating rates (e.g., LSR of ~0.5 mg/cm?/
min) may need to exercise for at least 60 min to obtain results. Heavy
sweaters (€.g., LSR of ~2.5 mg/cm?/min) could see color changes in
the patch within 20 min, while the maximum wear time before the
channels overflow could be ~60-70 min.

The Gx App on a smartphone processes the results to determine the
user’s sweat profile (i.e., whole body sweating rate, total sweat loss,

A
Graphics layer
Top capping layer

Microchannel 1
(sweat rate)

Bottom capping layer

Skin adhesive

Deposited

bioassays
Microchannel1
(sweat ratg) i

P
Microchannel 2
(Cl)

s

Figure 2: Schematic drawings and optical images of the Gx Sweat Patch. (A)
Exploded view illustration of the patch and its subassembly layers. Insets show
magnified sketches of the reference colors in the top graphics layer (top) and
deposited assays in the embedded layer (bottom). (B) Optical image of the patch
on the ventral forearm before exercise (unfilled) (scale bar, 1 cm). (C) Optical
image of the patch showing sweat filling in Microchannels 1 and 2 (scale bar, 1
cm). (D) Optical image of the patch including the top graphics layer with the Gx
logo (scale bar, 1 cm). Figure adapted from Baker et al. 2020 with permission.
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Figure 3: (A) Scatterplot showing goodness of fit statistics for the Gx whole-body sweat chloride prediction model (n=45). (B) Scatterplot showing the relation between whole-
body sweat chloride concentration and whole-body sweat sodium concentration from data collected using the whole-body washdown technique (n=45). MAPE, mean absolute

percentage error. Figures reproduced from Baker et al. 2020 with permission.

and sweat Na* loss). Personalized fluid intake recommendations are
provided based on the user’s sweat profile. The user would then follow
the recommendations to properly rehydrate immediately after the
workout and/or properly hydrate during their next workout of similar
intensity, duration, and environmental conditions. The sweat profile
results and recommendations are provided as a range (prediction
interval) to account for inherent day-to-day variation and error in the
prediction models.

Gx SWEAT PATCH VALIDATION RESEARCH

A series of four large clinical trials (Table 1) were conducted to compare
Gx sweating rate and sweat [Cl'] with the absorbent patch technique
and to develop algorithms to predict whole-body sweat profiles.
Consistent methodology was used in each study. Sweat was collected
from the right and left ventral forearms with an absorbent patch
(Tegaderm+Pad, 3M; pad size 11.9 cm?) and the wearable microfluidic
patch, respectively. This was considered a valid comparison since
the literature suggests there are no significant bilateral differences in
forearm LSR and sweat electrolyte concentrations (Baker et al., 2018;
Dziedzic et al., 2014; Morris et al., 2013; Verde et al., 1982). Absorbent
patch LSR was measured using gravimetry. Local sweat [CI] and [Na*]
were measured via ion chromatography. WBSR was measured using
the standard mass balance technique, corrected for urine loss, fluid/
food intake, metabolic mass loss, and respiratory water loss. The
whole-body washdown technique was used to measure whole-body
sweat electrolyte concentrations (Study 1 only) (Baker et al., 2020).

Table 1 provides a brief description of the four validation studies and a
summary of results. The first study (Baker et al., 2020) demonstrated
significant correlations between the Gx Sweat Patch and the standard
absorbent patch technique in measurements of LSR and local sweat
[CI, both in a controlled laboratory setting and in the field. In addition,
the coefficient of variations (CVs) for the microfluidic device were similar

to that of the reference techniques for both LSR (9%) and local sweat
[CI] (12-13%) (Baker et al., 2020). These CVs are also consistent with
previous research investigating day-to-day variability in forearm LSR
and electrolyte concentrations (Baker, 2017). In addition, models were
derived to predict WBSR and whole-body sweat [CI] from microfluidic
regional data. In total, 312 athletes (194 males and 118 females; 15-45
years) participating in a range of indoor (stationary cycling, basketball)
and outdoor (soccer, tennis, lacrosse, track and field) sports were
tested in temperate to warm conditions (21-35°C, 25-82% relative
humidity) in this original study.

Since the first study was conducted mostly with competitive athletes
in warm conditions, the objective of the second study (Baker et al.,
2022b) was to test the validity of the Gx Sweat Patch in a broader range
of conditions to include scenarios relevant to recreational exercisers.
This study found significant correlations with the standard absorbent
patch technique (Table 1) and good day-to-day reliability for LSR (9-
13%) and local sweat [CI] (11-14%). Furthermore, 148 subjects were
added to the WBSR data set to expand the applicability of the predictive
algorithm to include recreational exercise (fitness and running) and
cooler environments (as low as 8°C).

The objective of the third study (Baker etal., 2022a) was to determine the
ecological validity, as well as the criterion validity, of the Gx Sweat Patch
and WBSR predictive algorithms by testing it in uncontrolled conditions
with G-League basketball players during coach-led training sessions.
This study corroborated the results of the first two papers, as we found
significant correlations (Table 1) with the standard absorbent patch
technique and extended the validity to elite basketball players, with or
without tattooed skin, during moderate-intensity practice sessions that
included a mix of non-contact drills and live high-contact scrimmages.
Furthermore, there was no difference between measured and predicted
WBSR (0.97 = 0.41 L/hvs. 0.89 + 0.35 L/h, p=0.22) and 95% Bland-
Altman limits of agreement between methods was +0.61 L/h. To put
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Description

Study 1
(Baker et al, 2020)

Initial study mostly with
competitive, including
youth, athletes in warm

Study 2
(Baker et al, 2022b)

Follow-up study mostly
with recreational
exercisers and including
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Study 3
(Baker et al, 2022a)

Study with G-league
basketball players during
pre-season practices.

Study 4
(unpublished)

Follow-up study with
mostly outdoor cycling,
running, and fitness,

conditions.
n=312

cooler conditions.

n=148

including older adults.

n=53 n=92

r=0.83-0.90,

Sweating rate
p<0.0001

Correlations with

r=0.77-0.92,
p<0.0001

r=0.74,
p<0.0001

r=0.88,
p<0.0001

absorbent patch

data r=0.84-0.93,

p<0.0001

Sweat chloride
concentration

r=0.85-0.91,
p<0.0001

r=0.83,
p<0.0001

r=0.83,
p<0.0001

r2=0.74*
MAPE=14%"
2=0,63"
MAPE=17%"

Goodness of fit Sweating rate

statistics for whole
body prediction

r’=0.75"

MAPE=23%"

r=0.75"

MAPE=23%"

r=0.64"
MAPE=19%"
r2=0.741
MAPE=17%'

r’=0.46"
MAPE=30%"

2=0.86
MAPE=13%
(n=45)

models Sweat chloride

concentration

NA

NA NA

MAPE, mean absolute percentage error. *Prediction model results including energy expenditure, body mass, sex, air temperature, sport, exercise duration,
and Gx sweat rate as independent variables in the model. TPrediction model results without energy expenditure measurements in the model.

Table 1: Summary of validation studies with the Gx Sweat Patch.

these results in practical context, whole-body sweat loss prediction error
can be expressed as a percentage of the players’ body mass. Out of 49
subjects, n=35 (71%) predictions were within +0.5% body mass. Forty-
eight (98%) predictions were within +£1.0% body mass and n=1 (2%)
was +1.5% of his body mass (Baker et al., 2022a). It is also relevant
to note that in recent studies using only the absorbent patch technique,
tattoos have had minimal to no effect on LSR, sweat [Na*], [CI], and
[K*] during exercise (Beliveau et al., 2020; Keyes et al., 2022; Rogers
et al,, 2019). Thus, local sweat sampling and analyses from tattooed
skin should have no impact on the practical interpretation of personalized
sweat test results when conducted during exercise.

Finally, a fourth clinical trial (unpublished data) was conducted to
expand the Gx data set to include outdoor cycling and broaden the
age range (up to 65 years) and environmental conditions (up to 38°C).
Once again, significant correlations with the absorbent patch data were
achieved (Table 1).

Figure 3 shows the scatterplots of predicted versus measured whole-
body sweat [Cl] (r>=0.86) and the strong relation between whole-
body sweat [CI] and sweat [Na‘] (r>=0.98). Since Gx sweat [CI]
alone accounts for 86% of the variation in whole-body sweat [Cl],
a simple linear regression model is used in the Gx App to generate
sweat electrolyte results. Figure 4 shows the scatterplots of predicted
versus measured WBSR for the final models developed from the four
studies. Gx forearm sweating rate alone accounts for only ~55-65%
of the variation in WBSR (Baker et al., 2020; 2022b); thus, a multiple
regression model (incorporating additional factors) is used to predict

WBSR. As shown in Figure 4, including body mass, sex, air temperature,
sport, and exercise duration in the model increases the r? to 66% (with
a mean absolute percentage error (MAPE) of 21%), while also including
energy expenditure increases the r? further to 72% (with a MAPE of
19%). Table 2 shows the conditions and subject characteristics for
which the Gx Sweat Patch and WBSR algorithms have been validated.

APPLYING SCIENCE-BASED HYDRATION STRATEGIES
Current guidelines regarding fluid replacement for the physically active
recommend the prevention of modest levels of hypohydration (2%
body mass deficit) while also avoiding overhydration (body mass gain)
(McDermott et al., 2017; Sawka et al., 2007; Thomas et al., 2016).
In addition, sodium should be ingested with fluid when sweat sodium
losses are high, which may occur when there is some combination
of moderate to prolonged duration exercise in the heat (>1-2 h),
moderate-to-high sweating rates (>1.5 L/h), and/or moderate-to-high
sweat sodium concentrations (>60 mmol/L) (Coyle, 2004; Shirreffs
& Sawka, 2011; Thomas et al., 2016). When losses are high, some
but not all, sweat sodium should be replaced during exercise. In a
study where participants lost 2.8 g of sodium via sweating during 2
h cycling in the heat, replacement of ~50% of sodium losses led to
better maintenance of plasma volume, stroke volume, and cycling
performance than no sodium intake, but was not different from ~100%
replacement (Hamouti et al., 2012).

Based on these guidelines a personalized fluid intake strategy can
be developed from the sweat loss and electrolyte data obtained with

4



Age (years)
Median 27

Body Mass (kg)
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Exercise Duration (h) | Air Temperature (°C)

73 14 26

Range 15-65

43-150 0.3-2.7 8-38

Sports Running, cycling, fitness, basketball, soccer, lacrosse, tennis, track & field, American football*

*American football testing during non-contact training drills.

Table 2: Conditions and subject characteristics for which the Gx Sweat Patch and whole-body sweating rate algorithms have been validated.

the Gx Sweat Patch. For example, if there are two 70 kg individuals
exercising for 90 min: Person A has a sweat loss of 2.3 L and a sweat
sodium concentration of 70 mmol/L (3.6 g total sodium) while Person
B has a sweat loss of 0.8 L and a sweat sodium concentration of 20
mmol/L (0.3 g total sodium). During the next 90 min workout of similar
intensity and environmental conditions, Person A would be advised to
drink ~1.0 L of fluid to prevent 2% hypohydration or up to 2.3 L of fluid
if desired. In addition, during and/or after exercise, Person A would be
advised to choose a fluid or food/gel/bar with sodium to mitigate an
electrolyte imbalance and promote fluid retention. On the other hand,
Person B would not need to take in any fluid to avoid 2% hypohydration
during their 90 min workout. Person B could drink to thirst but would be
advised to consume no more than 0.8 L in total and a small amount of
sodium could be optional depending on personal preferences.

Gx DIGITAL APPLICATION

The Gx Smart Phone App is currently available on i0OS and serves two
main purposes as it relates to the Gx Sweat Patch: 1) image capture and
algorithm processing pathway and 2) data visualization and practical
recommendation generation via an intelligence engine.

Algorithms

Image processing algorithms are implemented on the Gx App to
provide detection and analysis of LSR and local sweat [CI] over the full
physiological range. Color swatches printed on the patch surface are
included in the image processing to correct for color variations due to
lighting conditions (e.g., color temperature). To enable users to capture
images of sufficient quality and then quantify features of these images,
custom software was developed using a combination of machine learning
and traditional computer vision algorithms (Baker et al., 2022h).

The Gx App includes algorithms to predict WBSR and whole-body
sweat [Na‘] from the local sweat measurements. This is important
since estimations of WBSR and electrolyte losses are required to
inform hydration strategies. As described above, the algorithms were
determined from simultaneous measurements of Gx patch and whole-
body sweat data. A multiple regression model was derived to predict
WBSR while participating in various team and individual sports under
a range of environmental conditions. Inputs to the model included Gx
sweating rate and various factors related to subject characteristics
(body mass and sex), environment (air temperature), and exercise
conditions (type of sport, energy expenditure, and exercise duration).
A simple linear regression model was derived to predict whole-body
sweat [Na*] from local sweat [CI] (Baker et al., 2020).
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Figure 4: Scatterplots showing goodness of fit statistics for Gx whole-body sweating rate prediction models developed from all available data (i.e., compilation of studies described
in Table 1). (A) Predicted versus measured whole-body sweating rate for full model (including energy expenditure, body mass, sex, air temperature, sport, exercise duration, and

Gx sweat rate as independent variables) (1=548). (B) Predicted versus measured whole body sweating rate for model without energy expenditure (n=597).
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Intelligence Engine

As athletes are trending towards a more holistic understanding of
athletic performance, exercise preparation and recovery, the intelligence
engine within the Gx App combines with the Gx Sweat Patch and health
and fitness applications (e.g., Apple Health) to provide insights and
actionable recommendations to help athletes meet their goals. The
Gx App enables recommendations focused on the athletic occasion
(Thomas et al., 2016), which can be generated by the athlete through
manual input or selected from one of nine different exercise programs
contained within the Gx App. These pre-determined programs have
been developed by a certified strength and conditioning specialist
(CSCS) and have specific intentions (e.g., complete marathon training,
core stability and conditioning, total body strength, etc.).

The intelligence engine assimilates information about the athlete and
their exercise session to provide science-based hydration, fuel, and
recovery strategies. Hydration recommendations are based on the
individual sweat profiles determined from the Gx Sweat Patch and
predictive algorithms as discussed above. Current guidelines suggest
that macronutrient intake targets (Thomas et al., 2016) and potential
supplement strategies (Maughan et al., 2018) can be developed
from individual anthropometrics and the duration, intensity, and
type of exercise performed. Thus, the Gx app requires the athlete to
select the exercise type, duration, and the intended session rating of
perceived exertion (s-RPE) for the workout to understand the training
load and intensity (Foster, 1998). The intelligence engine applies the
science-based guidelines to provide relevant macronutrient intake
targets around the exercise occasion. For example, if an athlete
inputs endurance exercise lasting more than one hour, the fuel target
equivalent will be 30-60 g/h of carbohydrate. Similarly, a protein intake
target for recovery nutrition can be determined for athletes looking to
optimize muscle protein synthesis rates toward performance goals. For
example, ~0.3 g/kg body mass of high-quality protein is recommended
during the early recovery phase (0-2 h) or as soon as possible after the
exercise session (Thomas et al., 2016).

Where appropriate, the supplements caffeine or creatine may be included
in recommendations generated by the Gx App. Caffeine anhydrous
consumed in a dose of 3-6 mg/kg body mass approximately 60 min
before exercise has been shown to have ergogenic effects on endurance
capacity and short-duration high-intensity exercise (Maughan et al.,
2018; Peeling et al., 2018; Spriet, 2014). Recommendations from the
intelligence engine are based on the lower end of the guideline (3 mg/
kg of body mass) to avoid potential side effects of higher doses. Lower
amounts of caffeine (< 3mg/kg) combined with carbohydrate can be
beneficial when provided before and during exercise (Maughan et al.,
2018; Spriet, 2014). In terms of creatine supplementation, most of the
documented performance benefits have been during high-intensity
exercise bouts of < 30 sec, but it may also increase muscle strength,
endurance, and lean body mass (Branch, 2003; Cooper et al., 2012;
Lanhers et al., 2017; Maughan et al., 2018). Guidelines for creatine
intake may include a loading phase consisting of 20 g/d for the first 5-7
days, followed by a maintenance phase of 3-5 g/d or possibly 0.03 g/
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kg/d (Cooper et al., 2012; Hultman et al., 1996; Lanhers et al., 2017).
Alternatively, sufficient muscle creatine levels can be attained with
smaller doses (~3-5 g) over a longer period (~1 month) (Hultman et al.,
1996). The latter approach is used as the basis for recommendations in
the Gx App’s intelligence engine for potential creatine supplementation.

Gx App vs. Gx Teams

There are two types of Gx applications currently available on i0S. The
Gx App is intended for use by individual athletes. It provides access
to CSCS-designed exercise programs and macronutrient intake
targets to better prepare and recover from exercise. The Gx App is
fully customizable and synchronizes with other apps athletes might
be using (e.g., Garmin, Strava, and Apple Health). It is also athlete
specific (i.e., one phone, one athlete). On the other hand, Gx Teams
is for sports practitioners. It allows practitioners to create teams to
better track a roster of athletes as one phone and/or app can scan
patches for multiple athletes (i.e., one phone, multiple athletes). Both
apps utilize imaging processing algorithms to obtain results via the Gx
Sweat Patch technology. The main difference between the apps lies in
how the results are visualized. As the name suggests, Gx Teams allows
the practitioner to monitor the unique sweat profiles across a group
of athletes and enables real-time generation of personalized hydration
recommendations for an entire team.

CONSIDERATIONS

While the Gx Patch is a valid and practical method for sweat testing in
the field, it is not without limitations. The patch needs to maintain firm
adhesion to the skin to provide valid results. In our research, the Gx
Patch became unadhered from the skin in ~2-5% of subjects during
no- or low-contact sports (Baker et al., 2020; 2022b) and ~14% of
subjects during high-contact basketball scrimmaging (Baker et al.,
2022a). By comparison, the standard absorbent patch fell off the
forearm at a rate of ~0-1% (no or low contact) to 3% (high contact)
during these same studies (Baker et al., 2020; 2022a,b). For adequate
adhesion of the microfluidic patch to the skin, it is critical that the
user follows the application instructions (detailed above) and avoids
excessive physical contact with the patch. While the Gx patch has
been used successfully during contact sports training (basketball and
American football), delamination rates increase during live scrimmaging
or gameplay.

It is also important to consider that there are minimum and, potentially,
maximum wear times to obtain sweat profile results. The patch needs to
be worn at least until orange fluid is visible in microchannel 1 to obtain
sweating rate results and until purple fluid is visible in microchannel 2
to obtain sweat electrolyte results. Exact times vary depending upon
the athlete’s sweating rate (see ‘Obtaining Sweat Profile Results’ for
estimations). It is critical that an image of the patch is taken before the
orange microchannel fills up, otherwise, the sweating rate data will be
invalid. Note that if the microchannels do overflow purple or orange fluid
may go onto the skin. The food dyes are harmless and can be washed
off with soap and water.
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CONCLUSIONS

A series of clinical trials were conducted to compare results from the
wearable microfluidic Gx Sweat Patch and App-based algorithms with
standard techniques for sweat testing. The main findings were:

e | SRand local sweat [Cl-] data from the Gx Sweat Patch were
significantly correlated with those of the standard absorbent
patch technique (r=0.77-0.93).

e The test-retest (day-to-day) reliability of the Gx Sweat Patch
was similar to the reference techniques for both LSR (9-13%)
and local sweat [CI7] (11-14%).

e Robust predictive algorithms were developed to determine
WBSR (r?=0.72, MAPE=19%) and whole body sweat [CI]
(=0.86, MAPE=13%) from the Gx Sweat Patch data and
other inputs related to the individual and their workout.

e There is a strong relation between whole-body sweat
[CI'] and whole-body sweat [Na*] (r>=0.98), thus enabling
accurate prediction of sweat [Na*] using the Gx Sweat Patch
and App.

In conclusion, the Gx platform is a validated tool that improves the
accessibility of sweat analytics in real-world settings, with applications
in competitive athletics and recreational exercise in a wide range of
conditions.

PRACTICAL APPLICATIONS

e The Gx Sweat Patch should be applied to the left ventral
forearm before exercise. To obtain sweat profile data the
athlete or practitioner should use the Gx App to take an
image of the Gx Sweat Patch while it is still on the skin.
The image should be taken after completion of the exercise
session or just before the orange microchannel fills up during
exercise, whichever comes first.

e The minimum wear time to obtain sweat profile results (i.e.,
until colored sweat is visible) varies from ~20 min for high
sweat rates to 60 min for low sweat rates. For very heavy
sweaters the maximum wear time before the microchannels
fill up could be around 60 min or less.

e The Gx Sweat Patch can be worn on tattooed skin and during
a variety of activities and environmental conditions. However,
there is a higher risk of patch delamination when worn during
high-contact sports (e.g., basketball games).

e The Gx App generates personalized fluid intake
recommendations based on the user’s sweat profile. The
user should then follow the recommendations to properly
rehydrate after the workout and/or during their next workout
of similar intensity, duration, and environmental conditions.
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