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Abstract—Objective: Most methods for monitoring sweat
gland activity use simple gravimetric methods, which
merely measure the average sweat rate of multiple sweat
glands over a region of skin. It would be extremely useful
to have a method which could quantify individual gland
activity in order to improve the treatment of conditions
which use sweat tests as a diagnostic tool, such as hyper-
hidrosis, cystic fibrosis, and peripheral nerve degeneration.
Methods: An optical method using an infrared camera to
monitor the skin surface temperature was developed. A
thermodynamics computer model was then implemented
to utilize these skin temperature values along with other
environmental parameters, such as ambient temperature
and relative humidity, to calculate the sweat rates of in-
dividual glands using chemically stimulated and unstimu-
lated sweating. The optical method was also used to mon-
itor sweat pulsation patterns of individual sweat glands.
Results: In this preliminary study, the feasibility of the
optical approach was demonstrated by measuring sweat
rates of individual glands at various bodily locations. Cal-
culated values from this method agree with expected sweat
rates given values found in literature. In addition, a lack
of pulsatile sweat expulsion was observed during chemi-
cally stimulated sweating, and a potential explanation for
this phenomenon was proposed. Conclusion: A simple,
non-contact optical method to quantify sweat gland activ-
ity in-vivo was presented. Significance: This method al-
lows researchers and clinicians to investigate several sweat
glands simultaneously, which has the potential to provide
more accurate diagnoses and treatment as well as increase
the potential utility for wearable sweat sensors.

Index Terms—Computational model, physiological mea-
surements, sweat sensing, thermal imaging.
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I. INTRODUCTION

CURRENT methods to quantify sweat gland activity are
dominated by simple gravimetric methods where a dry

paper or textile disk is placed on the skin and weighed afterwards
to determine the sweat absorbed over time. Gravimetric testing is
non-optimal because it does not provide real time observation of
the sweat response, and like other possible approaches (e.g. skin
humidity [1], galvanic skin response [2], [3]) an average sweat
rate is measured instead of individual gland activity. Considering
that not all sweat glands are active during sweating, the ability to
record sweat rate in real time and with individual gland activity is
a potentially attractive approach for deeper diagnosis of diseases
such as cystic fibrosis, [4] peripheral nerve degeneration [5], [6],
and hyperhidrosis [7]–[9]. Furthermore, a new and improved
sweat rate measurement technique would ideally be less labor
intensive, would require less equipment, and would be simpler
than previous approaches.

In this article, we describe a simple non-contact optical ap-
proach to sweat rate measurement which measures individual
sweat gland activity in real time. This new approach utilizes
infrared (IR) camera images and additional parameters, such as
ambient temperature and humidity. Using the data generated, we
also observe and discuss differences between natural sweating,
which was observed to be pulsatile in nature, and chemically
stimulated sweating, which was observed to be continuous. With
these observations, we further speculate on the physiological
differences between natural sweating and stimulated sweating.

II. MATERIALS AND METHODS

A. Optical Device Measurement Setup

Fig. 1 schematically presents the experimental setup. A
microbolometer-based infrared camera (PI 460, Optris GmbH,
Berlin, Germany) equipped with a microscope objective cap-
tured the thermal radiation of the skin surface. An in-house
built software (MATLAB, MathWorks, Switzerland) was used to
acquire and process the IR images using the PI Imager software
SDK (PI Imager, Optris GmbH, Berlin, Germany). The camera
was calibrated by the supplier and provides temperature images
in degrees Celsius. Emissivity of the skin was set to 0.97 [10]
and the ambient temperature and humidity were entered into
the software for precise temperature measurements. The images
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Fig. 1. Thermograms of the skin surface were recorded using an
infrared camera equipped with a microscope objective (PI 460, Optris
GmbH, Berlin, Germany). The camera was calibrated and gave radio-
metric data. Videos were acquired at a frame rate of 80 images per sec-
ond to follow sweat gland dynamics over the course of several minutes.
The camera and measured area were protected by isolation material
to ensure constant temperature and to avoid forced convection and
potential reflection into camera objective. Top right: Typical thermogram
of the forearm. Individual sweat glands are clearly visible as cooler spots
on the image and several sweat glands can be investigated in parallel.

were 288× 382 pixels and the camera frame rate was 80 Hz. The
noise equivalent temperature difference stated by the supplier
was 40 mK. Because the frequencies of the investigated signals
were low, time-dependent images were averaged and the camera
framerate was decreased to 10 Hz to achieve better precision.
To avoid unwanted forced convection phenomena, isolation
material was used around the camera (See Fig. 1). Such material
also ensured that no spurious reflections reached the camera
objective. In addition, several parameters were monitored, such
as the ambient temperature, Ta, and relative concentration of
water vapor, rh (AQ Minion, Sensirion AG, Stäfa, Switzerland).
Body core temperature, Tc (blood temperature of the subject)
was also monitored (Thermoscan, Braun, Germany). To quantify
the sweat rate of specific glands, a reference temperature Tr

was measured away from the sweat gland in a homogeneous
region as well as the minimal temperature at the location of
the sweat gland (drop temperature Td) on each thermogram (see
Fig. 1). The temperatures Tr and Td, together with the additional
parameters (Ta, Tc, rh), were used to calculate the sweat rate
using computational modeling. To measure potential sweat rate
pulsation, the temperature at the location of the sweat gland was
plotted versus time.

B. Subject Sweat Testing Protocol

Two different testing procedures were performed: i) exer-
cise stimulated sweating (natural sweating), and ii) chemically
stimulated sweating. Several healthy subjects, male and female,
aged between 21 to 42, were investigated in this study. Five
subjects were tested without using any chemical stimulation
(on palm, forearm, and fingers), and three subjects were tested
with the chemical stimulation (only on the forearm). Before any
measurements were taken, all subjects were acclimatized for at
least 15 minutes in the testing room.

In the case of exercise stimulated sweating, subjects were
then asked to vigorously exercise (jogging, pushups, etc.) for

ten minutes until sweating was induced. The optical technique
was then used to record the activity of sweat glands on several
locations.

In the case of chemically stimulated sweating, carbachol
gels were used to iontophoretically stimulate the sweat glands.
Carbachol was chosen for stimulation because it is optimal
for extended periods of sweat generation. This is because it is
extremely resistant to breakdown by acetylcholinesterase (about
107 times slower to metabolize than its ‘natural’ corresponding
molecule acetylcholine), and therefore remains in the synaptic
cleft and interacts with acetylcholine receptors for extended
periods of time [12], [13]. The carbachol used in this study was
purchased from Sigma Aldrich (part no. 1092009-200MG). The
gel discs were prepared using 1% carbachol and 3% agarose,
by weight, in deionized water, using the same process as in
previous studies [12], [13]. The carbachol/agarose solution was
heated to 150 ◦C and stirred for 30 minutes. The temperature was
then dropped to 80 ◦C and the solution was reconstituted to the
original volume to compensate for fluid lost to evaporation. The
solution was then stirred for 30 additional minutes at this tem-
perature to ensure that the solution was homogeneous, and then
cast into disc molds (15 mm diameter × 5.8 mm height), which
were made of laser cut acrylic. The filled molds were then placed
into a refrigerator at approximately 4 ◦C for about two hours to
set. The carbachol discs were then pressed out of the molds and
placed into bags containing 1% carbachol in deionized water for
storage. Sweat stimulation using iontophoresis was performed
using a commercial unit (Wescor Nanoduct Model 1030). Before
iontophoresis was performed, the stimulation site (underside of
forearm) of each subject was cleaned with Isopropyl Alcohol
(IPA) and deionized water to remove skin contaminants. Then,
carbachol gel discs were taken out of the storage solution and
placed into the electrode holders of the Nanoduct. Each of the
gel electrodes (anode and cathode) was then strapped onto the
arm (about 1 cm apart) using an elastic band. The full standard
dosage using the Nanoduct device was delivered (42 mC · cm−2)
into the forearm of each subject. Before further testing was
conducted, it was verified that carbachol stimulation did not
cause any significant temperature changes of the skin on the
testing site which may have affected sweat gland activity. No
additional stimulations were performed on the same subject
within 24 hours for safety purposes. It should be noted that the
work done in this study was all conducted under the University of
Cincinnati approved IRB protocol 2020-0604. After stimulation
of the sweat glands was complete, the optical technique was used
to monitor sweat gland activity on the forearm.

C. Computer Model Used to Process Subject Test Data

Fig. 2 presents the procedure used in this study to extract
quantitative sweat rate values. To retrieve sweat rate values from
the temperatures measured experimentally at the location of the
sweat glands Td and at a reference location Tr, a basic ther-
modynamics model was developed. This simple model can be
divided into two parts: i) modeling the heat transfer phenomena
taking place within the skin as well as at its boundaries and ii)
modeling the evaporative cooling of the sweat droplet. As the
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Fig. 2. Extraction of quantitative sweat rate value. An experimental parameters set (Td, Tr , Ta, Tc, and rh) was used in combination with a FEM
model [11] to determine sweat droplet radius Rs. From Rs, sweat rate can be computed using (2).

problem does not possess a fully analytical solution, a computer
model was developed using the finite-element method (FEM)-
based simulation software COMSOL Multiphysics version 5.6
(COMSOL Multiphysics GmbH, Zurich, Switzerland).

The thermodynamics model of the skin used in this study has
been previously reported [11]. In short, the skin was considered
as a multilayer system consisting of the epidermis, the dermis
(reticular and papillary), a fat layer, and a muscle layer. The
Penne’s bioheat equation was used to describe the influence of
blood perfusion on the skin temperature distribution in terms
of volumetrically distributed heat sources. The temperature was
fixed at the bottom of the muscle layer and was set to be constant
to equal the body core temperature.

In the computer model, sweat was considered to be water.
The shape of the sweat droplet at the skin surface is strongly
dependent on the contact angle of the droplet. The contact angle
itself is strongly dependent on the skin surface and was therefore
difficult to assess. Previous studies ([14], [15]) estimated that the
contact angle varies from 78 ◦C to 118 ◦C depending on whether
the droplet is ‘advancing’ (78 ◦C) or ‘receding’ (118 ◦C) from the
pore. Because of these considerations, we reasonably assumed a
perfectly half spherical droplet with radius Rs corresponding to
a fixed contact angle of 90 ◦C. Cooling of the sweat droplet (and
ultimately the skin surface) is achieved via radiation, convection
and evaporation. The surface of the sweat droplet is subject
to natural, unforced convection and radiation. The evaporation
cooling power in Watt per square meter can be stated as [16]

Q0 = 2πRsDw(cs − c∞)ΔHvap , (1)

whereDw is the diffusion coefficient (m2/s) and c is the absolute
concentration of water vapor (kg/m3) at the surface of the droplet
cs and away from it c∞. ΔHvap is the latent heat of vapor-
ization of water. Dw, c and ΔHvap are temperature dependent
quantities. Nonetheless, in the range of temperatures involved,

TABLE I
PARAMETERS USED FOR COMPUTER MODELING. ALTHOUGH THE OJECTIVE
OF THE MODEL WAS TO COMPUTE THE DROPLET TEMPERATURE, IT WAS

ENTERED AS AN EXTERNAL PARAMETER IN THE LATENT HEAT OF
VAPORIZATION

we can neglect variations of the latent heat of vaporization as
well as the diffusion coefficient. In the model, ΔHvap was set
to 2.4298 × 106 J/kg and Dw was set to 0.234733 × 10−4 m2/s.
The absolute concentration of water vapor varies significantly
with temperature and relative humidity [16].

A parametric run was achieved varying different parameters
such as the ambient temperature, relative humidity or core body
temperature. Table I presents the parameters which were varied
in this study. For each parameter set, the droplet temperature Td

was numerically evaluated as a function of the droplet radius
Rs (see Fig. 2). A bi-exponential function was used to fit the
numerical values generated, taking into account that at Ra = 0
the temperature of the sweat droplet equals the reference temper-
ature Tr. The measured temperature of the droplet Td allows one
to compute the sweat radiusRs. The sweat rate can be calculated
using

∂V

∂t
=

2πRsDw(cs − c∞)

ρw
. (2)

Interestingly, some parameters such as Tc only influence the
skin temperature and will lead to a vertical offset of the droplet
temperature versus droplet radius curve. As a result, it was
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Fig. 3. Example of sweat quantification on three different body parts
(forearm, palm and finger). Sweat rates were labeled in white and
given in nL · min−1. The method allowed quantification of several sweat
glands individually and simultaneously. (a) Location: forearm; gender:
male; Ta = 25.1 ◦C; rh = 51%. (b) Location: palm; gender: male; Ta =
25.1 ◦C; rh = 51%. (c) Location: finger; gender: male; Ta = 22.3 ◦C; rh
= 41%.

unnecessary to measure the subject core body temperature to
retrieve the sweat rate.

III. RESULTS AND DISCUSSION

A. Sweat Rate Quantification on Different Regions of the
Body

To test our method, several thermograms obtained on different
body parts were investigated during exercise stimulated sweat-
ing (see Fig. 3). On each thermogram, the sweat glands were
easily identified as cold/dark spots and their density could be

estimated. As expected, density was much higher on the palm
than on the forearm [17]. On each thermogram, the minimal tem-
perature at the location of 6 sweat glands was measured together
with a reference temperature taken from an area with no sweat
glands. The temperature difference was used to compute the
radius of the sweat gland and the resulting sweat rate (in nL/min)
for a defined ambient temperature and relative humidity (see
Fig. 3). The camera used in this study had a noise equivalent tem-
perature difference of 40 mK; this means that on a single image,
the minimal temperature difference that could be measured was
0.004 ◦C, leading to potentially low sweat rate measurements.
For example, for an ambient temperature of 20 ◦C, a relative
humidity of 40%, and a skin surface temperature of 32 ◦C (Tr),
the minimal sweat rate measurable was 0.0185 nL/min. If the
skin temperature was lower (due to lower perfusion or lower
core body temperature), for example Tr = 27 ◦C, the minimal
sweat rate measurable would be 0.0133 nL/min. On the other
hand, there is no theoretical limitation for the measurement of
high sweat rates; however, practically, when a large volume of
sweat is produced, the temperature of the whole measurement
area drops and the individual sweat glands cannot be identified
accurately.

B. Comparison of Sweat Pulsation Behavior During
Natural Sweating and Chemically Stimulated Sweating

The optical method can also be used to observe sweat pulsa-
tion. It has been reported that ‘natural sweating’ is not a contin-
uous process but a pulsatile one [18]. The method proposed in
this paper is perfectly adapted to the investigation of sweat pul-
sation. Unlike other methods ([1]–[3], [19]), it is a non-contact
approach that does not affect the skin surface. The infrared
camera is fast enough to investigate the range of frequencies
involved.

Fig. 4 presents thermograms of sweat gland activity over
time. Three thermograms are displayed at 0 s, 37 s and 55 s.
At 0 s, Td1 was still active, but Td2 and Td3 were not. Td3

became active at 35 s followed by Td2 at 50 s. Due to the
relatively short measurement time in this preliminary study
(100 s), it was impossible to see the repetition of the sweat
glands’ pulsatile activity. Nonetheless, all investigations per-
formed using exercise stimulated sweating demonstrated such
pulsatile behavior. The temperature drop observed during these
pulses is further validated by past sweat studies. Data from
multiple studies verify that the drop in skin temperature due
to sweat droplets is typically around 1-2 degrees [20]–[22]. In
addition, an interesting fact to note is that sweating seems to
become much more profuse as the skin temperature reaches
35 ◦C and begins to slow down/stop when the skin temperature
reaches 33 ◦C, further validating the results in this study [23]. A
portable experimental setup minimizing involuntary movements
and implementing movement compensation algorithms together
with automatic sweat gland detection is in development. Further
studies will be performed with such a device to investigate which
factors influence the duration of the sweat rate pulse and its
frequency.
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Fig. 4. Monitoring of sweat pulsation. We monitored three sweat glands (Td1, Td2, Td3) and reference area Tr located on the forearm. The
transient temperatures were recorded for 100 seconds.

An interesting item to be noted was that in the case of
chemically induced sweating, the sweat glands appear to be
continuously active, and no pulsation was observed. This lack
of pulsation is extremely interesting, and speculations as to its
mechanism will be discussed in the next section.

C. Investigation of Pulsatile Sweating Mechanism

To understand the reason that exercise stimulated sweating, or
‘natural sweating’, is pulsatile but chemically stimulated sweat is
not, one must first understand the physiological mechanism be-
hind natural sweating. There are two natural pathways that exist
which cause eccrine glands to sweat. The first of these pathways
is caused by exercise, or heat, and will be referred to as thermal
sweating (and is the natural pathway examined in this study). The
sweating mechanism begins with bursts of Skin Sympathetic
Nerve Activity (SSNA). These bursts are brief (milliseconds)
rises in nerve activity which act on receptors in the skin, causing
eccrine glands to excrete sweat. These bursts of nerve activity
have been well documented in several studies and seem to have
high correlation with sweat expulsion [18], [24]–[27]. Most

SSNA bursts have a very small amplitude, and occur at a much
higher frequency than sweat expulsion pulses. This is because
only larger amplitude bursts (or extremely rapidly occurring
smaller bursts) seem to cause sweat expulsion, and these larger
amplitude bursts occur much less frequently. Sweat expulsion
typically occurs about three seconds after an initial large burst
(or group of smaller bursts). The larger the amplitude of SSNA
burst, the more sweat is typically expelled from the pore during
that pulse [18]. In thermal sweating, the SSNA bursts cause
acetylcholine to be released, which primarily stimulates M3
muscarinic receptors in the skin, inducing sweating [28]–[31].
As the core body temperature and skin temperature increase, the
rate of SSNA bursts increases. If the bursts become rapid enough,
sweating can begin to look continuous to the naked eye as the
nerve activity burst peaks begin to fuse together, even though the
sweating remains truly pulsatile. In contrast, the other pathway
which exists for natural sweating is triggered by stress, fright, or
other strong emotion, and will be referred to as stress sweating.
Stress sweating is distinct from thermal sweating in that different
receptors are stimulated and the sweating itself is much less
likely to appear continuous. In the stress sweating pathway, the
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Fig. 5. The major pathways for natural and chemically stimulated
sweating [30], [31]. Chemically stimulated sweating activates the same
receptors as thermal sweating [12], but results in constant sweating
rather than pulsatile sweating due to the constant activation of cholin-
ergic receptors. (a) physiological pathways for natural and stimulated
sweating. (b) simplified plots of SSNA and correlated sweat generation.

SSNA bursts cause epinephrine and norepinephrine (primarily
norepinephrine) to be released rather than acetylcholine, which
in turn stimulate adrenergic receptors near the skin to induce
sweating.

The mechanisms of chemically stimulated sweating are
slightly different than that of the two natural sweating path-
ways. When carbachol is delivered into the skin (either by
iontophoresis or injection), it stimulates muscarinic and nico-
tinic receptors, similarly to acetylcholine during natural thermal
sweating. However, rather than the periodic release of acetyl-
choline, which is limited by the SSNA bursts, the carbachol
continuously activates the receptors due to its extremely slow
metabolism by acetylcholinesterase. The constant stimulation
of the receptors causes a steady stream of sweat to be excreted
from the pore, rather than the pulsatile sweating seen in natural
sweating. A summary of the natural sweating pathways as
well as the mechanism of chemically stimulated sweating can
be seen in Fig. 5. Unlike previous approaches for sweat rate
measurement, characterization of pulsatile versus non-pulsatile
sweating is something only observable with this new optical
approach.

D. Discussion on Potential Applications for Optical
Method

Now that the most likely mechanisms behind natural and
chemically stimulated sweating are understood, what effect does
this new optical sweat rate measurement technique and new
observations of sweat pulsation have on real-world applications?
We break the discussion here into two main topics: i) improved
disease diagnosis, and ii) potential utility for wearable sensors.

Hyperhidrosis is a condition in which a person has excessive
sweating in certain areas of the body, commonly the palms,
axillae, and soles of the feet. Hypohidrosis, on the other hand, is
a condition in which a person experiences decreased sweating,
or in the case of anhidrosis, no sweating at all. The most common
methods used to diagnose both hyper and hypohidrosis are
subjective in nature and involve frequency/location of sweat-
ing as well as family history [32]–[34]. The optical method
discussed in this article can be used alone as a more accurate
tool for the diagnosis of these disorders or could also be used to
enhance the accuracy and interpretation of existing tests. Rather
than using more simplified methods such as gravimetric testing
to determine the amount of sweating, the camera data would
provide a more accurate, continuous quantification of sweat rate,
which could be used to determine the severity of the disorder.
In addition, the optical technique could also be used to monitor
the effectiveness of various treatment methods for hyper and
hypohidrosis being used in patient care.

This optical technique for sweat rate measurement could
also be potentially useful for diagnosis of peripheral nerve
degeneration by improving diagnostic methods such as the
Quantitative Sudomotor Axon Reflex Test (QSART). QSART
is a testing method which uses iontophoresis to chemically
stimulate sweating (similar to the carbachol stimulation used
in this article) in the peripheral limbs, typically the legs and
forearm [5]. A low sweat output is indicative of peripheral nerve
degeneration. The method presented in this article would allow
the clinician to know the sweat gland density of the area and
the exact sweat output of each gland. It would also allow the
physician to measure sweat output at a ‘reference’ site which
would not have nerve degeneration to determine the severity of
their condition.

Another disease which could benefit from this technology
is Cystic Fibrosis (CF). This disease is typically diagnosed
in infants by measuring chloride concentration in their sweat.
However, the sweat tests used for diagnosis use gravimetric
methods to determine average sweat generation rate over a large
patch of skin (several cm2). High concentrations of chloride (the
main indicator of CF) may not only be caused by CF but also by
a low number of active sweat glands. This is because increased
sweat rate by individual sweat glands results in higher chloride
concentrations due to the inability for the gland to reabsorb the
ions before escaping the pore. Therefore, individuals who have
lower overall sweat gland density, but higher sweat generation
rates may have higher chloride concentrations in their sweat
which presents falsely as CF. Having the ability to monitor
individual sweat glands using this optical method will lead to
more accurate CF diagnosis.
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It is important to discuss the possible issues which may arise
due to stimulated sweat. Sweat stimulation may cause changes
in local levels of metabolites, such as lactate. Since lactate is a
byproduct of anaerobic activity, an increase in sweat gland activ-
ity will locally increase levels of lactate which do not properly
correlate with levels of lactate in the body. It is also possible
that changes in certain analytes may cause indirect changes in
concentrations of other biomarkers in sweat by affecting the
sweat osmolality or by affecting the ability of certain markers to
diffuse/partition into the lumen [35]. However, effects such as
these due to sweat stimulation are not well understood and need
to be investigated as wearable sweat sensing platforms develop
further.

However, chemically induced sweating also has many positive
effects on sweat sensing. It is largely known that directly placing
the sensor on the skin will likely cause issues such as con-
tamination, evaporation, and sweat discontinuity. Chemically
stimulated sweating helps to control for these issues, as the
steady stream of sweat is guaranteed to keep the sensor wet
and will also therefore reduce noise in the signal. Stimulated
sweat is also advantageous because it may reduce noise when
using enzymatic sensors, which with pulsatile sweat could give
false pulsatile sensor readings due to the sensor signal being
dependent on the flux of the analyte to the enzyme layer [36],
[37]. A higher incoming flow rate may result in falsely high
concentrations (if flow rate is 3× faster, the concentration will
appear 3× higher than the actual bodily concentration). Hav-
ing a continuous stream of sweat with a consistent flow rate,
as is seen with chemically stimulated sweating, would avoid
this phenomenon and improve the accuracy of sweat condition
diagnosis.

Finally, due to the recent rapid development of miniaturized
infrared cameras exhibiting sufficient spatial resolution (for
example the Lepton 3 cores, Teledyne FLIR, Portland OR, USA
exhibiting 160×120 pixels or Mosaic core, Seek Thermal, Santa
Barbara CA, USA exhibiting 340 × 240 pixels), the approach
presented in this study could be integrated into wearable devices
allowing the monitoring of sweat glands over longer periods.

IV. CONCLUSION

The method of sweat rate measurement described in this
article is capable of measuring individual sweat gland activity,
rather than average quantities over a general area as is done with
current methods which use skin humidity or the galvanic skin
response. These individual measurements may allow for more
accurate diagnosis of conditions such as CF, peripheral nerve
degeneration, and hyper/hypohidrosis. This optical method also
enables the observation of sweat gland pulsatile activity by
looking at natural sweat stimulation versus chemically stimu-
lated sweating. Interestingly, it was observed that chemically
stimulated sweating produced a steady stream of sweat which
was expelled from the gland, most likely due to the constant
stimulation of muscarinic receptors by carbachol. This behavior
was distinctly different from the observed naturally stimulated
sweating, which produced pulsatile sweat expulsion due to the

the intermittent stimulation of receptors by the sympathetic ner-
vous system. The constant expulsion of sweat during chemically
stimulated sweating may provide significant benefits for certain
biosensing applications, such as for enzymatic sensors; however,
it is possible that chemically stimulated sweating may alter
local lactate levels, potentially leading to false sweat/plasma
correlations. Therefore, care should be taken to investigate this
as well as other possible confounding variables if using chemi-
cally stimulated sweating. To conclude, the non-contact optical
method of sweat rate measurement described in this article could
improve sweat biosensing by providing valuable insight into
sweat gland mechanisms, and could potentially increase the
accuracy of sweat disease diagnoses.
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