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Abstract: Despite the many ergonomic advantages of ec-
crine perspiration (sweat) compared to other possible bi-
ofluids (particularly in “wearable” devices), sweat re-
mains an underrepresented source of biomarker analytes
compared to the established biofluids blood, urine, and
saliva. Upon closer comparison to other non-invasive bio-
fluids, the advantages may even extend beyond ergonom-
ics: sweat might provide superior analyte information. A
number of challenges, however, have historically kept
sweat from its place in the pantheon of clinical samples.
These challenges include very low sample volumes (nL to
pL), unknown concentration due to evaporation, filtration
and dilution of large analytes, mixing of old and new
sweat, and the potential for contamination from the skin
surface. More recently, rapid progress in “wearable”
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1 Introduction

Although wearable technologies have recently seen
a water-shed moment in their commercialization, the in-
troduction of new capabilities has not kept pace with rap-
idly rising expectations in the medical, industrial, and
consumer markets. This is partly because today’s weara-
ble technologies remain heavily reliant on decades-old
techniques for accessing information from the body.
Many wearable technologies, for example, simply electri-
cally or optically interrogate the body from outside skin,
which severely limits the specificity of their detection.
The identification and quantification of most biomarkers
(ions, molecules, proteins, etc.), is instead only possible
through a probe that relies on direct chemical interaction
with the analyte. Creating such chemical sensors in a wear-
able format remains a significant challenge, but, as re-
vealed in this special issue of Electroanalysis, appears
promising. However, even if you can make such sensors
[1], there remains a second, perhaps even greater chal-
lenge: how does one reliably and non-invasively extract
biomarker analytes from the body? It has been recently
postulated by several groups that this second challenge
can be resolved by sampling and sensing of analytes in ec-
crine sweat (Fig. 1), as supported by emergent theory [2]
and recent technological demonstrations [1-6]. This arti-
cle reviews the status of wearable biosensing of analytes
in eccrine sweat, including both challenges and outlook
circa 2016. Eccrine sweat has many inherent advantages
over other non-invasive biofluids (tears, saliva, urine), but
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sweat sampling and sensing devices has resolved several
of the historical challenges. However, this recent progress
has also been limited to high concentration analytes (uM
to mM) sampled at high sweat rates (>1 nL/min/gland,
e.g. athletics). Progress will be much more challenging as
sweat biosensing moves towards use with sedentary users
(low sweat rates or not sweating at all) and/or towards
low concentration analytes (pM to nM). Addressing these
unresolved challenges will require significant advances in
sweat stimulation, sample collection efficiency, compact
sensors, and likely more. Fortunately, none of the remain-
ing challenges appear to be fundamentally blocking, and
scientific and engineering innovations have the opportu-
nity to enable broader application of sweat biosensing
technology.

wearable - microfluidics

also has numerous and unique challenges. This article
may serve useful for those considering exploration of
sweat biosensing, but also raises many issues that are rele-
vant to biosensing with other non-invasive or minimally
invasive techniques.

2 Sweat: Pros and Cons as an Analyte Source

Eccrine sweat glands are found at many locations of the
body at densities of >100 glands/cm?® [2], therefore ena-
bling a multitude of viable sampling sites. Thus, the argu-
ment for using a wearable device to sample and sense
sweat is rather straightforward. The finer arguments in
favor of or against eccrine sweat, are best understood in
the context of alternate methods of analyte sampling. For
example, one-time sampling and sensing of eccrine sweat
is not analytically superior to invasive biofluid extraction
(blood, interstitial fluid, etc.). Rather, to understand the
advantages and challenges of eccrine sweat, is to also un-
derstand sweat in the context of repeated or continuous
sampling, and in the context of other non-invasive bio-
fluids (saliva, tears, urine). Within these contexts, major
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Fig. 1. Diagram and example technology [2,4] for sensing ana-
lytes in sweat as it is secreted onto skin. Multi-analyte RFID
patch photos provided courtesy of Eccrine Systems Inc.

advantages and challenges of eccrine sweat are briefly
summarized below, followed by brief qualification of chal-
lenges as technological (likely directly resolvable with
enough effort) or fundamental (only resolvable through
indirect methods or ‘work-arounds’).

Advantages of sweat for non-invasive biofluid access:
Most sampling sites and surface area outside the body
Continuous access (e.g. urine requires a catheter)

Can be stimulated on-demand with local iontophoresis
Ease of placement and comfort (not in mouth or eye)
Is not a digestive fluid that can degrade some analytes
Can be sampled at very low fluid generation rates

Can be sampled without external contamination

Can be sensed quickly before analytes degrade.

Some additional detail is provided for the last three of
these advantages. First, low fluid generation rates can, for
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some larger size analytes, allow greater time for concen-
tration equilibration with blood or improved correlations
with blood by comparing ratios of analytes [2,7] (see
Fig. 5 and related discussion). Second, once adequately
sealed onto a cleaned skin surface, sensors can be shield-
ed from external fluids and contamination sources. Elimi-
nation of external contamination also improves sample
security (e.g., illicit drug testing [8]). Third, many bio-
marker analytes can degrade in as little as tens of minutes
due to microbes, proteinases and other enzymes [9]. For
sweat, wearable sensors can be brought extremely near to
the skin and sample the new sweat quickly before it de-
grades [2,9].
Challenges of sweat for non-invasive biofluid access:
Underdeveloped compared to most other biofluids
Irregular sampling without iontophoretic stimulation
Skin surface presents a contamination source
Old sweat can mix with and contaminate new sweat
Very low sample production rates (1’s nL/min/mm?)
The most widely-used sensing methods are not avail-
able in forms that are continuous and/or compact
o Large pH changes (4.5 to 7.0) are possible, which can
skew concentrations of weak acids and bases
® Most large analytes (e.g. proteins) are diluted (filtered)
e Some analyte concentrations only represent skin and/or
the metabolism of the eccrine sweat gland itself
® Active analyte channels in the eccrine gland can skew
the concentrations of some analytes relative to the con-
centrations seen in blood.

The first six challenges listed here are all at least in
part addressable through technological innovation. These
first six challenges will be discussed in greater detail in
Section 3. The last four italicized challenges are funda-
mental (physiology), and if not impossible to overcome,
require solutions that are indirect and complex (analyte
proxies, sample preparation before sensing, etc.). In addi-
tion, there are also several historical disadvantages pre-
sented in the next section which were not covered in this
section, because they are now easily resolved.

3 Technology circa 2016 — Quickly Addressing the
Easy Challenges

There are several additional historical challenges for
sweat, which are nicely summarized by Luque de Castro
et al. [10] in the following excerpt:

“The main limitations of sweat as a clinical sample are
the difficulty to produce enough sweat for analysis, sample
evaporation, lack of appropriate sampling devices, need
for a trained staff, and errors in the results owing to the
presence of pilocarpine. In dealing with quantitative meas-
urements, the main drawback is normalization of the sam-
pled volume.“

With exception to the challenge of pilocarpine interfer-
ence, simply using an integrated wearable device or
patch, which places sensors or sweat collection right
against skin (Figs. 1, 2), resolves all the other issues cited
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Fig.2. Circa 2016 — bringing sensors directly onto skin [1,3,4,6]
solves numerous historical challenges [10]. In all the examples
provided in the figure, technology is mechanically compliant to
skin, which is essential as a first step to reduce the sweat volume
between skin and sensors.

by Luque de Castro etal. [10]: (1) you need much less
sample (see next section for calculations); (2) sample
evaporation is blocked by the sensor or patch; (3) the
device or patch is the appropriate sampling device; (4)
the device largely replaces the need for highly trained
staff; (5) and lastly, normalization of sample volume is no
longer relevant as sensors continuously receive new
sweat. The sample volume can also be normalized by con-
tinuously determining the flow rate of new sweat to the
device. This flow rate of sweat can be directly measured
(e.g. flow sensors inside a microfluidic channel) or indi-
rectly measured (e.g. measure sodium or chloride ion con-
centrations which are proportional to sweat generation
rate [2]). One challenge cited by Luque de Castro et al.
[10] was not addressed in our discussion, “and errors in
the results owing to the presence of pilocarpine,” and will
be addressed in the next section.

Hence, circa 2016, many of the historical challenges
clinically perceived for sweat can be resolved by quickly
sampling and sensing sweat as it secreted onto the skin
surface (Fig. 1, 2). An example commercial validation has
existed for several years. The Wescor Nanoduct sweat Cl1~
measurement system iontophoretically stimulates sweat-
ing, and then continuously collects and senses sweat
(Fig. 3). The device measures sweat conductivity which is
then used to back-calculate sweat Cl~ content (ionic
strength of sweat is dominated by NaCl and KCl). A
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Fig. 3. Wescor Nanoduct sweat stimulation and chloride sensing
system for infant cystic fibrosis testing [11].

higher than usual ClI™ concentration is a positive predictor
for infant Cystic Fibrosis [11].

Thus far, this section of the review has suggested that
historical challenges are resolved by simply placing sen-
sors very near to the skin surface. There are several other
caveats that should be considered. Ideally, the sensor or
sampling component should not be frequently sliding
over the skin surface, which could cause entrapment of
old or contaminated sweat. Preferably, placement on skin
should maintain tight contact to minimize the amount of
dead volume between sensors and the skin surface. If you
can minimize the amount of dead volume between the
device and skin (Fig. 4a; [2]), the amount of time sweat
sits ‘stagnant’ on skin is reduced, which will decrease ana-
Iyte contamination coming from the dead stratum cor-
neum [12] (see next section for more detailed discussion).
Furthermore, if you minimize the dead volume, you need
less sample volume per reading, and your time for obtain-
ing a new sample is reduced (Fig. 4b, [2], and also see
next section). Importantly, a reduced dead volume will
also increase the sweat flow rate across the sensors, ideal-
ly to a velocity that is greater than the back-diffusion ve-
locity of solutes in older sweat (Fig. 4c, [2]). As a result
the challenge that ‘old sweat can mix with and contami-
nate new sweat’ can be resolved.

Now that we understand the challenges that are at least
partially addressable with technology circa 2016, we turn
the discussion to challenges that remain largely unre-
solved in the current literature.

4 Technology Outlook - the Big Challenges

Technology circa 2016 or earlier [1-11, and references
therein] may be adequate for initial applications such as
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Fig. 4. Effects of (a) sensor gap from skin and of sweat gland
generation rate on (b) time required for filling of a new sweat
sample under a sensor and (c) preventing mixing of old and new
sweat solutes (adapted from [2]).

monitoring electrolyte loss in athletes [13], or for cystic
fibrosis testing [11], but the majority of untapped oppor-
tunity for sweat biosensing lies beyond just simply meas-
uring Na®, K*, and CI~. This section is broken into sever-
al subsections, each detailing a significant unresolved
challenge.

® Available sample volumes are very low (1’s—-100’s
nL)

Assume a skin roughness peak-to-valley height of
~60 um [14,15] and a 10 mm?® sweat sensor placed on
skin. The resulting open (‘dead’) volume between skin
and the sensor can be theoretically approximated at
300 nL. Assume a moderate to high sweat generation rate
of 1 nL/min/gland and gland density of 100 glands/cm? (10
glands under the sensor). It would take 30 minutes to
obtain a viable sample to fill the volume based on
a single-centered filling model (Fig. 4b) [2]. Even worse,
the real filling method would involve multiple glands, and
therefore would be more homogeneous and require more
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than one hour (Fig. 4b) [2]. With hair, skin defects, or
debris, this open volume could be even larger. Fortunate-
ly, skin does become more compliant (smoother) when
wet and under prolonged contact pressure. Also, another
mitigating factor is for applications such as athletics,
which can have much higher sweat generation rates (up
to ~5 nL/min/gland). However, for other applications ob-
taining such high sweat generation rates may be impracti-
cal. Therein lies a central challenge for sweat biosensing:
the 10’s of uL frontier enabled by point of care advances
such as i-STAT cartridges, is still ~1000X too large to satis-
fy many applications of sweat biosensing. Advanced mate-
rial and microfluidic techniques are clearly needed be-
tween sensors and skin, if fast sampling and sensing is to
be enabled at lower sweat rates (<1 nL/min/gland). Con-
sidering that many small molecule analytes diffuse imme-
diately into sweat and that the eccrine duct requires only
a few minutes to provide a fresh new sample [2], in some
cases sampling resolutions of <2 minutes could be theo-
retically possible with technological innovation.

o [rregular sampling without iontophoretic stimulation

Recall the challenging sample volume requirement of
the previous section, which was calculated for 1 nL/min/
gland (a moderate to high sweat rate). Now consider
yourself, likely in a sedentary state while reading this
very article, and therefore unlikely to be sweating (unless
this article is unexpectedly intriguing). Fortunately, even
for sedentary individuals sweat events do occur naturally
multiple times per day (during sleep, when you step into
a hot car in the summer, often when you eat a meal, due
to anxiety, etc.). However, many of these events are infre-
quent and will generate sweat at only ~0.1’s nL/min/
gland or less. This challenge places further emphasis on
reducing the needed sweat sample volume, such that
more natural sweat events during daily life are also viable
sweat sampling and sensing events.

An alternative approach to resolving irregular sweat
sampling is continuous or repeated sweat stimulation.
There exists an FDA-approved approach for sweat stimu-
lation using iontophoresis of pilocarpine (e.g. Wescor
Nanoduct Fig. 3, [11]). This is only a one-time sampling
and sensing protocol, which is unfortunate because one of
the key potential advantages for sweat is continuous or
repeated sampling and sensing (Sect. 2).

For regular or continuous stimulation of sweat, there
are two things that might help: (1) reducing the sampling
volume (see previous section), such that lower sweat gen-
eration rates are viable (0.1’s nL/min/gland), which ex-
tends the effective duration of adequate sweat flow due
to a dose of pilocarpine; (2) validation and approval of
sweat stimulants (cholinergic agonists) that metabolize
more slowly than pilocarpine. There are several choliner-
gic agonists with slow metabolic conversion (insensitivity
to acetylcholinesterase) that are already in use for oph-
thalmic and urinary retention applications [16], but which
have not been pursued or approved for sweat stimulation.
If both reduced sample volume and slower metabolizing
stimulants are achieved, this author speculates that con-
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tinuous sampling should be possible for 24 hours, or
maybe even more.

® Reduce or eliminate skin-surface contamination

Before talking about analyte contamination from the
skin-surface, recall that the previous two challenges ad-
dressed in this section both pointed toward sweat sam-
pling and sensing at lower sweat generation rates. Consid-
er now, the additional and competing challenge that the
lower the sweat generation rate, generally the greater the
influence of contamination coming from the skin surface
[12]. Using a first order approximation, consider ex-vivo
contamination on the skin surface to be something that
dissipates over time (finite source, dissolves, and is advec-
tively transported away by sweat). Next consider in-vivo
contamination to be at a constant flux, from sources such
as dead skin cells, lipophilic analytes diffusing through
the stratum corneum, or even include microbes as a con-
stant source of contamination. The contamination effect
of all these sources will be diluted and diminished at
higher sweat generation rates (nL/min/gland). Again, this
is at odds with resolving the previous two challenges of
this section, which instead concluded on a need for sam-
pling and sensing at lower sweat generation rates.

Previous clinical techniques may provide clues for miti-
gating contamination. Sato and colleagues published pro-
lifically on the physiology of eccrine sweat glands, includ-
ing a technique for higher purity sweat collection [12]. In
this technique the skin surface is coated with a thin layer
of oil through which sweat can easily penetrate due to the
hydraulic pressure of sweat generation [2]. This oil film
allows sweat through, but blocks diffusion of hydrophilic
contaminants from skin areas further away from the
sweat ducts. However, this is just a clinical method for
sampling sweat. If this method were adapted as-is to
a wearable device (such as those in Fig.2) the sensors
and/or microfluidics could become coated with oil and
rendered inoperable.

® Many requisite sensor modalities are not available in
compact and continuous sensing modalities

This need is particularly well suited to the audience of
this special issue of Electroanalysis. Sweat’s greatest op-
portunity is likely in repeated or continuous sensing,
which for biosensors is the least developed because most
biosensors were developed for biofluids in which a one-
time sampling/sensing protocol is used (blood, saliva,
urine). Recalling our previous discussion in which it is
clear the sensors should be wearable, and taking cost into
consideration, electrochemical sensing [1] is an attractive
platform for sweat analytes. However, the electrochemi-
cal sensing should ideally be: (1) selective, as the sweat
sample is not pre-treated or filtered; (2) label and re-
agent-free; (3) shelf-stable. For mM to pM analyte con-
centrations, there are many ion-selective electrodes and
enzymatic/amperometric sensors, which readily satisfy all
three of these ideal requirements for sweat [1,3-6]. Re-
quirements (2) and (3) generally prevent use of antibody-
based electrochemical sensors. Thus, a major challenge is
revealed in the sensing of nM to pM analytes. Such ana-
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lytes include, for example, small molecule hormones or
peptides/proteins[2]. For nM sensing, arguably the most
convincing data has been shown for electrochemical apta-
mer-based (EAB) sensors [17], which can work continu-
ously even for 24 hours in whole blood [18]. Importantly,
EAB sensors that have an attached redox couple [17],
ion-selective electrodes, and enzymatic sensors, are fairly
insensitive to surface fouling because the charge-trans-
duction mechanisms are local to the electrode surface.
However, the EAB sensors for nM analytes are also the
least commercially developed. EAB sensors work well for
large molecules and proteins because of greater sites for
unique hydrophilic/hydrophobic interactions between the
analyte and aptamer. Conversely, using this same ration-
ale, aptamers often lack the affinity needed to detect low
concentrations, particulary when the target is a small mol-
ecule (fewer sites for hydrophilic/hydrophobic interac-
tions). This is unfortunate, as hormones are an important
class of analytes, and some hormones are so small and lip-
ophilic that they readily diffuse into sweat with near 1:1
correlations with their unbound concentrations in blood
(see next section and [2]). Therefore, for low-concentra-
tion small molecules, the emerging field of molecularly-
imprinted polymer sensors might find a particularly
strong niche in sweat biosensing [19].

Some additional comments regarding EAB sensors are
merited, and may have context that relates to other sweat
sensor modalities as well. For small molecules, EAB sen-
sors can rapidly release (seconds or faster) the analyte as
concentration decreases, and hence in many cases no
sensor regeneration is needed. For larger analytes such as
proteins, if rapid measurements are needed then some
sort of sensor regeneration scheme is required. However,
most protein concentrations change very slowly in the
body, and do not need to be measured faster than periods
of hours. Therefore, for some proteins a very slow self-re-
generation of the EAB sensor may be acceptable. Anoth-
er potential issue, is that both pH and salinity change sig-
nificantly with sweat generation rate. The extent to which
EAB signaling might be altered by physiologically-driven
changes in the pH or ionic strength of sweat, has not yet
been characterized. This said, the absence of ionizable
groups that protonate over the 4.5 to 7 pH range of sweat
suggests that the former is unlikely to be a hurdle. The
latter issue (salinity) may be more problematic as changes
in ionic strength can alter the thermodynamics of the
binding-induced conformational shift that drive EAB sig-
naling. Typical levels, though, only range from 20 to
80 mM and can be easily measured with ion-selective
electrodes to help correct for salinity-induced errors in
the EAB signal.

® Most large analytes (e.g. proteins) are filtered

Large analytes such as proteins are filtered in sweat,
which means they are highly diluted compared to blood
concentrations. Exceptions include defensive proteins like
dermcidin, but only because they are actively secreted
into sweat [20]. To predict just how dilute proteins are in
sweat, a speculative calculation is now provided. Dermci-
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din constitutes about 50% of the total protein content in
sweat [20]. Albumin, which is ~60% of protein content
in blood, is only 5% of the protein in sweat [20]. If the
total protein content of sweat is only a few tenths of
a mg/mL [21], Albumin only 5% of that, and albumin in
plasma is ~40 mg/mL, then for at least the case of high
sweat rates [20] sweat albumin is at least 1000X more
dilute than in blood. It is therefore reasonable to expect,
that a protein analyte at nM to pM concentrations in
blood becomes a very difficult to measure pM to fM ana-
lyte in sweat. Fortunately, there are several bits of encour-
agement for sweat analysis of proteins:

(1) peer-reviewed papers show that ratios of proteins cor-
relate between blood and sweat [7].

(2) many proteins change in concentration slowly (over
periods of hours) and would therefore require less
frequent sampling, opening up the possibility for mi-
crofluidic sample pre-concentration [22]. Pre-concen-
tration for proteins can arguably be achieved using
simple size-selective membrane techniques.

(3) unlike tears and saliva, sweat can be generated and
collected at very low fluid generation rates, which
could allow more time for proteins to enter into
sweat, and therefore improve both total concentra-
tion and correlation with blood.

o Further discussion on expected filtration trends in
sweat, based on data available for saliva

The comparison to saliva (point #3 above), is worthy of
further discussion. At some point, a greater understand-
ing of what analytes readily exist in sweat will be thor-
oughly reported in the literature. In the short term, for
some hints, researchers can turn to the greater volume of
published work that exists for saliva. A particularly ex-
ceptional review of salivary analytes has been published
by Vining and colleagues [23]. The plots adapted in Fig. 5
from Vining et al. [23] show clear effects of analyte size
and lipophilicity on analyte concentrations in saliva. For
example, the analytes in Fig. 5a are all hydrophilic and
show a clear size dependence on dilution. As another ex-
ample, in Fig. 5b, DHEAS is hydrophilic and diluted
whereas cortisol is equally as large but is lipophilic (mem-
brane permeable) and therefore not diluted. Such evi-
dence is further interesting to consider for monitoring of
lipophilic analytes (DHEA) vs. their metabolites
(DHEAS) which are most often hydrophilic. This could
effect applications in pharmaceutical monitoring (e.g.
monitor the drug vs. it’s metabolite).

However, several cautionary statements must be made
on comparison of sweat to saliva: (1) as stated previously,
saliva generation rates can be much greater than sweat
generation rates, so their analyte dilutions due to filtra-
tion cannot be directly compared; (2) many salivary ana-
lyte papers for large analytes should be ignored, as they
detect analytes that partition into saliva from the gum
crevices, which is unpredictable and which is obviously
absent in the case of sweat; (3) enzymes and other routes
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(a) salivary analyte dilution due to filtration (adapted from [23])
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(b) salivary analtye dilution and lipophilicity (adapted from [23])
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Fig.5. Analyte dilution in saliva due to [a] hydrophilic analyte
size and/or [b] lipophilicity vs. hydrophilicity (adapted from
[23]). All of the above analytes are those that passively diffuse
into saliva, and similar trends are possible for sweat as well.

for analyte degradation are often different between saliva
(a digestive fluid) and sweat.

e Some analyte concentrations only represent skin and/
or the eccrine sweat gland itself, not the body

Some analyte concentrations in sweat such as NaCl
represent only active channels for secretion and recapture
of analytes in the eccrine gland itself [2] (Table 1). As an-
other example, Lactate content in sweat is a by-product
of the local metabolism required to support sweat genera-
tion [2] (Table 1). This is not to say that metabolite corre-
lation between sweat and blood is not possible, but it
does suggest that proxy analytes or very low sweat gener-
ation rates may be needed to gain meaningful informa-
tion for some metabolite analytes. Fortunately, concentra-
tions of some ‘Holy grail’ analytes such as glucose seem
to be fairly independent of sweat generation rate [6] and
have been shown to trend with blood glucose [12]. How-
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Table 1. Brief summary of the present understanding of major
analyte classes and comments on their partitioning into sweat.
For some limited concentration data, please see reference [2].

Analyte
class

Partitioning into sweat?

Electrolytes Some are active (Na*, Cl7) and have no serum cor-
relation, and some are passive (K*) and are similar
to blood levels.

Key metabolites such as lactate represent local
sweat gland activity and metabolism (not blood
levels). Some other metabolites may provide
sweat-serum correlations.

Metabolites

Amino Certainly appear in sweat [24]. Molecular weights

Acids could be in range for filtration at some sweat rates
(Fig. 5).

Small mole- Lipophilic molecules such as cortisol can provide

cules 1:1 correlations between sweat and serum (un-
bound fractions) whereas hydrophilic molecules
may be filtered depending on size and sweat rate
(Fig. 5).

Proteins Undoubtedly filtered and dilute, but evidence

shows ratios in sweat are equivalent to ratios in
plasma [7]. Rarely need to be measured quickly,
opening the possibility for pre-concentration [22]
or other techniques to compensate for dilution.

ever glucose appears to be ~100X dilute in sweat [6,12]
and its precise partitioning pathway into sweat [2] has not
yet been confirmed. Other examples of analytes that are
confounded by local activity include the previously-dis-
cussed defensive proteins such as dermcidin. Further ex-
amples may include analytes associated with inflammato-
ry responses that are localized to the skin. For example,
you would not want a sweat sensor to indicate a whole
body inflammatory response when instead the only issue
is that you are recovering from a mild sun-burn.

5 Two Key Conclusions circa 2016

Circa 2016, there has been a clear and rapid increase in
both interest and technological advances for non-invasive
analyte sensing in eccrine sweat. A greater understanding
is also unfolding on individual analyte information avail-
able in sweat (Table 1). Furthermore, beyond measuring
single analytes, it should be expected that over time more
multi-analyte studies will publish which provide meaning-
ful physiological correlations. A very recent example even
links lung cancer to amino acid ratios in sweat [24]. It is
therefore the position of this author, that the most impor-
tant conclusions that can be made at this time are two-
fold:

(1) the opportunity provided in eccrine sweat is clearly
compelling compared to other non-invasive biofluids,
and has the potential to enable a true performance
leap for wearable technology.

(2) the many challenges for eccrine sweat are likely re-
solvable directly or indirectly through technological

www.electroanalysis.wiley-vch.de
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innovation. Importantly, circa 2016, the roadmap of
requirements for addressing these challenges is now
much more clear.
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