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Wearable biosensors for real-time biomarker monitoring
represent a frontier in analytical chemistry. In a study published
in Nature Sensors, Cho et al. reported a wearable lateral flow
platform using paper-based microfluidics and plasmonic gold
nanoflowers for noninvasive monitoring of cortisol in human
sweat. The device integrates carbachol iontophoresis, electronic
timing circuits or BSA-gated microfluidic delay valves for
time-dynamic sampling, and electrochromic timers to record
collection events, offering a new approach for stress
management and circadian rhythm research.

Regarding analytical methods for wearable sensors, a key
contribution of this study is identifying the limitations of
existing electrochemical sensors in time-dynamic detection,1,2
and addressing this issue through innovative design. The authors
analyzed in the introduction the current state of electrochemical
methods, noting they “require electronics for sensing and offer
limited capacity for the time-dynamic detection,” and proposed
two temporal sampling strategies — electronic timing circuits
and BSA-gated microfluidic delay valves. This trajectory from
problem identification to solution design reflects the systematic
and targeted nature of the research.

Regarding timer design, the study used a polyaniline
electrochromic timer to record sampling time and incorporated a
pretreatment channel to remove reductive interferents in sweat.
The authors tested the effect of ascorbic acid on electrode color,
demonstrating the timer's responsiveness to potential
interferents. Future studies could further strengthen this
approach by providing quantitative data on pretreatment
efficiency and systematically evaluating interference from other
reducing substances in sweat.

In terms of iontophoresis process simulation, the study
employed finite element analysis to calculate electric field
distribution and sweat generation rate. The skin conductivity
parameters were sourced from the study by Peters et al,3 and the
carbachol diffusion coefficient was derived from the report by
Muller et al.4 The simulation results indicated that sufficient
sweat could be collected at a distance of 1.5 mm from the
stimulation site. Further validation through statistical analysis of
the agreement between simulation and experimental data would
strengthen the reliability of these findings.

In terms of fluid dynamics simulation, the study used COMSOL
Multiphysics to model fluid flow in the paper-based
microfluidic channels,5,6 with an inlet flow rate of 1 µl min⁻¹,
which falls within the physiologically relevant sweat rate range
of 0.5-1.0 µl min⁻¹. This provides a reasonable flow condition
for subsequent experimental validation.

The study employed the Brooks and Corey model to simulate
capillary pressure in the BSA-gated microfluidic delay valves,7
and combined it with the Nernst-Brunner equation to describe
the BSA dissolution mechanism.8 The simulation results showed
that after BSA dissolution, the contact angle decreased, allowing
fluid to pass through the valve structure. The use of these
established models provides a solid theoretical foundation for
understanding the valve timing mechanism in paper-based
microfluidic systems.

In terms of human trials, the study validated the device's ability
to monitor circadian rhythms. The cortisol fluctuation patterns
of three participants were consistent with trends observed in
salivary cortisol, demonstrating the device's potential for
real-world stress monitoring. The authors suggested that cortisol
monitoring could aid in managing sleep patterns and
stress-related disorders.9-13 The correlation coefficients between
sweat and salivary cortisol (r=0.73) and between sweat and
serum cortisol (r=0.73) indicate good agreement with
established measurement methods.

In summary, the wearable sweat cortisol sensor developed by
Cho et al. represents a significant advancement in the field of
noninvasive hormone monitoring, with its time-dynamic
sampling and colorimetric detection design demonstrating
innovation. The successful correlation with saliva and serum
assays validates sweat as a reliable biofluid for cortisol
detection, opening new possibilities for stress research and
personalized health management. The platform's ability to track
circadian variations and stress responses in real time lays a
foundation for future applications in sleep monitoring, mental
health assessment, and endocrine studies.
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