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Table S1: CHARM'’s comparison vs. sweat devices tested at the ring location.

Component | Parameter This work | vs. Tuetal.,’ | vs. Cui et vs. Fu et al.®
al.?
Fully Flexible Flexible Flexible
Form factor | N/A integrated patch patch patch
true ring wrapped at wrapped at
ring location | ring location
Material Paper PDMS PDMS PDMS
~90 uL ~21uL ~7 uL Not reported
Accommodating | Sensing
volume volume: 5
pL
Microfluidics | Size 8 cm length | ~2cm ~1.5¢cm ~1.5¢cm
3D length — No length — No length — No
stackable 3D stackable | 3D stackable | 3D stackable
Inlet 5mm 0.2 mm 5mm 6 mm
diameter diameter diameter diameter
Mixing chamber | No 0.8 mm No No
diameter
Outlet 7 mm 0.1 mm Not reported | 0.5 mm
diameter diameter diameter
Printed Coin cell Coin cell Coin cell
Form factor flexible
Battery battery
Voltage 3.6V 3.8V 3.8V 3.8V
Capacity 10 mAh 8 mAh 8 mAh 8 mAh
Glucose,
lactate, C-reactive
Sensors Biomarker ketone, C-reactive Estradiol, pH, | protein,
alcohol, protein, pH, sweat rate cholesterol,
uric acid, sweat rate potassium,
ascorbic sweat rate
acid
Technique Osmotic lontophoresis | lontophoresis | lontophoresis
Sweat (passive) (active) (active) (active)
Access Sweat rate 0.1-0.2 0.5-3.5 Not reported | Not reported
pL/min pL/min
Sensing ~12 hours | 60s scans 10s discrete | Discrete
Operation duration scans over scans
multiple days




a ) b c
Screen printed sensors

Stacked fluidic assembly with sensors

Interfacing sensor array on the fluidic channel

e
Connecting battery to F-PCB and connection pad

Front side

Back side

f Mount battery + PCB + pad g Align connection pad with

onto the right ring half the open hydrogel slot

Fig. S1: CHARM assembling process. a) The electrode array are first screen printed on
SEBS and b) interfaced to the fluidic channel near the hydrogel inlet with SEBS casing.
SEBS casing prevents all fluid evaporation. c) The fluidic channel is then folded to reduce
its length such that it fits in the ring. d) The printed batteries are folded along the center
and e) connected to the F-PCB on one end. The other end of F-PCB connects to the
electrical connections of the connection pad. The pad has an elliptical slot to
accommodate the hydrogel. Metallic array connections on the other end of the connection
pad connects to the printed electrochemical sensor array. f) The whole assembly is fitted
on the right halve of CHARM and curved such that the elliptical hole on the connector pad
aligns with the hydrogel slot on the left halve of CHARM. The right half is pushed such
that it locks, making CHARM ready for use.
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Fig. S2: Optical image of the fluidic channel showing liquid advancement at 150 nl/min
flow rate. The fluid reaches the end of channel in about 10 hours. Total volumetric capacity
~ 85-90 ulL’s. Scale bar: 5 mm.

Supplementary Note 1: Theoretical estimation of hydrogel osmotic pressure

The osmotic pressure of a hydrogel is derived theoretically by estimating the swelling
pressure using the Flory-Rehner Theory. The swelling capacity of any gel system upon
fluid intake is highly dependent on the overall contributions from elastic forces, polymer-
solvent interactions, and ionic composition. These effects depend on several
thermodynamic properties (e.g., temperature, pH, solution ionic strength and
composition). Hence, it is important to estimate each contribution to understand the
overall swelling behavior and fluid extraction capacity of a hydrogel.*-”

The total swelling pressure (m;,;) is derived using the following equation:

_1 (9AF,
Teor = — Vi ! (Vtt) = T + Tmix + Tion (2)
1
where V; is the solvent molar volume (18 mil/mol), n, is the number of moles of solvent,
¢ 1S the total gel swelling pressure and n,;, 7, and m;,, are the elastic, mixing and
ionic contributions to the total swelling pressure, respectively.

We first quantified the elastic contributions (r,;) for all our hydrogel systems. For
every hydrogel variant, we estimated its weight swelling ratio (q,), polymer volume
fraction after equilibration (@,), and gel shear modulus (G) via experiments. These
parameters were used for the estimation of m;,,. The g, was calculated as:



g, = —2% (3)

Mdry

where mg,, is the initial mass of gel after equilibration in the osmolyte and my,,, is the
mass of gel after drying. q,, (PVA — PAAm) = 2.61. @, was calculated from q,, as follows:

0, = [1+ @] @)

where p is the polymer density (1.35 g/mI-PAAm, and 1.29 g/ml- PVA)® and d is the density
of water (1 g/ml). @, (PVA — PAAm) = 0.34.
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Fig. S3: G/G” vs. strain rate plot of at angular frequency of 10 rad/s for a) PVA-PAAm gel
soaked in pure EG; and b) PVA-PAAm gel soaked in PBS. Circle: G’, Star: G”.

The elastic contribution in the hydrogel system using @, was calculated as follows:
Ty = —G = Gdryqszl/3 (9)

where G, is the dry gel shear modulus unequilibrated in any solution. ¢ for both pure
EG and PBS hydrogel variants were measured through an amplitude sweep experiment
conducted at an angular frequency of 10 rad/s using a rheometer (TA instruments HR 30).
G ranged ~ 0.8 KPa and ~0.6 KPa for PVA-PAAM/EG and PVA-PAAM/PBS, respectively
(Fig. S3)

The contribution from the polymer-solvent mixing interactions was calculated as follows:
—RT
Tmix = V_l[ln(l - ®2) + (Z)Z + XQ%] (6)

where y is the Flory-Huggins polymer-solvent interaction parameter. For hydrogels, y =
0.48.°



The contributions from the ionic interactions were neglected as the hydrogels were not
treated with any ionic solvent during the test.

The contributions from the ionic interactions are calculated as follows:

Tion = 2RT{[(C*V)? + (i0,/(2V,))?]"" — €4} (7)

where R is the gas constant, T is the absolute temperature, i is the degree of ionization,
12, is the molar volume of the monomer unit of the polymer (13.50 mol/m?) and €5 is the

concentration of the electrolyte with which the gel is treated.® For DI, we assumed m;,,,,=0.
mol

For 1X PBS, we assumed C° = 0.1 ——and i =2 (since NaCl is the dominant salt).

Based on this, m;,; = 2.79 MPa and 58 kPa were estimated for PVA PAAm (pure EG) and
PVA PAAm (PBS), respectively.

Osmotic + Natural Perspiration Natural Perspiration

10 hr

12 hr

125{-6—0smotic + Natural
—&— Natural

(OF. : : ' .
0 3 6 9 12 15
Time (hr)

Fig. S4: Optical image of the fluidic channel showing greater dye penetration due to
osmosis vs. natural perspiration. Experiments were conducted at the ring finger site. Each
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dots denotes average value and error bars denote standard deviation (SD) from n=3
measurements.

Supplementary Note 2: Von Mises stress estimation on hydrogel surface

a b Applied pressure

Hydrogel —»

Frictional contact- - -

Fixed constraint
z Elastic strain (%)
I :y 0 3.31
X S W

Fig. $5: Mechanical simulation of the hydrogel under bending. a) Isometric view of the
assembled meshed system with defined frictional contact between the hydrogel and
fingertip tissue. b) Lateral view of the elastic strain on fingertip tissue after applying 3 KPa
pressure on the hydrogel surface.

The commercial software ABAQUS was utilized to predict the stresses acting on the
hydrogel and fingertip interface under an applied pressure. An 8-node linear brick,
reduced integration (C3D8R) mesh (Fig. S5) and explicit dynamic analysis were adopted
to ensure the convergence of the simulations. Frictional contact between the hydrogel
interface and fingertip tissue was defined with a frictional coefficient of y = 0.15.1°
Hyperelastic properties were defined by fitting the experimental stress-strain data of the
hydrogel. Here, we chose Neo-Hookean hyperelastic model to calculate the coefficients
of the hydrogel C10 = 785.25 and D1 = 0.00137. Linear elastic properties were used to
model the fingertip skin and cortical bone where the elastic modulus E and Poisson’s ratio
v are Eskin = 400 KPa and vskin = 048, Ecortical bone = 16.2 GPa and vcortical bone = 0.36.1.12
We assumed that human skin could accommodate up to ~30% elastic strain and used
this as a conservative upper-bound stretchability when estimating the strain in the skin
layer induced by applying 3 kPa normal pressure to the hydrogel surface.
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Fig. S6: In-vitro performance of the glucose sensor showing a) cyclic voltammetry (CV);
b) chronoamperometric response with 100 uM increments; c) Relative standard deviation
(RSD) from 5 sensors; d) Long-term stability of the sensor response; e) interference plot;
stability under varying f) temperature, g) relative humidity (RH), and h) pH. Error bars
denote standard deviation. Bar denotes mean + SD from n=4 data points (black dot).

a 175 b 0

[+]

RSD = 8.20% d 30

0.4

Current (uA/em?)
| 1
]
g 3
\
|
55
3=
=
Current (1A cm?)
3
Al (uA)
o
Y
Al (pAfem?)
3

|
-
=1
=]
~
2
3
=

1000 uM

. : 00
-0.6 03 00 0 20 40 80 1 2 3 2 5 i 2 3 4 5 6 7 8 9
Potential (V) Time (s) Sensor Number Day

=)

o

w

Current(uAlcm?)
3
,_.‘
o

Current(uA/em?)
0}_‘_
*
Current(uAfcm?)

)
-
0’_‘.

<
*
- *

0 10 20 30 10 25 20 20 40 70 55 65 74
Time (s) TeC) RH (%) pH

Fig. S7: In-vitro performance of the ascorbic acid sensor showing a) cyclic voltammetry
(CV); b) chronoamperometric response with 100 uM increments; c) Relative standard
deviation (RSD) from 5 sensors; d) Long-term stability of the sensor response; e)

interference plot; stability under varying f) temperature, g) relative humidity (RH), and h)

uA.cm=2
O -

pH. The response follows an inverse trend with pH at a rate of ~—0.2 . Error bars

denote standard deviation. Bar denotes mean + SD from n=4 data points (black dot).
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Fig. S8: In-vitro performance of the uric acid sensor showing a) cyclic voltammetry (CV);
b) chronoamperometric response with 100 uM increments; c) Relative standard deviation
(RSD) from 5 sensors; d) Long-term stability of the sensor response; €) interference plot;
stability under varying f) temperature, and g) relative humidity (RH). Error bars denote
standard deviation. Bar denotes mean = SD from n=4 data points (black dot).
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Fig. S9: In-vitro performance of the ketone sensor showing a) cyclic voltammetry (CV);
b) chronoamperometric response with 0.5 mM increments; c) Relative standard deviation
(RSD) from 5 sensors; d) Long-term stability of the sensor response; e) interference plot;
stability under varying f) temperature, g) relative humidity (RH), and h) pH. The response

follows an inverse trend with pH at a rate of ~5.40 ”A:—Zl_z. Error bars denote standard

deviation. Bar denotes mean + SD from n=4 data points (black dot).
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Fig. S10: In-vitro performance of the lactate sensor showing a) cyclic voltammetry (CV);
b) chronoamperometric response with 5 mM increments; c) Relative standard deviation
(RSD) from 5 sensors; d) Long-term stability of the sensor response; €) interference plot;

stability under varying f) temperature, g) relative humidity (RH), and h) pH. The response
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Fig. S11: In-vitro performance of the alcohol sensor showing a) cyclic voltammetry (CV);
b) chronoamperometric response with 5mM increments; c) Relative standard deviation
(RSD) from 5 sensors; d) Long-term stability of the sensor response; e) interference plot;
stability under varying f) temperature, g) relative humidity (RH), and h) pH. The response
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Supplementary Note 3: Numerical simulation of analyte flux under varying
concentrations and sweat rates

Finite element simulations were performed using COMSOL Multiphysics to model the
experimental system in a simplified two-dimensional framework. A fully wetted paper
channel operating under incompressible conditions was assumed, and mass
conservation was enforced through the continuity equation (Eq. S1). Consistent with the
low—Reynolds number regime characteristic of paper-based microfluidic systems (Re <
1), the flow was treated as laminar, in agreement with previous reports on lateral flow
assays.'® Under these assumptions, fluid transport within the channel was modeled using
the Brinkman-modified Navier—Stokes equations to capture the effects of porosity,
permeability, and viscous drag in the porous matrix confined between two parallel plates
(Eq. S1). 4

The channel geometry, along with the initial and boundary conditions applied in the
simulations, are shown in Figure S1. Transport of the electroactive analyte was modeled
using the convection—diffusion equation (Fick’s second law, Eq. S2). The rate constant
K was experimentally determined from chronoamperometric measurements conducted at
varying analyte concentrations. A linear relationship between the steady-state current |
and concentration C was observed (Fig. 2d), validating the first-order reaction
assumption. To capture the sensor response under a fixed applied overpotential (i.e.,
chronoamperometric operation), the Butler—\Volmer kinetics were simplified to a first-order
reaction with respect to analyte concentration, J; = —K;C;, representing the time-
dependent consumption of analyte at the electrode surface.' The subscript i represents
the different tested analytes: glucose, BHB, lactate, UA, UC, and ethanol.

pou

k
-, = VP + ,ueffvzu—;u, Vu=0 Eq. S1

pac;
-5, twV.ci = DioppV2c; where J; = DiorpVic; +uc;  Eq. S2
u = (U uy), Ji = UixJiy)

u = (0,0) (noslip & penetration),
WALL —#-J = 0 (noflux)

C(Olyit):CO P:POUI
u = (up,0) c(xy,0) = 0 forall (xy) € O u-(-n)=0
pP=pP, @ | (no backflow)

= —

4 S|E| Q

< 3

=
XT < 3 mm > v E
M ELECTRODE Not to Scale

—A-J;=K-c,u=0
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Fig. S12: Schematic illustration and mathematical formulation of the fluid flow numerical
model. Equation S1 describes fluid flow using the Navier—Stokes equations with Brinkman
corrections, while Equation S2 governs analyte transport via the convection—diffusion
equation. The parameters p, (4, g, k, T, and D represent the solution density and dynamic
viscosity, paper porosity, permeability, tortuosity, and the diffusion coefficient of the
analyte, respectively. The effective viscosity and diffusion coefficient are defined as pg¢ =
u/eand D.g = eD/t. The variables u, ], p, ¢, and tdenote the velocity and flux fields,
pressure, analyte concentration, and time, respectively; bold symbols indicate vector
quantities, and subscripts x and y denote their corresponding components. The subscript
i represents the different tested analytes: glucose, BHB, lactate, UA, UC, and ethanol.
The parameter K corresponds to the experimentally determined sensor sensitivity. All
parameter values used in the simulations are listed in Table S2.

Table S2. Parameters, symbols, and values used in the fluidic numerical simulation.

Parameter Symbol Value Unit

Paper porosity (fraction of void volume) € 0.7 -
Faraday constant F 96485.3 sAmol™1
Temperature T 293.15 K
Water dynamic viscosity U 0.89 mPa s
Water density p 997.0 kg.m3
Paper permeability k 10e12 m?
Glucose diffusion coefficient D¢y 7.1e10 m2.s71
BHB diffusion coefficient Dgyg 6.6 0 m?.s71
Lactate diffusion coefficient Dyqc 1.1e™ m2.s71
Uric acid diffusion coefficient Dya 6.7¢10 m?.s71
Vitamin C diffusion coefficient Dyc 6.4e 10 m2.s71
Ethanol diffusion coefficient Dgen 1.2e™ m2.s71
Glucose reaction rate constant Ko 4.5e”7 m3A.mol™?
BHB reaction rate constant Kpup 1.7e° m3A.mol™?
Lactate reaction rate constant Kiqc 1.2e”7 m3A4.mol™?!

15



Uric acid reaction rate constant

Kya 1.4 m3A.mol™?

Vitamin C reaction rate constant

Kyc 7.3e” m3A.mol™?

Ethanol reaction rate constant

Kgen 2.9¢8 m3A.mol™?
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Fig. S13: Mesh Convergence and Numerical Validation. Mesh convergence was verified
by progressively refining the mesh and evaluating the channel velocity profile across the
channel. Mesh level 5 was selected, with 1,000 elements distributed along the sensor
line, as further refinement produced less than a 1% change in velocity. The final mesh
consisted of approximately 60,000 elements and required a solving time of under 10
minutes. The resulting velocity profile exhibited plug-like flow, consistent with porous

paper channels.
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between ramps. The flow velocity was kept constant throughout the entire simulation. The
following parameters were monitored and plotted: (b) analyte concentration, showing the
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increase and decrease in spatial concentration distribution in response to changes at the
inlet; (c) absolute velocity, which remained constant as expected; (d) total analyte flux in
the x direction, increasing with inlet concentration primarily due to convection along the
channel; (e) total analyte flux in the y direction, exhibiting significant flux along the sensor
line and negligible flux elsewhere; (f) diffusive component of the analyte flux in the y
direction, matching the magnitude and spatial distribution of the total y-direction flux; and
(g) convective component of the analyte flux in the y direction, showing no contribution,
as expected. Time stamps: 0,10,13,16,19,22,25,28,31,40 mins.

Supplementary Note 4. Electronic system overview and control architecture

The wearable sensing system consists of a low-power Bluetooth-enabled microcontroller
unit (MCU; nRF52840) and an analog front-end (AFE; AD5940). The firmware implements
a deterministic finite-state control architecture that minimizes average power
consumption while maintaining reproducible electrochemical measurements.

The control program operates cyclically and comprises three primary modes: (i)
chronoamperometric data acquisition, (ii) buffered wireless data transmission, and (iii) a
low-power sleep interval. During each cycle, electrochemical data are acquired and
stored locally in memory, transmitted wirelessly in a short burst after acquisition is
complete, and followed by a prolonged low-power idle period before the next acquisition
cycle begins.

1.1 Chronoamperometric acquisition protocol

Chronoamperometric (CA) measurements are performed sequentially across four
electrodes using a software-controlled switch matrix. For each electrode configuration,
data rate, excitation voltage, and sampling period are all individually adjustable.

The four electrode configurations are measured consecutively in a user-defined order.
The AFE generates measurement-ready events that are detected by the MCU, and the
MCU reads and stores the corresponding current values. The AFE remains active only
during the acquisition phase and is explicitly shut down after completing the fourth
channel to reduce static power consumption.

1.2  Firmware state machine and timing control

The firmware is implemented as an explicit state machine with four main states:
initialization, acquisition, transmission, and sleep. After system initialization, the firmware
enters the acquisition state, during which chronoamperometric measurements are
performed sequentially across the four electrode configurations. A sample counter tracks
the number of measurements acquired per channel and triggers a state transition once
the predefined number of samples is reached.
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Upon completion of data acquisition, the firmware transitions to the transmission state,
during which the BLE radio is enabled, and the locally buffered data is transmitted to an
external receiver in bursts. After successfully transmitting all stored samples, the firmware
enters a low-power sleep state for a predefined interval before restarting the cycle.

1.3  Data buffering and wireless transmission

All electrochemical data are stored locally in the MCU’s memory during the acquisition
phase. Data is organized sequentially by channel and time and is not transmitted in real
time. This buffering strategy enables the BLE radio to remain disabled during sensing,
thereby reducing radio duty cycle and minimizing interference between wireless
communication and electrochemical measurements.

During the transmission state, buffered data are packetized and transmitted via BLE
notifications. Each packet includes metadata indicating the electrode configuration and
sample index to ensure correct reconstruction of the time series at the receiver. After all
buffered data is transmitted, the BLE stack is explicitly de-initialized to prevent
background radio activity during subsequent low-power operation.

1.4  Low-power operation and duty cycling strategy

To minimize average power consumption, the firmware employs aggressive duty cycling
of high-power subsystems. The BLE radio and associated high-frequency clocks are
enabled only during the short transmission window following data acquisition. During the
acquisition phase, BLE is disabled, and only the AFE and required MCU peripherals are
active.

After data transmission, the AFE is placed into a shutdown state, and all wireless
communication interfaces are disabled. The MCU then enters a low-power idle state
implemented using a delay-based sleep mechanism, which was empirically found to yield
the lowest baseline current consumption on this platform. The sleep interval was set to 6
min, substantially longer than the acquisition and transmission durations, ensuring that
the system spent most of its operating cycle in a low-power state while continuously
acquiring meaningful CA data.

1.5  Watchdog-based autonomous restart

Rather than preserving MCU state across sleep intervals, the system employs a
watchdog-timer-based restart mechanism. A hardware watchdog timer is configured to
reset the MCU after the sleep interval elapses. Upon reset, the firmware restarts from a
known initial state and initiates a new acquisition cycle.

This approach eliminates the need to retain RAM or peripheral state during sleep,
reducing idle-state power consumption, and ensures robust long-term operation without
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cumulative state drift. Using a full system reset also simplifies the firmware design and
improves fault tolerance.

Supplementary Note 5. Debug and deployment configurations

Two firmware configurations are used during development and testing. In a debug
configuration, USB serial communication is enabled to allow real-time logging and
diagnostic output. In a deployment (low-power) configuration, all USB-related functionality
is disabled to reduce baseline current consumption. The functional behavior of the control
program is otherwise identical between configurations. The circuit is programmed using
a custom-designed desktop probe station. Firmware flashing is done using an NRF52840
development kit with the NRF Connect desktop software.

Supplementary Note 6. Power consumption measurement methodology 1

Power consumption measurements are performed with the system powered via the
custom-designed desktop probe station and a Nordic Power Profiler Kit. Current
consumption is displayed and recorded in real time using the power profiler tool GUI on
a PC, and characteristic current levels are recorded for the acquisition, transmission, and
sleep phases.

Distinct current plateaus corresponding to the acquisition phase, the BLE transmission
burst, and the low-power sleep interval are observed, confirming the correct operation of
the duty-cycled control program. Disabling USB and BLE during sleep results in a
substantial reduction in baseline current compared to debug configurations.

Supplementary Note 7. Power consumption measurement methodology 2

The received signal strength indicator (RSSI) of the BLE communication is characterized
using a smartphone-based application (nRF Toolbox, Nordic Semiconductor). During
these measurements, the circuit operates in its standard transmission mode, in which
buffered data are transmitted via BLE notifications after the acquisition phase completes.

RSSI measurements are performed in a laboratory environment with a maximum
separation distance of 3 m between the circuit and the smartphone. The smartphone
receiver is held stationary at each measurement location to minimize motion-induced
variability. RSSI values are recorded over multiple transmission cycles to evaluate the
stability and consistency of the wireless link under typical operating conditions. These
measurements are intended to provide a practical assessment of communication range
and link quality rather than a calibrated radio-frequency characterization.

Supplementary Note 8. Power consumption measurement methodology 3
Thermal imaging is performed to assess temperature changes of the wearable circuit

during a complete operating cycle. Thermal images are acquired with an infrared thermal
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camera (FLIR C5) at 0 s, 60 s, 300 s, and 600 s after the start of a measurement cycle.
These points span the full sequence of electrochemical acquisition, wireless data
transmission, and low-power sleep.

Over the 10 min operating cycle, the device's maximum surface temperature increases
from 27.3 °C at the start to 31.0 °C at the end. The observed temperature rise is gradual
and stabilizes during the latter portion of the cycle, consistent with the system's duty-
cycled operation, in which high-power activities are confined to short acquisition and
transmission intervals.

The measured temperature increase remains well within ranges considered safe for
prolonged skin-contact wearable electronics, indicating that the device does not produce
excessive thermal loading during normal operation.

=y %ﬂﬁ d H

AGND

Fig. S$15: Circuit schematics. The circuit comprises three major components: the
microcontroller unit (MCU, NRF52840, Nordic Semiconductor), the analog front end
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(AFE, AD5940, Analog Devices), and a power converter (ADP2108, Analog Devices). All
components are selected to minimize board area while maintaining high sensitivity, low
noise, and low power consumption.

A
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Fig. $16: F-PCB layer and drill layout. a. fPCB top layer copper pattern, large areas of
copper fill are applied to simplify routing in a compact area while maintaining good noise
suppression and RF transmittivity; b. fPCB bottom layer copper pattern. Thin copper
traces (75 ym) are used to fan out the delicate BGA chips properly; c. fPCB drill vertical
interconnect access (VIA) drill pattern. Stitched VIAs are applied along the board edge
and in the RF antenna region to minimize ingress noise and radiated emissions back into
the board.
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Qty alue Footprint Name Parts
4 |0.47uF IC0201 C3,C4,C6,C7
6 [100nF IC0201 C1,C12,C17,C20, C24, C25
1 [10uH IND_0402 L5
2 [12pF |CO201 C31,C32
1 [15nH |IND70201 L3
6 [luF |CO201 C2,C8,C11,C13,C18,C19
1 |luH IND_0302 L4
1 LF Crystal LF Crystal 1
5 WM.7uF IC0201 C5, C8,C10,C14, C21
1 HF Crystal HF Crystal 2
1 |600chm@100MegHz R0201 FB1
2 [8pF IC0201 C27, C28
1 |JAD5940 AD5940 U1
1 JADP2108 ADP2108 U2
1 JANT_2450AT07AQ0100 2450AT07A0100 ANT1
1 |NRF52840_CKAA INRF52840 U$1
1 _|RE_LPF 2450LP07C0100 U3

Fig. S17: Bill of materials. The picture shows the component values, footprint, and parts
name used to assemble the circuit. 0201 package is used whenever possible to save the

board size.

No

| MCU Start

1

| DCDC on

¥

No Detect 5940

¥ Yes

| Initialize 5940

L 2

| Chronoamp Start

3

Finish Data Collection
for All four channels

¥No

Collecting Data

¥

Finish Data Collection
for a single channel

¥ Yes

| Turn on BLE

T

| Send data via BLE

$

| Turn off BLE

¥

| Switch Channel

Yes

‘|

Turn off 5940 |
*
[ MCU sleep for 8 minutes ‘
¥
| MCU reset

Fig. S18: Low-power control flow chart. The low-power sensing program starts by
enabling the MCU's DC-DC converter to reduce MCU power consumption. It then detects
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whether the AFE is appropriately connected. If yes, the AFE is initialized, and the
chronoamperometry at the first sensor location starts. Then, Bluetooth Low Energy (BLE)
is enabled to wirelessly transmit the data to a receiver, after which it is shut down again
for power savings. The AFE then switches to the next channel and repeats this three more
times before entering the idle state. It then sleeps for 8 minutes before starting a new

round of sensing.

Table S3: Effect of supply voltage on chronoamperometric current measurement. A 500
mV bias was applied across a 1.02 MQ resistor. The measured mean current remained
similar from 2.8 to 3.8 V, while the 3.3 V supply produced the lowest standard deviation.
Operation at 2.3 V resulted in increased variation, indicating degraded measurement
stability outside the nominal operating range.

Supply Voltage (V) Mean current (uA) STD (pA)
2.3 0.0477 0.0247
2.8 0.0488 0.0041
3.3 0.0487 0.0036
3.8 0.0495 0.0057
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Timer wave-up

Host scans for known
devices (non-stop)

Data acquisition

Enable BLE
advertising (no longer
than 60 s)

BLE connection
establishes

Each packet contains a
max of 4 data points,
switching position, and
starting index

MCU prepares data
packets

Host subscribes to TX
notifications

BLE transmits data
packets sequentially

Host receives and
decodes data packets

BLE transmission
completes

Data processing,
visualization, and

storage on the host

BLE disconnect

Return to sleep

Fig. S19: BLE data acquisition and transmission workflow. The wearable device wakes
up periodically by timer, performs data acquisition, enables BLE advertising, establishes
a BLE connection, prepares data packets, sequentially transmits the packets,
disconnects, and then returns to sleep. Each packet contains up to four data points,
including position and starting index information. On the host side, the receiver
continuously scans for the known device, subscribes to TX notifications after connection,
receives and decodes the transmitted packets, and performs data processing,
visualization, and storage.
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Fig. S20: DC bias resistor function: a. Plot of working electrode voltage (blue), sensing
electrode voltage (green), and the voltage across the sensor (red). The plot shows that
the voltage across the sensor is not 0 V even when the sensor is not actively being
sensed. b. The plot shows the same voltage-recording setup, but with the DC bias resistor
included. The plot shows that the voltage across the sensor is 0 V when it is not being
sensed, and 500 mV when actively sensing, proving the effectiveness of the DC bias

resistor.

26



Current (mA)

st ond 3 4t 5th [ 7th g ot 11t
connection connection connection connection connection connection connection connection connection connection
T T [ | T T T T T T
| | I 1 I i I I 1
100 200 300 400 500 600 700 800 900
Time (s)

13:48:07 443 > RX: Starting scan

_ * connection

134834128 > A: Subscabedto TX noMficalon

ecosed. sane0 counit, pos=d > 0.080666, 0 054430,0 052081, 0 050841
13:48:34 126 - X decoded: tartd, courtd, posa0 - 0.05038¢,0.049666.0 049882, 0.043470
13:48:34.159 > RX decoded a.m-a ooum-a poz=0 > 0049666, 0.049535,0.043470

unte4, pos=1->0.073027, 0.047967,0.048032. 0.047967
154854 131 2 X decoded: a1, counted, ose] 2.0.047836,0 O47771.0.047987.0 047987
13:48:34.229 > RX decoded: start=19, count=3, pos=1 >0.048032, 0.047771,0.048032

13:48:34 229 > RX decoded: start=22, countad, pos=2 >0.051420, 0.048349,0.048415, 0.048480
13:48:34 264 > RX decoded: starta26, counted, pos=2 >0.048219, 0.048153,0.048284, 0.048219
13:48:34 264 > RX decoded: start=30, count=3, pos=2 ->0.048349, 0.048264, 0.048480

13:48:34 306 > RX decoded: starts33, countad, pos=3 ->0.067384, 0.047423,0.047554, 0.047488.
13:48:34 306 > RX decoded: starte37, counte3, poss3 ->0.047488, 0.047293,0.047488
13:48:34 560 > RX: Disconnected, scan.

ISS00S0TESRXICAECEE > © Connection

13:50.05.439 -> RX: Subserbed fo TX notfications.

13:50:05.439 > RX decoded: starta0, countad, poss0 -> 0064816, 0.049512,0.049512, 0.049512
5 , counts4, po 049577,0.049512, 0049642

1315005 474 -» RX decoded: start=8, count=3, pos=0 - 0.049708, 0,049708,0.049708

13:5005.505 > RX decoded: starta1, Countad, pose1 ->0.047874, 0.048069, 0.048069, 0.048004

13:50:05.505 -> RX decoded: start=15, counts4, pos=1 ->0.047678, 0047874, 0. wm 0047809

>RX decoded: starta19, counta3, pos=1 ->0.047874, 0.047809, 0.04787:

13:5005 579 -> RX decoded: start=26, counts4, pos=2 ->0.048182, 0.048312,0.048182, 0.048182
13:5005 579 > RX decoded: stata30, counte3, pos=2 >0.047921, 0.048051,0,047791

13:5005 611> RX decoded: start=33, counts4, pos=3 ->0.056235, 0.047332,0.047267, 0047332
1350:06.643 > RX decoded:staa37,counl=3 pos=3->0.047136,0.047503,0.047267

13:5005. nected, scan...

_!! connection

135136144 > RX; Subacibed o TX notfcaton
13:51:36.144 > RX decoded: mn.a count~d no»ooaosﬂzs o 049439,0,049374, 0043179

135136 318> RX
13:51:36 355 > RX decoded: state37, counta3, pose3 ->0.047396, 0.047526, 0.047461

13:51:36 574 -> RX: Disconnected. nﬂm'

ISSI0NSSRICoNnEEE 4" connection

13:53:09.281 > RX: Subscrbed 1o TX notfications.

13:53:09.281 > RX decoded: starta0, countad, poss0 -> 0.049291,0.049617,0.049487, 0.049487
13:53.09.318 -> RX decoded: start=4, counte4, pos=0 > 0.049422, 0.049487,0.049552,0.049357
13:53:09.318 -> RX decoded: stant=3, count=3, pos=0 -> 0,049226, 0.049357, 0.049226
13:53:09.353 -» RX decoded: starta11, counted, posa1 ->0.055076, 0.047841,0.047711,0.047776

13:53:09.418 > RX decoded: starta22, counted, poss2 >0.069175, 0.048122,0.048318, 0.048383
13:53:09.450 > RX decoded: start=26, counts4, pos=2 >0, 048318, 0.048383, owm 0048383
13530450 > X ducoded:sate 90, counta3, poae? 5.0,042318, 0048440, 0.0

T 0aTe 0 aerier 00areoz
13:53:09.492 > X decoded :un.w wumd po«-il >0.047402,0.047336, 0047467
135309759 >

1{
§

" connection
135436 647> AX. Subscrbedto TX notficatons
13:54:36 647 -> RX decoded: start=0, count=4, pos=0 > 0.065675, 0.049730,0.049403, 0.049599
13:54:36 647 > RX decoded: started, counted, pos=0 > 0,049534, 0.049730,0,049796, 0.049665
a3,

13:54:36.718 > RX decoded: stant=11, counte4, pos=1->0.050139, 0.048045,0.047979, 0.047979
13:54:36.718 > RX decoded: starta15, counta4, pos=1->0.047979, 0.048110,0.048110. 0.048110
13:54:36.752 > RX decoded: starta19, counte3, pos=1 >0.048110, 0.048110,0.047848
13:54:36.752 > RX decoded: start=22, counts4, pos=2 ->0.052094, 0.048438,0.048373, 0.048243
13:54:36.789 > RX decoded: stata26, countad, poss2 0.047916, 0.048177,0.048112, 0.048177
13:54:36.789 > RX decoded: start=30, counte3, pos=2 ->0.048373, 0.048373,0.048243

13:54:36 824 > RX decoded: start=33, counts4, pos=3 ->0.054162, 0.047441,0.047310, 0.047506
13:54:36 856 -> RX decoded: started7, counte3 pn.a 0047637, 0.047506, 0.047571
13:54:37.069 - RX: Disconnected,

ISSS020ASRXICONENE 6 connection

13:56:02.501 -> RX: Subscrbed 1o TX notfications.

13:56:02.501 > RX decoded: starts0, counts4, pos=0 -> 0.051065, 0.049629, 0.049629, 0.049629
13:56:02.501 -> RX decoded: startad, countad, pos=0 > 0.049302, 0.049237, 0. wso« 0043433
13:56:02.538 -> RX o start=8, count=3, pos=0 -> 0.049498, 0.048302.

jecoded 0.0434¢ 403
13:56:02 581 > RX decoded: starta1, counted, pose1 >0.064736, 0.047817, 047687,0047946 140326 813 2 . Diconneced

.0.048456
1999, 0047265, 0047396, 0.047722
1

13:56:02.581 > RX decoded.
13:56:02.581 -> RX decoded.
ussozs‘ﬁ >RX decoded

starta15, counted, poset >0.047883, aoﬂsu omma 0047752
stant=19, count=3, pos=1>0.047883,0.04781
sun.zz ot p0s=2>0. 062675 0 omaz G iara. 00usnez

7986, 0.048247, 0.048116

132805 650 2 A cecades

004
S, coumcs, po&=2¢0048.'l|2 0.048116,0.04850

047320,0.047562,0.047582

3:
13:56:02.918 > RX: Disconneced, restarting scan.

13:57:28.771 ->RX: Connected onnec!
135728127 > RX. Subscred 1o T noubeatons

13:5729.127 > RX decoded.
13:5729.127 > RX decoded

13:5729.266 -> RX decoded
13:5729.266 - RX decoded
13:5729.301 -> RX decoded

13:57:29.301 -> RX decoded.
Disconnected,

13:57:29.561 >RX:

. g 2can...
_ 8" connection

13:5005.543 > RX decoded: starts22, countad, poss2 >0.051763,0.047791, 0. 047921 0048182 13:59:03 311> RX: Subscred to TX notfications

13:59.03.311 > RX decoded
13:59.03 311 > RX decoded
13:59.03.344 > RX decoded
13:59.03.391 > RX decoded
13:59.03 391 > RX decoded

nt=3. po 0.047386,0.047386

tion

starts0, counted, pose0 > 0.064338, 0.049511,0.049511,0.049576
start=4, count=4, pos=0> 0.049511,0,043511,0.043445,0.049249
stant=8, counts3, pos=0 > 0049511, 0.049053,0.049249

starta1], counted, posat >0.066592,0.047547, 0047808, 0.047678
stant=15, count=4, pos=1 >0.048004,0.047873, 0.047673,0.047808
starta19, counta3, pose1 >0.047613,0.047743,0.047547

start=22, counts4, pos=2 >0.072726,0.047876, 0.048071,0.048006
stant=26, count=4, pos=2 >0.047610,0.048136,0.048267.0.048202
2tarta30, counte3, pose2 >0.048071,0.048267, 0.04807 1

stant=33, counts4, pos=3 >0.047436,0.047436,0.047632, 0.047501
stat=37, counts3. pose3 >0.047371,0.047371,0.047436

stan=0, count=4, pos=0 > 0.077062, 0.043848, 0.049652,0.049587

stated counted pose > 0.049621,0.049301,0.049521,0.04525

start=8, count=3, pos=0 > 0.043456,

stant=11, counte4, pos=1 >0.065981 noness omm‘ 0048051

.u-ms coun inted, posat ononm 0048051 omms 0047595
int=3, pos=1 >0.047660, 0.047856,0.04772:

a2, counicd.bose2 20 042693,0040175,0. mn’s 0048175

13:59.03.391 -> RX decoded
13:59.03 426 -> RX decoded.
1

13:59.03 460 -> RX decoded.

13:59.03.762 > RX:

lgé
i
%

S00SI0RSIRXICoNeRE O connection
14:00:33 511 -> RX: Subscrbed 1o TX notications

countes, po: 1,0.048175,0.048371,0.048837
=30, counted, pos=2 oﬂ 040116, 0046306,0.04824

=33, counte4, 47264, 0.047004,0.047199
starts37, counte3, pm-ii 20065755 0 b47a8e. 0 berig

starts0, countad, pose0 > 0.073887, 0.043302 0.049432, 0.043302
stat=4,count~4 pos=d > 0.04S457,0.048432 0043628, 0.045106
stant=8, count=3, pos=0 0. 048976,0

starta1, countes, poset »,u osz-m 0.047806,0.047872, 0047872
stant=15, count=4, pos=1 > 0.047006,0.047872,0.047957
a1, count=3, pos=t 2654727 0 547808

14:00:33 624 > RX decoded
14:00:33 664 > RX decoded

048199, oruam 0048264

Pt ooty P0s=2>0.048199,0.048189, 0.047872, 0.048133
#2230, courta3, pose2 0. 004 0481

10.047356,0.047356

0033 696 > AX decoded
14:00:33.923 > RX: Dicont

fiiczziiiac
2
5§§
=§
1
%ﬂg

14:0200.217 > RX: Subscrbedto TX notieations

140200283 > RX decoded:
14:02:00.253 > RX decoded.
uozoozes-»kxuecocaa
4:02:00.285 -> RX decoded
16.03.00 323 2 A decodes

14:02:00.423 -> RX decoded

047161,
stan=37. eoum-a po.-a—;oonm uanasa 0047487

 connection

stant=0, count=4, pos=0 > 0.049883, 0.049492, 0.049557, 0.049361
sttt counted, posul) > 0.045208,0.049296.0.049361.0.045206
starta8, counts3, wmoamwss 0. ms:&s 0,04

start=11, count=4, pos=1 >0.056368, 0.047622, oowuv 0047952
starta15, counted, po“ >0047952 0047837 om7aa7 0047756
start=19, counts3, pose1 >0.047822.

Sare22.counted posc2 20 048016, 5 amsa 8 biaioz.00ssroz
starta26, counted, pose2 >0.048168, 0.048233, 0048037, 0.048233
21ant=30, count=3, pose2 >0.048298, 0.047972, 0.048037

start=33, count=4, pos=3->0.048383,0.047541,0.047541,0.047476

14:02:00.685 > RX: Disconnected, restarting scan...

140325701 > RX: Connected | |
14:03:26.170 > RX: Subscrbed to TX notficatons

14:03:26.170 - RX decoded

26.343 > RX decoded

starta30, counte3, pose2 >0.047870,0.048131,0.048131
jed

counted 0.047541,0.047672

" connection

starts0, counted, pose0 > 0.056916, 0.049646, 0.049646, 0.049580

start=4, count=4, pos=0 > 0.043515, 0.043646, 0043443, 0.049646

stan=8, count=3, pos=0 > 0049777, 0.049449,0.049777

starta1], counted, poset >0.048403,0.048077, 0.047946,0.047620
stant=15, count=4, pos=1 >0.047881,0.047751,0.047881,0.047620
stant=19, counts3, pose1 >0.047946,0.047881. 0048142

starts22, counted, poss2 >0.069392, 0.048326, 0.048392, 0.048261
stant=26, count=4, pos=2 >0.048196,0.047935,0.048131, 0.048131

starta33, countes, pose3 >0.048183,0.047334, 0.047400,0.047530

stant=37, count=3, pos=3 >0.047661,0.047530,0.047269
starting scan.

Fig. S21: Reconnection after sleep: a. Power consumption plot of accelerated experiment
protocol showing 11 wake-acquisition-transmit-sleep cycles; b. Corresponding original
serial monitor outputs from the BLE receiver showing timestamps, BLE events, and data
packets demonstrate successful BLE reconnection even after multiple sleep-wake cycles.
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Fig. S22: RSSI measurement under different device configurations: a. RSSI of the bare
circuit measured in a bare circuit configuration. The device maintained BLE
communication up to approximately 14 m, with RSSI decreasing from approximately —-43
dBm at 0 m to approximately —93 dBm at 14 m. b. RSSI of the fully packaged ring was
measured in an off-body configuration. The communication range decreased to
approximately 5 m, with RSSI reaching approximately —95 dBm. Error bars represent the
standard deviation from 5 repeated RSSI| measurements.
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Fig. S23: Chronoamperometric response from 4 channels in the F-PCB, operating
sequentially for peroxide detection in a Prussian blue-carbon electrode system. C1:
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Channel 1 at -0.05V, C2: Channel 2 at -0.5V, C3: Channel 3 at -0.3V, and C4: Channel 4
at 0.05V. All four working electrodes shared a common reference electrode. Peroxide

concentrations spiked: 0,500,1000 yM.

BHB (C4)

Glucose (C1)

UA (C3)
_1 :

T T L
60 120 180 240
Time (s)

Current (uA/cm?)

o

Fig. S24: Chronoamperometric response from 4 channels in the F-PCB, operating
sequentially for glucose, VC, UA, and BHB detection at their respective potentials.
Glucose concentrations: 0,200,500 uM; VC concentrations: 0,200,400 uM; UA
concentrations: 0,100,400 yM; BHB concentrations: 0,400,1000 uM. All four working

electrodes shared a common reference electrode.
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vii i ix

Fig. S25. Optical images of the layer-by-layer printing of the flexible AgO-Zn battery. (i)
Ag current collector; (ii) Zn anode; (iii) TiO2 separator; (iv) carbon current collector; (v)
Sputtered Au; (vi) AQO cathode; (vii) cellulose separator; (viii) hydrogel electrolyte; (ix)
assembled battery. Scale bar: 1 cm.

Fig. S26. SEM images of the Ag CC (i), carbon CC (ii), gold sputtered CC (iii) layers and
full cell (iv) of the flexible AgO-Zn battery.
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Fig. S27. SEM images of the different layers of the flexible AgO-Zn battery after bending.
(i) AgCC,; (ii) zinc anode; (iii) TiO2 separator; (iv) carbon CC; (v) gold sputter; (vi) AgO;
(vii) cellulose separator.

Sample 3 Pristine

Fig. S28. a) SEM images of the cross-section of the anode side in one pristine battery
and in three different battery samples after 20 cycles. The top layer is the TiO2 separator
layer, the layer in the middle is the zinc anode layer, and the bottom layer is the silver
current collector and the SEBS substrate. b) SEM images of the surface of the TiO2
separators in one pristine battery and in three different battery samples after 20 cycles.
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Fig. S$29. (a) The voltage-capacity plot of the in series connected batteries.
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Fig. S30. (a) The voltage-capacity plot of the battery under 0.5 C-rate. (b) The cycling
performance of the battery at charging and discharging rates of 0.5 C. (c) The voltage—
capacity plot of the AgO-Zn flexible battery under different discharging C-rate. (d) The
cycling performance of the battery at different charging and discharging C-rates.
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Fig. $31. a) The charging capacity and coulombic efficiency of two other battery samples
at cycling rates of 0.5C, in addition to the battery sample shown in Figure 4e. b) The
DCIR of two other AQO-Zn battery samples at the C-rate of 0.5 C, in addition to the battery
sample shown in Figure 4f.
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Fig. S32. The voltage-capacity plot of 3 different battery samples charging and
discharging under different C-rates.
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Fig. S33. (a) The voltage of AgO-Zn battery under 0.5C discharging intensity as well as
under 180° bending. (b)The voltage-time plot of battery for 5 repeat charging and
discharging cycles under 90° bending.
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Fig. S34. Self-discharge behavior of the battery. (a) Voltage profile of the battery over 45
continuous cycles at 0.5C. The blue box indicates where the first cycle is, and the green
box indicates the 45™ cycle. (b) Charge-discharge curves of the first cycle and the 45®
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cycle. The difference between the capacity at which the charging curves enter the second
voltage platform is shown, which indicates the amount of charge lost due to self-
discharge.

Supplementary Note 9: Calibration model to acquire blood concentration dynamics

from sensor’s I(t)

The two-point calibration model (of y(t) = ax(t) + b form) is developed by plotting

minimum and maximum values of AI(t) vs BG(t). The basis of this assumption is:

1. When AI(t) = 0, BG(t) = BG,

2. SBG(t) —» BG(t) will give minimum mean absolute relative difference (MARD).

(BGmax ’Almax)
Al
OO ee.0)
-8 [
BG

From the calibration curve, the corrected slope (a) and intercept (b) are given by:

Almax

" BGmax—BGy
b == _AIO

Therefore, SBG (t) = x(t) = Y(tc)l‘b _ I(®)=1i+4lo

a

After substituting all values, the final derived equation to convert E (t) is:

SBG(t) = (i BG,.. — BG))

AImax
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Start measuring —Al, and AL

ABG

Estimate error (&) of —Al, and G readings over

AL
AB
multiple days

Else

Ife<10%

A 4

Fix —Al, and ——
ABG

'

Apply fixed parameters to predict:

SBG (t) = (%)(chax — BGy)

¢

Finalize SBG (t)

uoneiqiies opay

Fig. S35: Flow chart of personalized calibration protocol for glucose. The long-term

stability of —Al, and A%IG under same stimulus determines the accuracy of SBG (t)

measurements.
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Fig. S36: Glucose profile of T1D subject over multiple days. Personalized coefficients a

and b were evaluated on each day and their average ranged 0.007 + 0.001

——— and
g

—0.69 + 0.107 uA.cm™2, respectively. Using these values, the average MARD from three
tests ranged ~16.48%. Blue zone: Meal intake timeline.
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Fig. S37: Ketone profile of T1D subject over multiple days. Personalized coefficients a
uA.cm=2
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—0.113 + 0.03 pA.cm™2, respectively. Blue zone: Ketone drink intake timeline.

and b were evaluated on each day and their average ranged 0.074 + 0.027 and
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Fig. S38: Utilization of the personalized calibration protocol to convert current
concentration in a daily test. a) Personalized coefficients values from long-term calibration
are plugged into the equation in Supplementary Note 9 to derive b) SBG(t) and SBHB(t).
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Fig. S40: Glucose profile of the second T1D subject over multiple days. Personalized

coefficients a and b were evaluated on each day and their average ranged 0.006 +
0.0007 mc—;;j and —0.62 + 0.07 uA.cm™2, respectively. Using these values, the average

MARD from three tests ranged ~17.22%. Blue zone: Meal intake timeline.
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Fig. S41: Lactate profile of T1D subject over multiple days. Personalized coefficients a
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Fig. S43: Current profiles of glucose (black), BHB (pink), alcohol (grey) and lactate

(brown) from T1D subject related to Fig.5b.
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Fig. S44: Current profiles of glucose, BHB, alcohol and lactate from T1D subject related

to Fig.5c.
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Fig. S45: UA (blue) and VC (green) profile of T1D subject over multiple days.

Personalized coefficients a and b were evaluated on each day and their average ranged
0.235 + 0.097 ‘mr'nc—;';_z and —0.95 4 0.36 uA.cm™2, respectively for UA. Blue zone: Sardine
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Fig. S46: Glucose profile of healthy subject over multiple days. Personalized coefficients

uA.cm=?

a and b were evaluated on each day and their average ranged 0.02 + 0.006 and

mg.dL=1
—1.67 + 0.67 uA.cm™2, respectively. Using these values, the average MARD from three
tests ranged ~4.52 %. Blue zone: Meal intake timeline.
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Fig. S47: BHB profile of healthy subject over multiple days. Personalized coefficients a

and b were evaluated on each day and their average ranged 0.46 + 0.06
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Fig. S49: Lactate profile of healthy subject over multiple days. Personalized coefficients

uA.cm=?

a and b were evaluated on each day and their average ranged 0.11 + 0.014 and

—0.18 + 0.054 uA.cm™2, respectively. Blue zone: Exercise timeline.
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Fig. $53: Comparison of MARD vs. Rate of SBG (t) change. For T1-D, majority of points
with the lowest MARD lie when SBG change rate ranges from -1 to +0.5 mg.dL™!/min.
Higher MARD occurs under -1 to -2 mg.dL™'/min and +1 to +2 mg. dL™!/min range. The
average MARD (red dashed line) throughout the whole range ranges ~16.80%. For
healthy, majority of points with the lowest MARD lie when SBG change rate ranges from
-0.5 to +0.2 mg.dL™*/min. Higher MARD occurs under +0.2 to +0.5 mg.dL™'/min. The
average MARD throughout the whole range ranges ~ 3.33 %.

1h 24 h
= =
> 100 oo o00 ooe #5* ooe 200 ots oo0 > 100 2o o0 95 % vos
b= E S T
g 75- S 75-
> >
o - o -
T 50 3 50
[ [
> >
= 254 s 254
o o
@ @
0 0 T T T T T T T 1
> $ & >
-:\éo \\é‘. ‘Q'bs’ (\\& & ¢ é?d «dg‘
00 4\60 ¢¢ Q ‘Oo Qb Q\o @‘b -\b
¢ ¢ ¢ & &
SN
8
Brightfield Darkfield
Control Day7
—_
s - - - 51 00 7 * N % % A‘L _*_ ]
case -
=
Connector -'5 75-
Pads .E
>
Hydrogel TJ 50'
&)
2
= 251
Prussian f_u
Blue Ink (1]
o
0 N ' N 8 ' ¢\
o) $ 0 . &
Gwent Ink &“ & @ [N (\‘0 S N N R
Q 8 @ N Xy N o
¢ o9 &ooé‘ QT © cﬁe\ & & <&

o - - -
- - - -

52



Fig. S54: Cytotoxicity test of CHARM’s components with THP-1 cells. All components
achieved a viability percentage above 90%, indicating fully safe to be used on skin. The
THP-1 assay was intended as a preliminary general cytotoxicity/immune-compatibility
screening rather than a definitive validation of skin safety. Cell viability studies are also
shown till day 7, proving all components to be skin-safe for long-term usage. Bar denotes
mean + SD from n=3 data points (back dot).

Subject 1

o~
©
2
o)
]
2]

Fig. $55: Multiday on-skin tolerance test of CHARM. A commercial skin hydration testing
device (EpixCare) was used. Readings in green zone for 5 days clearly justifies the long-
term safety of our device. Left top: Water %, Right top: Elasticity, Left bottom: Qil %, Right
bottom: Skin age.
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