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Supplementary Figure 1. Schematic illustration on the fabrication of antenna, glucose sensor,

integration process, and molding process of smart contact lens.



1 mm

Supplementary Figure 2. Photograph of integrated smart contact lens with the exposed

glucose sensor (left) and optical micrograph of the exposed glucose sensor (right).
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Supplementary Figure 3. Cyclic voltammetry of the glucose sensor in increasing glucose
levels in the range from 0 to 3 mM with 0.5 mM increment. Scan range, —0.5 V to 0.5 V; Scan

rate, S0 mV s !
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Supplementary Figure 4. Characterization of the glucose sensor. a, Relative changes of
current in ascorbic acid, lactate, urea, and glucose solution. b, Relative changes in current
according to the concentrations of glucose in different pH ranges from 6.4 to 7.6 with the
increment of 0.3. ¢, Long-term stability test of the glucose sensor after being stored in PBS at
room temperature for up to 21 days. For a-c, each data point represents the average of 20

samples, and the error bars indicate mean + standard error of the mean. Each sample represents

a biologically independent sample.



Supplementary Figure 5. Photograph of smart contact lens on the eye of the mannequin. Scale

bar, 1 cm.
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Supplementary Figure 6. Real-time data of glucose concentration exported from a
smartphone after measuring glucose level using a smart contact lens worn on the mannequin
eye. After flowing the PBS solution containing specific concentrations of glucose into the
mannequin eyes wearing the SCL, the tagged smartphone (within a distance of 5 mm from the

SCL) receives glucose information wirelessly.
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Supplementary Figure 7. Cell cytotoxicity test of normal contact lens (control) and smart
contact lens (SCL) with human corneal cells (HCE-2) (n = 20) and human conjunctival cells
(HCECs) (n = 20). Significant differences were analyzed with the unpaired student’s t-test and

marked as ns (p > 0.05). The error bars indicate mean =+ standard error of the mean.
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Supplementary Figure 8. Fluorescence microscope images of human corneal cells (HCE-2)

and human conjunctival cells (HCECs), cultured in medium of normal contact lens (control)

and smart contact lens (SCL) medium, stained with calcein-AM.
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Supplementary Figure 9. a, Tear volume measurement tool (SMTube). Scale bars, 500 um. b,

Eye stimulating tool (von Frey filament). Scale bars, 1 cm.
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Supplementary Figure 10. Tear volume measurement as a function of stimulation force in

each rabbit.
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Supplementary Figure 11. Continuous measurement of glucose level and tear volume along

with corneal stimulation in each normal rabbit.



500

2 400}
Q
(8]
&
< 3¢ -3
E g
=200
)
>
3
g 100}
o
0 L L
Tear Glucose Tear Volume

Supplementary Figure 12. Comparison of tear glucose level recovery time and tear volume

recovery time of normal rabbits after mechanical stimulation (n = 4). The error bars indicate

mean =+ standard error of the mean.
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Supplementary Figure 13. Simultaneous measurement of tear glucose concentrations in the

right and left eyes of a normal rabbit.
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Supplementary Figure 14. Real-time measurement of tear glucose and blood glucose after

oral administration of glucose in each normal rabbit.
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Supplementary Figure 15. Calculation of Pearson’s correlation coefficient and regression line

between tear glucose and blood glucose for a normal rabbit when the lag time is assumed to be

0 min, 5 min, 10 min, 15 min, and 20 min.
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Supplementary Figure 16. Lag time identification of all measured oral glucose tolerance test
(OGTT) data in 4 normal rabbits through the Pearson’s correlation coefficient in each normal

rabbit.
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Supplementary Figure 17. Comprehensive Pearson’s correlation analysis of all measured oral

glucose tolerance test (OGTT) data between tear glucose and blood glucose level in 4 normal

rabbits.
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Supplementary Figure 18. Change in the average of weight and blood glucose of rabbits (n =

4) after STZ treatment. The error bars indicate mean + standard error of the mean.
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Supplementary Figure 19. Comparison of pancreatic islet between normal and diabetic
rabbits by magnified images of staining of the pancreatic islet with insulin and glucagon (left)
and pancreatic islet area (n = 10) (right). Scale bar, 50 um. Significant differences were
analyzed with the unpaired student’s t-test and marked as **** (p <0.0001). The error bars

indicate mean + standard error of the mean.
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Supplementary Figure 20. Real-time measurement of tear glucose and blood glucose of each

normal rabbit after intravenous injection of glucose.
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Supplementary Figure 21. Real-time measurement of tear glucose and blood glucose of each

diabetic rabbit after intravenous injection of glucose and insulin.
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Supplementary Figure 22. Change in the average of weight and blood glucose of beagles (n

= 4) after STZ treatment. The error bars indicate mean + standard error of the mean.
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Supplementary Figure 23. Comparison of pancreatic islet between normal and diabetic
beagles by magnified images of staining pancreatic islet with insulin and glucagon (left) and
pancreatic islet area (n = 10) (right). Scale bar, 50 um. Significant differences were analyzed
with the unpaired student’s t-test and marked as **** (p <0.0001). The error bars indicate mean

+ standard error of the mean.
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Supplementary Figure 24. Real-time measurement of tear glucose and blood glucose of each

normal beagle after intravenous injection of glucose.
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Supplementary Figure 25. Real-time measurement of tear glucose and blood glucose of each

Diabetic beagle subject 2
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Supplementary Figure 26. Images of ten healthy participants wearing the SCL.




Human

Wearing image

Human Wearing image

Supplementary Figure 27. Images of ten diabetic participants wearing the SCL.
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Supplementary Figure 29. Real-time data of monitoring TG and BG level in diabetic

participants (ii-x) after intake of a nutrition beverage on day 1, 3, and 5.
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Supplementary Figure 30. The lag time and Pearson’s correlation coefficient on day 1, 3, and
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Supplementary Figure 32. Pearson’s correlation analysis between TG and BG in diabetic

participants (ii-x), measured on day 1, 3, and 5.



Supplementary Table 1. Comparison of various studies analyzing the correlation between tear

glucose and blood glucose

Measuring

Correlation

Paper Subject Method term (TG) analysis Lag time
Lewis et al.! Human Sticks . . . .
(1958) (diabetes) (electrochemical Single point | no correlation | Unclear
method)
Sen et al.? Human Microcapillary tear ?r(l)oifnr:latlon
(1980) (normal, collection . Single point | r=0.17, Unclear
. (electrochemical .
diabetes) method) diabetes r=-
0.03)
Microcapillary tear
Daum et al.? Human collection _
(1982) (normal) (electrochemical I'hour term | r=0.53 Unclear
method)
Microcapillary tear .
LeBlanc et al.* Human collec tiorr)l y Single point no correlation Unclear
. )
(2005) (diabetes) (chromatography) (r*=0.052)
normal with
fasting r=0.00,
normal with
Lane et al.5 Human Microcapillary tear ?gofisstmg
’ (normal, collection 15 min term LT 30 min
(2006) diabetes) (chromatography) diabetic with
graphy fasting r=0.80,
diabetic with
no fasting
r=0.88
Baca et al.® Human Microcapillary tear qualitatively
(2007) ) (normal) collection 15 min term rrelated 20 min
© (mass spectrometry) cotrelate
: 7 ; : —
Iguchi et al. Rabbit Wired electrochemical Continuous qualitatively Unclear
(2007) sensor correlated
Baca et al.$ Human Microcapillary tear
(2007) ’ (normal) collection Single point | r=10.5 Unclear
(chromatography)
Yan et al.’ Rabbit Electrochemical sensor . 5
(2011) (normal) coupled with capillary 30 min term | r°=0.4867 Unclear
m ; - .
Belle et al. Rabbit Wired electrochemical 20 min term | 12=0.7544 13 min
(2016) (normal) sensor
Agustini et al.'! | Human Wired electrochemical . . -
(2017) (normal) sensor Single point | r=0.961 Unclear
. Human Microcapillary tear .
12
.2\2151261 {? ctal (normal, collection Single point ?il(}), (c)l;zl;etes Unclear
diabetes) (chromatography) p=.
Kownacka et Sheep . . 95% in A, B
3 (normal), Wired electrochemical . .
al. Human sensor 3 min term region of error | Unclear
(2018) . grid
(diabetes)
Sempionatto et Human Eyeglasses
al. (normal) (electrochemical Single point | r=0.63 Unclear
(2019) sensor)
15 :
Lee ctal. Rabbit Modified accu-chek 15 min term | 1?=0.764 Unclear
(2019) (normal)




(electrochemical

sensor)
Keum et al.'® Rabbit Contact lens Qualitatively
(2020) (normal, (electrochemical 3 hours term correlated Unclear
diabetes) sensor)
Kim et al.'” Mouse Contact lens . . 5
(2020) (diabetes) (reflection spectrum) Single point | r'=0.76 Unclear
Geelhoed- . . 99.7% in A, B
Duijvestijn et al. | Human Wired electrochemical . . .
18 . Continuous | region of error | 15 min
(diabetes) sensor id
(2021) &
Mouse
(normal, r=0.71
Jeon et al."? diabetes), Contact lens Sinele point (mouse) Unclear
(2021) Human (colorimetric) glep =0.72
(normal, (human)
diabetes)
Lee et al.? Beagle M1crogap111ary tear . _ .
(2022) (normal) collection 5 min term =0.86 10 min
(colorimetric)
. r=0.82
Kim et al 2! Rabbit Contact lens . 94.9% in A, B .
(2022) (normal, (electrochemical 5 min term region of error 10 min
diabetes) sensor) -
grid
r=0.946/0.944
(normal/diabet
. ic rabbit),
ﬁlfi’;;l 1=0.961/0.924
diabe tes’) (normal/diabet
Beacle ’ Contact lens ic beagle), Personalized
Our study (no r%n al (electrochemical Continuous | r=0.954 for all
Jiabe tes’) sensor) (normal subjects
Human ’ human)
(normal) All measured
datain A, B

region of error
grid
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