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Abstract: Glucose is an essential energy source for living organisms, and its metabolic abnormalities are closely asso-
ciated with various diseases such as diabetes and cancer. Electrochemical detection methods, with their high preci-
sion, are currently the primary clinical approach for blood glucose monitoring. However, optical sensing, owing to its
noninvasive or minimally invasive nature and capability for long-term continuous monitoring, not only has the potential
to improve the monitoring experience of diabetic patients but may also become an important tool in future diabetes man-
agement. This review systematically summarizes recent advances in subcutaneous continuous glucose monitoring and tu-
mor glucose metabolism monitoring, with a particular emphasis on the design principles and performance of fluores-
cence- and phosphorescence-based sensing platforms. Furthermore, we analyze the existing problems and challenges in

continuous glucose monitoring technologies and provide our perspective on future development.
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Fig.1 Three-generation enzyme electrochemical glucose sensor. (a) First generation: sensors utilize oxygen as an electron

acceptor. (b) Second generation: sensors utilize artificial electron acceptors or mediators. (¢) Third generation: sensors
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Fig.2 Schematic diagram of depth-gated mid-infrared opto-

g

acoustic sensor. (a)Schematic diagram of the integrat-
ed mid-infrared-visible in vivo photoacoustic micros-
copy system for non-invasive blood glucose monitor-
ing (ND, neutral density filter; L, lens; P, pin-
hole). (b)Schematic representation of different layers
in mouse skin (EP, epidermis; DR, dermis; HR,
hypodermis; SC, stratum corneum; SGr, stratum
granulosum; SS, stratum spinosum; SB, stratum ba-
sale; SG, sebaceous glands; HF, hair follicles; BV,
blood vessels; G, glucose). (c¢)Merged mid-infrared/

visible image'™’
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Fig.3 (a)Schematic of a fluorescent hydrogel fiber for long-term subcutaneous implantation and continuous glucose monitoring,

which can be removed intact after use. (b) The fiber immersed in a glucose solution emits bright fluorescence under UV
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Fig.4 Wearable microneedle fluorescent sensor patch. (a)Schematic of the wearable microneedle fluorescent sensor patch. (b)

Correlation between predicated and reference glucose concentration in human serum. (¢) Continuous glucose monitoring
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Fig.6  In vivo imaging of the near-infrared glucose analogue 2DG-IR. (a) Diagram illustrating the entry route of 2DG-IR via the

peri-arterial space. (b) Representative high magnification in vivo images at serial depths of 2DG-IR in peri-arterial space

surrounding penetrating arteriole at 5 min after injection. (¢)2DG-IR is transported along the peri-vascular space around

both arteries and capillaries followed by diffusion into the tissue 5 min after injection (white arrows). (d)2DG-IR uptake

in a CamK2a-tdTomato neuronal reporter mouse showing that the highest 2DG-IR signal co-localizes with CamK2a-tdTo-

mato p neuronal cell bodies (white arrows). (e)In contrast, 2DG-IR uptake in GLT1-eGFP p astrocytes (green arrows)
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Fig.7 Dynamic imaging of cerebrospinal fluid glucose in wild-type mice and brain tumor mice. (a), (c¢) Optical images of a

wild-type mouse and an ND2: SmoA1 mouse with the nanoparticle transducer implanted in the brain and dorsal site fol-
lowed by glucose administration, respectively. (b), (d) Averages and standard deviations of the normalized lumines-
cence intensity from the brain and dorsal site in the two types of mice after glucose administration, respectively. (e) Ra-
tios of the normalized luminescence intensities from the brain and dorsal site in the two types of mice at 40 min after glu-

cose administration. (f) Comparison of the fitted glucose uptake rates between wild-type and ND2:SmoA 1 mice™’
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