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Abstract 
 

The rapid evolution of telehealth has catalyzed the development of wearable glucose biosensors capable of continuous, non-invasive monitoring. 
However, the transition from rigid, planar electronics to skin-conformal systems remains hindered by significant mechanical mismatches, 
environmental instability, and poor breathability. This review provides a comprehensive analysis of the material and structural strategies 
employed to bridge this gap. We first evaluate the limitations of conventional substrates and the emergence of intrinsically stretchable 
nanocomposites incorporating graphene, MXenes, and liquid metals. Particular emphasis is placed on the 'biotic–abiotic interface,' where 
porosity engineering and microfluidic integration are essential for long-term wear ability and signal fidelity. Furthermore, we discuss the shift 
from passive sensing to autonomous, closed-loop systems that integrate wireless communication, local data processing, and therapeutic 
actuation. By examining the synergy between materials innovation and system-level engineering, this review outlines a roadmap toward next-
generation, self-sufficient electronic skins that can fundamentally reshape personalized diabetes management. 
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INTRODUCTION  

 
Recent shift in personal healthcare toward decentralized and 
patient-centric systems has driven an increasing demand for 
technologies capable of continuous, accurate, and user-friendly 
data collection. In this context, telehealth has emerged as a 
transformative model connecting patients and clinicians 
through digital networks. These systems autonomously collect, 
transmit, and analyze physiological signals in real time, 
necessitating the development of wearable sensors that can 
operate conformally on the human body to provide long-term, 
reliable, and noninvasive access to clinically meaningful 
data.[1] Within this field, stretchable electronics have achieved 
significant milestones by leveraging sophisticated techniques 
to fabricate semiconductor devices using soft materials 
designed for integration with curvilinear and dynamic 
biological tissues. These devices not only monitor continuous 
biophysical parameters,[2] such as heart rate, motion, or 
pressure, but have also demonstrated enhanced sensitivity for 
molecular-level sensing, representing the next generation of 
clinical diagnostics and proactive health management.[3] The 
advancement of telehealth depends on accurate and highly 
sensitive monitoring of a user’s physiological status beyond 
macroscopic vital signs. For example, glucose represents the 
most intensively studied biomarker due to its crucial role in 
metabolism and its direct implications for diabetes 
management. Diabetes mellitus remains one of the most 
common chronic diseases, affecting over half a billion 
individuals globally and contributing to significant morbidity 
and soaring healthcare expenses.[4] Therefore, precise control 
of glucose level is critical for preventing both acute 
complications and long-term organ damage.[5] While 
traditional finger-prick testing provides reliable concentration 
of blood glucose, it requires invasive sampling, limiting patient 
compliance.  
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As an alternative, current commercial continuous glucose 
monitoring (CGM) devices typically rely on subcutaneous 
implantation and involve minor invasiveness. However, it still 
suffer from signal drift, calibration requirements, and 
discomfort during long-term wear.[6] Accordingly, there has 
been growing interest in noninvasive or minimally invasive 
wearable glucose sensors that can continuously monitor 
glucose dynamics from alternative biofluids such as sweat, 
interstitial fluid, tears, and saliva.[3,7] On the other hand, 
technical advancements in wireless communication and low-
power data processing have established a robust foundation for 
the remote application of biosensing systems within telehealth 
infrastructures. Wireless modules, specifically those based on 
Bluetooth Low Energy (BLE) or Near-Field Communication 
(NFC),facilitate real-time data transmission to smartphones or 
cloud-based servers.[8] At these hubs, sophisticated algorithms 
analyze cumulative glucose trends and provide predictive 
feedback. The convergence of flexible electronics, 
microfluidics, and data analytics has consequently transformed 
conventional glucose sensors from simple diagnostic tools into 
intelligent network systems capable of supporting complex 
clinical decision-making.[9] Furthermore, the integration of 
artificial intelligence (AI) expands this potential toward 
advanced pattern recognition, anomaly detection, and closed-
loop control, such as automated insulin delivery in artificial 
pancreas systems.[10] These developments emphasize that 
molecular sensors are evolving into active participants within 
digital healthcare ecosystems, moving beyond their transitional 
role as passive monitoring devices. Despite extensive 
advancements, several critical challenges hinder the 
widespread adoption of wearable glucose sensors within 
telehealth ecosystems. A primary hurdle is ensuring reliable 
accuracy across diverse populations and fluctuating 
physiological states, which necessitates overcoming inter-
individual variability in biofluid composition, the inherent 
time-lag between peripheral and blood glucose levels, and 
environmental interferences.[11] Furthermore, the long-term 
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