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1 Introduction

The development of wearable sensors embedded into gar-
ments for monitoring exercise and improve sports perfor-
mance is an increasingly growing trend [1,2]. Indeed, the
seamless integration of sensors into clothes presents
many attractive features for the end-user, such as the
easy access to real-time personalized data, portability and
simplicity of operation [3,4]. The information generated
by these sensors may yield significant benefits, such as
the improvement of the performance in athletes [5] and
the minimization of the risks of injuries [6]. Hence, the
generation of personalized physiological data can provide
valuable insights to enhance the experience and early
detect and prevent health issues [7]. For this reason, dif-
ferent approaches to integrate smart microsensors (i.e.
heart rate, electromyography, accelerometers, gyroscopes
and magnetometers) into sport garments have been inten-
sively pursued. Today, a growing range of commercial
products and applications are available [8, 9]. Research
activities for the development of watches, wristbands, ad-
hesive patches and even epidermal tattoos are also being
applied to monitor a broad range of movements and bio-
metric parameters [10], such as cardiac respiratory or
skeletal muscle activity. “Wearability”, i.e., the ability to
withstand mechanical stress and embed these devices
with minimal disruption for the user, is a key require-
ment. Thus, significant efforts in material science [11,12]
are currently being devoted to the development of
stretchable and bendable electronics [13] that can serve
as flexible substrates and adapt to different routines [14].
Remarkably, despite of all this progress, there is a relative

lack of wearable sensors that can produce reliable (bio)-
chemical information. Indeed, while wearable sensors for
physical parameters (temperature, heart rate, movement,
etc.) have come a long way, the development of wearable
sensors to produce relevant chemical and biochemical in-
formation has moved at a significantly lower pace.
The development of a wristband glucometer [15] more

than a decade ago can be considered as one of the earli-
est wearable chemical sensors that reached the market.
Although this device presented several practical issues
and had to be recalled from the market, it stressed the
advantages of electrochemical sensing in the field of
wearable devices. Early contributions from Diamond et
al. were also pioneers in this field, mostly by focusing on
the improvement of the chemo-biosensing through body
sensing networks (BSN) [16–18]. Although they were
truly visionaries, these early works faced two major chal-
lenges. First, that at the time many of those early plat-
forms were proposed, most of the technology nowadays
widely available (flexible substrates, miniaturized low-
power consumption electronics, etc.) was not yet mature.
Therefore, these prototypes were not fully portable and
adaptable for monitoring properties in real scenarios.
Second, the difficulty for building consistent chemical
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