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Summary: 

Recent developments in wearable sensor technology have increased the ability to perform research in 
real-world settings. However, a challenge has been to link wearable signals with biological measures. 
In this paper, examples of ambulatory hormone profiling combined with wearable devices are used to 
illustrate the potential value for future studies in health and disease. 
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Background, Motivation and Objective 

Human physiology is organized across the 24-
hour day by timing systems that shape endocrine 
secretion, sleep, activity, temperature, metabo-
lism, and responses to the external environment. 
Until relatively recently, it has only possible to 
capture dynamic changes in biological systems 
in contrived laboratory settings. As a result, key 
features of these important systems have been 
difficult if not impossible to observe in everyday 
life. At the same time, multiple kinds of wearable 
devices have emerged and have been applied 
for use as indirect proxies of environmental and 
physiological signals A key gap has been the 
ability to anchor proxy signals with real biological 
markers in ambulatory, real life situation..  

Ambulatory microdialysis and wearables: 
Narrowing the gap between biological and 
passive monitoring 

Portable microdialysis coupled to automated 
fraction collection can generate high resolution 
profiles of hormones over 24-hours or more in 
home based-setting, including during sleep [1,2]. 
These initial studies established proof-of princi-
ple feasibility and signposted the value of dense 
endocrine sampling. The aim of these methods 
is to improve diagnosis and treatment of health 
conditions by providing critical insights into dy-
namics and the links between wearable-meas-
ured signals and underlying biology. 

Dynamics in everyday life  

We used ambulatory microdialysis to quantify 
24hr patterns of adrenal hormones in 214 
healthy people [3] defining normal healthy varia-
tion and establishing reference for comparisons 
with disease [4]. 

 
Fig. 1. Patterns of 7 adrenal steroids in n=214 
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healthy volunteers collected during normal daily 
life [3].  

Broadening the horizon 

A series of pilot studies have demonstrated the 
feasibility of integrating wearable devices into 
ambulatory microdialysis protocols.  

   

Fig. 2. 24hr heatmaps illustrate 24hr variation in 
hormones, skin temperature and glucose. Bottom: 
Free noradrenaline tracking with heart rate in a 
healthy volunteer (Author’s unpublished data) 

Advanced analysis methods now permit quanti-
fication of a wider variety of hormones and me-
tabolites in interstitial fluid, including melatonin 
and free catecholamines (Fig 2). 

The future of digital endocrinology and 
health 

The combination of ambulatory biosampling and 
digital wearables opens doors for a potential rev-
olution in the understanding of health and dis-
ease. The upcoming Endotrain DTP 
(10.3030/101227148) will train doctoral candi-
dates across eight countries in this exciting new 
era where research innovation, digital solutions, 
and clinical care intersect. 

References 

[1] Bhake, R., Leendertz, J., Linthorst, A., & Light-
man, S. (2013). Automated 24-hours sampling of 
subcutaneous tissue free cortisol in humans. 
Journal of medical engineering & technology, 
37(3), 180-184.  

[2] Bhake, R., Kluckner, V., Stassen, H., Russell, G., 
Leendertz, J., Stevens, K., Linthorst, A., & Light-
man, S. (2019). Continuous free cortisol pro-
files—circadian rhythms in healthy men. The 
Journal of Clinical Endocrinology & Metabolism, 
104(12), 5935-5947.  

[3] Upton, T. J., Zavala, E., Methlie P. et al. High-
resolution daily profiles of tissue adrenal steroids 
by portable automated collection. Science Tran-
slational Medicine, 15(701), eadg8464. 
https://doi.org/doi:10.1126/scitranslmed.adg8464 

[4] Grytaas, M, Upton TJ et al. Home measurement 
of 24-hour corticosteroid dynamics in primary al-
dosteronism, 27 February 2025. PREPRINT (Ver-
sion 1) available at Research Square 
[https://doi.org/10.21203/rs.3.rs-6095171/v1] 

 

DOI 10.5162/eurosensors2026/SP 1.1.2

EUROSENSORS 2026 271


