





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        A data-driven framework for the selection and validation of digital health metrics: use-case in neurological sensorimotor impairments
  
       View ORCID ProfileChristoph M. Kanzler,  View ORCID ProfileMike D. Rinderknecht, Anne Schwarz,  View ORCID ProfileIlse Lamers, Cynthia Gagnon, Jeremia Held,  View ORCID ProfilePeter Feys, Andreas R. Luft,  View ORCID ProfileRoger Gassert,  View ORCID ProfileOlivier Lambercy

  
      doi: https://doi.org/10.1101/544601 

  
  
  

Christoph M. Kanzler 
1Rehabilitation Engineering Laboratory, Institute of Robotics and Intelligent Systems, Department of Health Sciences and Technology, ETH Zürich, Switzerland
MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Christoph M. Kanzler
	For correspondence: 
christoph.kanzler@hest.ethz.ch


Mike D. Rinderknecht 
1Rehabilitation Engineering Laboratory, Institute of Robotics and Intelligent Systems, Department of Health Sciences and Technology, ETH Zürich, Switzerland
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Mike D. Rinderknecht


Anne Schwarz 
2Division of Vascular Neurology and Rehabilitation, Department of Neurology, University Hospital and University of Zürich, Switzerland
3cereneo Center for Neurology and Rehabilitation, Vitznau, Switzerland
MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Ilse Lamers 
4REVAL, Rehabilitation Research Center, BIOMED, Biomedical Research Institute, Faculty of Medicine and Life Sciences, Hasselt University, Belgium
5Rehabilitation and MS center, Pelt, Belgium
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Ilse Lamers


Cynthia Gagnon 
6School of Rehabilitation, Faculty of Medicine and Health Sciences, Université de Sherbrooke, Québec, Canada
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Jeremia Held 
2Division of Vascular Neurology and Rehabilitation, Department of Neurology, University Hospital and University of Zürich, Switzerland
3cereneo Center for Neurology and Rehabilitation, Vitznau, Switzerland
MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Peter Feys 
4REVAL, Rehabilitation Research Center, BIOMED, Biomedical Research Institute, Faculty of Medicine and Life Sciences, Hasselt University, Belgium
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Peter Feys


Andreas R. Luft 
2Division of Vascular Neurology and Rehabilitation, Department of Neurology, University Hospital and University of Zürich, Switzerland
3cereneo Center for Neurology and Rehabilitation, Vitznau, Switzerland
MD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Roger Gassert 
1Rehabilitation Engineering Laboratory, Institute of Robotics and Intelligent Systems, Department of Health Sciences and Technology, ETH Zürich, Switzerland
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Roger Gassert


Olivier Lambercy 
1Rehabilitation Engineering Laboratory, Institute of Robotics and Intelligent Systems, Department of Health Sciences and Technology, ETH Zürich, Switzerland
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Olivier Lambercy




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Background Digital health metrics have the potential to advance the monitoring and understanding of impaired body functions, for example in persons with neurological disorders. However, their integration into clinical research and practice is challenged by insufficient validation of the vast amount of existing and often abstract metrics. Here, we propose a data-driven framework to select and validate a clinically-relevant core set of digital health metrics extracted from a technology-aided assessment. As a use-case, this framework is applied to metrics extracted from the Virtual Peg Insertion Test (VPIT), a sensor-based assessment of upper limb sensorimotor impairments.

Methods The framework builds on a use-case specific pathophysiological motivation of digital health metrics to represent clinically-relevant impairments, models the influence of confounds from participant demographics, and evaluates the most important clinimetric properties (discriminant validity, structural validity, test-retest reliability, measurement error, learning effects). This approach was applied to 77 kinematic and kinetic metrics extracted from the VPIT, using data from 120 neurologically intact controls and 89 subjects with neurological disorders (post-stroke, multiple sclerosis, or hereditary ataxia). An exploratory factor analysis to discuss the initially proposed pathophysiological hypotheses was performed and the sensitivity of the metrics to clinically-defined disability levels was investigated.

Results Applied to the VPIT, the framework selected 10 (13.0%) clinically-relevant core metrics. These assess the severity of multiple sensorimotor impairments in a valid, reliable, and informative manner for all three disorders while being least susceptible to measurement error and learning effects. The digital health metrics of the VPIT provided additional clinical value by detecting impairments in neurological subjects that did not show any deficits according to conventional scales, and by covering several sensorimotor impairments of the arm and hand with a single assessment.

Conclusions The proposed framework could help to address the insufficient evaluation, standardization, and interpretability of digital health metrics. In the presented use-case, it allowed to establish validated core metrics for the VPIT, paving the way for its integration into clinical neurorehabilitation trials.
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