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Actigraphic Clinical Trial Endpoints
Definition of Actigraphy: Estimation of physical activity through the measurement of movement by a noninvasive wearable device.
[bookmark: _GoBack]Limitation to be Addressed: It remains unclear how actigraphy data should be aggregated and reported as a standardized and meaningful clinical trial endpoint (clinical outcomes assessment) for regulatory and clinical evaluation of effectiveness or safety of an intervention. 
Regulatory Framework: As “data gathered through personal devices and health applications” actigraphy may fall under the category of real-world data for the generation of real-world evidence, with similarities to patient-reported outcomes assessment, and falling under the federal mandate to evaluate potential real-world evidence under the 21st Century Cures Act.
· CDRH/CBER Guidance (August 2017): Use of Real-World Evidence to Support Regulatory Decision-Making for Medical Devices (https://www.fda.gov/media/99447/download)
· CDER/CBER Draft Guidance (May 2019): Submitting Documents Using Real-World Data and Real-World Evidence to the Food and Drug Administration for Drugs and Biologics (https://www.fda.gov/media/124795/download)
· Framework for FDA’s Real-World Evidence Program (December 2018) (https://www.fda.gov/media/120060/download)
· Real-World Evidence — What Is It and What Can It Tell Us? (https://www.nejm.org/doi/full/10.1056/NEJMsb1609216)
· CDER/CBER/CDRH (December 2009) Guidance for Industry. Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims (https://www.fda.gov/media/77832/download)
· CDRH (December 2017): Software as a Medical Device (SAMD): Clinical Evaluation (https://www.fda.gov/media/100714/download)
· Code of Federal Regulations Title 21 Part 314.126:
· “methods of assessment of subjects' response are well-defined and reliable”

Actigraphy Data Concepts:
· Device hardware and software (processing, analytics) selection and validation - volume of unrefined data that may be required for regulatory submission1,2
· Epoch – fundamental unit of time over which activity is assessed – in NHANES a 1-minute interval was used
· Data collection environment
· Wakefulness versus Sleep
· Frequency of data collection and transfer
· Decision Rules: Intensity of activity cutoffs such as – sedentary behavior as <100-260 activity counts per minute – moderate to vigorous activity as >500-2020 activity counts per minute; Duration of activity cutoffs; Daily minimal monitoring time (duration) requirements – typically >10 hours a day – requires accurate detection and definition of non-wear time; Monitoring time inclusion of weekend versus weekdays; Number of consecutive monitoring days required.3
· Adult-specific measurements and interpretations
· Convergent clinical validity of measurement and Minimal clinically important difference (MCID) or treatment effect
· Missing data: avoidance and interpretation

Evaluation: Actigraphy as a clinical outcome assessment
· Analytical Validation: Accuracy; Reliability; Precision: Early actigraphy monitors were unable to quantify movement as well as modern day devices, and were limited to collecting binary ‘counts’ of movements that exceeded a set threshold.
· Accuracy of smartphone and commercial activity trackers is widely variable, even amongst healthy volunteers, compared to direct observation on a treadmill – research grade pedometers varied -0.3 to 1.0% over 500-1500 steps, commercial wearable devices varied -22.7 to -1.5%, and smartphone applications varied -6.7 to 6.2%.4
· Comparison of clinical grade activity monitors (Digiwalker, Omron, Actigraph) to manually counted treadmill steps demonstrated consistent bias among Actigraph devices, and that the reliability of each device depends on the walking speed.5 In some cases device varied greater than 50% from the manually counted criterion.
· Many analytics are proprietary and the software technology iterative – although not being tested for regulatory approval itself, may be worth considering the Software as Medical Device (SaMD) regulatory framework requiring “a valid clinical association between the output of a SaMD and the targeted clinical condition.”6 
· Clinical Validation: Sensitivity; Specificity; Predictive Values: Actigraphy under-detects wakefulness compared to polysomnography.7
· Anchoring for the MCID difficult to establish.8
· The Clinical Trials Transformation Initiative (CTTI) has put forth recommendations for validation including correlation of step counts with activity reports, comparing step counts in cases versus controls, correlate step counts with heart failure severity, prospective convergent validity with traditional clinical outcomes (hospitalization, mortality), retrospective treatment effects from cardiac resynchronization therapy device data.9,10
· A review of 54 articles utilizing only NHANES (National Health and Nutrition Examination Survey) data demonstrated a wide variety of processing, definition, and interpretation schemes for actigraphy data.3
· As of June 19, 2019, there are 671 studies registered on ClinicalTrials.gov identified by using “actigraphy”, 10 in the study area of heart failure, though many more are capturing actigraphy data as a supportive endpoint.
Actigraphy Scoring and Reporting Options:
· Mean total daily step counts
· Mean time spent in low, moderate, or vigorous intensity physical activity in a day – noting that a functional decline may paradoxically increase time spent in activity if a patient then needs longer to travel to a necessary location but at slower speed
· Mean walking speed
· Maximal walking speed
· Timed walking distance (home 6-minute walk test)
Data References:
· NHANES (Uniaxial device): Male 50th percentile daily total activity counts 288,140 per day, with 357 and 22 minutes per day spent in light and moderate to vigorous physical activity, respectively. The median total activity counts for females was 235,741 per day, with 349 and 12 minutes per day spent in light and moderate to vigorous physical activity, respectively.11 These decline with increasing age.12
· Meta-analysis of 17 actigraphy studies for patients with heart failure (1 clinical trial) reported variable but inverse relationships of increased activity with decreased morbidity and mortality, though activity was only weakly associated with health-related quality of life scores.13 For instance, actigraphy added to the Heart Failure Survival Score increased the c-index for mortality from 0.71 to 0.74. Additionally, “studies lacked consensus regarding device choice, time points and thresholds of physical activity measurement.” Alternatively, one study of Medtronic ICD recipients reported that each increased uniaxial accelerometry of 10 minutes per day in the 30 days after device implant was associated with a 4% reduction in death or heart failure hospitalization.14
· 16,741 Women’s Health Study participants with baseline actigraphy (data from >10 hours per day for at least 4 consecutive days) followed for mean 4.3 years demonstrated that all-cause mortality declined across the quartiles of daily step distribution until leveling off once patients achieved approximately 7500 steps daily.15 They report the following actigraphy outputs:
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