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Session Objective

Provide (my) perspective on evolution of 
thinking about utility and interpretation of 
device-based measures. 

Disclosures: None (retired USPHS officer)



Our doubts are traitors
And make us lose the good we oft might win
By fearing to attempt.

W. Shakespeare. 
Measure for Measure, Act I, Scene IV



4

Bona Fides

• National Health and Nutrition Examination Survey (NHANES) 
(CDC, NCHS)
• Redesigned physical activity questionnaire, developed cardiovascular fitness 

(treadmill) test component

• Risk Factor Assessment (NCI)
• Led inclusion of accelerometers in NHANES 2003-2006, 2011-2014

• Program Director for research on measurement of physical activity

• Physical Activity Guidelines
• Led development of 2008 Physical Activity Guidelines for Americans

• Co-lead for 2nd edition (2018)

• Member of development group for WHO 2020 Guidelines on Physical Activity 
and Sedentary Behaviour
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Wherefore Today?

Evolving thoughts about device measures and historical milestones

Benefits of device-based measures

Features and gaps with device-based measures
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Why?



Devices in NHANES Motivation

• NCHS desire for better PA 
assessment for youth

• Jim Sallis – “It’s time, Rick…”

• International Physical 
Activity and 
Environment Network (IPEN)



• NCI had resources and was willing (with other NIH endorsement)

• Analytic choices needed to be made

Right Place and Time

Med Sci Sports Exerc, 

2008



Impact of NHANES Accelerometer Data

• Publicly available data were analyzed my many researchers with a 
variety of associated endpoints (54 pubs by December 2011)

• The first NHANES accelerometer publication (Troiano et al., 2008) 
was among the 5 most highly cited articles in field of physical activity 
and health research

Preventive Medicine 111 (2018) 466-72.



Key Meetings (and results)
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Highlighted Meetings (and supplements)

• Objective Monitoring of Physical Activity: Closing the Gaps in the Science 
of Accelerometry.  - University of North Carolina, 2004

Med Sci Sports Exerc. 2005 November; 37(suppl):S487-S588.

• Objective Measurement of Physical Activity: Best Practices and Future 
Directions.  - NIH, 2009

Med Sci Sports Exerc. 2012 January; 44(suppl 1):S1-S89.

• Measurement of Active and Sedentary Behaviors: Closing the Gaps in Self-
Report Methods.  - NIH, 2010

J Phys Act Health. 2012 January;9(suppl):S1-S92.



Context

A Look-Back and Flash-Forward
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Device-based Measures Situation in Early 2000s

Objective Measurement of Physical Activity: Closing the Gaps in 
the Science of Accelerometry - University of North Carolina, December 2004

• Cited 1999 Cooper Research Institute meeting on PA measurement:

“… objective motion sensors were not practical for large scale studies 
because of high cost, uncertain reliability, and difficulties in the interpretation 
of data.”
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Changing Times

From the 2005 supplement “physical activity” OR exercise AND acceleromet*
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Changing Times
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Selected 2004 Recommendations

Encourage open-source technology to enhance comparability

Tap into cell phone technology

～Develop core set of activities to employ in calibration studies

❖Avoid wrist placement (oops)
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2009 Device Meeting Recommendations

“Monitor data should be collected and saved as raw 

signals with post-processing used for data 

transformation.”

✓“Organiz[e] multi-disciplinary teams … to develop tools, 
process data, and perform calibration/validation 

studies…”

“… discontinue development and use of cutpoint

methods to define intensity categories…”
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2009 Device Meeting Recommendations
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Conceptual Evolution

How (My) Thinking About Device & Report Measures Changed



My Thinking in 2008
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Dr. Gregory House, M.D.

Everybody lies.

I’ve found when you want to know the truth 
about someone, that someone is probably 
the last person you should ask.

Skeptic’s View of Self-Report



Category Agreement: Men Ages 20-59 y

Accel.

Categ
Category Based on Self-Report

0 1 2 3 4 5 Total

0 4.89 9.43 7.70 5.11 6.64 5.42 39.20

1 1.60 1.95 2.51 2.32 1.98 1.75 12.12

2 1.43 2.03 1.96 2.59 1.58 2.51 12.09

3 0.94 2.03 2.31 2.10 2.65 2.21 12.23

4 0.58 1.44 2.07 2.97 2.58 2.47 12.11

5 0.76 0.89 1.57 2.49 2.92 3.62 12.25

Total 10.22 17.77 18.12 17.58 18.35 17.98 100.0

Values are weighted percent within each cell

17.1 % agree
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Category Agreement: Men Ages 20-59 y

Accel.

Categ
Category Based on Self-Report

0 1 2 3 4 5 Total

0 4.89 9.43 7.70 5.11 6.64 5.42 39.20

1 1.60 1.95 2.51 2.32 1.98 1.75 12.12

2 1.43 2.03 1.96 2.59 1.58 2.51 12.09

3 0.94 2.03 2.31 2.10 2.65 2.21 12.23

4 0.58 1.44 2.07 2.97 2.58 2.47 12.11

5 0.76 0.89 1.57 2.49 2.92 3.62 12.25

Total 10.22 17.77 18.12 17.58 18.35 17.98 100.0

Values are weighted percent within each cell

Note distribution across accelerometer categories for low 

active individuals
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2010 Self-Report Methods Meeting

✓Provided framework for PA as a complex and multi-dimensional 
behavior.

✓Called for standardized, precise, consistent terminology and definitions.

✓Recognized distinct measurements obtained by accelerometer-based 
devices and self-report.



Physical Activity Conceptual Framework

Pettee Gabriel et al., 2012 JPAH

Related, but not quantitatively identical
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Value of Report Measures
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Precise Time Resolution
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Contribution of MVPA Bouts to Mortality Benefit

> 5 min bouts,
760 cpm
(Matthews) cutpoint

Saint-Maurice, et 
al. 2018. JAHA
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Stronger Biomarker Associations

Biomarker Self-report Accelerometer

Beta (SE) Adj. Wald F Beta (SE) Adj. Wald F

SBP 0.01 (0.03) 0.23 -0.43 (0.14) 8.89**

BMI -0.04 (0.01) 14.95*** -0.77 (0.08) 86.71****

HDL (mg/dL) 0.10 (0.03) 8.54** 1.41 (0.27) 27.77****

Glycohemoglobin -0.004 (0.001) 7.91** -0.05 (0.01) 47.11****

Glucose 0.01 (0.07) 0.06 -1.67 (0.30) 30.77****

Insulin (μU/mL) -0.08 (0.03) 10.15** -1.11 (0.12) 81.53****

Atienza et al., 2011 MSSE

Minutes in bouts, Beta per 10 min unit

** p < 0.01
*** p < 0.001
**** p < 0.0001
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Potential to Flummox Reviewers

JAMA. 2020;323(12):1151-60
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Unbelievable Mortality Reduction

Steps per Day and All-Cause Mortality in a Study of the Association of Daily Step 
Count and Step Intensity With Mortality Among US Adults Aged at Least 40 Years

HR = 0.49 for 
8000 vs 4000 steps/d

Reviewer:
“It is not clinically plausible 
that an increased step count is 
independently associated with 
a 50-70% reduction in 
mortality risk. There is either a 
significant problem in the 
study design or analysis, or 
the study has a very high level 
of residual confounding. …”
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Potential Confounder or Effect Modifier in Clinical Trials
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Steps Protect in Pharma Trial

… every 2000 step per day increment 
in ambulatory activity at baseline 
(roughly equivalent to 20 min a day 
of moderately-paced walking 
activity) was associated with a 10% 
lower risk of a cardiovascular event. 
Moreover, each 2000 step per day 
change from baseline to 12 months 
was associated with an additional 8% 
difference in the cardiovascular event 
rate. 
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MSSE 53; 2455-2464, 2021



Daily MIMS-units Percentiles by Age
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Important Points

Total daily activity metric
• Represents PA from all sources, contexts, and intensities
• Does not quantify PA by intensity →MIMS ≠ Actigraph counts

• No consensus on cutpoints across ages

Percentile values
• Can be used to predict outcomes
• Provide reference data for other studies
• May apply to other device data if converted to MIMS
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Device Measures Overview

Activity monitor (primarily accelerometer-based)
+ Removes cognitive aspect

+ Includes all activity contexts, intensities, and durations

+ Time-stamped data

+ Can provide sleep metrics

− No specific contextual information 

− Primarily measures movement of the limb on which it is attached
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Progress, not Perfection

Still Waiting

• Interpretation consensus

• See above, still care about 
intensity

• Ditto above

• Need to bridge historical epi to 

device data

• Raw data availability

• Moved beyond cutpoints

• Behavioral ID algorithms

• Devices for surveillance reduce 

reliance on self-report for 

quantification

Good News
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Next Steps?

Challenges and opportunities:

• Algorithm development and/or metric consensus
• Data pooling

• Harmonization/standards development

Multi-disciplinary teams and collaborative efforts are key!



Questions?



Thank You
for Your Time.

contact. troianor@mail.nih.gov

mailto:contact.email@url.com
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