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NHANES and Physical Activity

For Committee to Review the DRIs for Energy

Richard Troiano, Ph.D.

Wherefore Today?

• Value of device measures and caveats

• National physical activity data (NHANES 2011-1014)

ACCELEROMETER DATA BENEFITS

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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Surprisingly Strong Associations

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

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. …”

Precise Time Resolution Associations with DLW

MSSE 49(9);1935-
44, 2017
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Correlation of Total Daily Counts with DLW

From Table 3 in Chomistek et al., 2017

a Adjusted for weight, age, wear time and fat free mass HOW ACCELEROMETERS WORK

Accelerometer Methods

• Measures body movement in terms of acceleration
– related to intensity of physical activity

– measured in 1 to 3 orthogonal planes
• anterior-posterior

• medial-lateral Relevant to waist-wear

• vertical

– Data stored or uploaded for download/analysis

– Proprietary filtering and processing for “counts” or other metrics

– Need intensity thresholds from calibration studies OR

– Algorithms to classify raw data

Motion Sensor Characteristics

• Activity monitor
+ Inexpensive (pedometer) to moderate cost (accelerometer, inclinometer)

+ Removes cognitive aspect

+ Includes all activity contexts

– No specific contextual information 

– Primarily measures locomotor activity (at waist/leg) AND

– Misses upper body and other movements
OR

– Measures movement of the limb on which it is attached (different issues!)

– Does not account for resistance (e.g. walking with added weight or uphill)
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NHANES 2011-2014 ACCELEROMETER 

NHANES Sample

• Nationally representative

• Civilian, non-institutionalized 
household population in the 
United States

• All ages

• Oversample minorities

• Target: 5,000 individuals 
examined annually

NHANES 2011-14 Protocol

• Sample
– Age 6+ (3+ from 2012)

• Location 
– Worn on nondominant wrist 

• Wearing Protocol
– 7+ days of continuous wear (24/7)

• Actigraph GT3X+

• 80 Hz triaxial data
– + lux data

RESULTING DATA 
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NHANES Component Compliance and Data

• Over 4 years:
– >16,000 participants agreed to wear 

• ~88% of eligible examinees ages 3 years and older

– >95% of devices were returned by participants

– Analytic n=14,705 after data quality exclusions
• Females: 3,054 youth; 4,525 adults (20 y +)

• Males: 2,976 youth; 4,150 adults

Wrist Accelerometer Reference Data

Curve Generation

• Daily sum of Monitor Independent Motion Summary units
– Device-agnostic motion summary, like non-proprietary Actigraph counts

• Details: John et al., J Meas Phys Behav, 2019

• Algorithms for wake-wear, non-wear, sleep-wear used for data 
quality day exclusions (nw > 5% [72 min], sleep > 17h)

• Average of 1+ valid days/person (mean 4.2-6.3 valid days by 
sex/age group)

• Generalized Additive Models for Location Scale and Shape 
(GAMLSS) code run in gamlss r package using Box-Cox t 
distribution

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

Wear/sleep algorithms likely to improve; misclassification at present

DATA AVAILABILITY

Data Release

Advanced

80hz Data

CDC ftp site

High 
Frequency 

Data 

Moderate

Minute and Hour 

Counts

Website 
(SAS flat file)

Intermediate Data

Basic

Daily Counts, 
Sleep/Wear Time

Website 
(SAS flat file)

Daily Summary

Release 
Product

Audience

Data 
Access

REPORTED DATA
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Global Physical Activity Questionnaire

In NHANES 2011-2014

• Ages 12 y and older

• Asks about “typical week”
– Days per week and time per day asked for:

• Activity at work (moderate and vigorous asked separately)

• Travel to and from places (all walk/bike assumed to be moderate)

• Recreational activity (moderate, vigorous separately)

– MET values assigned to responses (4 for moderate, 8 for vigorous)

• Summary metric of MET minutes/week

Thank you

Questions and Discussion

Physical Activity Conceptual Framework

Pettee Gabriel et al., 2012 JPAH

Related, but not quantitatively identical


