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Introduction

 Subjects hike Grand Canyon wearing various wearable fitness 
devices that monitor physical activity

 Subjects take cognitive tests intermittently during hike

 Metabolic panel + demographic data collected before and 
after hike

 Two cohorts
 Civilian volunteers

 Military personnel
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Purpose of this Study

1) Markers for Health: 
identify physiological, cognitive markers most related to 
health and task performance

2) Wearable Devices: 
identify which COTS wearable devices are best for 
measurement and in rugged environments

3) Health Events:
use statistical analyses on collected data to identify 
which markers are most predictive of benign vs. 
traumatic health events
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Experimental Design
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Grand Canyon Rim-2-Rim Hike
 Altitude and Temperature Change

 Extreme Environment

 Physical Strain

 14.3 miles, 6,000 feet to the bottom 

 9.6 miles, 4,500 feet back to the 
South Rim
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Source: https://www.nps.gov/grca/index.htm



Three tiers for R2R WATCH

UNM

UNMSandia



Collecting Physiological and Cognitive Data
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Continuous Variables Collected

 Heart rate

 Heart rate variability (new to May 2017 data collection)

 Breathing rate (new to Oct 2017 data collection)

 GPS position

 Cadence

 Elevation

 Temperature (ambient + skin) 

 Relative humidity 

 Cognitive tests
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Collecting Physiological and Cognitive Data

Brain Baseline



PRELIMINARY RESULTS
OCT 2016 + MAY 2017

(Data collected for Oct 2017)



12

Intensity of Hike

Average Heart Rate
(military)

By elevationBy GPS coordinates

South Kaibab
(start)

North Rim
(finish)
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Heart Rates: Side by Side Samples

(Longitude shifted for visibility)
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Distribution of Hike Times

• Distribution of hike times very similar between two groups
• Hypothesis for bimodality: competitive and leisure hikers
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Functional Clustering of Heart Rate

Hypotheses suggested from clustering:
1. At least two distinct profiles: 

• All out from beginning (red)
• More leisurely (blue + green)

2. All out group working hard throughout entire hike
3. Leisure group not working hard on descent but almost as hard on ascent
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Military vs Civilian: Cognitive Differences

First Test Military Civilian

Go/No-go: Time 527 ms (sd = 66) 554 ms (sd = 87)

Accuracy 0.964 (sd = 0.061) 0.957 (sd = 0.070)

Flanker: Time 594 ms (sd = 109) 592 ms (sd = 98)

Accuracy 0.935 (sd = 0.140) 0.943 (sd = 0.107)

VSTM: Time 1012 ms (sd = 206) 1139 ms (sd = 309)

Accuracy 0.779 (sd = 0.082) 0.732 (sd = 0.093)

Last Test Military Civilian

Go/No-go: Time 488 ms (sd = 92) 530 ms (sd = 71)

Accuracy 0.940 (sd = 0.060) 0.949 (0.070)

Flanker: Time 496 ms (sd = 64) 559 ms (sd = 71)

Accuracy 0.975 (sd = 0.026) 0.956 (sd = 0.098)

VSTM: Time 978 ms (sd = 411) 1088 (sd = 343)

Accuracy 0.779 (sd = 0.082) 0.702 (sd = 0.106)

Military 
performed 
better in 
10 / 12 
measures 

Military’s 
advantage 
increased 
in later trials, 
especially with 
response time:
Could be less 
fatigue or 
better learning



Cognitive-HR Connection to examine fatigue

 Goal of Model: validate that BrainBaseline captures fatigue effect

 Take advantage of structure of experiment for robust measures

 Know subjects start experiencing light fatigue hiking down the Canyon, heavy fatigue 
hiking back up the Canyon

 Capture this in two variables: Percent descended, percent ascended 

 Important to validate, but results do not extend to a non-controlled environment
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Hypotheses
• Fatigue would have a positive effect 

on response time (increase)

• Fatigue would have a negative 
effect on accuracy (decrease)

• In 13/14 estimated effects, this 
trend was observed (p-value from 
sign test: 0.0009). 

• Brain Baseline scores decline as 
fatigue increases

• Still would like to sharpen signal



Overall Device Performance



Example of Heart Rate Full Capture

 Forehead Optical starts well, but then drifts, then disappears.  This 
is typical.

 Wrist optical is consistently fairly close but biased low.  This is also 
typical.
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Sodium levels did not change
significantly as a population. This is in
part because half of the subjects 
sodium concentrations increased, while
the other half decreased. This is has
important implications as decreases in
sodium can lead to catastrophic
outcomes including seizure, coma, and
death. In less severe cases it can lead 
to nausea and declines in
performance.
Previous literature implicates human 
behavioral factors like amounts of
food and water ingestion as
significant predictors. Molecular
mechanisms through Arginine 
Vasopressin have also been 
implicated.

Slightly elevated 
levels are less
clinically significant

Sudden drops in 
sodium to these
levels (over hours)
can lead to 
seizures and death
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75 wearable devices packages
300+ wearable devices

Sandia National Laboratories Team

The University 
of New Mexico 

Emergency 
Medicine
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Thank you
 Glory Emmanuel Aviña, 

 Principle Investigator

 925.294.2478
gremman@sandia.gov

Catherine Branda,

Program Manager

925.294.6833

cbranda@sandia.gov

Funding for Wearables At The Canyon for Health is provided by 
the Defense Threat Reduction Agency (CB10359). 

Clifford Anderson-Bergman,

Lead statistician/Acting PI

925.294.4665
ciande@sandia.gov



27

Acknowledgements

Funding for Wearables At The Canyon for 
Health is provided by the Defense Threat 

Reduction Agency (CB10359). 


