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Sport Nutrition for Health and Performance, Second Edition, will help students and practitioners understand the function of the nutrients in the body and how these nutrients affect health and athletic performance. The authors present clear, comprehensive, and accurate nutrition information that may be applied to a variety of careers. The text provides students with practical knowledge in exercise and nutrition science, and it keeps practitioners on the cutting edge of current research and practices in the field. 

 Using the authors’ extensive backgrounds in nutrition, exercise physiology, and fitness, the text combines micronutrients into functional groupings to provide an easy framework for understanding how these nutrients can influence exercise performance and good health for both athletes and active individuals. This unique presentation allows readers to fully understand why proper nutrition helps athletes prevent injury, enhance recovery, improve daily workouts, and maintain optimal health and body weight.

 This second edition has been thoroughly revised and updated to reflect the latest issues, guidelines, and recommendations for active individuals. Chapters dealing with macronutrients and micronutrients have been entirely rewritten, and all chapters have been revised to reflect the latest Dietary Reference Intakes, USDA Food Guide Pyramid, Food Pyramid for Athletes, Dietary Guidelines for Americans, and physical activity recommendations from various organizations, including the 2008 Physical Activity Guidelines by DHHS. Following are some of the current topics discussed in the text:
•Carbohydrate recommendations for athletes before, during, and after exercise

•Protein requirements of athletes based on the latest research

•Updated evaluation of the fat needs of athletes and the role of fat loading

•An evidence-based reexamination of various diets and techniques used for weight loss 

•New research on body composition assessments and standards

•The latest on controversial nutrition issues such as the role of protein, vitamin D, and energy in bone health and new criteria for assessing bone health in young adults

•New nutrition and fitness assessments, questionnaires, and methods for measuring energy expenditure

•Updated information on various topics such as the issues of the active female, ergogenic aids, energy balance, and fluid balance 

Sport Nutrition for Health and Performance, Second Edition, has also been improved with an attractive two-color format, new artwork, and a slimmer design that allows the text to maintain the content while reducing “backpack bulge.” The text also includes an online image bank that instructors may use to create customized PowerPoint presentations using artwork, tables, and figures from each chapter. In addition, a variety of features help readers comprehend the material presented, including chapter objectives, key concepts and key terms, additional information to learn more about a topic, and references. Chapter highlights provide in-depth information on topics and critically evaluate issues regarding myths and controversies in sport nutrition. 

 This book provides readers with clear, authoritative content that will help them understand the scientific basis of nutrition and make sound recommendations in their careers. With up-to-date content based on current guidelines, Sport Nutrition for Health and Performance, Second Edition, is an outstanding text for both students and practitioners concerned with achieving good health and maximizing performance.
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Product Description

Sport Nutrition, Second Edition, is also available as an e-book. The e-book is available at a reduced price and allows readers to highlight and take notes throughout the text. When purchased through the Human Kinetics site, access to the e-book is immediately granted when the order is received.

 The new edition of Sport Nutrition: An Introduction to Energy Production and Performance presents the principles, background, and rationale for current nutrition guidelines specifically for athletes. Using a physiological basis, this text provides an in-depth look at the science behind sport nutrition. Students will come away with a comprehensive understanding of nutrition as it relates to sport and the influence of nutrition on exercise performance, training, and recovery. 

 The chapters and the material within each chapter are sequenced in a logical order that will help instructors deliver a better course and spend less time in preparing lectures and tutorials. Instructors will also enjoy the completely new ancillaries with this edition, including an online instructor guide, test package, PowerPoint presentation package, and image bank. This text contains updated and expanded information to keep students current on the latest findings in sport nutrition:
•A new chapter on training adaptations, including effects of nutrition on overtraining

•New information on weight management and body composition for athletes

•New research on carbohydrate and new recommendations for carbohydrate intake during training

•An expanded discussion on the role of protein in strength and endurance exercise training

•The latest information on exercise, nutrition, and immune function

 The new content complements the strong foundational information that the authors provided in the previous edition, including fuel sources for muscle and exercise metabolism, energy requirements for various sports, and a complete grounding in the macronutrients (carbohydrate, fat, and protein) and the micronutrients (vitamins and minerals). With more than 200 illustrations, new highlight boxes, and tables and sidebars throughout the text, students will be able to more easily grasp the scientific concepts presented in this text. Each chapter also includes learning objectives, key terms, and key points to help readers retain the information. The text presents not only nutrition principles but also the exercise biochemistry involved and the energy needs of athletes. Readers will better understand how supplements may be used in an athlete’s diet, and they will learn how to separate fact from fallacy regarding the claims of the numerous nutritional supplements available today. 

 More than a simple prescription of recommendations, this second edition of Sport Nutrition features a unique presentation that facilitates readers’ understanding of the science supporting the nutrition recommendations. As a result, students will be prepared for advanced study and future careers, and professionals will gain the knowledge and confidence to provide sound advice to athletes.
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Text for undergraduate introductory sport nutrition, exercise physiology, and sport science courses. Reference for sport nutritionists, dietitians, exercise and sport scientists, health and fitness instructors, physical educators, and coaches. 
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Welcome to the ancillary website for Sport Nutrition, Second Edition.
http://www.humankinetics.com/sportnutrition2e

Instructor resources are free to course adopters and granted by your sales representative. To request access, contact your sales rep.
Some of these files are in Microsoft Office® formats. If you do not have software that allows you to open or view these files, free software is available for download at OpenOffice.org that will allow you to do so. Human Kinetics, Inc., is not affiliated with OpenOffice.org in any way.
Click here to learn more about the book.
Request an exam copy.
Find a sales representative.
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Test Package
Make your own tests and quizzes
Choose from hundreds of test questions
Instructor Guide
Sample syllabus
Lecture Outlines
Key Points
Lab Activities
Assignments
Readings
See a sample chapter

Image Bank
The image bank includes all of the figures, content photos, and tables from the text, sorted by chapter. Images can be used to develop a customized presentation based on specific course requirements.
Instructors can insert images from the image bank into the blank PowerPoint template provided, or into their own presentations.

Duan, Y., Brehm, W., Strobl, H., Tittlbach, S., Huang, Z., Si, G. (2013) Steps to and correlates of health-enhancing physical activity in adulthood: An intercultural study between German and Chinese individuals Journal of Exercise Science & Fitness 11 http://www.sciencedirect.com/science/article/pii/S1728869X1300035X 
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[bookmark: desc]Description
Now widely adopted on courses throughout the world, the prestigious Nutrition Society Textbook series provides students with the scientific basics in nutrition in the context of a systems and disease approach rather than on a nutrient by nutrient basis. In addition books provide a means to enable teachers and students to explore the core principles of nutrition and to apply these throughout their training to foster critical thinking at all times. 
This NS Textbook on Sport and Exercise Nutrition has been written to cover the latest information on the science and practice of sport and exercise nutrition. A key concept behind this textbook is that it aims to combine the viewpoints of world leading nutrition experts from both academia/research and a practical stand point. Plus where necessary there are additional practitioner based authors to ensure theory is translated into practice for each chapter in the form of either ‘practice tips' or ‘information sheets' at the end of relevant chapters.
The textbook in essence can be divided into three distinct but integrated parts:
· Part 1: covers the key components of the science that supports the practice of sport and exercise nutrition including comprehensive reviews on: nutrients both in general and as exercise fuels; exercise physiology; hydration, micronutrients; and supplements.
· Part 2: moves into focusing on specific nutrition strategies to support different types of training including: resistance; power/sprint; middle distance/speed endurance; endurance; technical/skill, team; and specific competition nutrition needs. The unique format of this textbook is that it breaks down nutrition support into training specific as opposed to the traditional sport specific support. This reflects the majority of current sport and exercise requirements of the need to undertake concurrent training and therefore facilitating targeted nutrition support to the different training components through the various macro and micro training cycles.
· Part 3: explores some of the practical issues encountered in working in the sport and exercise nutrition field and includes key sport related topics such as: disability sport; weight management; eating disorders; bone and gut health; immunity; injury; travel; and special populations and situations.
READERSHIP: Students of nutrition and dietetics at both undergraduate and postgraduate level. All those working in the field of nutrition and related health sciences.
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Fink, H. H., Burgoon, L.A. and Mikesky, A.E. (2009). Practical Applications in Sports Nutrition. Sudbury, Massachusettes, Jones and Bartlett.
http://www.jblearning.com/catalog/9781284036695/
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Revised and updated to keep pace with changes in the field, the Fourth Edition of Practical Applications in Sports Nutrition provides students and practitioners with the latest sports nutrition information and dietary practices so they can assist athletes and fitness enthusiasts in achieving their personal performance goals. With data and statistics from the latest nutrition research and guidelines, it demonstrates effective ways to communicate sports nutrition messages to athletes and how to motivate individuals to make permanent behavior change.

Early chapters provide an introduction to sports nutrition and give a thorough explanation of macronutrients, micronutrients, and water and their relation to athletic performance. Later chapters focus on the practical and applied aspects of sports nutrition including behavior change through consultations and weight management. Chapter 15 targets the unique nutrition requirements of special populations such as athletes who are pregnant, vegetarian, or have chronic diseases. The text concludes with a chapter dedicated to helping readers discover the pathway to becoming a sports dietitian through education and experience.
The following instructor resources are available to qualified instructors for download
ISBN-13: 9781284036695

Angel ready Test Bank
BlackBoard ready Test Bank
Desire to Learn ready Test Bank
Image Bank
Instructor Manual
Moodle ready Test Bank
Slides in PowerPoint Format
Test Bank
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Journals and reports:

Apps to promote physical activity among adults: a review and content analysis
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-014-0097-9

Health Enhancement  Research Organization: 
http://hero-health.org/wp-content/uploads/2015/06/HERO-Wearables-in-Wellness-Report-FINAL1.pdf



Sensors | Free Full-Text | A Review of Accelerometry-Based Wearable Motion Detectors for Physical Activity Monitoring
http://www.mdpi.com/1424-8220/10/8/7772/html


Evaluation of a text supported weight maintenance programme ‘Lighten Up Plus’ following a weight reduction programme: randomised controlled trial | International Journal of Behavioral Nutrition and Physical Activity | Full Text 
http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0346-1

Promoting physical activity among women using wearable technology and online social connectivity: a feasibility study
http://www.tandfonline.com/doi/abs/10.1080/21642850.2015.1118350

Promoting physical activity among women using wearable technology and online social connectivity: a feasibility study


Can Technology Empower Older Adults to Manage Their Health? – ProQuest
http://search.proquest.com/openview/5a8567726846d6daaf389e2dff3a581f/1?pq-origsite=gscholar

IEEE Xplore Abstract - Gamification designs in Wearable Enhanced Learning for healthy ageing
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=7359545&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D7359545

Wearable Sensor/Device (Fitbit One) and SMS Text-Messaging Prompts to Increase Physical Activity in Overweight and Obese Adults: A Randomized Controlled Trial
http://online.liebertpub.com/doi/abs/10.1089/tmj.2014.0176


The validity of consumer-level, activity monitors in healthy adults worn in free-living conditions: a cross-sectional study




JMU-Tracking Health Data Is Not Enough: A Qualitative Exploration of the Role of Healthcare Partnerships and mHealth Technology to Promote Physical Activity and to Sustain Behavior Change | Miyamoto | JMIR mHealth and uHealth http://mhealth.jmir.org/2016/1/e5/

The use of wearable technology to measure energy expenditure, physical activity, and sleep patterns in dementia:  
https://secure.jbs.elsevierhealth.com/action/getSharedSiteSession?redirect=http%3A%2F%2Fwww.alzheimersanddementia.com%2Farticle%2FS1552-5260%2815%2902315-8%2Fabstract&rc=0&code=jalz-site


Wearable devices and smartphones for activity tracking among people with serious mental illness — ScienceDirect:
http://www.sciencedirect.com/science/article/pii/S1755296615300223

Feasibility of Behavioral Weight Loss Treatment Enhanced with Peer Support and Mobile Health Technology for Individuals with Serious Mental Illness - Online First – Springer
http://link.springer.com/article/10.1007/s11126-015-9395-x

Design and baseline characteristics of participants in the Enhancing Physical Activity and Reducing Obesity through Smartcare and Financial Incentives (EPAROSFI): A pilot randomized controlled trial ☆ — ScienceDirect
http://www.sciencedirect.com/science/article/pii/S1551714415301518

The Wild Wild West: A Framework to Integrate mHealth Software Applications and Wearables to Support Physical Activity Assessment, Counseling and Interventions for Cardiovascular Disease Risk Reduction — ScienceDirect
http://www.sciencedirect.com/science/article/pii/S0033062016300159

IEEE Xplore Abstract - Wearable Sensors for Human Activity Monitoring: A Review:
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6974987&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D6974987

IEEE Xplore Abstract - Communicating and interpreting wearable sensor data with health coaches
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=7349402&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D7349402

Wireless sensor network based wearable smart shirt for ubiquitous health and activity monitoring ☆ — ScienceDirect http://www.sciencedirect.com/science/article/pii/S0925400509003724

Healthcare & Digital Apps :http://www.wearabletechnologyshow.net/healthcare-digital-apps

Wearable Technology | Advantages and Disadvantages of Wearable Technology and the Future 
YouTube: https://m.youtube.com/watch?v=QoJJ-1VcI7w
Blog: http://blog.neongoldfish.com/social-media/the-advantages-and-disadvantages-of-wearable-tech-3
Blog: http://blog.bestdoctors.com/wearable-technology-good-or-bad-for-our-health/
Newsletter: http://usabilitygeek.com/ways-wearable-technology-can-improve-our-lives/

Fashion tech: 20 wearables that are more chic than geek http://www.wareable.com/fashion/wearable-tech-fashion-style; 
Fitness & Big Data: How Wearable Tech Is Changing Exercise Research http://m.livescience.com/45634-accelerometers-exercise-research.html
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Link to stores for free and paid apps: iTunes; Google Play etc

Link to stores for free and paid apps: Smart phone; ipad; Samsung; Kindle….
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C25K® - 5K Trainer FREE - (Go from Couch Potato to Running the 5K)
By Zen Labs

https://itunes.apple.com/gb/app/c25k-5k-trainer-free-go-from/id485971733?mt=8


[image: ]Map My Fitness - GPS Workout Trainer for Fitness, Step and Activity Tracking
By MapMyFitness

https://itunes.apple.com/us/app/map-my-fitness-gps-workout/id298903147?mt=8


[image: ]Runkeeper - GPS Running, Walk, Cycling, Workout, Pace and Weight Tracker
By FitnessKeeper, Inc.

https://itunes.apple.com/us/app/runkeeper-gps-running-walk/id300235330?mt=8
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Fitbit
By Fitbit, Inc.

https://itunes.apple.com/gb/app/fitbit/id462638897?mt=8
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Running and Walking with Endomondo
By endomondo.com
https://itunes.apple.com/gb/app/running-walking-endomondo/id333210180?mt=8
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(some are open sources)
American Journal of Health Education
American Journal of Preventive Medicine
Annual Review of Nutrition
Applied Physiology, Nutrition and metabolism 
Asian Journal of Exercise and Sports Science (AJESS) 
Asian Journal of Health and Medical Research (AJHMR)
Australian and New Zealand Journal of Public Health
Australian Journal of Nutrition and Dietetics
Baltic Journal of Health and Physical Activity  
BMC public health-MEDLINE®/PubMed®
British Journal of Sports Medicine 
European Journal of Public Health 
European review of aging and physical activity  
International Journal of Behavioral Nutrition and Physical Activity (IJBNPA)  https://ijbnpa.biomedcentral.com/
International Journal of Sports Nutrition 
Journal of aging and physical activity
Journal of Diabetes Science and Technology
Journal of Electronic Resources in Medical Libraries
Journal of Exercise Science & Fitness
Journal of the International Society of Sports Nutrition
Journal of medical Internet research
Journal of Physical Activity and Health http://journals.humankinetics.com/about-jpah
Mental Health and Physical Activity  
Revista internacional de medicina y ciencias de la actividad física y del deporte 

Journals for Physical Education and Sport http://www.supportrealteachers.org/journals-for-physical-education-and-sport.html
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Armour, K. (2011) Sport Pedagogy: An Introduction for Teaching and Coaching. Abingdon:Taylor and Francis Routledge. 
Kidman, L. and Hanrahan, S.J. (2011) The coaching Process: A practical guide to becoming an effective coach. Abingdon: Routledge 
Martens, R. (2012) Successful Coaching. Champaign, Illinois: Human Kinet 
Metzler, M.W. (2011) Instructional models for Physical Education 3rd ed. Scottsdale, AZ: Holcomb Hathaway
Nash, C (2014) Practical Sports Coaching. Abingdon: Routledge 
Sports coach UK and Women’s Sport and Fitness Foundation (2011) 
‘Women and Informal Sport: A Report for the Women’s Sport and Fitness Foundation’, 
www.sportscoachuk.org/women-informal-sport

[bookmark: _Toc454886422]Walking sports: web pages

· basketball (http://www.surreysportspark.co.uk/sports/Basketball/Walking%20Basketball/) 
· netball (http://www.englandnetball.co.uk/my-game/Walking_Netball)
· rounders  (http://www.roundersengland.co.uk/play/rules/)
· football (http://www.walkingfootballunited.co.uk/ ; http://www.worldamputeefootball.com/rules_i.htm) 
· hockey https://www.youtube.com/watch?v=HRPYmHzI70s 
· rugby (http://www.telegraph.co.uk/news/health/elder/11816791/Rugby-as-youve-never-seen-it-before-older-players-give-game-a-more-genteel-pace.html
· Physical Activity and Adults http://www.who.int/dietphysicalactivity/factsheet_adults/en/
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The Health Enhancement Research Organization (HERO) is a non-profit corporation
dedicated to the creation and dissemination of employee health management (EHM)
research, education, policy, strategy, and leadership. HERO’s vision is to promote a culture
of health and performance through employer leadership.

The Health, Performance, and Productivity (HPP) Study Committee was created to
inform HERO members on the state of the evidence about the influence of all aspects of
workforce health on performance at work. The committee charter is to document what is
known about the HPP connection, identify the gaps in the current evidence base, and
identify new opportunities for innovation and research.

Contributors to This Report

This report is a product of the HERO HPP Study Committee. Survey development,
interpretation of key findings, and development of this report was led by HERO staff and
members of the HPP Study Committee. Contributors to the report are listed alphabetically
below.

* Jack Bastable, CBIZ * Karen Moseley, HERO

e Tim Butler, Intermountain e Lidia Nelkovski, Interactive Health
Healthcare/SelectHealth * (laudia Rimerman, SpaFinder Wellness,
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EXECUTIVE SUMMARY

The Health Enhancement Research Organization (HERO) monitors emerging trends in the
wellness field to identify best practice drivers of employee engagement with their health
and population-based health outcomes. One of HERO’s major areas of focus is how
improvements in employee health and wellness correlate with higher levels of workplace
performance and productivity. The use of wearable activity tracking devices (trackers) is
one of the most technology-driven approaches currently being used to promote employee
health and well-being. HERO designed The HERO Wearable Tracking Device Survey to better
understand how employers are incorporating wearable tracking devices into their health
management or “wellness” programs as well as to identify gaps in the current evidence base

and opportunities for further research and application.

This web-based survey addressed seven primary topics to explore employer objectives,
methods and evaluation efforts around the use of trackers within a wellness initiative. The
survey also assessed employee use and feedback regarding trackers. The survey was
administered October 2014 through January 2015, collecting information from 188
responding organizations representing a range of organization industries and sizes (63%
had fewer than 5,000 employees, and 29% had more than 10,000 employees). A detailed

report follows the key findings summarized below.

* Employer Sponsorship of Trackers - Nearly one half of the 188 employers (46%)
responding to the survey offered or sponsored some type of tracker as part of a wellness
program, ranging from more advanced trackers such as Fitbit® devices (77%) to simple
pedometers (near 24%).

* Subsidizing Trackers - A significant majority (83%) of employers subsidized trackers:
fully (51%), partially (12%), or using alternative funding methods (20%), which are
detailed in the full report. Most employers (91%) permitted an employee to use a
tracker device they already owned.

» Eligibility Policies - Nearly three quarters (74%) of employers had eligibility policies

that allowed both full-time and part-time employees to participate in tracker-supported
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programs. One quarter (24%) of employers offered trackers only to full-time employees,
and one quarter (24%) offered programs to both spouses and dependents.
Requirements for Eligibility - Eligibility to receive a tracker ranged from nearly half
(46%) of employers simply requiring employee registration for the tracker device, to
16% requiring completion of a health assessment survey or screening. In addition, 12%
of employers tied eligibility to participation in another activity/program, and 18% had
other requirements.

Registration and Activation of Tracker - A majority of organizations (55%) reported
that more than half of eligible employees registered to receive a tracker. Additionally,
68% of organizations reported that a majority of those receiving a tracker successfully
activated and used their trackers.

Duration of Use - Of initial device users, more than half the employers (59%) reported
average employee use of a device for three months, and 54% of employers reported that
more than half of their employees continued use of tracker device after six months.
Activities to Support Use - Employers supported use of the trackers in several ways:
through individual use (74%), team (71%) and departmental (35%) challenges, usage
incentives (59%), and by setting organizational goals (48%) for tracker use.

Objectives for Use - When asked why they incorporated trackers into their wellness
program, 94% of employers aimed to increase physical activity. Additional objectives
included increasing engagement with health (77%), adding excitement and fun to the
wellness program (75%), improving wellness program participation (59%), improving
employee performance and productivity (51%), and controlling health care costs (34%).
Measures to Assess Tracker Program - When asked about their program reporting
efforts, 65% of employers reported some assessment metrics were reported with the
most common metrics being number of participants (84%), total and average steps
(66%), participant satisfaction (57%), impact on health and health risks (50%) and
duration of active use (39%).

Measures to Assess Program Impact - In addition to aggregate reporting metrics,
some employers are also capturing end-user data to support broader program

evaluation efforts. Participation (95%) and completion (70%) data were two areas most
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frequently captured in addition to user demographics (61%). More than half of
employers that captured end-user health profile data focused on biometric screening
data (57%), and participant satisfaction (57%).

* End-User Perceptions - When asked about end-user engagement and feedback, 53% of
employers reported high initial and sustained interest in tracker-supported programs
while 38% reported high initial with low sustained interest.

* Data Privacy Concerns - 82% of employers reported end-users did not raise any

concerns regarding data privacy.

In summary, this survey-based effort indicates that both employers and employees have a
strong and growing interest in using wearable tracking devices to enhance wellness
programs. The majority of companies currently offering tracking devices intend to continue
doing so, and many additional companies plan on beginning to offer the devices in the

future.

Areas for future industry research include
* Understanding the types of individuals that are drawn to or opt out of programs that
use trackers;
* Addressing perceived barriers by some employers, such as insufficient literature on
the value and outcomes associated with trackers;
* Concern that the program may capture only those individuals already engaged in
physical activity; and

* Uncertainty about the impact of using trackers and behavior change over time.
In addition, as the capabilities of these wearable devices continue to rapidly evolve, they will

have features that may not be directly health related yet may have a significant effect on

productivity and performance, and so understanding their impact will be essential.
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INTRODUCTION

The use of wearable tracking devices (trackers) in the workplace has increased substantially
in the past few years. According to a 2013 survey by technology consultant Endeavors
Partners,! one in ten Americans over age 18 owns a wearable physical activity tracker.
Another report estimates US employers will integrate more than 13 million wearable health
and fitness tracking devices into their employee wellness programs by 2018.2 As trackers
infiltrate our personal and professional lives, they offer a mechanism to engage the US
workforce in healthy behaviors such as increases in physical activity and weight loss.
Increasing consumer and corporate interest is generating substantial revenue for device
manufacturers. A Deloitte study? predicted sales of trackers to reach 10 million devices in
2014 with projected revenue of $3 billion. By 2018, it is estimated that the wearable tracker
market will be worth close to $13 billion dollars.* Fitbit alone was responsible for
approximately 58% of tracker sales in 2014.> One of the reasons for this growth, according
the 2014 Endeavor Partner report,® is continuous advancements in the technology of
tracking devices, watches and clothing that will have stronger bio-sensing and processing

capabilities allowing broader application to issues such as stress and anxiety.

Many employers have already made significant investments in trackers as a way to engage
their employees in healthy behaviors. From subsidizing a portion of the cost of trackers as
an incentive to employees to enroll in activities that promote health (e.g., exercise
challenges), to giving trackers away as an incentive for participating, the possibilities to

utilize trackers in a wellness program are substantial.

In order to understand how employers are using the technology of wearable fitness trackers
as part of their health enhancement and wellness programming, HERO launched a web-
based survey delivered to employers from October 2014 to January 2015. The purpose of
this report is to communicate results of this survey and initiate a process to identify the
gaps in the current evidence base, as well as uncover future opportunities for research and

application.
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METHODS

In October 2014, HERO launched a web-based survey to understand how employers are
using the technology of activity tracking devices (trackers) as part of their health
enhancement and wellness programming. The survey was distributed to a convenience
sample using a diverse array of promotional communications including HERO’s contact
database, 2014 HERO Forum attendees, readers of Leader’s Edge Magazine—a professional
industry publication by The Council of Insurance Agents and Brokers, and members of the
Utah Council on Worksite Health Promotion. In addition, some HERO member organizations

promoted the survey to their clients.

The survey was completed by 188 employers between October 2014 and January 2015. The
majority of responding organizations (63%) employed fewer than 5,000 employees and the
remainder (37%) represented organizations with more than 5,000 employees. A creditable
minority (29%) of employers with more than 10,000 employees is represented in the

findings.

Figure 1. Number of full-time employees at surveyed organizations

7% 7% <100

12% 100 - 499

22% ’ 500 - 999
) 9%
1,000 - 4,999
8% 35% 5,000 - 9,999
10K - 50K

> 50K
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The survey addressed seven (7) primary topics including:

1. Prevalence, employer objectives, and evaluation technique for offering trackers as

a wellness initiative

2. Type, brands and quantification of trackers currently being supported in the

employer workplace
3. Presence of employer subsidy for tracker use by the employee population

4. The eligibility factors and requirements established by employers for employees

to receive a tracker

5. Participation and relative use of trackers for those participants who have received

them in accordance with the wellness initiative
6. Employee feedback to tracker use as part of the company’s wellness program

7. Perceived primary barriers to offering trackers as part of employer well-being

programs

DETAILED FINDINGS

In recent years, some of the most innovative approaches in employee wellness have
included the application of the fast-growing consumer market of wearable tracking devices.

» «

The tracking devices—often called “trackers,” “wearables,” or “wearable computing”— are
being promoted as supportive technology to monitor and track fitness-related metrics such
as distance walked or run, steps taken, calorie consumption, and sleep which ultimately are

intended to help individuals improve their health.
The HERO Wearable Tracking Device Survey aimed to assess employer use of trackers as part

of their wellness program, identify gaps in the current evidence base, and identify new

opportunities for research and application. The efficacy of trackers—forecasted to exceed
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68.1 million units shipped in 2015 and grow to 91.3 million in 20167 —requires scrutiny to

explore the connection to health, productivity, and performance.

PREVALENCE AND TYPE OF DEVICE USED

When respondents were asked to indicate a company’s policy to offer or sponsor some type
of tracker with their wellness program, the group was split, with 46% of organizations
indicating that they currently include trackers in their wellness program and 54%
indicating they do not include trackers in their wellness program. In an open-ended
question asking organizations that do not use trackers why wearable trackers had not yet
been adopted for use, employers cited cost as the number one reason. A Tech Pro Research
survey® conducted in April 2014 found a much lower rate of tracker adoption than did the
HERO survey, with only 11% of Tech Pro’s respondents reporting use of trackers in their
organization. Another 25% reported having plans to use trackers but had no budget

allocated to them, while 64% had no plans to use trackers at their company.

Of the trackers listed as being used by the HERO survey respondents, the dominant tracker
is the Fitbit (77%) with all others grouped closely. The “other” category was dominated by
pedometer use but also included several others (Gold’s Gym Health Tracker, GCC Pulse,

BodyBugg, BodyMedia, Fitbug, MOV Band, and iFit Active Band).

Figure 2. Types of fitness trackers used by surveyed employers

F'itb]'t® I 77%
Jawbone® = 12%
Garmin® . 10%
Virgin === 10%
Nike mm 10%
Pebble m= 9%
Other e 24%
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SuBSIDIZED USE

The survey asked respondents to indicate whether or not their company contributed to the
cost of the tracker for employees—a resounding majority (83%) said they subsidized either
part or all of the cost of the designated device. About half of that group (51%) paid the total
cost of the device, 12% paid a partial cost, and 20% provided other types of financial
support towards trackers. Alternative forms of financial support included awarding
wellness points and incentive rewards toward discounted cost of a tracker, raffle giveaways
or prizes, and negotiated discounts. Additionally, 91% of respondents encouraged

individuals to use a tracker that they already owned to participate in the wellness program.

Figure 3. Employer subsidization of wearable fitness trackers

20% Paid total cost
. Did not subsidize
0,
12% ° Paid partial cost
17% Other

BYOD, or Bring Your Own Device, is common in the marketplace today, according to a
number of sources. According to Acquity Group,’ 22% of consumers now have or plan to get
a device and that number is projected to double by 2019. BYOD creates a new challenge for
Information Technology departments in an employer setting in terms of privacy and
enterprise security, as well as a challenge for wellness program suppliers, with the question
of how to upload, synchronize and analyze data from many sources. A benefit of the BYOD
trend is its ability to allow for end-user choice per preferred features. According to Tech Pro
Research,® 39% of users prefer trackers that are not visible, while 26% do want to flaunt
their tracker fashion. More than a third of Tech Pro’s survey group (35%) had no preference

as to visibility.
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ELIGIBILITY

For companies supporting the use of trackers in their wellness efforts, the majority (74%)
indicated they had an eligibility policy that included all full-time and part-time employees.
Additionally, 24% of the responding organizations allowed dependents and spouses of their
employees to participate in the tracker-supported wellness program. The remainder of the
responding companies provided trackers only to full-time employees (24%) or to pilot

groups (4%).

Figure 4. Eligibility for employer-sponsored wearable fitness trackers

AllEEs Y 74%
Only FTEs N 24%
Spouse/Dep N 24%

Pilot Groups M 4%

N=68 Organizations, Check all that apply

In addition to being employed by the company or being a dependent / spouse of an
employee, some organizations imposed additional requirements for individuals to receive a
tracker. Nearly a fourth of responding organizations (22%) had no additional requirements
to receive a tracker, however, 45% required eligible individuals to register to receive a
tracker, and 16% required completion of a health assessment survey or screening. A less
frequent requirement reported by respondents included requiring individuals to complete
another activity or program. Employer responses to “other” requirements included
enrollment in the employer-sponsored health plan, participation in the company wellness

program, participation in a physical activity challenge, or signing a health-related pledge.
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Figure 5. Eligibility requirements to receive a wearable fitness tracker

Register for tracker [ 5%

No requirement N 22%

Complete health assessment/ 0
screening i

Completion of other activity/ 0
program T 2%

Other [T 18%
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PARTICIPATION

Participation in wearable tracker programs was assessed by asking responding
organizations to provide information that included

o percentage of employees that registered to receive a tracker
o percentage of those receiving a device that activated and used it
o average length of time and sustained population use of a tracker

A majority of organizations (55%) reported that more than half of eligible employees
registered to receive a tracker. However, this means that for most organizations, at least half
of the employees that were eligible to receive a tracker did not register to receive one. There
are many possible explanations for this finding, including the possibility that eligible
employees decided to use a tracker that they already had rather than request the one
offered to them by their employer. Other plausible explanations for this finding are that
eligible individuals were not interested in the program, did not like the idea of wearing a

device for a variety of reasons, or were concerned about data privacy.
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Figure 6. Employer reports of tracker registration by eligible individuals

16%
19%

21%
26%

19%

Pie chart exceeds 100% due to rounding

< 25% registered
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50-69% registered
70-89% registered
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A greater ratio of organizations (68%) reported that the majority of individuals registering

for and receiving a tracker successfully activated and used it.

Figure 7. Employer reports of registered users activating and using trackers
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Pie chart exceeds 100% due to rounding
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Employers were asked to report the average duration of employee use of trackers and 59%
of organizations reported that, on average, participants used their device for more than 3

months.

Figure 8. Average end-user use of trackers

11%

B Used 4 to 7 weeks
20%
59% Used 8 to 11 weeks

Used more than 12
weeks (3 months)

Pie chart exceeds 100% due to rounding

Employers were also asked about sustained use of trackers and 54% reported that more
than half of their initial users were still using the tracker 6 months after the program began.
These utilization statistics indicate that when offered as part of an employer-sponsored
wellness program, individuals may use trackers for a greater length of time than observed in
the general consumer marketplace. According to an Endeavour Partners survey, a majority
of US adults stopped using a fitness tracker that they had been using and one-third of them
did so within six months of activating the tracker.® The longer-term use of trackers observed
in the HERO survey may be attributed to employer support of the tracker at work and
integration of trackers into a broader wellness program, but more research is needed to

substantiate this hypothesis.
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Figure 9. Reported use of trackers after six months
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A majority of survey respondents indicated that to increase participation they had
incorporated “individual challenges” (74%) as a support mechanism. “Team challenges”
(71%) were also a dominant support feature. One respondent said: "The best part was
increased camaraderie and morale.” Additional strategies to encourage tracker use included:
providing incentives for usage (59%), setting an organizational goal (48%) and

departmental challenges (35%).

ORGANIZATIONAL OBJECTIVES

The survey included a listing of potential objectives or reasons why employers incorporate
trackers into their wellness efforts. The most frequently identified objective was to
“increase users’ physical activity” (94%), followed closely by “increasing engagement with

health” (77%), and “adding excitement/fun to the wellness program” (75%).
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Figure 10. Employer reasons for offering trackers
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Other
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Most employers indicated that the tracker would help them validate employees' claims of
activity; although one indicated that "you manage what you measure" applies, in that

trackers increase employee awareness of their activity levels.

EVALUATION PRACTICES

This survey asked employers about the evaluation methods applied to tracker-supported
wellness programs in order to understand the metrics and outcomes currently being
incorporated. While organizations reported a broad value proposition for investing in
wearable trackers as a support to their wellness programs, evaluation efforts were more
narrowly focused. Of the companies providing a tracker-supported wellness program, 65%
reported that they measured the program impact, while 35% said they had no evaluation
measures in place. Of the employers that said they were evaluating their program, the

majority focused on participation, participant satisfaction, and physical activity measures.
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Figure 11. Evaluation measures for tracker-supported wellness programs
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Other
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Most employers rely on device manufacturers or wellness program vendor reports to
provide evaluation metrics, but some employers are also capturing data to support their
evaluation efforts. Most frequent reports of data capture focused on participation (95%)
and completion (70%) metrics, but a majority are also capturing health-related metrics. In
response to the “other” category, a few employers said they also capture information on
readiness to change, end-user intent for future use, fitness testing data, and health care cost

data.

Figure 12. Data captured to support program evaluation

Participation metrics 95%
Completion metrics
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END-USER PERCEPTIONS

A final set of questions asked employers to share end-user feedback and perceptions
concerning use of trackers as part of the company wellness program. A substantial majority
of employers (82%) reported no end-user concerns about data privacy. In addition, more
than half (54%) reported high initial interest and high sustained interest in the tracker-

supported program.

Figure 13. End-user interest in tracker-supported programs

High initial interest and high e 4%

sustained interest
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sustained interest
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Low initial but growing interest - 5%

Employers were also invited to share some of the end-user feedback they had received
regarding their programs. A sampling of comments is provided below.

o  Employees become frustrated by slow tech improvements of the device, that we do not
fund replacement devices, that all known tracking devices are not compatible with the
program, and that they cannot be worn in our secure locations (relatively small
population). Yet, despite the complaints we have many that attribute the program to
their weight loss and increased activity.

o People love it. One employee said it's the best thing the organization has done for her in

her 25 years working here.

o Having a pedometer is appealing to people across the age and wellness spectrum.

o Those who want to participate have done so; we haven't been able to motivate those

who are uninterested anyway.

o Devices tracked what people did rather than inspiring much more.
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CONCLUSION

While the HERO survey is not necessarily representative of all employers using wearable
tracking devices as part of their wellness programs, this descriptive study indicates that
companies and their employees have a strong and growing interest in leveraging wearable
devices as an enhancement to their wellness programs. More than 90% of organizations
implementing programs that utilize these devices view them as a tool to help engage
employees and improve their awareness of and participation in physical activity. To further
demonstrate their desire to see employees use these devices, employers have made the
barriers to entry quite low with 83% partially or fully subsidizing the cost of the devices and
two-thirds of the employers in this study requiring nothing more than requesting or
registering the tracker to gain access. Additionally, most companies offered incentives and
sponsored individual and team challenges to promote ongoing participation.

Most companies (95%) offering devices plan to continue doing so and many additional
companies plan on offering them for the first time in coming years. As described above, the
vast majority of employers currently see trackers as an engagement or awareness tool. As a
result, only slightly more than 30% measure their impact on health or health risks. What
remains to be answered are questions about the types of individuals that are most attracted
to using trackers over the long term and the impact of their use on behavior change over
time.

One of HERO’s major areas of focus is how improvements in health correlate to higher levels
of performance and productivity in the workplace. The wearable device industry is evolving
rapidly and an emerging trend is integration of fitness tracking capabilities into “smart
watches” that have a variety of business-relevant features (e.g., calendar reminders,
payment processing, enhanced communications, etc.). As these devices become a standard
part of the workplace (like smart phones are now), much of the functionality in the
wearables that are widely available for purchase will come for “free.” In other words,
physical activity and other health data will be captured in the background on the devices
being worn for other functional purposes.

The impact of technology on workplace health and performance will continue to evolve, so
HERO plans to continue to monitor trends in wearables and their inclusion in employer
programs. The consensus from market research outside of this HERO study is that wearable
technology will continue to evolve and be integrated into the workplace, with demand
stemming from both employees and enterprises. The fitness tracker component of wearable
devices will continue to be integrated into wellness programs and will enjoy more success
as the various apps and platforms used to measure success are able to synchronize more
universally with the many wearable trackers on the market. Additional socialization
components, like games and contests, enabled within the wearable technology, will also
enhance their growth.
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APPENDIX: SURVEY QUESTIONS

1. How many full-time and part-time employees currently work for your organization in
the U.S.?

Under 50

50-99

100-499

500-999

1,000-4,999

5,000-9,999

10,000-49,999

50,000+

O o0 O O O O O O

2. Does your company offer or sponsor some type of wellness program using trackers (i.e.,
Fitbit, Garmin, etc.)?

o Yes

o No [If no, skip to question 26]

3. Which tracker(s) are you using? (please check all that apply)
Fitbit, Flex™, Zip™, One™, or Force™

Garmin vivofit’

Jawbone UP-

Nike + FuelBand

Pebble

Sonic Boom boomerang ™

Virgin Pulse Max™
Other (please specify)

O O 0O OO0 O O O

4. If you have used more than one tracker, which tracker was most frequently used by
participants in the wellness program?
o Fitbit,, Flex™, Zip™, One™, or Force™
Garmin vivofit’
Jawbone UP-
Nike + FuelBand
Pebble
Sonic Boom boomerang ™
Virgin Pulse Max™
Other (please specify)

O o0 O O O O O
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5. Did your company contribute to the cost of the tracker for employees?

O

O O O O O

Company did not contribute to cost
Paid the total cost
25% of the cost

50% of the cost

75% of the cost
Other (please specify)

6. Did you allow spouses/dependents to participate in the wellness program?

O
@)

Yes
No

7.1f spouses/dependents were eligible to receive a tracker, what did they have to do to get a
tracker?

O

O O O O O O

No requirements
Completion of health risk assessment survey or screening
Completion of some other activity or program

Had a health condition

Had to register to receive a tracker

Spouse/partner had to purchase tracker

Other (please specify)

8. Who was eligible for a tracker? (check all that apply)

O O O O O

All full-time and part-time employees

Only full-time employees

Only certain departments

Individuals with specific health risks (e.g., high blood pressure or cholesterol)
Dependents/spouses

9. What were the requirements to receive a tracker?

o Completion of health risk assessment survey or screening

o Completion of some other activity or program

o Had a health condition

o Had to register to receive the tracker

o Norequirement

o Notapplicable

o Other (please specify)
10. Could a participant use a tracker they already owned to participate in the wellness
program?

o Yes

o No

o Notsure
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11. Approximately what percentage of your employees registered to receive a tracker?
o 90%-100%
o 70%-89%
o 50%-69%
o 25%-49%
o Lessthan 25%
12. Approximately what percentage of your employees received/earned a tracker?
o 90%-100%
o 70%-89%
o 50%-69%
o 25%-49%
o Lessthan 25%
13. Of the employees who received the tracker, approximately what percentage activated
and began to use it?
90%-100%
70%-89%
50%-69%
25%-49%
Less than 25%

O O O O O

14. What are your objectives in offering a tracking device supported wellness program?
(check all that apply)
o Increase users’ physical activity
Improve users’ sleep habits
Improve users’ health habits
Control healthcare costs
Increase employee engagement with their health
Increase employee morale
Improve employee performance and productivity
Add excitement and fun factor to wellness program
Increase participation in wellness programs
Other (please specify)

O O O O O O O O O

15. Are you working with either a tracker manufacturing company or a wellness company to
manage your program?

o Tracker manufacturing company

o Wellness company

o Both

o Other (please specify)
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16. What program features have you incorporated to support the use of the tracker? (check
all that apply).
o Individual challenges
Team challenges
Department challenges
Whole organization goal
Incentives for usage
Other (please specify)

O O O O O

17. Are employees allowed to access the online tracking device platform and interact with
other employees during working hours?

o Yes

o No

18. What was the average length of time a tracker was used?
o More than 12 weeks

8-11 weeks

4-7 weeks

Less than 4 weeks

o
o
o
o Other (please specify)

19. Approximately what percentage of initial participants were still using the tracker six (6)
months after the program began?

o Greater than 50%

o 30%-49%

o 20%-29%

o Lessthan 20%

20. Are you measuring the impact of the tracker supported wellness program?
o Yes
o No

21. What initial data are you capturing and/or measuring? (check all that apply)
o Demographic

Participation metrics

Completion metrics

Health profile metrics (e.g.,, HRA and other survey data)

Biometric screening data

Participant satisfaction data

Other (please specify)

O O O O O O
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22. What metrics are you using for evaluation? (check all that apply)
o Number of participants

Total steps

Average steps

Duration of active use

Participant satisfaction

Impact on health and health risks

All of the above

Other (please specify)

O O O O O O O

23. Have concerns about data privacy been a significant issue with adoption of the program?
o Yes
o No

24. What general feedback have you had from your population about offering the trackers as
part of your wellness program?

o High initial interest and high sustained interest

o High initial interest but low sustained interest

o Low initial and sustained interest

o Low initial interest but growing interest

Please describe the general feedback you have received on the program.

25. Do you plan to continue offering a tracker for future wellness programs?
o Yes
o No

26. If you do not offer a tracker as part of your wellness program, please provide the
primary reasons.
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Summary

Objective

The aim of this study was to compare an in-person, group-based behavioral weight loss
intervention to technology-based interventions in adults with obesity.

Methods

Adults (N = 39; body mass index: 39.5 + 2.8 kg m2% age: 39.9 + 11.5 years) participated in
a 6-month program with randomization to one of three intervention groups: standard
behavioral weight loss, a technology-based system combined with a monthly interven-
tion telephone call (TECH) or an enhanced technology-based system combined with a
monthly intervention telephone call (EN-TECH). All groups were prescribed an energy-
restricted diet and physical activity. Assessments occurred at 0, 3 and 6 months. Sepa-
rate mixed-effects models using unstructured dependence structure were fit to the
outcomes.

Results

Weight loss (least square means + standard error) at 6 months was —6.57 +1.65kg in
standard behavioral weight loss, —5.18 £1.72kg in TECH and —6.25+1.95kg in EN-
TECH (p-value for time effect<0.0001). A similar pattern was observed for change in
body mass index, waist circumference and percent body fat. There was a decrease in
total energy intake (p =0.0005) and percent dietary fat intake (p =0.0172), and physical
activity increased (p = 0.0003).

Conclusions

Findings provide initial information on the use of technology-based interventions that
include wearable devices combined with brief monthly telephone calls for weight loss
in adults with obesity.

Keywords: e-health, m-health, obesity, weight loss.

Introduction

The prevalence of adults with obesity (body mass index
[BMI]>30kgm2) in the USA is approximately 35%, with
approximately 15% classified with a BMI>35kgm 2 (1).
The health-related consequences of increased BMI are

of public concern as excess body weight has been shown
to be associated with higher rates of mortality, chronic
diseases and other health consequences (2,3). Lifestyle
interventions that focus on reducing energy intake and in-
creasing energy expenditure have been shown to be
effective in reducing body weight when combined with
behavioral strategies to facilitate engagement in and
maintenance of these behaviors (4) The reductions in

ClinicalTrials.gov Identifier: NCT01537796
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body weight elicited from these interventions have
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demonstrated improvements in health consequences as-
sociated with obesity (3,5-7).

Lifestyle interventions for weight reduction are typi-
cally intensive and require in-person group or individual
sessions, with these sessions typically occurring
weekly for a period of 3 to 6 months. This intensive
approach, while effective for weight loss, may not be
appealing to individuals who are unable or unwilling to
attend these intervention sessions. Thus, there is a
need to provide alternative intervention options for indi-
viduals seeking weight loss. These alternative interven-
tions may require a model that utilizes a less intensive
and more practical approach while retaining key behavioral
strategies, such as self-monitoring and feedback, within
the context of the intervention.

As an alternative to in-person interventions, there has
been an increase in the application of technology to de-
liver weight loss interventions. Recent technology-based
intervention approaches have utilized web-based portals
(8—11), text messaging (12), smartphone or mobile apps
(13) and podcasts with social media (14,15). The mean
BMI in the majority of these studies was <35kgm 2
(8-12,14,15). Thus, there are limited data on whether
technology-based interventions can be used to facili-
tate weight loss in individuals with higher levels of
obesity. This may be of clinical importance because
more intensive in-person interventions have been
shown to be equally effective for weight loss across
a wide range of obesity (16), and confirming this pattern
in less intensive technology-based interventions would
provide additional treatment options.

Wearable technologies that provide feedback on phys-
ical activity or energy expenditure may provide an addi-
tional intervention option. Recently, Martin et al. (17)
incorporated the use of an activity monitor to track steps
walked within the context of a smartphone technology-
based intervention. This intervention also included feed-
back and treatment recommendations using email, text
messages and telephone contact equivalent to approxi-
mately 10 contacts per month from a weight loss coun-
sellor. The mean weight loss was 9.4% of initial body
weight in a group of 19 participants with a mean BMI of
30.2kgm 2. There have been a few studies in which
wearable technology has also been incorporated into in-
terventions with less frequent contact with a weight loss
counsellor. Pellegrini et al. (18) utilized a wearable monitor
to facilitate feedback on energy expenditure to individuals
with obesity (33.7 £3.6kgm™2), and the group receiving
this technology combined with a monthly telephone con-
tact with a counsellor achieved weight loss of 5.8 kg at
6 months. While these results are promising, these find-
ings require replication and should be examined in a sam-
ple of individuals representing a higher level of obesity to

determine if whether this form of wearable technology
can be used as a clinical weight loss intervention option.

Therefore, the purpose of this study was to extend the
findings of Pellegrini et al. (18) and to provide additional
insight on the use of wearable technology combined with
low frequency telephone contact with a counsellor on
weight loss in adults with obesity.

Methods
Participants

Thirty-nine participants between 21 and 55years of age
were randomized to this study. Participants were included
if they were sedentary (exercising <60minweek '),
deemed safe to participate in physical activity by stratifi-
cation of low to moderate risk (19), had a BMI between
35.0 and 45.0kgm~2 and had a compatible smartphone
and access to the Internet with a computer. Participants
were excluded if they were pregnant, had a physical limi-
tation that prevented engagement in physical activity,
were taking medications that affected blood pressure or
body weight, had a history of chronic disease (diabetes,
heart disease), were being treated for psychological prob-
lems (i.e. depression, bipolar disorder and others) or tak-
ing psychotropic medications within the previous
12 months, currently being treated for an eating disorder,
were currently or recently enrolled in a weight loss study
or commercial weight loss programme, had lost >5% of
current body weight in the previous 3 months or had
undergone bariatric surgery. After providing written
informed consent, participants provided medical clear-
ance from their physician prior to being eligible to
undergo baseline assessments and randomization. All
study procedures were approved by the University of
Pittsburgh Institutional Review Board.

Intervention

This study used a randomized pretest and post-test
design, with the intervention being 6 months in duration.
Eligible participants were randomized to one of three
intervention groups: standard behavioral weight loss
(SBWL), a technology-based system combined with a
monthly intervention telephone call (TECH), or an
enhanced technology-based system combined with a
monthly intervention telephone call (EN-TECH).

Intervention components common to all randomized
groups

Participants were prescribed an energy-reduced diet
based on body weight, with caloric intake prescribed at

© 2016 The Authors
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1,200kcald ™" for participants <79.4kg, 1,500kcald "
for participants 79.4 to <99.8 kg, 1,800 kcal d~" for partic-
ipants 99.8 to <113.4kg and 2,100 kcald™" for partici-
pants >113.4kg. In addition, dietary fat was prescribed
at 20% to 30% of the total daily calories. The physical ac-
tivity component included unsupervised home-based
exercise, and was recommended at a moderate intensity
defined as 3—6 metabolic equivalents, which is similar to
brisk walking. Duration was initially prescribed at
100minweek ' and progressed to 200 minweek ' by
the 9th week of the intervention.

Standard behavioral weight loss

Standard behavioral weight loss attended weekly group
meetings that were approximately 30—45 min in duration.
These sessions addressed barriers associated with phys-
ical activity and dietary intake. If a session was missed, an
attempt was made to schedule a make-up session prior
to the next scheduled group session. Participants were
provided with written materials at each meeting to sup-
plement group discussions. Assessment of body weight
occurred on an individual basis at the weekly meeting.
Self-monitoring of dietary intake and physical activity
was encouraged with the use of a paper diary in which
the intervention staff provided weekly feedback regarding
goal progress.

Technology-based system

Technology-based system did not attend the weekly
group sessions. However, the identical intervention mate-
rials provided to SBWL were also provided to TECH, with
these materials mailed each week. Participants in TECH
were provided with a technology-based system. The
BodyMedia® FIT System (Jawbone, Pittsburgh, PA) was
utilized because the components of the technology can
potentially facilitate self-monitoring, which has been
shown to be important for weight loss (20-22). The tech-
nology included a wearable device worn on the upper arm
that monitored physical activity and energy expenditure.
This device has been previously validated for assessing
energy expenditure by utilizing multi-sensor technology
and a 3-axis accelerometer to provide estimates of en-
ergy expenditure from measures of galvanic skin re-
sponse, skin temperature, heat flux and motion (23-25).
Data from this wearable device could be viewed in real-
time on a portable digital display that provided basic
feedback on total energy expenditure and moderate-to-
vigorous physical activity. Within the context of the
intervention, participants used their personal computer
to upload activity monitor data to a web-based portal to
obtain more detailed information on energy expenditure

© 2016 The Authors

and physical activity. The web-based portal also allowed
for self-monitoring of dietary intake and self-report of
body weight. At the beginning of the intervention, one
introductory in-person session was included to instruct
participants on the technology components specific to
TECH, and to review the common goals (dietary, physical
activity) of the weight loss intervention. Participants in the
TECH group received a scheduled intervention telephone
call one-time per month. This telephone call was sched-
uled for approximately 10 min, and interventionists had
access to the diet, physical activity and weight data from
the participants’ web-interface. This allowed for review
of dietary, physical activity, energy expenditure and
body weight progress prior to discussing behavioral
change strategies with participants during the monthly
telephone calls.

Enhanced technology-based system

Enhanced technology-based system received the same in-
tervention as TECH. However, participants in EN-TECH
were provided with an enhanced technology-based system
to increase the capacity for temporal proximity of self-
monitoring and feedback on key weight loss behaviors (en-
ergy intake and energy expenditure). The BodyMedia® FIT
System with the LINK activity monitor (Jawbone, Pitts-
burgh, PA) was chosen because it used the same technol-
ogy as the previous described FIT System, but also
included Bluetooth® capability, which allowed for calories
expended and physical activity time and intensity to be di-
rectly transmitted from the activity monitor to a smartphone
app. The smartphone app also allowed for self-monitoring
of dietary behaviors and self-report of body weight. Consis-
tent with TECH, an introductory in-person session was in-
cluded to instruct participants on the EN-TECH
technology components, and to review the common goals
(dietary, physical activity) of the weight loss intervention.
EN-TECH also received the intervention telephone call
one-time per month. Identical to TECH, the interventionist
was able to access the participants’ web-interfaces to re-
view dietary, physical activity, energy expenditure and
body weight progress prior to facilitating behavioral interac-
tions with participants during the monthly telephone calls.

Outcome measures

Assessments were performed at baseline, 3 and 6 months
as described subsequently.

Height, body weight and body mass index

Height and weight were measured in a lightweight hospi-
tal gown. Height was measured to the nearest 0.1cm
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using a wall-mounted stadiometer, and body weight was
measured to the nearest 0.1 kg on a digital scale. BMI
was calculated as kilograms per square meter.

Waist circumference

Waist circumference was assessed in a lightweight hospi-
tal gown and measured in duplicate to the nearest 0.1 cm
using a Gulick tape measure. Waist circumference was
taken horizontally at the peak of the iliac crest, with the
average of two measures differing by <1.0cm used for
analysis.

Body composition

Body composition was assessed using bioelectrical im-
pedance analysis. Measurements were taken with jewelry
removed and the body in a supine position. Lean body
mass was estimated using the equation proposed by
Segel et al. (26) Percent body fat was computed as
[(weight — lean body mass)/weight] x 100.

Physical activity

Leisure-time physical activity was assessed using the
Paffenbarger Physical Activity Questionnaire (27,28). An
interviewer queried on daily brisk walking performed for
the purpose of transportation or exercise, flights of stairs
climbed per day and participation in other forms of activ-
ity (sport, recreational and fitness activities). Participants
reported this activity based on a typical week. Brisk walk-
ing and flights of stairs were converted to kcal of energy
expenditure based on the procedures previously
described (27,28). Other forms of physical activity were
classified as light, moderate or vigorous based on the
Compendium of Physical Activity (29,30) and then
converted to kcal based on procedures previously
described (27,28).

Dietary intake and eating behaviors

Dietary intake was assessed using a Food Frequency
Questionnaire (Block, 2005.1) (31,32). The Eating Behav-
ior Inventory was used to measure eating behaviors that
may be related to successful weight loss such as self-
monitoring of intake, refusing food, shopping practices
and emotional eating (33).

Process measures
Data on process measures related to the intervention

were obtained. Intervention contacts were recorded by in-
tervention staff for weekly group attendance (SBWL) and

monthly telephone call completion (TECH, EN-TECH,).
Self-monitoring of dietary intake was defined as the num-
ber of days any intake was recorded in paper diaries
(SBWL) or through the web interface (TECH, EN-TECH).
Self-monitoring of physical activity was defined as the
number of days activity was recorded in paper diaries
(SBWL) or by wearing the activity monitor (TECH,
EN-TECH).

Statistical analyses

IBM-SPSS (version 21.0) was used to compare groups on
baseline descriptive data and for self-monitoring and in-
tervention engagement data across the intervention pe-
riod. Baseline comparisons were completed using a
one-way analysis of variance or chi-square analysis for
categorical variables. A one-way analysis of variance
was used to compare self-monitoring components (diet,
physical activity) between the intervention groups, with
post-hoc comparisons performed using the Bonferroni
procedure. An independent sample t-test was used to
compare the completion of intervention telephone calls
in TECH versus EN-TECH.

Separate mixed-effects models using unstructured de-
pendence structure were fit to the outcomes using SAS
version 9.4 (SAS Institute, Cary, NC). All randomized par-
ticipants were included in these analyses with missing
data assumed to be missing at random. Outcomes in-
cluded weight, BMI, percent body fat, waist circumfer-
ence, eating behaviors and dietary intake and physical
activity. For each of these variables, the measurement at
baseline, 3 and 6 months were analysed using a mixed-
effects model with 3 time points. Inferences were focused
on the main effects of weight change groups, time and
the interaction effect between these two. Weight changes
from baseline at 3 and 6 months were calculated and
analysed using a mixed-effects model with baseline
weight adjusted in the model as covariate. Least square
means were obtained from the model and plotted to illus-
trate group by time interaction effect. The type | error rate
is fixed at 0.05.

Results

Thirty-nine adults with obesity were randomized to the in-
terventions described earlier (Table 1). Of the 39 partici-
pants randomized, 34 provided data at 3 months and 27
provided data at 6 months. The CONSORT diagram is
provided in Figure 1.

Standard behavioral weight loss completed 74.0 +26.8%
of the expected intervention contacts. TECH com-
pleted 83.3+22.5% of the telephone calls compared

© 2016 The Authors

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice





Obesity Science & Practice

Weight loss technology for obesity R. J. Rogersetal. 7

Table 1 Demographic characteristics of participants

Variable Participant status Total SBWL TECH EN-TECH p-value®
Number of participants Randomized 39 14 12 13
Completing 3 months 34 13 12 9 0.052%
Completing 6 months 27 10 9 8 0.748*
Weight (kg)* Randomized 111.5+11.5 110.9+9.1 112.2+10.5 111.6+15.0 0.959
Completing 3 months 110.7+11.2 110.5+9.4 112.2+10.5 108.8+15.0 0.799
Completing 6 months 112.5+11.0 113.0+9.2 112.6+12.1 111.6+13.3 0.967
Body mass index (kg m72)* Randomized 39.5+2.8 39.5+2.6 39.7+2.9 39.3+3.2 0.950
Completing 3 months 39.5+2.8 39.4+2.6 39.7+29 39.4+34 0.946
Completing 6 months 39.3+2.7 39.1+2.1 39.0+2.8 39.8+3.3 0.791
Age (years)* Randomized 39.9+11.5 39.7+10.4 40.6 £9.5 39.5+9.7 0.957
Completing 3 months 40.5+9.1 41.1+9.5 40.6+9.5 39.6+9.0 0.931
Completing 6 months 42.0+9.0 43.6+9.2 42.0+9.0 39.9+95 0.700
Gender (% female) Randomized 79.5 85.7 75.0 76.9 0.766%
Completing 3 months 82.4 84.6 75.0 88.9 0.685*
Completing 6 months 77.8 80.0 66.7 87.5 0.574*
Ethnicity (% Caucasian/White) Randomized 71.8 64.3 75.0 76.9 0.734*%
Completing 3 months 73.5 69.2 75.0 77.8 896*
Completing 6 months 741 70.0 77.8 75.0 926*

*Data presented as mean + standard deviation.
Tp-value for randomized group.
*p-value based on chi-square analysis.

EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based system.

with 62.8+34.1% of the telephone calls in EN-TECH
(p=0.088). Duration of these calls was 11.3+0.5min in
TECH and 11.5+ 1.6 min in EN-TECH (p =0.677).

Standard behavioral weight loss returned 12.4+8.9
weekly self-monitoring diaries and self-monitored their
diet for 84.6+62.3d. TECH and EN-TECH self-
monitored their diet 80.0+56.4 and 70.1+66.9d,
respectively (p=0.828). TECH wore the activity monitor
117.8+106.3d and EN-TECH wore the activity monitor
106.3+66.7d (p=0.624). The activity monitor was worn
for 11.2+6.7hd™" in TECH and 9.5+7.1hd™" in EN-
TECH (p=0.550). SBWL self-monitored their physical
activity participation in the diary provided for a total of
56.4+51.8d.

Weight loss occurred in all intervention conditions
across 6months (p <0.0001) (Table 2 and Figure 2).
Weight loss (least square means+standard error) at
3months was —3.39+1.04, —5.06+1.08 and —4.76
+1.25kg in SBWL, TECH and EN-TECH, respectively.
Weight loss at 6 months was —6.57 +1.65kg in SBWL,
—5.18+1.72kg in TECH and —-6.25+1.95kg in EN-
TECH. A similar pattern was observed for change in
BMI, waist circumference and percent body fat, with
these outcomes showing a reduction across the 6-month
intervention (Table 2). These findings were consistent
when data were also analysed with baseline data carried
forward for missing data or for only those participants

© 2016 The Authors

who provided data at all assessment periods (data not
shown).

Energy expenditure in physical activity increased
across the 6-month intervention (p <0.0001) (Table 3).
Data were reanalyzed with flights of stairs removed from
the computation of energy expenditure, and a similar pat-
tern of results was observed. Dietary intake showed a
reduction in total energy intake and percent dietary fat in-
take (p < 0.001), with an increase observed for the Eating
Behavior Inventory (Table 3).

Discussion

This study examined the use of TECH, EN-TECH and
SBWL across 6 months in adults with Class Il and Class
Ill obesity. Within technology-based interventions, the
wearable device used in this study was similar to that
worn in prior studies conducted in adults classified as
overweight or moderately obese (18,34,35). The technol-
ogy used in TECH and EN-TECH was combined with a
brief monthly intervention telephone call with a member
of the intervention team. Results showed that weight loss
was achieved across all treatment conditions (Table 2).
The magnitude of weight loss of adults in the current
study with a mean BMI of 39.5 + 2.8 kgm 2 was compara-
ble with that reported by Pellegrini et al. (18) in adults with
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Figure 1 CONSORT diagram.

a mean BMI of 33.7 + 3.6 kgm 2. In the current study, the
weight loss achieved in both the TECH and EN-TECH in-
terventions exceeds the weight loss at 4 and 9 months
achieved with a similar technology system reported in a
study of adults with a mean BMI of 35.7 kgm 2 (35). This
may be a result of the current study combining the tech-
nology in TECH and EN-TECH with a brief once per
month telephone call delivered by the intervention staff,

whereas telephone contact was not included in the inter-
vention implemented by Shuger et al. (35) This may sug-
gest that the weight loss achieved with the wearable
technology system used in TECH and EN-TECH may be
improved when combined with brief monthly telephone
intervention contact.

While this study is not able to disentangle the influence
of the technology from the telephone calls, as proposed

© 2016 The Authors
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Table 2 Change in weight, waist circumference and body composition (least square mean + standard error)

Assessments periods p-values
Variable Group Baseline 3 months 6 months Group effect Time effect Group x Time
Weight (kg) SBWL 110.9+3.1 107.5+3.3 104.4 £3.5 0.9652 <0.0001 0.0997
TECH 112.2+34 107.2+3.6 107.1+3.7
EN-TECH 111.6+3.3 106.8 +3.5 105.3+3.7
BMI (kg m?) SBWL 39.5+0.7 38.3+0.9 37.2+1.0 0.9530 <0.0001 0.1540
TECH 39.7+0.8 37.9+0.9 37.8+1.1
EN-TECH 39.3+0.8 37.6+0.9 37.3+1.1
Waist circumference (cm) SBWL 119.1+2.4 115.5+2.6 115.1+3.0 0.7713 0.0002 0.6681
TECH 122.8+2.6 116.4+2.8 118.2+3.2
EN-TECH 122.3+25 116.6+£2.9 116.3+3.3
Fat mass (kg) SBWL 51.1+1.8 48.5+2.1 46.2+2.4 0.8966 <0.0001 0.5152
TECH 51.3+1.9 48.0+2.3 47.7+25
EN-TECH 50.6+1.8 46.8+2.3 454+2.6
Lean body mass (kg) SBWL 59.7+2.2 59.0+2.3 58.3+2.2 0.9400 <0.0001 0.2297
TECH 60.9+2.4 59.2+2.4 59.3+2.4
EN-TECH 61.0+2.3 60.0+2.3 59.4+2.3
Percent body fat (%) SBWL 46.2+1.1 451 +1.3 442+15 0.7921 0.0005 0.7894
TECH 458+1.2 44714 44.4+1.6
EN-TECH 454 +11 436+1.4 429+1.6

BMI, body mass index; EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based

system.

by DiClemente et al. (36), the telephone calls may have in-
creased accountability, engagement and motivation of
the participants. This may have resulted in improved
weight loss compared with what would have been
achieved with the technology when not coupled with the
telephone calls. Other studies have also reported that
the addition of personalized intervention contact to a
technology-based intervention improves weight loss
when compared with a technology program alone. For
example, within the context of a web-based intervention,
Tate et al. (37) found greater weight loss after 6 months
when personalized feedback was provided via email from

P-Values

Group: 0.9648

Time: 0.0125

Group X Time: 0.1145

Weight Change (kg)
& IS & ~

&

<

Months

| —o—SBWL (N=14) = A= TECH (N=12) ++0e+ EN-TECH (N=13)

Figure 2 Change in weight by intervention group.

© 2016 The Authors

a counsellor compared with automated computer feed-
back delivery.

The SBWL in the current study targeted both a reduc-
tion in energy intake and an increase in physical activity,
and this resulted in weight loss of 6.6 + 1.7 kg at 6 months
in this sample of adults with obesity. By comparison,
Goodpaster et al. (38) reported weight loss of 10.9kg at
6 months in adults with a BMI >35kg m2 in response to
a group-based program that included both a diet and
physical activity component. The greater weight loss ob-
served in comparison with the current study may be a
result of a number of factors. For example, Goodpaster
et al. (38) provided commercially available meal replace-
ments (shakes, nutrition bars) to study participants as
part of the prescribed diet, which may have contributed
to the improved weight loss. In addition, participants in
the current study were required to have access to a com-
puter, the Internet and a smartphone to be eligible, but
participants in SBWL did not receive an intervention that
involved the use of those technologies, which may have
impacted compliance or engagement in a manner that
influenced weight loss.

Self-monitoring is an important strategy for weight loss
(20—22). This study showed that the technology used in
TECH and EN-TECH did not improve self-monitoring of
diet compared with the non-technology form of self-
monitoring used in SBWL. However, it appears that the
use of the wearable device to monitor physical activity
occurred more often than a non-technology form of self-
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Table 3 Change in dietary intake and physical activity (least square mean + standard error)

Assessments periods p-values

Variable Group Baseline 3 months 6 months Group effect Time effect Group x time

Calories (kcal d’1) SBWL 1897.5+260.2 1506.8 +212.3 1477.7 +222.0 0.6415 0.0005 0.6100
TECH 2076.8 +281.0 1804.1 £224.7 1558.5+235.9
EN-TECH 2227.3+270.0 1931.5+232.4 1561.3+241.9

Percent dietary protein intake (%) SBWL 16.6+0.7 16.4+0.8 16.7+0.9 0.5002 0.3553 0.1248
TECH 15.9+0.8 16.9+0.9 15.6+1.0
EN-TECH 145+0.7 15.0+0.9 16.8+1.0

Percent dietary carbohydrate intake (%) SBWL 44.7+2.0 47.3+1.8 50.1+2.1 0.5473 0.1741 0.5703
TECH 45.0+2.1 46.5+1.9 47.8+2.2
EN-TECH 49.1+2.0 48.7£2.0 48.8+2.3

Percent dietary fat intake (%) SBWL 385+1.6 37.0+1.7 34117 0.1857 0.0172 0.8421
TECH 39.8+1.7 37.2+1.8 36.8+1.8
EN-TECH 35.6+1.6 33.5+1.9 33.6+1.9

Eating behaviour inventory SBWL 71.7+£1.7 86.1+3.4 87.1+3.1 0.0942 <0.0001 0.9913
TECH 65.7+1.9 80.5+3.5 81.3+3.2
EN-TECH 64.8+1.8 80.4+4.0 79.6+3.6

Physical activity (kcal week’1) SBWL 530.2+129.0 1294.9+314.5 1407.7 +293.8 0.8694 0.0003 0.0870
TECH 913.6 +139.3 1135.2+330.0 1048.7 +308.7

EN-TECH 444.5+133.8 1188.9+367.7 1933.3 +335.0

EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based system.

monitoring that was used by SBWL, but it does not ap-
pear that this resulted in greater changes in physical ac-
tivity between the intervention conditions. Of interest is
that enhancements in the technology included with EN-
TECH may have allowed for improved temporal proximity
of self-monitoring and feedback on energy balance. How-
ever, this did not improve weight loss, dietary changes or
physical activity beyond that achieved with TECH or
SBWL. These results may suggest that there are options
for how to effectively self-monitor that may include non-
technology (e.g. paper diaries) and technology options.
This should be considered when implementing self-
monitoring strategies within a clinical weight manage-
ment intervention.

This study was conducted to provide insight on engag-
ing adults with obesity in a technology-based intervention
that included a wearable device, a web-interface or use of
a mobile device and a monthly telephone call. However,
there are limitations to this study that should be consid-
ered. The sample size is small, which limits our ability to
make definitive conclusions regarding efficacy or effec-
tiveness of the interventions that were examined. More-
over, given the inclusion and exclusion criteria, the
participants may not reflect the demographic characteris-
tics of the general population seeking weight loss treat-
ment. Thus, there is a need to conduct additional
studies using a larger sample that includes participants
with characteristics and medical co-morbidities that may
better reflect the general population, which may therefore
enhance generalizability. Moreover, this study was limited
to 6 months in duration, and additional research is needed

to understand the long-term effects of these interventions
on weight loss in adults with obesity. This study also in-
tentionally recruited participants that had access to a
computer, the Internet and a compatible mobile device,
which may have impacted the findings. The wearable
device and the associated web or mobile interface are
commercially available (BodyMedia Fit and LINK sys-
tems), and it is unclear whether similar results would
be observed if other commercially available systems
were used.

In summary, this study demonstrated that short-term
technology-based interventions combined with brief
monthly telephone calls resulted in weight loss in adults
with obesity. The weight loss achieved with the
technology-based interventions appears to be compa-
rable in magnitude with what was achieved with an in-
person intervention; however, because of the sample
size in this study, there is limited statistical power to
determine with certainty that the weight loss achieved
was not different between the intervention groups.
Weight loss was also accompanied by reductions in
BMI, body fatness and waist circumference. Both the
in-person and technology-based interventions resulted
in reduced energy intake and dietary fat intake,
increased engagement in weight loss strategies and
increased leisure-time physical activity. These findings
provide initial evidence that short-term weight loss in-
terventions can be successfully implemented in a vari-
ety of ways in adults with obesity, which suggests that
there are options for delivering weight loss interventions
in this population group. Whether these interventions

© 2016 The Authors
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can be equally effective for weight loss, if length of in-
tervention beyond 6 months will alter the magnitude of
weight loss achieved, if there are difference in response
to these interventions by subgroups (men vs. women,
different race/ethnic groups, BMI category, etc.) or if
there are differences in cost-effectiveness of these
interventions, warrants further investigation. These
results provide promise for implementing non-surgical
or non-pharmacological interventions that focus solely
on lifestyle modification for weight loss in adults with
obesity, and these interventions may not require exten-
sive in-person contact.
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The validity of consumer-level, activity monitors
in healthy adults worn in free-living conditions: a
cross-sectional study

Ty Ferguson, Alex VV Rowlands, Tim Olds and Carol Maher’

Abstract

Background: Technological advances have seen a burgeoning industry for accelerometer-based wearable activity
monitors targeted at the consumer market. The purpose of this study was to determine the convergent validity of a
selection of consumer-level accelerometer-based activity monitors.

Methods: 21 healthy adults wore seven consumer-level activity monitors (Fitbit One, Fitbit Zip, Jawbone UP, Misfit Shine,
Nike Fuelband, Striiv Smart Pedometer and Withings Pulse) and two research-grade accelerometers/multi-sensor devices
(BodyMedia SenseWear, and ActiGraph GT3X+) for 48-hours. Participants went about their daily life in free-living conditions
during data collection. The validity of the consumer-level activity monitors relative to the research devices for step count,
moderate to vigorous physical activity (MVPA), sleep and total daily energy expenditure (TDEE) was quantified using
Bland-Altman analysis, median absolute difference and Pearson’s correlation.

Results: All consumer-level activity monitors correlated strongly (r > 0.8) with research-grade devices for step count and
sleep time, but only moderately-to-strongly for TDEE (r = 0.74-0.81) and MVPA (r = 0.52-0.91). Median absolute differences
were generally modest for sleep and steps (<10% of research device mean values for the majority of devices) moderate
for TDEE (<30% of research device mean values), and large for MVPA (26-298%). Across the constructs examined, the Fitbit
One, Fitbit Zip and Withings Pulse performed most strongly.

Conclusions: In free-living conditions, the consumer-level activity monitors showed strong validity for the measurement
of steps and sleep duration, and moderate valid for measurement of TDEE and MVPA. Validity for each construct ranged

widely between devices, with the Fitbit One, Fitbit Zip and Withings Pulse being the strongest performers.

Keywords: Actigraphy, Physical activity, Sleep, Validity, Triaxial accelerometer, Activity monitor

Background
Physical activity has important health benefits, including
reducing the risk of cardiovascular disease, some can-
cers, type-2 diabetes, osteoporosis, anxiety and depres-
sion [1-3]. However, many adults are insufficiently
active. In Australia, for example, 67% undertake less
than 150 minutes of moderate to vigorous physical activ-
ity (MVPA) per week [4]. Low-cost techniques that assist
people to increase their physical activity are required.
Pedometers have been an effective, low-cost tool, used
extensively by researchers, clinicians and individuals to
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Institute, University of South Australia, GPO Box 2471, 5001 Adelaide,
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( BioMed Central

monitor and intervene on physical activity for the past
two decades [5]. Conversely, accelerometers have been
widely used predominant in research settings to describe
physical activity, sedentary behaviour, sleep and total
daily energy expenditure (TDEE) [6,7], due to their ex-
pense and difficulty of use (requiring proprietary soft-
ware and expertise for data collection and analysis). In
recent years, technological advances have seen the cost
of accelerometer-based technology fall, and as a result,
the emergence of accelerometer-based devices aimed for
the consumer market.

Corporations such as Nike and Fitbit are at the forefront
of this market, with wearable technology recognised as a
leading technology trend in 2014-15 by many technology
commentators and experts [8,9]. Such devices typically cost
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$USD50-100, making them considerably cheaper than
research-grade accelerometers. Many consumer-level de-
vices have displays for immediate feedback and associated
free mobile and internet-based applications, providing
users with feedback on a variety of metrics including step
count, calories burned, stairs climbed, distance travelled,
active time and sleep. Some devices also offer the ability to
interact with other users via online social networks, which
has been shown to have potential benefits for positive
health behaviour change [10]. Several manufacturers claim
their devices accurately capture activity levels whilst worn
on various body sites (e.g. Misfit Shine can be worn on a
necklace, wrist band, bra or waist band). Considering these
features and flexibility, consumer-level activity monitors,
coupled with smartphone technology, have vast potential
to enhance user experience and utility [11].

While these new activity monitors offer considerable
promise to researchers and clinicians working to assist
people to increase their physical activity, monitor energy
balance and modify their sleep behaviours, a major limi-
tation to the adoption of these devices in research and
clinical settings is the limited scientific evidence regard-
ing their reliability and validity. To date, the Fitbit de-
vices have received the most attention, with a small
number of studies scrutinising the validity of various
outputs. Dannecker and colleagues [12] examined the
ability of the original Fitbit (now twice superseded — first
by the “Ultra” and now by the “One”) to measure active
energy expenditure among 19 healthy young adults, and
found that it underestimated 4-hour energy expenditure
by 28% compared with indirect calorimetry (the gold
standard physical activity measure). Montgomery-Downs
and colleagues [13] found that the original Fitbit overes-
timated sleep by 67 minutes (SD + 51) relative to poly-
somnography. More recently, Takacs and colleagues [14]
examined the ability of the Fitbit “One” to count steps
during treadmill walking among 30 healthy adults. Par-
ticipants ambulated at five different speeds for five mi-
nutes at each speed, wearing three Fitbit devices (at each
hip and in the front pocket of the dominant side). Using
direct observation as the criterion, excellent validity
(0.97-1.00) and inter-device reliability (99% agreement)
were reported, regardless of walking speed or device
wear site.

Given the large number of activity monitors now com-
mercially available, methodologies which evaluate them
simultaneously are required in order to determine the rela-
tive utility of these devices. A recent study by Fulk and col-
leagues [15] compared the validity of the Fitbit Ultra (now
superseded), Nike Fuelband and a traditional pedometer
(Yamax SW-701) in people with stroke and traumatic brain
injury (n = 50) during a two minute walk test. It was found
that the Fitbit Ultra was the most accurate device (95%
agreement with direct observation), followed by the Yamax
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(85%), and the Nike Fuelband (66% accuracy), highlighting
that validity can vary widely. Lee, Kim and Welk [16]
examined the validity of eight consumer-level devices for
estimating energy expenditure in healthy young adults
(n=60). During a 69 minute protocol in a laboratory set-
ting, the consumer-level devices were compared against an
indirect calorimetry criterion. The devices were ranked
based on percent accuracy, as follows: BodyMedia FIT
(90.7% accuracy), Fitbit Zip (89.9%), Fitbit One (89.6%),
Jawbone UP (87.8%), Actigraph GT3X (87.4%), DirectLife
(87.2%), Nike Fuelband (87%) and Basis BI Band (76.5%).
To date, it appears that no studies have scrutinised a large
number of devices simultaneously for other variables pro-
vided by the devices (e.g. sleep time and MVPA), and no
studies thus far have examined the devices in free-living
conditions.

This study aimed to address these deficits, by compar-
ing a selection of consumer-level devices against two
commonly used research-grade accelerometers in free-
living adults. Our hypothesis was that all devices would
correlate strongly with the research-grade devices on
measures of step count, MVPA, TDEE, and sleep time,
and show small absolute differences.

Methods

Study design

This study used a cross-sectional design to assess the
concurrent validity of consumer-level activity monitors
as measures of physical activity and sleep, compared to
previously validated research-level accelerometers.

Consumer-level activity monitors

Seven devices were examined: Fitbit One (Fitbit, Inc., San
Francisco, CA, US), Fitbit Zip, Jawbone UP (Jawbone, San
Francisco, CA, US), Misfit Shine (Misfit, San Francisco,
CA, US), Nike Fuelband (Nike, Inc., Oregon, WA, US),
Striiv Smart Pedometer (Striiv, Inc. Redwood City, CA,
US), and Withings Pulse (Withings, Issy les Moulineaux,
France). Devices were chosen based on those available to
the authors for purchase between February and August
2013. The total number of consumer-level devices was
capped at seven, based on the feasibility of participants
concurrently wearing this number of devices (in addition
to two reference devices). All of the activity monitors
measure various physical activity parameters, with four also
measuring sleep-related parameters (Table 1). Additionally
all devices included the option of being worn at the hip
and/or the wrist.

Reference devices

The consumer-level devices were compared with two
research grade tri-axial accelerometers/multi-sensor
devices: BodyMedia SenseWear Model MF (BodyMedia
Inc,, Pittsburg, PA, USA) and ActiGraph GT3X+ (Actigraph,





Table 1 Device details, set up parameters and analysis software

Device Actigraph BodyMedia Fitbit one Fitbit zip Nike fuelband Jawbone UP Striiv Misfit Withings Pulse

GT3X+ SenseWear Smart Shine
Pedometer

Released Sep 2011 July 2010 Sep 2012 Sep 2012 Feb 2012 Nov 2012 Apr 2012 Aug 2013 June 2013

Retail Price (USD) $249.00 $1417.95 $99.95 $59.95 $149.00 $129.99 $99.95 $119.95 $99.95

Parameters Measured

Steps v v v v v v v v v

Distance ® 3 v v v v v v v

Calories burned ® v v v v v v v v

Elevation x ® v x 3 x v % v

Sleep time ® v v ® 3 v 3 v v

Sleep quality 3 3 v ® 3 v 3 v v

Active time v v v v v v v v

Wear site Right hip Left upper arm Right hip Right hip Left wrist Left wrist Right hip Left wrist Right hip

Set up parameters H, W, Sex, DOB.  H, W, Sex, DOB,  H, W, Sex, DOB H, W, Sex, DOB H, W, Sex, DOB H, W, Sex, DOB H, W, Sex, H, W, Sex, H, W, Sex, DOB
80 Hz 1 s epoch  Handedness DOB DOB
LFE off

Set up software Actilife v6.6.3 Sensewear Fitbit iPhone Fitbit iPhone app  Nike + Fuelband UP by Jawbone  Inbuilt device  Shine iPhone  Withings Health

Professional 7.0 app v2.0.1 v2.0.1 iPhone app iPhone app software app v1.4.0 Mate iPhone app
v2.0.0 v2.8.1 v1.21

Analysis Actilife v6.6.3 Sensewear ‘Fitbit' i0S app v2.0.1  ‘Fitbit" iOS app ‘Nike + Fuelband”  ‘UP by Jawbone’ Inbuilt device  ‘Shine” iOS ‘Withings Health
MVPA (Freedson  Professional 7.0  and via FitBit online ~ v2.0.1 and via iOS app v2.0.0 iOS app v2.8.1 software app v1.4.0 Mate" iOS app v1.20
et al. cut-points)  TEE MVPA =>3  dashboard software Fitbit online and via Withings
(21) Steps/day METs Steps/day dashboard online dashboard

software software

LFE = low frequency extension; H = height; W = weight; DOB = date of birth; MVPA = moderate to vigorous physical activity; MET = metabolic unit.
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Pensicola, FL, USA). The reference devices collectively have
accepted reliability and validity as free-living measures of
physical activity and sleep time. Specifically, the SenseWear
has been validated for TDEE under free-living conditions
against doubly-labeled water [17-19] yielding strong correla-
tions (ICC = 0.66-0.80) and small biases (=22 to +112 kcal/
day). Additionally, SenseWear has been validated as a meas-
ure of sleep time compared with polysomnography (epoch-
by-epoch agreement=79.9% [20] and total sleep time
r=0.84 [21]). The GT3X+ has been shown to be a valid
measure of both step count compared with observation
(percentage error <1.5% [22]; percentage error <1.1% [23];
ICC >0.84 [24]) and MVPA compared to indirect calorim-
etry (r = 0.88) [25].

Study population

A convenience sample of 21 healthy participants was re-
cruited. Participants were eligible for inclusion if they were
aged 18 years or over, lived in metropolitan Adelaide,
South Australia, and could ambulate without walking aids.
Participants were excluded if they experienced an injury or
illness affecting their mobility (self-reported).

Procedure

The University of South Australia Human Research Eth-
ics Committee approved this study and all participants
provided informed consent prior to commencing the
study. Participants attended an appointment at which
demographic data (date of birth, sex and dominant side)
were obtained, with height and mass measured following
standardized procedures [26]. All devices were set up
with unique user accounts using the parameters detailed
in Table 1 [27,28].

All nine devices were fitted to the participant in the
following locations: SenseWear on the left upper arm;
Fuelband, UP and Shine on the left wrist; GT3X+, One,
Zip, Pulse and Striiv on the right side of the waist on an
elasticised belt. Where consumer-level devices were de-
signed for multiple wear locations, devices suitable for
wrist wear were worn on the wrist; otherwise the device
was worn on the waist. Placement order of the devices
at the wrist and waist was randomised.

Participants were instructed to leave all devices on simul-
taneously for approximately 48 hours (including sleep, but
excluding showering) in order to capture a full overnight
sleep episode as well as a to 24-hours of activity data from
midnight to midnight. The wear period was not limited to
a particular period of the week (i.e. not restricted to week-
days only or weekends only) and no guidelines or restric-
tions on activity levels or sleep were provided, in order to
ensure the study broadly represented free-living conditions.
Participants were instructed in how to turn sleep mode on
and off for the relevant devices (Shine, Pulse, One, UP).
Participants were not given access to any of the device

Page 4 of 9

software or account information and were also instructed
not to turn off, modify or change any device wear locations
once fitted. Devices were collected after the 48-hour wear
period. Data collection took place in November-December
2013.

Statistical analyses

Data relating to physical activity were limited to the full
calendar day (24 hour period midnight to midnight)
after initialisation. Data relating to sleep were limited to
the first night of sleep (24-hour period midday to mid-
day, excluding naps) following initialisation. Data were
extracted using the proprietary software for all consumer
devices, in the same fashion that a consumer would util-
ise the software, and were visually checked for outliers.
Participants were asked about any non-wear periods,
and all indicated full compliance (that is, removal only
for bathing). Compliance was checked using the two ref-
erence devices (Sensewear, which automatically detects
non-wear time, and Actigraph, where we used a criterion
of 30 minutes of continuous zero readings), and the data
confirmed the participants’ reports.

Participants’ demographic data were analysed descrip-
tively. Device validity was determined for four key con-
structs: step count (steps/day); MVPA (minutes/day);
TDEE (calories/day); and sleep time (minutes/night). De-
vices were omitted from analysis in a particular con-
struct if the device did not measure that construct.

Step count was determined by comparing the consumer-
level activity monitors with the GT3X+. The validity of
both TDEE and sleep time were determined by comparing
the consumer-level activity monitors with the SenseWear,
on the basis that it had best established validity for these
constructs out of the two research devices [20,17]. Many of
the consumer devices provided outputs for multiple as-
pects of the physical activity intensity spectrum. After ex-
tensive discussion, it was decided that analyses in this
study would focus on MVPA, on the basis that it has well
established health benefits, is widely reported in the scien-
tific literature, and because it is the focus of public health
physical activity guidelines. Validity of MVPA was deter-
mined by comparing the consumer-level activity monitors
with the GT3X+ [25]. No consumer-level activity monitors
explicitly measured MVPA, however Striiv, Shine, UP, One,
and Zip all measured either total ‘active minutes’ or break-
downs of active minutes according to intensity (e.g. ‘light;
‘moderate’ and ‘very categories by Fitbit software). A con-
sensus approach amongst the research team was used to
determine which consumer-level device outputs most
closely reflected MVPA, and the following were agreed on:
One: sum of very active and moderate physical activity;
Zip: sum of vigorous and moderate physical activity; UP:
active time; Striiv: active time; Shine: sum of “kinda”,
“pretty” and “very” active.
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Figure 1 Scatter-plot of Pearson’s r against the median absolute difference (MAD) as a % of the mean of the relevant reference device.
Note: r = Pearson correlation; MAD = median absolute difference; TDEE = total daily energy expenditure; MVPA = moderate to vigorous physical activity;
UP = Jawbone UP; One = Fitbit One; Zip = Fitbit Zip; Shine = Misfit Shine; Pulse = Withings Pulse; Fuelband = Nike Fuelband; Striiv = Strilv Smart Pedometer.
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Validity on all four constructs was quantified using
Bland-Altman analysis (bias and limits of agreement), Pear-
son’s 1, and the median absolute difference (MAD) between
the research and consumer-level devices. The median abso-
lute difference was used because data were highly skewed.

A priori power analyses were undertaken based on
existing data on correlations among various research de-
vices, which suggested that the correlation between
consumer-level and research devices would be about
0.85. If the actual population correlation between
consumer-level and research devices was 0.85, then a
target sample size of 21 would yield, in 95% of cases, a
sample correlation between 0.65 and 0.94.

Results

Twenty-one potential participants were approached; all
met the eligibility criteria, were available during the
study period (November - December 2013), agreed to
participate and completed the study. Gender distribution

was approximately equal with 10 males (BMI 27.3 + 3.2)
and 11 females (BMI 25.5 + 5.2), with ages ranging from
20 to 59 years (mean age 32.8 + 10.2 years). All partici-
pants were right hand dominant.

All 21 participants wore the full set of devices for the
48-hour duration, however some data were lost due to
data extraction error (7 sets MVPA each for One and
Zip), device malfunction (1 set steps each for Fuelband,
Zip, Pulse; 1 set TDEE each for Zip and Pulse; 1 set
MVPA for Zip; 1 set sleep for Pulse), and participant
error (2 sets sleep for One). No data were lost from the
two reference devices.

Figure 1 shows a scatterplot of Pearson’s r against the
MAD (as a % of the mean of the relevant research de-
vice) for all four outputs. Correlations and differences
varied between constructs. Steps demonstrated a trend
towards having the strongest correlations and smallest
differences. This pattern was closely followed for sleep.
For TDEE, correlations and differences were modest.
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Table 2 Means (SD), correlations, median absolute difference, and bland altman output for each device on the
constructs of steps, MVPA, TDEE and sleep

Nike Striiv smart Misfit shine Jawbone UP  Withings pulse Fitbit zip Fitbit one
fuelband pedometer

STEPS Reference  BS GT3X+ BS BS GT3X+ GT3X+ GT3X+

Reference 9959 (4844) 10516 (5070) 9959 (4844) 9959 (4844) 10516 (5070) 10516 (5070) 10516 (5070)

mean (SD)

r 0.94 0.99 0.94 0.97 0.99 0.99 0.99

ICC 0.80 0.95 0.90 097 0.99 098 0.95

MAD 2551 679 1002 806 660 447 779

Range of ~ -5309 to +143 -679t0 +1887  -4693 to +1804 -1978 to +2252 -2386 to +832 -970 to +1596  -890 to +1849

differences

Bias -2529 675 -1054 -251 -632 464 584

LoA (V) 910 2089 2288 1889 663 1799 1980

LoA (L) -5968 -739 -4395 -2391 -1927 -871 -813
MVPA (min) Reference GT3X+ GT3X+ GT3X+ GT3X+ GT3X+

Reference 585 (37.6) 585 (37.6) 585 (37.6) 585 (37.6) 585 (37.6)

mean (SD)

r 052 0.79 0.81 0.88 091

ICC 0.08 0.79 0.70 0.36 046

MAD 1743 15.2 18.0 89.8 586

Range of +770t0 +299.3 -79.7 to 4363  -4.7 t0 +96.5 +100 to +157.2 +10to +137.2

differences

Bias 1904 -52 22.7 85.7 65.9

LoA (V) 3449 453 68.2 172 1549

LoA (L) 359 -55.8 -22.7 -0.8 =232
TDEE (kcal) Reference BS BS BS BS BS

Reference 3005 (569) 3005 (569) 3005 (569) 3005 (569) 3005 (569)

mean (SD)

r 0.79 0.74 0.79 0.81 0.76

ICC 0.51 027 0.54 0.57 0.55

MAD 468 866 415 484 349

Range of -996 to +100 =1937 to -94 -1284 to -58 -1145to0 4218 -1724 t0 -83

differences

Bias -479 -898 -533 -497 -475

LoA (U) 214 -150 170 158 265

LoA (L) -1172 -1647 -1236 -1152 -1216
SLEEP (min) Reference BS BS BS BS

Reference 4236 (73.5) 4236 (73.5) 4236 (73.5) 4236 (73.5)

mean (SD)

r 0.82 0.89 0.92 0.92

ICC 0.71 0.85 0.87 0.90

MAD 47.0 220 280 230

Range of -61 to +125 -31to +132 -17 to +104 -45 to +76

differences

Bias 44.2 235 244 159

LoA (V) 1353 96.2 95.2 829

LoA (L) -46.9 -49.2 -46.5 -51.0

Note: BS = BodyMedia SenseWear; GT3X + = ActiGraph GT3X+; MVPA = Moderate to Vigorous Physical Activity; MAD = Median Absolute Difference; LoA (U) = Limits
of Agreement (Upper); LoA (L) = Limits of Agreement (Lower); TDEE = Total Daily Energy Expenditure.
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Trends were difficult to determine for MVPA, with cor-
relations and differences varying.

Table 2 shows the correlation, MAD, bias, and 95%
limits of agreement for steps, MVPA, TDEE, and sleep
time assessed by the consumer-level devices relative to
the research devices.

All of the consumer-level devices measured steps, and
correlations with reference devices were very strong (r =
0.94-0.99). Bland-Altman analyses suggested that three
of the devices slightly over-counted (Striiv, Zip, One)
while four under-counted (Fuelband, Shine, Up, Pulse).
Of note, the Fuelband, on average, undercounted daily
steps by 2,529 (reference device (SenseWear) mean =
9,959 steps per day).

Five of the consumer-level devices (Striiv, Shine, Up, Zip,
One) were considered to measure a parameter similar or
equivalent to MVPA time (as defined in section 2.10). Cor-
relations between readings from the consumer-level de-
vices and reference devices ranged from weak to strong
(r=0.52-0.91). Bland-Altman analyses showed large differ-
ences between the mean values reported by the consumer-
level devices and the reference devices: the Shine, for
example, under-counted (mean = 53.3 min of MVPA com-
pared to reference device (GT3X+) mean=58.5 min),
while the Striiv over-counted (mean =249 min of MVPA
compared to reference device (GT3X+)).

Of the five consumer-level devices (Shine, Up, Pulse,
Zip, One) that measured TDEE, correlations with the
reference devices were moderate to strong (r=0.74-
0.81). Bland-Altman analyses suggest all devices consid-
erably underestimated TDEE compared to the reference
device (SenseWear, mean=3005 kcal), ranging from
475 kcal (One) to 898 kcal (UP).

Of the four consumer-level devices (Shine, Up, Pulse,
One) that measured minutes of sleep, all correlated
strongly with the reference device (r = 0.82-0.92). Bland-
Altman analyses showed all devices overestimated mi-
nutes of sleep - most notably, the Shine (mean = 44 min)
compared to reference device (SenseWear) mean =
424 min).

Discussion

This study aimed to examine the validity of a range of
consumer-level activity monitors across a range of vari-
ables in free-living conditions. In general, the consumer-
level devices were highly accurate in measurement of
steps, and quite accurate for sleep quantity. However,
measures of TDEE and MVPA were less accurate, in
general demonstrating moderate to strong correlations
with the research-grade accelerometers, but often large
MADs. Within each activity construct, the validity of the
consumer-level devices varied markedly. Across the do-
mains, the One, Zip and Pulse generally performed
strongly.
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Steps were generally counted with a high degree of ac-
curacy by the consumer-level activity monitors, though
two devices substantially undercounted steps (MADs of
10% for Shine and 26% for Fuelband) and hence under-
performed compared to conventional pedometers (such
as Yamax; [29]). The findings of the current study,
favouring the Fitbit activity monitors, concur with other
studies which have similarly found them to be highly
valid for measuring step counts in healthy subjects [14],
and to perform better than the Fuelband in patients with
brain and stroke injury [15]. The findings of the present
study extend this previous research by indicating that
these devices can accurately measure steps in free-living
conditions over longer durations, as opposed to tread-
mill walking for 25 minutes [14].

One of the advantages offered by some of the consumer-
level devices examined in the current study is the ability to
quantify sleep. Research-level accelerometers have been
shown to be moderate to strong performers for sleep
measurement [15,16], however the performance of the
consumer-level activity monitors is relatively unknown. In
the present study all four of the consumer-level devices
that claimed to measure sleep duration performed reason-
ably well in relation to the research-level accelerometer,
but consistently over-estimated sleep duration, and to a
reasonably large magnitude (SenseWear; r=0.82-0.92,
MAD = 22-47 min). While little is presently known about
the range of consumer-level accelerometers as measures of
sleep, this tendency to over-report is similar to what was
found in the systematic review. The only consumer-level
device identified was the original Fitbit, in Montgomery-
Downs et al’s [13] study of 24 healthy adults, where it was
shown that, on average, this device significantly over-
reported total sleep time compared to a research acceler-
ometer (Actiwatch; by 24 minutes) and polysomnography
(by 67 minutes). The extent of over-estimation of sleep
duration by the consumer devices is likely to reduce their
utility for users, particularly if they are attempting to com-
pare their sleep duration to external benchmarks (e.g. 6 -
8 hour sleep guidelines).

Five devices measured TDEE. In general, validity for de-
vices related to TDEE was moderate to strong (r=0.74-
0.81; MAD = 12-29%). Of note, the two Fitbit devices (One
and Zip) were superior to the Up when compared to the
reference device. This is consistent with the findings of
Lee, Kim and Welk [16] when comparing a range of
consumer-level devices to the gold standard measure of in-
direct calorimetry. Similar to Lee, Kim and Welk’s [16]
findings, all devices in the present study underestimated
TDEE. Dannecker et al. [12] also explored the validity of a
superseded Fitbit device and found that it underestimated
energy expenditure (compared to indirect calorimetry) by
almost twice as much as the Fitbits in Lee, Kim and Welk’s
[16] study and the present study, suggesting that this
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variation might be a reflection of device accuracy improv-
ing with model updates.

Finally, all of the devices measured some aspect of
physical activity duration, although the way this was
classified tended to vary and specific information regard-
ing intensity cut-points was not provided by the manu-
facturers. The correlation-based analyses showed weak
to strong correlations with the reference devices (r=
0.52-0.91), however MADs were large (e.g. in the best
case, the Shine underestimated MVPA by 15 minutes a
day, or 26%, while the Striiv overestimated physical ac-
tivity by 190 minutes a day, or 325%, both relative to the
GT3X+). While MVPA is generally accepted as a yard-
stick of healthful physical activity in the research field,
many of the devices provided feedback on multiple phys-
ical activity variables, and none were explicitly identified
as MVPA, so the discrepancies here may arise both from
definitional and measurement issues. Even within the
accelerometry research field, there is considerable debate
about how MVPA should be operationalised, with vari-
ous cut-points proposed by different experts, leading to
vastly different daily values and difficulty in comparing
across studies [30]. Given this, it is suggested that the
best interpretation of findings is that the weak to strong
correlation coefficients are a preliminary indicator of
reasonable validity of some of the consumer-level de-
vices, and that the poor MAD values are probably re-
flective of issues with operationalisation. With no
previous studies exploring the validity of these devices
for measuring MVPA, further research is warranted.

Strengths of the current study are that the devices
were tested in free-living conditions (the environment
they are designed for) over a whole (24 hour) day. Add-
itionally, a wide range of consumer and reference de-
vices were used, allowing for comparison of the validity
between devices. This represents a significant contribu-
tion over previous research into consumer accelerome-
ters, which has tended to be laboratory-based and, in
many cases, has only examined a small number of de-
vices. Furthermore, this study examined several different
variables collected by the devices (namely, steps, sleep
quantity, TDEE and physical activity), giving a more
complete picture of their capabilities.

The study has a number of limitations, which should be
acknowledged. The number of consumer devices scruti-
nised in this study was limited to seven due to concerns
around participant burden. It was beyond the scope of the
study to examine all consumer devices available on the
market. In addition, further devices have entered the mar-
ket subsequent to data collection. Incomplete data sets
were obtained for some variables (in particular, MVPA for
the One and Zip) due to data extraction error, device mal-
function and participant error, and caution should be taken
when interpreting findings for these particular results. The
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study protocol did not examine reliability and, due to being
undertaken in free-living conditions, convergent validity,
rather than criterion validity, was scrutinised. Some of the
consumer-level devices purported to measure variables
that none of the research devices measured (e.g. stairs
ascended and sleep quality), thus they could not be
assessed in the current study. While some of the
consumer-level devices are promoted as being able to be
worn on a variety of body sites, this study only examined
the validity of such devices at one site, and it is important
to note that validity is likely to vary at the different body
locations.

The fact that moderate to strong correlations were
produced for virtually all devices and variables provides
preliminary evidence that all of the devices are reason-
ably valid for measuring the respective variables. How-
ever, the real world implications of the mediocre MAD
results are mixed. It could be argued that so long as the
device is reliable, it will provide users with sufficient
feedback to successfully gauge and modify their behav-
iour. However, if consumers are using the devices to
compare their behaviour to external benchmarks (e.g.
physical activity or sleep guidelines) the inaccuracy expe-
rienced with some of the devices is likely to be a source
of frustration. In particular, inaccuracies with the TDEE
estimates suggest that these devices will be of little use
to someone attempting to use the data to balance energy
expenditure with energy intake.

For researchers considering using these devices, based
on current evidence, it would appear that the Pulse and
the two Fitbit devices (One and Zip) were the stronger
performers. Validity did not reflect price, with the most
expensive device (Fuelband) being one of the weakest
performers, and the cheapest device (Zip) one of the
best.

As a tool for objectively measuring physical activity in
observational studies, the consumer-level devices risk par-
ticipant reactivity (as they provide feedback to the wearer),
a recognised issue with traditional pedometers. These
consumer-level devices perhaps offer greatest potential as
intervention tools. Particularly, the fact that they provide
feedback on a range of variables makes them appealing for
lifestyle interventions (e.g. simultaneously targeting phys-
ical activity and sleep). Additionally, the software associ-
ated with many of these devices offer new opportunities,
such as the ability for researchers to monitor activity in
real-time via the internet. Additionally, these devices tend
to be stylish, unobtrusive and versatile, which may enhance
participant wear time compliance.

Future research examining other aspects of the
consumer-level devices, such as their reliability, accept-
ability, usability and durability are warranted. A chal-
lenge for the research in this field will be keeping pace
with the rapidly evolving consumer market. Devices are
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being developed at an extraordinary rate, generally with-
out any published data on validity. The general public
are using these devices to make decisions about physical
activity and sleep. They may also offer good alternatives
for more expensive and cumbersome research-level de-
vices. All too often, by the time devices can be scientific-
ally evaluated and results published in peer-reviewed
process, the consumer market may have moved on, with
new models, new devices and software updates being re-
leased continually.

Conclusion

The new wave of consumer-level activity monitors offers
exciting possibilities for individuals, clinicians and re-
searchers. Our study offers preliminary evidence for
their validity in measuring steps, and perhaps also sleep
duration, with the Fitbit One, Fitbit Zip and Withings
Pulse strong performers. Future research scrutinising the
devices’ reliability and usability are warranted, though
keeping pace with the rapidly evolving consumer-level
activity monitor market will be a challenge.
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