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Supplemental Table 1: Search terms used in Embase, PubMed, and Web of Science databases excluding study design.
	[bookmark: _Hlk69118194]Scopus
	Web of Science
	Pubmed

	Index device
TITLE-ABS-KEY ( "wearable*"  OR  "smartwatch*"  OR  "smart watch*"  OR  "smartphone*" OR "smart phone*"  OR  "watch*"  OR  smartband*  OR  "smart band*"  OR  smartbracelet*  OR  "smart bracelet*"  OR "activity monitor*" OR "activity track*" )
	Index device
ALL=( wearable*  OR  smartwatch*  OR  "smart watch*"  OR  smartphone* OR "smart phone*"  OR  watch*  OR  smartband*  OR  "smart band*"  OR  smartbracelet*  OR  "smart bracelet*"  OR "activit* monitor*" OR "activit* track*" ) 


	Index device
( "Wearable Electronic Devices" [Mesh] OR "Fitness Trackers" [Mesh] OR "wearable*" OR "smartwatch*" OR “smart watch” or “smartwatches” OR "smart watch*" OR  "smartphone*" OR "smart phone*" OR "watch*" OR “smartband*”  OR "smart band*" OR  smartbracelet* OR "smart bracelet*" OR "activity monitor*" OR "activity track*" )

	Outcome
TITLE-ABS-KEY ( "energy expenditure"  OR  "energy consumption"  OR  "calori*"  OR  "calori* expenditure"  OR  "activ* energy"  OR  "energy metabolism"  OR  "energy cost"  OR  "energy balance" )
	Outcome
ALL= ( "energ* expenditure"  OR  "energ* consumption"  OR  "calori*"  OR  "calori* expenditure"  OR  "activ* energ*"  OR  "energ* metabolism"  OR  "energ* cost"  OR  "energ* balance" ) 

	Outcome
 ( "Energy Metabolism" [Mesh] OR "energy expenditure"  OR  "energy consumption"  OR  "calori*" OR "calori* expenditure"  OR  "activ* energy"  OR  "energy metabolism"  OR  "energy cost"  OR  "energy balance" )


	
	
	

	Study Design
TITLE-ABS-KEY ("reproducibility of results" OR "valid*" OR "validity" OR "'validation" OR "validate" OR "comparison" OR "reliab*" "reliability" OR "reliable")  
 
	Study Design
ALL= ("reproducibility of results" OR valid* OR comparison OR reliab* ) 
 
	Study Design
("Reproducibility of Results" [Mesh] OR "valid*" OR "validity" OR "'validation" OR "validate" OR "comparison" OR "reliab*" "reliability" OR "reliable")

	N studies included: 346
	N studies included: 740
	N studies included: 559



Date: 07/12/20									04/12/20							04/12/20



Supplemental Table 2: Studies using Laboratory Protocols. ICC; intraclass correlation coefficient, MAPE; mean absolute percent error, RMSE; root mean square error, CV; coefficient of variation.  
	Author (year)
	Target population &
Recruitment
	N
age (SD) or range
%females
	Types of activities
	Duration/
repetitions
	Index device (placement) 
	Specified inputs to index device
	Criterion
	Statistical comparison

	Adam Noah et al. (2013) [1]
	Healthy adults

Convenience sample from University community 
	n= 23
27 (8) yrs
43%
	Treadmill walking, treadmill inclined walking, jogging and stair stepping
	6 mins/activity
	Fitbit (waist)
Fitbit Ultra (waist)
	‘subject parameters’ - not further declared.

	Indirect calorimetry
	ICC, comparison of means

	Alsubheen et al. (2016) [2]
	Healthy adults

Convenience sample from University community 
	n= 13
40 (12) yrs
38%
	Treadmill walking, 
treadmill inclined walking 
	10 mins/activity 
	Garmin Vivofit (wrist)
	none declared 
	Indirect calorimetry
	ANOVA, comparison of means

	Bai et al. (2016) [3] 
	Healthy adults

Convenience sample from University and surrounding community
	n= 52
18 – 65 yrs
46%
	Treadmill walking or jogging
	25 mins
	Fitbit Flex (wrist)
Polar Loop (wrist)
Misfit Shine (wrist)
Nike+ Fuelband SE (wrist)
Jawbone JU24 (wrist)
	none declared 
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, equivalence testing, mean bias

	Bai et al. (2018) [4]
	Healthy adults

Convenience sample from University and surrounding community
	n= 39
32 (11) yrs
41%
	Treadmill walking or jogging
	25 mins
	Apple Watch 1 (wrist)
Fitbit Charge HR (wrist)
	none declared 
	Indirect calorimetry
	Bland-Altman plots, MAPE, correlation, equivalence testing, mean percent error, RMSE

	Bassett et al. (2000) [5]
	Healthy adults

Convenience sample from University and surrounding community

	n= 81 
40 (15) yrs
53%
	Treadmill walking w/wo carrying load
	15 mins/activity. 12 participants for each activity.
	Yamax SW701 (waist)
	Body mass and stride length
	Indirect calorimetry
	Bland-Altman plot, correlation, t-tests, error score

	Boudreaux et al. (2018) [6]
	Healthy adults

Convenience sample, not further declared
	n= 50
22 (3) yrs
51%
	Ergometer cycling
	2 mins/stage
	Apple Watch Series 2 (wrist)
Fitbit Blaze (wrist)
Fitbit Charge 2 (wrist)
Polar PH7 (chest)
Polar PA360 (wrist)
Garmin Vivosmart HR (wrist)
TomTom Touch (wrist)
	Sex, age, height, and weight
	Indirect calorimetry
	ICC, MAPE, t-test

	Chowdhury et al. (2017) [7]
	Healthy adults 

Not declared
	n= 30
27 (6) yrs
50%
	Treadmill walking, treadmill jogging, ergometer cycling, climbing stairs
	10 mins/activity, stairs for 5 mins
	Apple Watch (wrist) 
Microsoft Band (wrist)
Fitbit Charge HR (wrist)
Jawbone UP24 (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, mean absolute error, mean percent error, RMSE, Pearson correlation, ANOVA, equivalence testing

	Compagnat et al. (2019) [8]
	Stroke patients

Convenience sample from a physical medicine and rehabilitation department
	n= 26
65 (interquartile range: 56 – 77) yrs
not declared
	Walking
	6 mins
	Geonaute ONStep 400 pedometer (non-paretic hip)
	none declared

	Indirect calorimetry
	Bland-Altman plot, RMSE, correlation

	Dannecker et al. (2013) [9]
	Healthy adults

Convenience sample from two communities
	n= 19
27 (7) yrs
47%
	Treadmill walking, ergometer cycling, stepping
	10 mins/activity
	Phillips DirectLife (hip) 
Fitbit Tracker (hip)
	Fitbit: annotation of activities via web-based software
	Indirect calorimetry
	RMSE, percent RMSE, ANOVA, mean standard error

	Diaz et al. (2015) [10]
	Healthy adults

Convenience sample from University community 



	n= 24
range: 20 – 51 yrs
54%
	Treadmill walking, treadmill jogging
	6 mins/activity
	Fitbit One (hip)
Fitbit Flex (wrist)
	none declared

	Indirect calorimetry
	Correlation, mean difference, percent bias


	Diaz et al. (2016) [11]
	Healthy adults

Convenience sample from University community
	n= 13
32 (9) yrs
100%
	Treadmill walking, treadmill jogging
	6 mins/activity
	Fitbit One (hip)
Fitbit Flex (wrist)
	none declared

	Indirect calorimetry
	Bland-Altman plot, relative percent error, agreement, t-test 


	Dooley et al. (2017) [12]
	Healthy adults

Convenience sample from University community
	n= 62
23 (4) yrs
58%
	Treadmill walking, treadmill jogging
	4 mins/activity
	Apple Watch (wrist)
Fitbit Charge HR (wrist)
Garmin Forerunner 225 (wrist)
	none declared

	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, ANOVA, Cohen's d effect size.

	Düking et al. (2020) [13]
	Healthy adults

Not declared
	n= 25
26 (7) yrs
56%
	Treadmill walking, treadmill running, sprints including directional changes on a SpeedCourt
	5 mins/activity, sprint to completion
	Apple Watch Series 4, version 5.1) (wrist)
Polar Vantage V, firmware 3.1.7 (wrist)
Garmin Fenix 5, software 7.6 (wrist)
Fitbit Versa, version 32.33.1.30 (wrist)
	Apple, Polar, and Garmin: relevant 'activity modes' selected on the 
	Indirect calorimetry
	Standardized mean bias, typical error, CV, correlation


	Falter et al. (2019) [14]
	Cardiovascular disease

All patients scheduled for a cardiopulmonary exercise test as part of their cardiopulmonary rehabilitation
	n= 40
62 (15) yrs
20%
	Ergometer cycling
	to exhaustion
	Apple Watch Sport 42 mm, first generation (wrist)
	Cycling mode
	Indirect calorimetry
	Bland-Altman plot, MAPE, ICC, mean difference, MAE

	Gilgen-Ammann et al. (2019) [15]
	Healthy adults

Convenience sample of inactive, active and endurance athletes. Not further declared.
	n= 30
30 (5) yrs
50%
	Indoor walking and running on 290meter track, ergometer cycling
	time to complete
	Polar Vantage M (wrist)
	Relevant 'modes' (e.g. running) selected. Participant’s anthropometrics, resting HR, HRmax, and VO2max values 
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, equivalence test, absolute percent error, mean absolute error with regression

	Godino et al. (2020) [16]
	Children

Convenience sample from class announcements and email lists
	n= 60
10 (1) yrs
52%
	Treadmill walking, treadmill walking with backpack, ergometer cycling, climbing stairs, outdoor walking
	5-6 mins/activity or to completion of course
	Fitbit Charge HR (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, MAPE, t-test, regression,

	Hendrikx et al. (2017) [17]
	Healthy adults

Not declared
	n= 29
41 (14) yrs
52%
	Treadmill walking, treadmill included walking, ergometer cycling, cross-trainer, walking, running, cycling
	3 mins/activity
	Phillips Health Watch (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, MAPE, equivalence test, mean absolute error

	Herkert et al. (2019) [18]
	Coronary artery disease or heart failure patients

Convenience sampling from outpatient clinics, randomly selected from a list of patients participating in previous studies
	n= 38
63 (7) yrs
18%
	Treadmill walking, cycle ergometer
	3 mins/activity
	Fitbit Charge 2 (wrist)
Mio Slice (wrist)
	Mio Slice: 'Workout' mode activated 

Fitbit Charge: sex, age, height, and weight


	Indirect calorimetry
	Bland-Altman plot, ICC, RMSE, t-test

	Hopkins et al. (2020) [19]
	Healthy adults

Not declared
	n= 12
29 (4) yrs
0%
	Ergometer cycling
	To exhaustion
	VitalScout, VitalScout app v2.0.6 (chest)
	none declared
	Indirect calorimetry
	Correlation

	Imboden et al. (2018) [20]
	Healthy adults

Not declared
	n= 30
49 (19) yrs
50%

	Walking, running, treadmill walking, treadmill running
	2 – 15 mins
	Fitbit Flex (wrist)
Fitbit One (waist)
Fitbit Zip (waist)
Jawbone UP24 (wrist)
	Sex, height, weight and age.
	Indirect calorimetry
	Bland-Altman plot, MAPE, percent bias, correlation, ANOV, /t-test

	Johnson et al. (2016) [21]
	Healthy adults

Convenience sample from University community


	n= 29
22 (2) yrs
52%

	Walking at indoor track, treadmill running
	15 mins/activity
	2x Samsung Galaxy S4, S Health app, version 2.0.0.009 (hand and pocket)
	Sex, age, height, weight, and 'activity mode' set to 'moderate activity level' and applying the 'pedometer' option 
	Indirect calorimetry
	Bland-Altman plot, correlation, ANOVA

	Kane et al. (2010) [22]
	Healthy adults

Recreational or competitive runners. Not further declared
	n= 20
24 (4) yrs
45%
	Treadmill walking, treadmill inclined walking, treadmill running
	6 mins/activity
	Nike+ (shoe)
	Individual calibration performed per manufacturer’s instructions (400 self-paced walk + run)
	Indirect calorimetry
	ANOVA

	Kendall et al. (2019) [23]
	Healthy adults 
Convenience sample from University community
	n= 50
26 (8) yrs
50%
	Treadmill walking, treadmill running with inclination
	To exhaustion
	Polar FT7 (chest)
Basis B1 (wrist)
Fitbit Flex (wrist)
Omron HJ-321  (hip)
Jawbone UP Move (hip)
	Polar FT7: age, weight, height, gender, maximum HR, training intensity.

Basis B1, Fitbit Flex, Jawbone UP: age, height, weight, gender.  

Omron HJ-321: weight and height. 
	Indirect calorimetry
	ICC, mean difference, t-test

	LaMunion et al. (2020) [24]
	Children and adolescents 

Convenience sample from community
	n= 100 (89 with any data) 
12 (3) yrs
51%
	Overground walking, overground running ergometer cycling
	All performed twice, for 60-90 seconds and for 4-5 mins
	Devices were not worn on manufacturer specified locations due to the number of devices being examined

Apple Watch 2 (wrist)
Mymo Activity Tracker (waist)
Misfit Shine 2 (waist and shoe)
Fitbit Charge 2 (wrist)
Samsung Gearfit (wrist)

	Not specifically specified beyond: ‘All device profiles were updated before each trial using the participant’s demographic information.’
	Indirect calorimetry
	Bland-Altman plot, MAPE, t-test, ANOVA

	Lee et al. (2014) [25] 
	Healthy adults 

Convenience sample from University and surrounding community
	n= 60
26 (6) yrs
50%
	Treadmill walking, treadmill running, overground walking, overground walking with 15 kg backpack
	Treadmill activities for 3 mins, others for 5 mins
	DirectLife (chest)
Fitbit One (waist)
Fitbit Zip (waist)
Jawbone UP Band (wrist)
NikeFuel Band (wrist)
Basis B1 Band (wrist)
Bodymedia Fit (arm)
	Devices were initialized with age, sex, height, weight, handedness, smoker/non-smoker
	Indirect calorimetry
	Bland-Altman plot, MAPE, equivalence test, correlation, RMSE

	Leenders et al. (2003) [26]
	Healthy adults 

Not declared
	n= 28
24 (4) yrs
61%
	Treadmill walking
	30 mins/activity
	Yamax-Digiwalker-500 (hip)
	Body mass
	Indirect calorimetry
	Bland-Altman plot, ANOVA, correlation

	Lemmens et al. (2018) [27]
	Pregnant women (12-35 weeks pregnant)

Women referred through primary care. Not further declared
	n= 51
31 (5) yrs
100%
	Walking indoors walking outdoors, ergometer cycling, cross trainer 
	1-3 mins/activity, cycling for 6 minutes
	Optical Heart Rate Monitor based on technology in Phillips Cardio and Motion monitoring Module, CM3-Generation-1 (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, equivalence test, RMSE, mean bias

	Machač et al. (2013) [28]
	Diabetes type 1 and 2

Not declared
	n= 19
57 (8) yrs
68%
	Treadmill walking, treadmill inclined walking 
	15 mins/activity
	Omron HJ-720 (hip)
	Step length and body mass
	Indirect calorimetry
	Correlation, percent bias

	Maddison et al. (2017) [29]
	Healthy adults 

Convenience sample from University community
	n= 21
27 (8) yrs
62%
	Treadmill walking, treadmill running
	5 mins/activity
	Moto G Smartphone using Movn App, Android version 4.3 (hip)
	none declared
	Indirect calorimetry
	Bland-Altman plot, correlation, mean difference

	Montoye et al. (2017) [30]
	Healthy adults 

Not declared
	n= 32
24 (1) yrs
44%
	Treadmill walking, treadmill running, treadmill inclined walking




	5 mins/activity
	Fitbit Charge HR (wrist)
Hexoskin (torso)
	Sex, age, height and weight
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, ANOVA/t-test

	Moreno et al. (2020) [31]
	Healthy adults + wheelchair users 

Convenience sample from University community

	n= 30
36 (14) yrs
40%
	Wheel-chair treadmill, arm cycle ergometry
	3 mins/activity
	AppleWatch Series 1 (wrist)
	Mode set to ‘wheelchair’
	Indirect calorimetry
	Bland-Altman plot, MAPE, ICC, mean difference, t-test

	Nolan et al. (2016) [32]
	Healthy adults 

Convenience sample from University community
	n= 25
25 (3) yrs
56%
	Treadmill walking, treadmill running
	30 mins/activity
	iPod Touch / iPhone with bespoke app (lower back)
	3-axial 'feature extraction' using data driven approach. METs estimated from 'acceleration features', walk/running speed, height, weight and sex
	Indirect calorimetry
	Bland-Altman plot

	Nuss et al. (2019) [33]
	Healthy adults 

Not declared
	n= 30
24 (3) yrs
50%
	Treadmill walking, treadmill running
	To exhaustion
	Apple Watch (wrist)
Fitbit Charge HR 2 (wrist)
	Sex, age, height and weight
	Indirect calorimetry
	MAPE, correlation, t-test, mean difference

	O'Driscoll et al. (2020a) [34]
	Healthy adults 

Weight Loss Maintenance study and convenience sample from Community
	n= 59
44 (14) yrs
69%

	Treadmill walking, treadmill running, ergometer cycling
	5 mins/activity
	Fitbit Charge 2 (wrist)
	Sex, age, height and weight
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, RMSE, mean difference, equivalence test,  mean absolute error, absolute percent error

	O'Driscoll et al. (2020b) [35]
	Healthy adults 

Weight Loss Maintenance study and convenience sample from Community
	n= 59
44 (14) yrs
69%
	Treadmill walking, treadmill running, ergometer cycling
	5 mins/activity
	Fitbit Charge 2 (wrist)
	2 bespoke algorithms based on; 1) Fitbit HR above sitting HR, steps, age, gender, height, weight, and 2) 1 + fat mass and fat-free mass
	Indirect calorimetry
	MAPE, RMSE, correlation, equivalence testing

	Parak et al. (2017) [36]
	Healthy adults 

Not declared
	n= 24
36 (8) yrs
46%
	Treadmill running
	To exhaustion
	PulseOn (wrist)
	'Neural network' used to derive VO2 which was converted to EE using information from the calorimeter. The 'neural network' included information on height, weight, gender, age and HR during a submaximal running test.
	Indirect calorimetry
	Bland-Altman plot, MAPE, mean absolute error, correlation

	Passler et al. (2019) [37]
	Healthy adults 

Not declared
	n= 24
23 (2) yrs
46%
	Treadmill running
	10 mins/activity
	Garmin Vivosmart HR (wrist)
TomTom Touch (wrist)
Withings Pulse Ox (wrist)
	Garmin Vivosmart HR: 'Anthropometric data' and activity log activated
TomTom Touch: sex, weight, training intensity Withings Pulse Ox: 'Anthropometric data'. Additionally, examined with and without adding perceived effort of activity



	Indirect calorimetry
	Bland-Altman plot, MAPE, mean absolute error, ICC, t-test

	Price et al. (2017) [38]
	Healthy adults 

Convenience sample from University community
	n= 14
23 (6) yrs
79%
	Treadmill walking, treadmill running
	4 mins/activity
	Fitbit One (hip)
Garmin Vivofit (wrist)
Jawbone UP (wrist)
	Participant details entered in device-specific web accounts
	Indirect calorimetry
	Bland-Altman plot, Correlation,
t-test, MAPE, relative error

	Reddy et al. (2018) [39]
	Healthy adults 

Convenience sample from University community
	n= 20
28 (6) yrs
55%
	Treadmill walking, treadmill running, ergometer cycling
	To exhaustion
	Garmin Vivosmart HR+ (wrist)
Fitbit Charge 2 (wrist)
	Appropriate exercise modes used (running or cycling)
	Indirect calorimetry
	Bland-Altman plot, correlation, t-test, ANOVA, mean relative error, MAPE

	Roos et al. (2017) [40]
	Healthy adults 

Convenience sample of recreational or competitive runners. Not further declared.
	n= 20
24 (2) yrs
40% 
	Treadmill running
	Lower intensity (≤70% VO2peak) stages performed for 10 mins, stages at 90% and 110% VO2peak performed for 90 seconds
	Suunto Ambit2 
Garmin Forerunner920XT
Polar V800

Participants wore all three watches at the same time. Two watches on the left wrist and forearm, the third watch on the right wrist, and the heart rate monitors around the chest. The positioning of the watches and the localization of the heart rate monitors was randomized.
	Sex (Polar V800 only), age, height, weight, HRmax.
The training profile “running” and for Garmin Forerunner920XT “indoor running” was selected from each watch’s menu.
	Indirect calorimetry
	Bland-Altman plot, correlation, t-test, ANOVA, mean relative error, MAPE

	Sasaki et al. (2015) [41]
	Healthy adults 

Convenience sample from University community


	n= 20
24 (5) yrs
50%
	Treadmill walking, treadmill jogging, treadmill inclined walking
	6 mins/activity
	Fitbit Classic (waist)
	Sex, age, height and weight
	Indirect calorimetry
	Bland-Altman plot, correlation, t-test, mean percent difference

	Shcherbina et al. (2017) [42]
	Healthy adults 

Convenience sample from University community
	n= 60
38 (11) yrs
52%
	Treadmill walking, treadmill running, ergometer cycling
	5 mins/activity
	AppleWatch (wrist)
Basis Peak (wrist)
Fitbit Surge (wrist)
Microsoft Band (wrist)
MIO Alpha 2 (wrist)
PulseOn (wrist)
Samsung Gear S2 (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, principal component analysis

	Slootmaker et al. (2009) [43]
	Healthy adults 

Convenience sample from University community
	n= 32
29 (7) yrs
56%
	Treadmill walking, stair stepping
	5 mins/activity
	PAM model AM101 (waist)
	None declared
	Indirect calorimetry
	Generalized estimation equation, ICC, CV

	Swartz et al. (2009) [44]
	Healthy adults 

Not declared
	n= 48
33 (11) yrs
58%
	Treadmill walking
	5 mins/activity
	Omron HJ-700IT (waist)
Sportbrain iStep X1 (waist)
	Omron: body mass and stride length
Sportbrain: sex, height, weight, age, stride length
	Indirect calorimetry
	Bland-Altman plot, ANOVA

	Thiebaud et al. (2018) [45]
	Healthy adults 

Recreationally active adults. Not further declared
	n= 22
22 (3) yrs
9%
	Treadmill walking, treadmill running
	3 mins/activity
	Fitbit Surges (wrist)
Microsoft Band (wrist)
Tomtom cardios (wrist)
	Treadmill mode
	Indirect calorimetry
	Bland-Altman plot, correlation, equivalence testing, MAPE

	Wahl et al. (2017) [46]
	Healthy adults 

Convenience sample from University community
	n= 20
25 (3) yrs
50%
	Treadmill walking, treadmill running, running outdoors
	5 mins/activity. Running outdoors time to complete 2.4 km
	Bodymedia Sensewear MF (arm)
Polar Loop (wrist)
Beurer AS80 (wrist)
Fitbit Charge (wrist)
Fitbit Charge HR (wrist)
Garmin Vivofit (wrist)
Garmin Vivosmart (wrist)  
Garmin Vivoactive (wrist)
Garmin Forerunner 920XT (wrist) 
Withings Pulse Ox (arm)
	Sex, height, weight, age, body fat, handedness
	Indirect calorimetry
	Bland-Altman plot, MAPE, ICC, typical error

	Wallen et al. (2016) [47]
	Healthy adults 

Convenience sample from University community
	n= 22
25 (6) yrs
50%
	Treadmill walking, treadmill running, ergometer cycling
	walking/running: 3 mins/activity. Cycling: 18 mins
	Apple Watch (arm)
Fitbit Charge HR (arm)
Samsung Gear S (arm)
Mio Alpha (arm)
	Sex, age and ‘anthropometrical data’
	Indirect calorimetry
	Bland-Altman plot, correlation, ICC, regression

	Xie et al. (2018) [48] 
	Healthy adults 

Convenience sample from University community
	n= 44
22.3 (2.1) yrs
48% 
	Outdoor walking, outdoor running, outdoor cycling 
	walking on a 400m track for 2 laps.
running 1 lap.
Cycle 3 trips back and forth in a predetermined route
	Sequentially from the elbow to the hand: Apple Watch 2,
Samsung Gear S3,
Fitbit Surge,
Jawbone Up3, 
Xiaomi Mi Band 2,
Huawei Talk Band B3.
Dongdong, App (pocket)
Ledongli, App (pocket)
	None declared
	Indirect calorimetry
	MAPE, correlation, t-test

	Yavelberg et al. (2018)[49]
	Healthy adults
+ Type 1 diabetes 

Not declared
	n= 5 – 7
25 (8) yrs
Not declared
	Treadmill walking or running, ergometer cycling
	Total of 40 minutes
	Garmin Vivofit2 (wrist)
Mio Fuse (wrist)
	None declared
	Indirect calorimetry
	T-test

	Zhang et al. (2019a) [50]
	Healthy adults 

Convenience sample from University community
	n= 30
20 (2) yrs
43%
	Treadmill walking, treadmill running
	10 mins/activity
	Apple Watch Series 1 (wrist)
Fitbit HR (wrist)
LifeTrak (wrist)
	Apple Watch: participant’s information such as sex, height, and weight entered before the exercise protocol

Fitbit HR:  synced to an iPhone to obtain their physical characteristics

LifeTrak: did not require synchronization with smart phones for individual bio information input.
	Indirect calorimetry
	Bland-Altman plot, correlation, MAPE, equivalence testing

	Zhang et al. (2019b)[51]
	Healthy adults 

Convenience sample from University community
	n= 30
20 (2) yrs
43%
	Treadmill walking, treadmill running
	10 mins/activity
	Apple Watch (wrist)
	None declared
	Indirect calorimetry
	ANOVA, correlation, coefficient of determination, ICC








Supplemental Table 3: Studies using Semifree-Living Protocols. ICC; intraclass correlation coefficient, MAPE; mean absolute percent error, RMSE; root mean square error, CV; coefficient of variation.
	Author (year)
	Target population & Recruitment
	N
age (SD) or range
females/males
	Types of activities
	Duration/
repetitions
	Index device (placement) 
	Specified inputs to index device
	Criterion
	Statistical comparison

	Alsubheen et al. (2016) [2]
	Healthy adults

Convenience sample from University community 
	n= 13
40.0 (11.9) yrs
38%
	Sedentary activities
(computer work, reading articles and writing) 
	1 hr
	Garmin Vivofit (wrist)
	Proprietary algorithm 
	Indirect calorimetry
	ANOVA, comparison of mean

	Bai et al. (2016) [3] 
	Healthy adults

Convenience sample from University and surrounding community
	n= 52
18 – 65 yrs
46%
	Sedentary activities
(e.g. computer work, reading, writing – any activities requiring sitting without speaking). 

Resistance exercises 
(self-selected sets, repetitions and weights on any of 12 TechnoGym training equipment)
	20 mins on sedentary activities, 25 mins on resistance exercises activities
	Fitbit Flex (wrist)
Polar Loop (wrist)
Misfit Shine (wrist)
Nike+ Fuelband SE (wrist)
Jawbone JU24 (wrist)
	none declared 
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, equivalence testing, mean bias

	Bai et al. (2018) [4]
	Healthy adults

Convenience sample from University and surrounding community
	n= 39
32 (11) yrs
41%
	Sedentary activities
(seated at a desk using laptop, read book or use phone).

Activities of daily living
(folding laundry, sweeping, moving light boxes, stretching, slow walking)
	20 mins on sedentary activities, 25 mins on free-living activities
	Apple Watch 1 (wrist)
Fitbit Charge HR (wrist)
	none declared 
	Indirect calorimetry
	Bland-Altman plots, MAPE, correlation, equivalence testing, mean percent error, RMSE

	Bassett et al. (2000) [5]
	Healthy adults

Convenience sample from University and surrounding community
	n= 81 
40 (15) yrs
53%
	1 to 9 activities from 6 broad categories of;
Yardwork, occupation, housework, family care, conditioning, recreation
	15 mins/activity. 12 for each activity
	Yamax SW701 (waist)
	Body mass and stride length
	Indirect calorimetry
	Bland-Altman plot, correlation, t-tests, error score

	Boudreaux et al. (2018) [6]
	Healthy adults

Convenience sample. Not further declared
	n= 50
22 (3) yrs
56%
	Resistance exercises
(chest press, latissimus dorsi pulldown, leg extension, leg curl)
	2 mins/stage
	Apple Watch Series 2 (wrist)
Fitbit Blaze (wrist)
Fitbit Charge 2 (wrist)
Polar PH7 (chest)
Polar PA360 (wrist)
Garmin Vivosmart HR (wrist)
TomTom Touch (wrist)
	Sex, age, height, and weight
	Indirect calorimetry
	ICC, MAPE, t-test

	Brugniaux et al. (2010) [52]
	Healthy adults

Convenience sample of regular hikers
	n= 31
44 (7) yrs
52%
	9.7 km hike in France carrying a 4-5 kg backpack Total ascent and descent of 130 meters
	≈ 5 km/h
	Polar AW200 (wrist)
	Activity, altitude changes, weight, height, age, sex
	Indirect calorimetry (performed in only 5 participants - criterion calculated for remaining sample)
	Bland-Altman plot, correlation, regression, t-test, mean bias

	Chowdhury et al. (2017) [7]
	Healthy adults

Not declared
	n= 30
27 (6) yrs
50%
	Sedentary activities
(seated typing on laptop).

Activities of daily living
(simulated loading and unloading of dishwasher, sweeping)
	5 mins/activity, 
	Apple Watch (wrist) Microsoft Band (wrist)
Fitbit Charge HR (wrist)
Jawbone UP24 (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, mean absolute error, mean percent error, RMSE, correlation, ANOVA, equivalence testing

	Dannecker et al. (2013) [9]
	Healthy adults

Convenience sample from two communities
	n= 19
27 (7) yrs
47%
	Sedentary activities
(watching tv, lying on bed, computer work).

Activities of daily living
(sweeping, standing) 
	20 mins/activity
	Phillips DirectLife (hip) 
Fitbit Tracker (hip)
	Fitbit: annotation of activities via web-based software
	Indirect calorimetry
	RMSE, percent RMSE, ANOVA, mean standard error

	Gilgen-Ammann et al. (2019) [15]
	Healthy adults

Convenience sample of inactive, active and endurance athletes. Not further declared
	n= 30
30 (5) yrs
50%
	Sedentary activities
(seated reading).

Activities of daily living
(wiping the floor, hanging out laundry, self-controlled strength training, ballgames (individually))
	10 mins/activity
	Polar Vantage M (wrist)
	Relevant 'modes' (e.g. running) selected. Participants anthropometrics, resting HR, HRmax, and VO2max values 
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, equivalence test, absolute percent error, mean absolute error with regression

	Godino et al. (2020) [16]
	Children

Convenience sample from class announcements and email lists
	n= 60
10 (1) yrs
52%
	Sedentary activities
(sitting quietly, listening to music, playing games).

Activities of daily living
(agility drills) 
	5 mins/activity
	Fitbit Charge HR (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, MAPE, t-test, regression,

	Hendrikx et al. (2017) [17]
	Healthy adults

Not declared
	n= 29
41 (14) yrs
52%
	Sedentary activities
(watching TV, desk work, lying down).

Activities of daily living
(washing dishes, folding towels, vacuum cleaning, standing)
	Rest: 15 mins, other activities: 3 mins/activity
	Phillips Health Watch (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, MAPE, equivalence test, MAE

	Herkert et al. (2019) [18]
	Coronary artery disease or heart failure

Convenience sampling from outpatient clinics, randomly selected from a list of patients participating in previous studies
	n= 38
63 (7) yrs
18%
	Sedentary activities
(sitting, typing).

Activities of daily living
(standing, table cleaning, unloading dishwasher, climbing stairs)
	10 mins/activity
	Fitbit Charge 2 (wrist)
Mio Slice (wrist)
	Mio Slice: 'Workout' mode activated 

Fitbit Charge: sex, age, height, and weight
	Indirect calorimetry
	Bland-Altman plot, ICC, RMSE, t-test

	Imboden et al. (2018) [20]
	Healthy adults

Not declared
	n= 30
49 (19) yrs
50%

	Sedentary activities
(lying, watching tv, computer use, writing, reading, playing cards).

Activities of daily living
(standing, dusting, sweeping, vacuuming, folding laundry, making bed, picking up items, gardening)
	2 – 15 mins/activity
	Fitbit Flex (wrist)
Fitbit One (waist)
Fitbit Zip (waist)
Jawbone UP24 (wrist)
	Sex, height, weight and age.
	Indirect calorimetry
	Bland-Altman plot, MAPE, percent bias, correlation, ANOVA/t-test

	LaMunion et al. (2020) [24]
	Children and adolescents 

Convenience sample from community
	n= 100 (89 with any data) 
12 (3) yrs
51%
	Sedentary activities
(supine rest, sitting, using the internet, reading a book, playing computer games).

Activities of daily living
(sweeping, dusting, playing catch with a football, self-paced stair climbing, playing soccer, 
playing basketball, self-paced jumping jacks)
	Participants selected ≥12 of 21 activities. Duration was 
self-determined at 2-15 minutes. At least 40 mins had to be 
sedentary
	Devices were not worn on manufacturer specified locations due to the amount of devices being examined

Apple Watch 2 (wrist)
Mymo Activity Tracker (waist)
Misfit Shine 2 (waist and shoe)
Fitbit Charge 2 (wrist)
Samsung Gearfit (wrist)
	Not specifically specified beyond: ‘All device profiles were updated before each trial using the participant’s demographic information.’
	Indirect calorimetry
	Bland-Altman plot, MAPE, t-test, ANOVA

	Lee et al. (2014) [25] 
	Healthy adults 

Convenience sample from University and surrounding community
	n= 60
26 (6) yrs
50%
	Sedentary activities
(reclining, computer writing).

Activities of daily living
(stairs, stationary bike, elliptical exercise, wii, basketball)
	5 mins/activity
	DirectLife (chest)
Fitbit One (waist)
Fitbit Zip (waist)
Jawbone UP Band (wrist)
NikeFuel Band (wrist)
Basis B1 Band (wrist)
Bodymedia Fit (arm)
	Devices were initialized with age, sex, height, weight, handedness, smoker/non-smoker
	Indirect calorimetry
	Bland-Altman plot, MAPE, equivalence test, correlation, RMSE

	Lemmens et al. (2018) [27]
	Pregnant women (12-35 weeks pregnant)

Women referred through primary care. Not further declared
	n= 51
31 (5) yrs
100%
	Sedentary activities
(sitting, desk work).

Activities of daily living
(stacking groceries, vacuuming, folding towels, cooking or washing dishes, cleaning table, yoga, stairs, outdoor cycling)
	1-3 mins/activity
	Optical Heart Rate Monitor based on technology in Phillips Cardio and Motion monitoring Module, CM3-Generation-1 (wrist)
	none declared
	Indirect calorimetry
	Bland-Altman plot, equivalence test, RMSE, mean bias

	Morris et al. (2019) [53]
	Healthy adults 

Convenience sample from University and surrounding community
	n= 47
28 (11) yrs
53%
	Resistance exercises
(body weight squats, push-ups, sit-ups, body weight lunges, pull-ups, running in place, high-knees, box step-ups)
	15 mins, 12 repetitions per exercise, as many exercises as possible.
N for each activity ranges from 10 to 30.
	Fitbit Charge (wrist)
Fitbit One (hip)
Nike Fuel Band (wrist)
Jawbone UP Move (hip)
	none declared
	Indirect calorimetry
	Correlation, MAPE, ANOVA, equivalence test, ICC

	Murakami et al. (2016) [54]
	Healthy adults 

Not declared
	n= 21
32 (10) yrs
57%

	Simulated day consisting of eating, watching TV, using a computer, cleaning, walking on treadmill, sleeping
	24 hrs
	Fitbit Flex (wrist)
Jawbone UP24 (wrist)
Misfit Shine (wrist)
Epson Pulsence PS-100 (wrist)
Garmin Vivofit (wrist)
TANITA AM-160 (pocket)
OMRON CaloriScan HJA-403C (pocket)
Withings Pulse O2 (waist)
	none declared
	Whole-room indirect calorimetry
	Correlation, mean difference

	Murakami et al. (2019) [55]
	Healthy adults 

Not declared
	n= 21
32 (10) yrs
57%
	Simulated day consisting of eating, watching TV, using a computer, cleaning, walking on treadmill, sleeping
	24 hrs
	Fitbit Flex (wrist)
Jawbone UP24 (wrist)
Misfit Shine (wrist)
Epson Pulsence PS-100 (wrist)
Garmin Vivofit (wrist)
TANITA AM-160 (pocket)
OMRON CaloriScan HJA-403C (pocket)
Withings Pulse O2 (waist)
	none declared
	Whole-room indirect calorimetry
	MAPE, correlation, mean difference

	Nelson et al. (2016) [56]
	Healthy adults 

Convenience sample from University
	n= 30
49 (19) yrs
50%
	Sedentary activities
(lying down, watching TV, writing, reading, playing cards, using computer).

Activities of daily living
(standing, dusting, sweeping, vacuuming, laundry, making bed, picking up from floor, gardening)
	Lying: 10 min; all others: 5 mins/activity
	Fitbit One (hip)
Fitbit Zip (hip)
Fitbit Flex (wrist)
Jawbone UP24 (wrist)
	Age, sex, height, weight
	Indirect calorimetry
	MAPE, mean absolute error, RMSE

	O'Driscoll et al. (2020a) [34]
	Healthy adults 

Weight Loss Maintenance study and convenience sample from Community
	n= 59
44 (14) yrs
69%

	Activities of daily living
(‘folding’, sweeping)
	5 mins/activity
	Fitbit Charge 2 (wrist)
	Sex, age, height and weight
	Indirect calorimetry
	Bland-Altman plot, MAPE, correlation, RMSE, mean difference, equivalence test, mean absolute error, absolute percent error

	Reddy et al. (2018) [39]
	Healthy adults 

Convenience sample from University community
	n= 20
28 (6) yrs
55%
	Sedentary activities
(sitting/lying)

Activities of daily living
(washing dishes, loading/unloading dishwasher, sweeping or vacuuming, organizing a room, scrubbing wall, carpet, and floor, climbing stairs).

Resistance exercises
(dumbbell bicep curls, Romanian deadlifts, Bulgarian split squat, dumbbell bench press, dumbbell shoulder press, and dumbbell step ups, 2 sets of 8 repetitions)
	3 mins/activity. Resistance exercise to completion
	Garmin Vivosmart HR+ (wrist)
Fitbit Charge 2 (wrist)
	Appropriate exercise modes used (running or cycling)
	Indirect calorimetry
	Bland-Altman plot, correlation, t-test, ANOVA, mean relative error, MAPE

	Reeve et al. (2013) [57]
	Healthy adults 

Convenience sample from University community
	n= 18
23 (5) yrs
39%
	Resistance exercises
(squat, bench press, lunge, bent-over row, shoulder press, calf raise, bicep curl, triceps extension and abdominal curl)
	10 repetitions, 3 sets, 70% estimated 1RM
	BodyMedia FIT (arm)
	not declared
	Indirect calorimetry
	Correlation, percent mean change, typical error

	Reis et al. (2019) [58]
	Healthy adults 

Convenience sample from four fitness centres
	n= 56
28 (5) yrs
0%
	Resistance exercises
(half squat, 45˚ inclined leg press, leg extension, horizontal bench press, 45˚ inclined bench press, lateral pull down, triceps extension and biceps curl)
	Two exercises were randomly assigned to each group and subjects performed four bouts of 4-min constant-intensity at each assigned exercise: 12%, 16%, 20% and 24% 1-RM
	Polar V800 (not declared)
	none declared
	Indirect calorimetry
	Bland-Altman plot, correlation, regression

	Sasaki et al. (2015) [41]
	Healthy adults 

Convenience sample from University community
	n= 20
24 (5) yrs
50%
	Three activity clusters;
1. office work, driving, carrying a box, carrying groceries, stairs. 
2. cycling, golf, tennis and basketball. 
3 dusting, laundry, vacuuming, raking, gardening
	4 mins/activity, driving was 11 mins. 
Participants were assigned to one of three routines.

	Fitbit Classic (waist)
	Sex, age, height and weight
	Indirect calorimetry
	Bland-Altman plot, correlation, t-test, mean percent difference

	Woodman et al. (2017) [59]
	Healthy adults

Convenience sample from University and surrounding community
	n= 28
26 (4) yrs
29%
	Sedentary activities
(supine rest, seated rest, computer usage in seated position, folding clothes in seated position)

Activities of daily living
(sweeping floor, treadmill walking climbing stairs, overground walking, overground running, overground cycling outside on a standard bicycle, ergometer cycling)
	Supine rest: 10 mins, all other: 5 mins/activity
	Basis Peak (wrist)
Garmin VivoFit (wrist)
Withings Pulse (3 devices, wrist, shirt collar, and right hip)
	Basis Peak and Garmin VivoFit: Sex, age, height and weight.

Withings Pulse: no information required
	Indirect calorimetry
	Bland-Altman plot, MAPE, ANOVA,

	Yavelberg et al. (2018) [49]
	Healthy adults
Individuals with Type 1 diabetes 

Not declared
	n= 5 – 7
25 (8) yrs
Not declared
	Resistance exercises
(marching on the spot with high knees, squat with a front sweep using a medicine ball swinging between the legs and over the head, jumping jacks, a quadruped motion (palms flat on the floor, extending 1 arm and opposite leg simultaneously),  push-ups, forearm plank, squats with medicine ball placed at chest height shelf)
	Exercises ranging from 20 to 60 seconds
	Garmin Vivofit2 (wrist)
Mio Fuse (wrist)
	None declared
	Indirect calorimetry
	T-test





Supplemental Table 4: Studies using Free-Living Protocols. ICC; intraclass correlation coefficient, MAPE; mean absolute percent error, RMSE; root mean square error, CV; coefficient of variation.
	Author (year)
	Target population & Recruitment
	N
age (SD) or range
females/males
	Types of activities
	Index device (placement)
	Specified inputs to index device
	Criterion
	Statistical comparison

	Kinnunen et al. (2019) [60]
	Healthy adults
 
‘Preferential’ random sample from volunteers participating in another research study  
	n= 15
30 (6) yrs
0%
	2x14 days free-living. During control period and last 14 days of strength-training condition in experimental study
	Polar Active
	Body height. Physical Activity Level reported by device multiplied by estimated REE using same equations as for the double labeled water.
	Doubly-labelled water
	Bland-Altman plot, correlation

	Murakami et al. (2016) [54]
	Healthy adults 

Not declared
	n= 21
32 (10) yrs
57%

	15 days free-living
	Fitbit Flex (wrist)
Jawbone UP24 (wrist)
Misfit Shine (wrist)
Epson Pulsence PS-100 (wrist)
Garmin Vivofit (wrist)
TANITA AM-160 (pocket)
OMRON CaloriScan HJA-403C (pocket)
Withings Pulse O2 (waist)
	none declared
	Doubly-labelled water
	Correlation, mean difference

	Murakami et al. (2019) [55]
	Healthy adults 

Not declared
	n= 21
32 (10) yrs
57%
	15 days free-living
	Fitbit Flex (wrist)
Jawbone UP24 (wrist)
Misfit Shine (wrist)
Epson Pulsence PS-100 (wrist)
Garmin Vivofit (wrist)
TANITA AM-160 (pocket)
OMRON CaloriScan HJA-403C (pocket)
Withings Pulse O2 (waist)
	none declared
	Doubly-labelled water
	MAPE, correlation, mean difference

	Ramirez-Marrero et al. (2005) [61]
	Children 

Not declared
	n= 12
8 (1) yrs
58%

	7 days free-living
	Yamax SW-200 Digiwalker
	The step counter was reset every morning after recording the number of steps the preceding day.
	Doubly-labelled water
	Linear regression, correlation

	Siddal (2019) [62]
	Healthy adults 

Convenience sample of British Army officer cadets
	n= 20
23 (2) yrs
50%
	10-days of military training. 
Training period encompassed a selection of typical military activities, including classroom‐based lessons and military‐specific exercise.

	Fitbit Surge HR (wrist)
	Sex, age, height and weight
	Doubly-labelled water
	Bland-Altman plot, equivalence testing, correlation, t-test
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