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measures
DLW method
– Lifson et al., 1955;

– (small animals) 1975;

- validation by Scholler et al., 1982;

- (premature infants, children, pregnant and lactating women, elderly, obese 
people, hospitalized patients);

– subject is administered a dose of stable isotope 2H218O, which (2H, 18O) 
equilibrates relatively quickly with body water (H, O);

– 2H is eliminated as 2H2O (breath, urine, sweat, perspiratio insensibilis), while the 18O is 
eliminated either as H218O (breath, ...) and as C18O2 (breathe only);

– difference between the two rates of elimination -> V’CO2 -> ME
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measures
DLW method

– RQ (= V’CO2 / V’O2) estimate -> accuracy:

. standard Western diet -> RQ estimate;

. food intake diary -> RQ estimate (i.e., food quotient ≈ RQ);

. indirect calorimetry -> RQ
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measures
DLW method

DLW method issues

– inability to discriminate the contribution of individual PAs (types, amount, 
intensity of each type) to ME;

– costs: isotopes and tools to detect them (i.e., mass spectrophotometers) still 
have considerable costs;

– -> only 3-4 ÷ 21 d ME;

- unknown RQ -> 5% e

129



measures
DLW method

130



Accelerometer & PAR vs. DLW 2018 study example 1

131



Accelerometer & PAR vs. DLW 2018 study example 1

132



Accelerometer & PAR vs. DLW 2018 study example 1

133



Ac
ce

le
ro

m
et

er
 &

 P
AR

 v
s. 

DL
W 2018 study example 1

134



Accelerometer & PAR vs. DLW 2018 study example 1

135



Accelerometer & PAR vs. DLW 2018 study example 1

136



Accelerometer & PAR vs. DLW 2018 study example 1

137



Accelerometer & PAR vs. DLW 2018 study example 1

138



Wearables vs. DLW
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Date of download:  11/16/2018 Copyright © 2016 American Medical Association. 

All rights reserved.

From: Accuracy of Wearable Devices for Estimating Total Energy ExpenditureComparison With Metabolic 
Chamber and Doubly Labeled Water Method

JAMA Intern Med. 2016;176(5):702-703. doi:10.1001/jamainternmed.2016.0152

All 12 Wearable Devices on the BodyPhoto of all 12 wearable devices: Fitbit Flex, JAWBONE UP24, Misfit Shine, EPSON 
PULSENCE PS-100, Garmin Vivofit (wrist), TANITA AM-160, OMRON CaloriScan HJA-403C (hand-held), and Withings Pulse O2, 
OMRON Active style Pro HJA-350IT, Panasonic Actimarker EW4800, SUZUKEN Lifecorder EX, and ActiGraph GT3X (waist).

Figure Legend:  

Wearables vs. DLW

<- ?
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Second generation accelerometers

Accelerometer issues

– SINGLE-SITE PLACEMENT;

– waist placement -> PA underestimate during upper limb movement, standing, 
vertical activity (i.e., climbing stairs, uphill walking), pushing or pulling 
objects, carrying loads (e.g., books or laptops), body-supported exercise (e.g., 
cycling), water PA (e.g., swimming), running faster than 9 km/h, horizontal 
speed rapid changes activities (e.g., tennis)
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Second generation accelerometers

Ellis et al., 2014
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Solution?

– A combination of variables describing:


1) upper limbs-focused high frequency components (upper limbs 
movements feature sedentary PA);

2) a trunk-focused posture variable featuring locomotion;

3) lower limbs-focused high intensity components (lower limbs have 
largest, most powerful muscles);

Second generation accelerometers



measures

144

– More than ONE accelerometer together, as well 
(e.g., waist TriTrac-R3D + dominant arm wrist Actiwatch, 
Actiwatch + Actical, ...);


- accelerometers based activity logger:

. two (@sternum, front thigh) biaxial accelerometers + analog 
data-logger;

Culhane et al., 2004

Second generation accelerometers


