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Resting metabolic rate (RMR) accounts for about twicdshof total energy expenditure. The widely used
Harris-Benedict equations systematically overesem@MR. This study assessed overall reliability and
validity of a handheld indirect calorimeter, Body@heon a sample of women. Thirty healthy nurses
participated in this study with an age of 41.9 & $ears old and a body mass index of 24.0 + 2.&tkgrhe
Deltatrac Metabolic Monitor was used as the citennethod to validate BodyGem. Reliability was esteda
by repeated measures of BodyGem to test internabistency and stability. Analysis indicated that
measurements of Deltatrac and BodyGem are well ledexk (r = 0.76P < 0.001). The correlation coefficients
of two BodyGem RMR measurements were of large dtalissignificance (r = 0.96P <0.001, mean
difference = 15.855.8 Kcal/d). A significant difference (F = 3.88= 0.04) in repeated measures ANOVA and
post hoc revealed a difference between BodyGem aeithtftac. There was a systematic difference between
both methods (mean difference between BodyGem ariti2e = 36.4~52.2 Kcal/d). After adjustment of
additional energy demand by holding BodyGem in jpmsjtthe difference became non-significant (F 21B

= 0.22). Bland-Altman plots revealed that thereswep significant trend in both methods, and remkate
measurements of Bodygem. In conclusion, RMR obtaingidg the BodyGem has a high degree of
reproducibility and an acceptable validity compatedhe Deltatrac. Further validity research igded in
Taiwanese women.
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Introduction and community settings. Therefore, there has bestroag
Daily energy expenditure is usually divided intoe thinterest in the development of a more sensitivey-¢e-use,
following three components: resting metabolic (&®®R), portable and accurate device to measure RMR, wtach
the thermic effect of food, and energy expendeeixiercise be used in non-laboratory settings. BodyGétealth Tech
and physical activity. Among these, RMR accounts for 6anc., Golden, CO), a small, hand-held device, iexample

to 75% of total daily expenditure in sedentary widlials, of such technology. Melansbrand Niemaff tested Body-
and shows little day-to-day variation. RMR is arportant Gem by comparing it with metabolic cart and Doudiag
factor of energy metabolism in humansThe principle of measurements and both showed that BodyGem provided
treatment of obesity is to keep calorie intake Wwetalorie valid and reliable measurements of RMR. HoweJssrd
expenditure. To achieve the desired weight lossiires) are few studies on the Asian population. At préserB
accurate measurement of energy expendfttireHence, it equations that were derived in 1910 and based en th
is important to assess RMR accurately in ordectoewe a Caucasians are still widely used in clinical angerk

negative balance of energyy. mental studies in Asia. HB equations overestimakRby
For clinical convenience, RMR is often estietatsing 10-15% in the United State$” ?and 15~20% in Asians.
predictive equations, such as Harris-Benedict (t§-Bgrn- In addition, H-B equations give the same RMR i

stein] Mifflin, *°* and World Health Organization (WH®) people of the same gender, age, body height anghtvei
equations, which involve variables such as heiglight, However, it is known that individuals differ in RMR
age, gender, and fat-free mass. However, only 30-@0
the variability in RMR is explained by these prdiic Correspondence address: Dr Nain-Feng Chu, MD, Department
equations?**  Indirect calorimetry is also used clinicallyof C3c5r;1msunity2 MCehdiCin% Tri-SR%rviNce_ aen?&}l Hoipi'tgwgn'\éo

R 7 0. , O€C. Z, eng-Gon , Nel-Au, lalpel,
to determine .RMRI”. However, not only does the currenf=- 886-2-8791-0506?Fax: %86_2_8791_0590p a
|n'd'|rect ga!orlmetry measure require highly skll!@bh- E-mail: chuepi@ndmetsgh.edu.tw
nicians, it is also costly and impractical for ma#hical Accepted 29th November 2005
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Accurate estimation of RMR is crucial to achieve anusing a ventilated hood system. This device colleots
energy metabolism balance. It is especially ingmurfor  tinuously the subjects’ Oand CQ concentrations in in-
the Asians to develop a reliable and individualized-  spired and expired air diluted in a constant aivfi@O0L
thod for measuring RMR. Therefore, the purposehisf t  air/min) generated by the analyzer. One-minuta datre
study was to evaluate the validity and reliabilif  taken for half an hour. For each set of data, tet 10
BodyGem on a sample of Taiwanese women. minutes were discarded and the mean value of tizefdia
the remaining 20 minutes was used in the calculatio
Materials and Methods
Subjects Anthropometry
Thirty volunteer nurses were recruited in the Wand~a Hgjght and weight measurements were taken withi-part
hospitals and _stratified into one of three bo_dysn'aslex cipant’s clothes and without shoes. Body weight was
(BMI) categories: normal, 19-22.9; overweight, 2B2  measured to the nearest 0.1kg on a calibratedcalini
and obese, 25 according to the World Health Organi- pajance scale. Body height was measured to thestea
zation definition of obesity for the Asia-Pacifioun- o 1¢m using a standard stadiometer. Body mass index
tries® Selection eligibility criteria included the follow (BMI; kg/m?) was calculated from the weight in kilo-
ing: apparently healthy women, age of 18 or abaee;  grams divided by the height in meters squared. Body
smoking, non-alcohol drinking, and not having b&en  composition was determined using a multiple freqyen
any recent weight reduction program (weight stéble  pjgo_jmpedance analysis (Inbody 3.0 Biospace Co, Ko-
the previous 4 months). Women who had been preliousea)2° Fat mass (FM) was calculated by multiplying per-
diagnosed as having diabetes mellitus, thyroidadise centage of body fat times body mass (kg). Fatfness

dysfunction, severe hypertension, or taking metioat pody mass (kg).

that could affect RMR were excluded. T3, T4, and TSH
were also checked to rule out thyroid disease. Stidy  giatigtical analyses
was approved by the Institutional Human Subjecti®@v  pata were analyzed using the SPSS for Windows sta-

jects gave written informed consent before paridipg.  pearson correlation coefficients were used to etalthe
relationship between the measurements obtainechéy t
Protocol two methods. A repeated measures ANOVA was em-

Subjects fasted, avoided caffeine beverages f@ast 8 ployed to test the dependability of BodyGem in mea-
hours, and abstained from strenuous exercise ftwo4s suring RMR. A significant overall F-statistic was
prior to the test. After arriving in the lab, sebjs were  followed by post hoc pairwise comparisons to determine
measured for their body height, body weight, and- pe which means differed significantly from the otherShe
centage of body fat and then rested quietly in mise pomoskedasticity was explored by inspection of Bfan
recumbent position for approximately 30 min in &0-i  Ajtman plot€' and quantified with Pearson’s correlations.
lated room with the temperature maintained aroufid.2  The results are expressed as me®BD+ A two-tailedP-

RMR was measured by the same technician using bo{fpjye of less than 0.05 was considered statisficsilj-
the BodyGem and an indirect caloriometry method,ificant.

(Deltatrac Metabolic Monitor, Datex Inc., Helsinki,

Finland) on the same morning (8:30 ~ 10: 30) tauced Reqits

the effect of diurnal variation. Two trials of Ba@¢mM  The volunteer women had a mean age of 42.0.0
and one of Deltatrac were made in a random ordér: S (21 3-54.8) years old and a mean BMI of 24.02.8
jects were given a break of 20-30 minutes betwestst (19 2-31.9) kg/rh Ten had a BMI less than 23, ten had a
During the break, subjects remained seated and weg\v| petween 23 and 25, whereas ten had a BMI greate

asked to remain awake and relaxed. than 25. The characteristics of subjects and tHerdift

) _ methods of predicting RMR among study subjects are
Resting metabolic rate measurements summarized in Table 1.
BodyGem Based on the RMR measurement of Deltatragethe

BodyGem is designed to measure the human RMR. Thgas a mean 20.0% overestimation (19.6% in the norma
principle of BodyGem has been described elsewhef®. group, 18.4% in the overweight group, and 22.1%hin
Each subject is asked to breathe through the dewtbea  pege group, F=0.3® = 0.72) of RMR predicted by the
disposable mouthpiece and a nose clip for a p@ide:  H.g equations among subjects. These results irelibat

12 minutes, during which the device measures the™®  the commonly used H-B equations overestimate RMR of
and content of the breaths, flow rate, oxygen conce {he Asians in all three BMI categories. It wouldgyeble-

tration, temperature, pressure, and humidity. TMRRS  matic if a weight loss program was based on sueh in
calculated from oxygen consumption and a fixed iFesp gccurate RMR predictions.

ratory quotient (RQ) of 0.85 using a modified Wegua- Concurrent validity is the degree to which Sueres
tion. on an instrument correlate with some external oite?”

) ) In this study, Pearson correlation analysis ingidahat
Deltatrac metabolic monitor the RMR measures from BodyGem (mean of two trials)

Deltatrac Metabolic Monitor is a continuous opercait  5nq Deltatrac are well related (r = 0.P6< 0.001).
indirect calorimetry for measuring energy expenditu
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Table 1. General characteristics of study subije
2 300F .
Mean (SD) Range E [— e ] +1.96 5D
Age, year 41.9 (9.0) 21-54 s 200k 2k
© o
Height, cm 158.9 (5.5) 147-170 E -oT . ;
Weight, kg 60.9 (9.3) 47.0-86.7 g 1001 Y o Mean
Body fat, % 35.8 (4.9) 24.3-45.1 o O' L Eg ° . 52 2
Body mass index, kg/m  24.0 (2.8) 19.2-31.9 g I . o
19-22.9, normal 21.2 (1.0) 19.2-22.2 £ 100 ° .
(N=10) 4 S 196 SD
23-24.9, overweight 24.0 (0.5) 23.3-24.9 § -200 , i , , , , , -158.7
(N=10) 900 1000 1100 1200 1300 1400 1500 1600 1700
Z(’2\151 ?Lt())()ase 27.0 (2.1) 25.1-31.9 Mean of BodyGem trial #2 and Dletatrac, Kcal/d
Resting metabolic
rate, kcal/d Figure 2. Bland-Altman plot depicting difference in resting
H-B equatiorf 1351.8 (106.9) 1162.5-1682.5 metabolic rate values between the Deltatrac and 8edy trial
#2 versus mean values. Solid line depicts the nuiffierence
BodyGem 1179.3 (142.9) 970.0-1640.0 between the methods and dotted lines 2 standaidtabas from
Deltatrac 1134.5 (136.1) 874.0-1450.0 this mean.

‘Resting metabolic
equations.

rate predicted by Harris-Benedict

In particular, for those with BMI greater than 2hge
correlation coefficient is up to 0.8% & 0.001). Besides,

kj/d (60 kcal/d) higher due to the energy demand fo
holding the BodyGem in position. In the currenidst,
after adjusting the estimated energy demand, tffe-di
rences between the Deltatrac and Body-Gem were no
longer significant (F = 1.6 = 0.22). Reliability can be

in order to determine the degree of agreement teetwe equated with the stability and consistency of asueag

three measurements (two trials of BodyGem and on&0

12 In this study, the correlation coefficient of two

Deltatrac), repeated measures ANOVA with post hodrials of RMR measurements by BodyGem was of large

pair-wise comparisons showed that there is a ttatily
significant difference (F=3.8B=0.04) between measure-
ments of Deltatrac and BodyGem trial #2. When m@tho
to-method differences were analyzed using BlandrAtft
plots, though there was no significant trend in twe-
thods (Fig 1 for BodyGem trial #1 vs. Deltatrac,ame
difference = 36.4+£106.3 Kcal/d, r = 0.029= 0.88; Fig 2
for BodyGem trial #2 vs. Deltatrac, mean differerce
52.2+107.0 Kcal/d, r = 0.1 = 0.40). The RMR mea-
sured by the BodyGem was higher than that by tH&abe
trac. It has been discussed in Melanson’s sfutlyat

statistical significance (r = 0.9€,<0.001), implying that
the instrument could obtain homogeneous resultallin
subjects. When trial-to-trial differences were lgned
using Bland-Altman plots, there was no significenend
in two trials of BodyGem (Fig 3, mean differencd 5.8
+ 55.8 Kcal/d, r = -0.24P = 0.20). These results indicate
a high degree of stability and internal consistency
BodyGem.

FFM, representative of the most highly metaadlly
active tissue, is a strong predictor of RMR. His study,
FFM was well correlated with RMR measured by the

RMR measures by the BodyGem was an average of 255BodyGem (r = 0.70P<0.001) and the Deltatrac (r = 0.65,

2 300F
2 +1.96 SD

g 200 . ] o 240.3
5 o
& 100} e .. % o .

' o o Mean
® gl o o'® @ 36.4
9 =] Uu o
£ 100} o
S SR S 196 SD
3 -200 [l . 1 . 1 D. 1 . 1 il 67-5|

800 1000 1200 1400 1600 1800

Mean of BodyGem trial #1 and Deltatrac, Kcal/d

Figure 1. Bland-Altman plot depicting difference in resting
metabolic rate values between the Deltatrac and Bedytrial
#1 versus mean values. Solid line depicts the noifference
between the methods and dotted lines 2 standarihtibes
from this mean.

P <0.001).
150 -
o
8 100 | e +1.96 SD
X a 93.8
8 ol S e
i of "o Mean
Y
= o 15.8
e 50| o
[0 o oo o
L}r)‘ un o o
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Figure 3. Bland-Altman plot depicting difference in resting
metabolic rate values between the BodyGem trial #d #2
versus mean values. Solid line depicts the meaferdiice
between the methods and dotted lines 2 standatidtabes from
this mean.
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Discussion method. This finding was compatible with Melanson’s
Results of the present study indicate that measemeof  study. Melansoret al*® proposed that RMR measured by
RMR obtained with the BodyGem are well correlatedthe BodyGem was an average of 255 kj/d (60 kcal/d)
with measurements obtained with the Deltatrac. Bodyhigher due to the energy demand for holding theyBod
Gem demonstrated a high degree of reliability betwe Gem in position. Controversially, Compher’s sttidse-
repeated trials. RMR measurements either by BodyGe vealed that the MedGem RMR measures are frequently
or Deltatrac were similarly correlated with FFMstaong  lower than Deltatrac measures. They attributed the
predictor of RMR. To our knowledge, this is thesfir difference to the assumption of RQ of 0.85, undetkair
study comparing this newly developed device to&st leaks around the mouthpiece or nose clip, and gnxie
in the Asians. In this study, there was a mea®%0. during performing MedGem. Further research is aded
overestimation of RMR using H-B equations compdoed before BodyGem can be used to replace the Deltatrac
that measured by Deltatrac. Our results confirmea t clinical population.
findings of an overestimation of RMR by the comnyonl We use the Deltatrac metabolic monitor as dhie
used equations among normal, overweight, and obederion method for evaluating the BodyGem. According
subjects (Fig 4§."122%5 previous reports and studi€s’*° Deltatrac is a reliable
method, and is accurate within 3% for gas excharge
RMR. Hence, it has been widely accepted as a stdnda
for measuring energy expenditdfe® 334
RMR and basal metabolic rate (BMR) are alwaged
interchangeably. In this study, RMR was measuftst a
an overnight fasting, so RMR was measured close to
BMR condition. Haugeret al.,*® used a protocol mea-
suring RMR in the morning (fasting 12 hours) andha
after-noon (fasting 4 hours) and found that a <Keal/d
difference in RMR. Since the difference betweenBM
and RMR was minimal and in order to avoid the con-
tamination of thermic effect of food, we designear o
Efsodycer protocol to measure RMR in the morning. Fasting&o
7 Haris-Be hours before testing is a reasonable requiremerd -
nical population.
There were several limitations to this studrst,
since we enrolled our subjects from nurses of thapttal,
Figure 4. Resting metabolic rate values measured by the the subjects were only women. Second, a widererariig
Deltat_rac, BodyGem, and predi_cted from the Harrisegiict subjects’ age and BMI is needed for a study ofdagion,
equations for three BMI categories. such as those who are malnourished, have morbisitgbe
or are old. Third, in this study, body compositivas

Cross-Buet al.,® supported the need for developing ameasured by a multi-frequency BIA, which might besl
portable, accurate device for measuring RMR atogg  accurate than DEXA. However, its usefulness inssng
side. Unlike those expensive and complicated nodiab the body composition has been documedtéti Last,
devices, BodyGem can be used in the field, offind a With respect to the validity of BodyGem, the asstiomp
home. This handheld device can be used easilytiges  ©f RQ of 0.85 may apply to healthy people but fiplea-
variety of health professionals to measure RMR. r@he tion and utility in malnourished people or peopléhw
are several recent publications on the validatibBarly- ~ coexistent medical problems may not be valid. Farrth
Gem. Melansonet al.,'® found the mean difference More, the Deltatrac metabolic monitor may be ma@ia
between measurements by BodyGem and a metabdiic cd@te to predict metabolic rate when compared witteo
to be only 46~101 kj/d after adjustment. Niedfare- methods.
ported that correlation coefficients for oxygen -con
sumption ranged from 0.81 to 0.87 when comparirtg da Conclusion
from the BodyGem to the Douglas bag and SEE rangel sum, the BodyGem provides a more accurate measur
from 22 to 28 mL/min. BodyGem seems to be a valid®f RMR than that predicted by the H-B equations. We
method as compared with the standard. Howevemala found that the BodyGem has a high reproducibility b
recent publicatiofl suggests that the reproducibility and repeated measurements, but its validity is jusepizable
validity of MedGem (Health-Tech, Golden, CO), anothe compared to the Deltatrac. Further research iseatbéal
type of handheld indirect calorimetry that was tifmai to ~ validate BodyGem in Taiwanese women.

BodyGem but differed on the display, was poor camgpa

to the Deltatrac method in a sample of women. Rassid Acknowledgement o .
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BodyGemA TE & ZH LR B EHERNBREM A4

REACEPR (RMR) £ B AER AR =42 —. HHE) 2K Harris-Benedict J7#E
THE RMR (B 45 R fhimr . ARV T B8N GE T, BodyGem -1l E —2H 0 LohE A
RMR FRIm] SEPERIA 2. 3% 30 AR 55 T HIiEsY, Wi FIa 41.9+9 2/, Bk
JUEIRECN 24.0 + 2.8 kg/m’. Deltatrac AR WEII#S RN A M2 gE K. HY
WEREELMe UMAEH SR —SEmiaett. 204 R KW, Deltatrac J7 kAl
BodyGem J7ikAHME BIf (r = 0.76, & 0.001), WX BodyGem JI%E RMR )45 B IRIAH < R %L
G AW EM S (r = 0.96, P <0.001, 3% 15.84+55.8 Kcal/d). FI ANOVA &
EERNEHEZSYEF = 3.81, P=0.04) < T H BodyGem Fl Deltatrac Jyyk[a] i) 2
Vo LEWIR IR ARG ZER (&P ZE 36.4752.2 Keal/d) , fEE EHK) T47
BodyGem J& nJ LA AIAMIRE R T2, —H MM ZEREBHAEZEF = 1.62, P =0.22),
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