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Abstract
Background:Indirect calorimetry measured via the traditional indirect calorimeter is considered the “gold standard” for determining resting
metabolic rate (RMR). Portable devices for assessing RMR are a less expensive option for measuring RMR in the clinical setting. This
pilot study tested the reliability and validity of a portable device for measuring RMR, specifically in overweight and obese adolescents.
Materials and Methods: Participants aged 17–19 years (n = 19) and ≥85th percentile on the Centers for Disease Control and Prevention
body mass index growth curves for age and sex were recruited from a university campus. Participants completed testing on a traditional
indirect calorimeter and a portable indirect calorimeter in a randomized order on 2 separate testing days. Results: A paired samples t test
comparing the means of the portable device and the traditional indirect calorimeter found no significant difference (P = .22). The testretest intraclass correlation coefficient for assessing RMR was 0.91, indicating reliability of the portable indirect calorimeter. Compared
with measured RMR, the Mifflin–St Jeor equation demonstrated 37% accuracy, and the Molnar equation demonstrated 57% accuracy.
Conclusion: This pilot study found portable indirect calorimetry to be reliable and valid for assessing RMR in an overweight and obese
adolescent population. In addition, this study indicates that portable indirect calorimetry may be an acceptable option for assessing RMR
in this population compared with the traditional indirect calorimeter or predictive equations. (Nutr Clin Pract.XXXX;xx:xx-xx)
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Indirect calorimetry measured via the traditional indirect calorimeter is considered the “gold standard” for assessing resting
metabolic rate (RMR).1 However, while it is typically done in
research settings, in clinical settings, dietitians often do not
have access to indirect calorimetry, primarily due to cost and
size.2 In the absence of indirect calorimetry, pediatric dietitians
often use predictive equations for RMR created for a pediatric
population,3–5 as well as equations that have been created for
overweight and obese pediatric populations5–7 to estimate
appropriate calorie needs. There is currently no consensus as to
which predictive equation to use in estimating RMR in overweight and obese youth. In addition, the predictive equations
available introduce wide variability in estimating energy
needs.8–11 While predictive equations do account for factors
such as height, weight, age, and sex, they do not account for
other factors that are known to significantly affect RMR (eg,
body composition, ethnicity, and critical illness).2,12 Given that
there is no consensus on the appropriate equation to use to
accurately assess caloric needs in overweight and obese adolescents, and there is wide discrepancy among equations,8–11
RMR should be measured rather than estimated.1,13
Portable devices for assessing RMR have been developed
for use in the office and clinic setting and have been validated

in adults and healthy-weight children.2,12–16 An advantage to
portable indirect calorimeters includes lower cost compared
with the traditional indirect calorimeter. For example, a metabolic cart may be about 3–5 times more expensive than portable devices.17,18 Another advantage is size and portability. A
portable indirect calorimeter may be half the size of a traditional metabolic cart, weigh one-third less, and is more easily
From 1Department of Nutrition, Georgia State University, Atlanta,
Georgia; 2Children’s Health Care of Atlanta, Aerodigestive Clinic,
Atlanta, Georgia; 3School of Nursing, Georgia State University, Atlanta,
Georgia; 4Department of Mathematics and Statistics, Georgia State
University, Atlanta, Georgia; and 5Department of Physical Therapy,
Georgia State University. Atlanta, Georgia. Dr Xiao’s current affiliation
is the Department of Mathematics and Statistics, Mississippi State
University, Starkville, Mississippi.
Financial disclosure: Funding was provided to S.T.H. through the
Byrdine F. Lewis School of Nursing and Health Professions Intramural
Grant Program.
Corresponding Author:
Sarah T. Henes, PhD, RD, LD, Department of Nutrition, Georgia State
University, Byrdine F. Lewis School of Nursing and Health Professions,
PO Box 3995, Atlanta, GA 303032-3995, USA.
Email: shenes@gsu.edu

Downloaded from ncp.sagepub.com at GEORGIA STATE UNIVERSITY on November 17, 2015

2

Nutrition in Clinical Practice XX(X)

transportable for the clinical setting.15,17,19,20 While these portable devices have been validated in obese and nonobese
adults, as well as in nonobese children,2,12,14–16 they have not
been tested for reliability and validity in an overweight and
obese adolescent population.
A traditional indirect calorimeter measures the volume of
an individual’s expired gas as well as the percentages of CO2
and O2 in that gas and is used to estimate RMR. Smaller portable devices do not have a CO2 sensor and instead measure O2
consumption, assuming that CO2 production is about 85% of
O2 consumption. This is usually a valid assumption under resting conditions ~4 hours after a meal.1
While all portable devices assess RMR by measuring O2
and estimating CO2 production, there is variety in the types
of portable indirect calorimeters available. Some devices are
handheld20 and have been extensively studied, but there are
conflicting reports on their validity. Many2,12,21,22 state that
the handheld device is valid in both adults and children,
while other studies suggest that it is not valid.23–25 Other portable indirect calorimeters are not handheld and use technology that is similar to the traditional indirect calorimeter
(ie, mixing chamber).15,26 This “hybrid” technology of
using a mixing chamber during gas analysis within portable
indirect calorimetry may provide an advantage to the handheld device.27,28 The KORR ReeVue (KORR Medical
Technologies, Salt Lake City, UT) is representative of a class
of portable indirect calorimeters designed to measure RMR
and that is not handheld.15
Validation studies for portable indirect calorimeters have
been conducted in healthy, ill, and obese patients; however, it
is important to note that most of these studies have been done
with an adult population.2,21–24 To date, only one other study
has validated a portable indirect calorimeter in a pediatric population, and this study did not include overweight and obese
youth.12 It is therefore important to validate these portable
devices within this adolescent population specifically. While it
is recommended to measure RMR with indirect calorimetry in
the clinical setting1,13 dietitians often do not have access to a
traditional indirect calorimeter, often due to cost. Thus, it is
clinically relevant to demonstrate validity and reliability of a
less expensive option for measuring RMR such as a portable
indirect calorimeter.
The purpose of this pilot study is to test the validity and reliability of a portable indirect calorimeter for measuring RMR in
overweight and obese adolescents. The clinical relevance of
this study is related to the importance of measuring RMR to
help determine more individualized and accurate calorie needs
when working with overweight and obese adolescents in the
clinical setting. It is expected that in demonstrating validity
and reliability of a portable indirect calorimeter for measuring
RMR in overweight and obese adolescents, we will begin to
establish the value of using this method for more accurate
nutrition and weight management recommendations for this
population in the clinical setting.

Methods
Participants were recruited from an urban university campus.
They were aged 17–19 years and were ≥85th percentile body
mass index (BMI; kg/m2) for age and sex on the Centers for
Disease Control and Prevention (CDC) BMI growth charts.29
The Georgia State University Institutional Review Board
approved the study, and informed consent was obtained from
all participants. A reliability protocol was developed such that
2 separate testing days were scheduled, typically about 1 week
apart, such that there would be no significant changes in body
weight or BMI within that time frame. Research participants
were also instructed to ensure that conditions prior to the test
(ie, fasting) and on the day of testing were consistent on the 2
testing days. RMR testing was performed on both the traditional indirect calorimeter and the portable device. Throughout
this article, the terms traditional indirect calorimeter and portable indirect calorimeter are used to describe each device.
Order of testing was randomly assigned. If on testing day 1, a
subject was randomly assigned to perform testing on the traditional indirect calorimeter first and testing on the portable indirect calorimeter second, this order was switched on the second
testing day.

Indirect Calorimetry
Cosmed Quark CPET. The Cosmed Quark CPET (Rome,
Italy) represents a class of indirect calorimeters (metabolic
carts) designed for cardiopulmonary exercise testing and for
assessing RMR.19 The Quark model uses metabolic gas analysis systems that allow for automated breath-by-breath
measurement of oxygen consumption (VO2) and carbon dioxide production (VCO2), technology that has been validated for
over 15 years.17 The system also uses mixing chamber gas
analysis. The Quark system has been validated in both healthy
and obese individuals.30,31
The Cosmed Quark CPET uses a paramagnetic oxygen sensor (O2) with a noted accuracy of ±0.02% and is one of the
most common types of O2 sensors used.17,19 The carbon dioxide sensor (CO2) is a nondispersive infrared (NDIR) type and
also has a noted accuracy of ±0.02%.19 The Cosmed Quark
dimensions are 17 × 30 × 45 cm with a weight of 5.9 kg. The
RMR flowmeter is bidirectional and with flow accuracy of
±2%.19 The Quark CPET is able to measure RMR for spontaneously breathing participants with a canopy hood. When the
canopy hood is used, the flow rate is measured directly via a
digital turbine flowmeter. Calibration is software assisted and
includes room air, standard gas (4% CO2 and 16% O2), and
flowmeter calibrations.
KORR ReeVue. The KORR ReeVue portable indirect calorimeter represents a class of portable devices developed to measure RMR and is not handheld (ie, by the patient), contains an
oxygen sensor (O2) for RMR measurement, and assumes an
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RQ of 0.83 with the Weir equation used for metabolic rate calculation.15,32 This technology has been validated in healthy and
obese adults.14,16,33,34 The KORR ReeVue uses a galvanic fuel
cell O2 sensor with a noted ±02% accuracy.32 The flowmeter is
a fixed-orifice differential pressure pneumotach type with a
noted flow accuracy of ±2% (similar to the turbine). Its dimensions are smaller than the traditional metabolic cart at 20 × 30
× 10 cm and weighs about 2.3 kg.32 The system also uses a
mixing chamber technology, and calibration is automated as
the device contains barometric, temperature, and relative
humidity sensors in addition to the O2 and flowmeter sensors.
Calibration of devices for the current study. For this study, the
traditional indirect calorimeter was powered on for a warm-up
of at least 15 minutes, and it was calibrated according to the
manufacturer’s guidelines. Before each test, calibration of the
CO2 and O2 analyzers was performed using room air and a certified calibration gas (16% O2/4% CO2). Calibration of the
RMR flowmeter was also performed using a certified 3-L calibration syringe. The portable indirect calorimeter was powered
on, and after a brief warm-up period, the device self-calibrated.
During this calibration, the device draws room air in and past
the O2 sensor. Once the O2 sensor has been calibrated, the system zeroes while no gas is passing through the flowmeter. This
calibration was done before each test.
RMR testing for each device. Research participants fasted
overnight (approximately 8 hours) and had not exercised for at
least 8–10 hours. Participants were also asked not to consume
any caffeine-containing products or stimulants that could alter
RMR. Prior to each test, participants were asked if they had
adhered to the testing protocol previously described, and each
participant’s weight was also measured. As recommended,
subjects performed each RMR test while seated in a semireclined position and in a quiet, lit room breathing as they
would normally breathe.1,35 Each research participant was in a
resting state before testing began.1,35 The same testing conditions applied for both the traditional indirect calorimeter and
the portable indirect calorimeter and for each RMR test. The
researcher who performed testing on each device was clinically trained in using the portable device and was also formally
trained on the traditional indirect calorimeter by the company
representative. For a given research participant, a single
researcher did all testing.
Testing for the traditional indirect calorimeter was performed for about 15 minutes, and research participants breathed
normally through a canopy hood. The first 5 minutes of data
were discarded, and data between 5 and 15 minutes for the
traditional indirect calorimeter were averaged as the final RMR
data (kcal/d) for each subject. Steady state was achieved during
this time frame (≤10% variability in VO2 and VCO2 over time).
Testing for the portable indirect calorimeter was performed for
about 10 minutes while participants breathed normally into a
mouthpiece with expandable tubing and with a nose clip in

place. A bacterial/viral filter was placed between the tubing/
mouthpiece (MetaBreather; KORR Medical Technologies, Inc,
Salt Lake City, Utah) and the air intake of the device. The
RMR data (kcal/d) were provided by the device, usually after
10 minutes or when the portable indirect calorimeter established that the test readings were stabilized.
Predictive equations used to estimate RMR. The Mifflin–St
Jeor equation is currently recommended for estimating RMR
in healthy-weight and obese individuals.36
This equation was developed from a population of healthyweight, overweight, and severely obese individuals aged 19–
78 years.36
Mifflin–St Jeor equation for estimating RMR in kcal/d (all
ages)37:
Male : 10 ( wt.) + 6.3 ( ht ) − 5 × age − 5
Female : 10 ( wt.) + 6.3 ( ht ) − 5 × age − 161
The Molnar equation was developed from a population of
overweight and obese adolescents and has demonstrated accuracy in this population compared with other equations.6,8,9
Molnar equation for estimating RMR in kcal/d (all ages)6:
Male : 50.9 ( wt.) + 25.3 ( ht ) − 50.3 ( age ) + 26.9
Female : 51.2 ( wt.) + 24.5 ( ht ) − 207.5 ( age ) + 1629.8
Data were analyzed using SPSS (version 21; SPSS, Inc, an
IBM Company, Chicago, IL). A paired samples t test was used
to compare the 2 devices and to assess validity of the portable
indirect calorimeter. The test-retest intraclass correlation was
used to determine reliability for each device. Agreement
between the 2 devices was assessed using Bland-Altman limits
of agreement testing.38 A paired samples t test was also used to
compare the VO2 of each device. Percentage of accurate predictions was calculated as the percentage of participants with estimated RMR within ±10% measured RMR with each device.

Results
Research participant descriptive data (n = 19) are provided in
Table 1. Most research participants were female (84%) and
African American (79%). Also, most participants (63%) were
in the “obese” category as defined by BMI ≥ 95th percentile
for age and sex on the CDC BMI growth charts. The reliability
protocol data indicate that the mean ± SD days between testing
days 1 and 2 were 6.7 ± 3.2. There were no differences in BMI
between testing day 1 (33.2; interquartile range [IQR], 29.4–
36.7) and testing day 2 (33.2; IQR, 29.6–37.1) (P = .80) or
weight (lbs.) between testing day 1 (196.8; IQR, 177.0–223.5)
and testing day 2 (197.6; IQR, 181.2–230.1) (P = .72). There
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Table 1. Participant Descriptive Data (n = 19).
Variable
Sex
Female
Male
Race
African American
Asian
White
BMI percentilea
85th–90th
90th–95th
≥95th
Age, y
18
19
20
Weight, lbs.
Height, in.
BMI,b kg/m2

No. or Median
(Interquartile Range)
16
3
15
1
3
3
4
12
5
5
9
196.8 (177.0–223.5)
65.0 (63.9–67.5)
33.3 (29.4–36.7)

BMI, body mass index.
a
85th–95th percentile = overweight; ≥95th percentile = obese.
b
Severe obesity in adolescents: BMI ≥35 kg/m2.

was one participant who, despite reporting that he followed
pretesting conditions, did lose weight (4.5 pounds within 1
week) between testing days 1 and 2. Thus, as weight loss did
not adhere to the reliability protocol, this participant’s data
were excluded from the reliability data analysis. The test-retest
intraclass correlation coefficient for the traditional indirect
calorimeter was 0.91 (95% confidence interval [CI], .76–.97)
and was 0.91 (95% CI, .76–.97) for the portable indirect calorimeter, indicating that both devices were reliable. When comparing the RMR between the 2 devices, there was no significant
difference (P = .22) (Table 2). Also, there was no significant
difference in VO2 when comparing the traditional indirect calorimeter and the portable indirect calorimeter (P = .08). The
Bland-Altman analysis comparing the 2 devices (Figure 1)
derived a mean bias of –32.1 kcal/d with limits of agreement
–222 and 161 kcal/d. This demonstrates little bias and limits of
agreement that are clinically acceptable.39
Compared with measured RMR (portable indirect calorimeter), the Mifflin–St Jeor equation demonstrated 37% accuracy
(within ±10%). This predictive equation overestimated RMR
(>110%) in 42% of participants and underestimated RMR
(<90%) in 21% of the participants. The Molnar equation demonstrated 57% accuracy (within ±10%). This predictive equation overestimated RMR (>110%) in 21.5% of the research
participants and underestimated RMR in 21.5% of the participants. Table 3 demonstrates the differences between measured
and predicted RMR (estimated with the Mifflin–St Jeor and the
Molnar equations) when comparing 2 research participants.

Both the Mifflin–St Jeor and Molnar equations predicted very
similar RMR estimations for participants of the same sex and
with similar age, height, and weight (1668.6 kcal/d and 1667.4
kcal/d per Mifflin–St Jeor equation and 1506.4 kcal/d and
1602.8 kcal/d per the Molnar predictive equation). Average
measured RMR for 1 participant was 1289.1 kcal/d, while the
other participant’s average measured RMR was 1828.2 kcal/d.

Discussion
While portable indirect calorimeters have been validated in
nonobese and obese adults, this is the first study to test the reliability and validity of a portable device for assessing RMR in
overweight and obese adolescents. The current pilot study
demonstrates that there was no significant difference in measured RMR (kcal/d) when comparing the portable indirect
calorimeter with a traditional indirect calorimeter. Data indicate that the portable indirect calorimeter used in this study is
both reliable and valid compared with the traditional indirect
calorimeter.
Many studies demonstrate the usefulness and improved
accuracy of using portable devices compared with using predictive equations.2,9,21,39–41 This current study, however, is the
first to assess the validity and reliability of a portable device
for assessing RMR specifically in an overweight and obese
adolescent population.
This current pilot study also illustrates that while predictive equations may be fairly accurate in estimating RMR in a
specific population as a whole, they do not account for individual variances. In this current study, accuracy of estimated
RMR using predictive equations was quite low (37% and
57%) compared with measured RMR for overweight and
obese adolescents. These results are similar to other studies.8–11 This study also demonstrates a clinically relevant
example of comparing predicted and measured RMR in 2
female individuals who “look” the same based on sex, height,
weight, and age but are, in fact, very different. While the predictive equations would estimate each patient’s RMR as
essentially the same, actual measured RMR was approximately 200–390 kcal/d lower in one participant and 155–270
kcal/d higher in the other participant. The clinical importance
of this is paramount and indicates that more accurate nutrition
recommendations may be determined by measuring an individual’s RMR rather than estimating RMR using predictive
equations in overweight and obese adolescents. Others drew
similar conclusions.9,11
This highlights the fact that predictive equations do not
account for other factors that may influence RMR such as
body composition or ethnicity. It is also interesting to note
that in the example provided, one participant was African
American while the other participant was white. This example highlights the importance of measuring RMR in the clinical setting, particularly in an overweight and obese adolescent
population.
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Table 2. Validity Data: RMR Measured in Overweight and Obese Adolescents via a Traditional Indirect Calorimeter and a Portable
Indirect Calorimeter (n = 19).
Variable
a

RMR traditional indirect calorimeter, kcal/d
RMR portable indirect calorimeter, kcal/d
Measured RQb
VO2 traditional indirect calorimeter, mL/minc
VO2 portable indirect calorimeter, mL/min
RMR Mifflin–St Jeor predictive equation, kcal/dd

Mean (SD)

Range

1662.7 (284.4)
1630.2 (315.7)
.79 (.04)
242.9 (41.3)
235.2 (45.1)
1751.7 (188.5)

1218–2262
1188–2290
.71–.88
176.2–326.9
171.0 –330.5
1450.9–2107.4

RMR, resting metabolic rate; RQ, respiratory quotient; VO2, oxygen consumption.
a
No statistically significant difference in RMR between traditional indirect calorimeter and portable indirect calorimeter (P = .22).
b
Measured via traditional indirect calorimeter. Portable indirect calorimeter assumes an RQ of 0.83.
c
No statistically significant difference in VO2 between traditional indirect calorimeter and portable indirect calorimeter (P = .08).
d
Statistically significant difference between Mifflin–St Jeor predictive RMR and RMR measured with both a traditional indirect calorimeter (P = .05)
and RMR measured with a portable indirect calorimeter (P = .02).

Figure 1. Bland-Altman plot of a traditional indirect calorimeter RMR vs a portable indirect calorimeter RMR. RMR, resting metabolic
rate in kcal/d. The solid black line indicates the bias line; the dashed lines indicate the confidence interval lines.

The implications of these data are important for the clinical
community. Currently, most dietitians base caloric targets for
weight loss in overweight and obese adolescents on estimations
derived from one of several equations, and there is currently no
consensus on what is the best equation to use in this population.
Data presented in this pilot study also highlight the importance
of individual variance and that most commonly used predictive
equations do not account for body composition, and none take

into consideration ethnicity. Predictive equations do not capture
the individuality of a patient’s RMR. The present study suggests that using a portable indirect calorimeter is a more accurate means of assessing RMR in an overweight and obese
adolescent population than using predictive equations.
A limitation is that the sample in this pilot study is small
(n = 19). Thus, it is important to conclude that further confirmatory tests need to be done. Also, while recruitment occurred on a
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Table 3. Measured and Predicted RMR: Comparison of Research Participants Similar in Sex, Age, Height, and Weight.a
Research Participant
Characteristic
Age, y
Sex
Race
Height, in.
Weight, lbs.
Mifflin–St Jeor predictive equation, kcal/d
Molnar predictive equation, kcal/d
Average measured RMR, kcal/db
Differences between measured and Mifflin–
St Jeor predicted RMR, kcal/d
Differences between measured and Molnar
predicted RMR, kcal/d

A

B

19
Female
African American
65
196.4
1668.6
1506.4
1289.1
–379.6

18
Female
White
64.5
196.8
1667.4
1602.8
1828.2
+160.8

–217.4

+225.4

RMR, resting metabolic rate.
a
Participants chosen based on sex, height, weight, and age and to demonstrate that predictive equations will estimate similar (if not the same) RMR for
both participants. Actual, measured RMR was very different for each participant even though predictive equations estimated that they would have similar
RMRs.
b
Average measured RMR calculated as the average of the RMR measured via the traditional indirect calorimeter and the portable indirect calorimeter.

college campus with an equal distribution of 17- to 19-year-old
males and females, most of the participants who volunteered for
this study were females (16 of 19 participants). A strength of this
study is that this is the first to evaluate reliability and validity of
a portable indirect calorimeter for assessing RMR in overweight
and obese adolescents.
Further research is needed to expand on the results found in
this study and to cover a wider age range. Other validation
studies have not noted results that differ based on sex,21,25 thus
there is no reason to consider that the current study would have
differences based on this parameter. There may be differences
in RMR assessment based on obesity status, as indicated in a
recent study by Frankenfield and Coleman.25 Therefore, it may
also be worth exploring further the comparisons of RMR
assessment with portable indirect calorimetry to predictive
equations in overweight and obese children and adolescents.
Finally, these data demonstrate a clinically relevant finding
such that measuring RMR with a portable indirect calorimeter
can account for individual variances that predictive equations
do not. Ultimately, this may lead to more accurate nutrition and
weight management recommendations on an individual basis
and possibly more successful outcomes when working with
overweight and obese adolescent patients in the clinical
setting.

Statement of Authorship
S. T. Henes and G. L. Warren contributed to conception/design of
the research; S. T. Henes, A. Johnson, M. Toner, K. Mamaril, M.
Kelkar, Y. Xiao, and G. L. Warren contributed to acquisition,
analysis, or interpretation of the data; S. T. Henes, A. Johnson, and
G. L. Warren drafted the manuscript; S. T. Henes, A. Johnson, M.
Toner, K. Mamaril, M. Kelkar, Y. Xiao, and G. L. Warren

critically revised the manuscript; S. T. Henes, A. Johnson, M.
Toner, K. Mamaril, M. Kelkar, Y. Xiao, and G. L. Warren agree to
be fully accountable for ensuring the integrity and accuracy of the
work. All authors read and approved the final manuscript.

References
1. Compher C, Frankenfield D, Keim N, Roth-Yousey L. Best practice methods to apply to measurement of resting metabolic rate in adults: a systematic review. J Am Diet Assoc. 2006;106:881-903.
2. Hipskind P, Glass C, Charlton D, Nowak D, Dasarathy S. Do handheld
calorimeters have a role in the assessment of nutrition needs of hospitalized patients? A systematic review of the literature. Nutr Clin Pract.
2011;26:426-433.
3. Energy and protein requirements: report of a joint FAO/WHO/UNU
Expert Committee. World Health Organ Tech Rep Ser. 1985;724:1-206.
4. Schofield WN. Predicting basal metabolic rate, new standards and review
of previous work. Hum Nutr Clin Nutr. 1985;39(suppl):5-41.
5. Institute for Medicine of the National Academies, Food and Nutrition
Board. Dietary Reference Intakes for Energy, carbohydrate, Fiber, Fat,
Fatty Acids, Cholesterol, Protein and Amino Acids. Washington, DC:
National Academies Press; 2005.
6. Molnar D, Jeges S, Erhardt E, Shutz Y. Measured and predicted resting metabolic rate in obese and non-obese adolescents. J Pediatr.
1995;127(4):571-577.
7. Lazzer S, Agosti F, De Col A, Sartorio A. Development of cross-validation of predictive equations for estimating energy expenditure in severely
obese Caucasian children and adolescents. Br J Nutr. 2006;96(5):973-979.
8. Hofsteenge GH, Chinapaw MJM, Delemarre-van de Waal HA, Weijs
PJM. Validation of predictive equations for resting energy expenditure in
obese adolescents. Am J Clin Nutr. 2010;91:1244-1254.
9. Henes ST, Cummings DM, Hickner RC, et al. Comparison of predictive
equations and measured resting energy expenditure among obese youth
attending a pediatric healthy weight clinic: one size does not fit all. Nutr
Clin Pract. 2013;28(5):617-624.
10. Klein CJ, Villavicenco SA, Schweitzer A, Bethepu JS, Hoffman HJ,
Mirza NM. Energy prediction equations are inadequate for obese Hispanic
youth. J Am Diet Assoc. 2011;111:1204-1210.

Downloaded from ncp.sagepub.com at GEORGIA STATE UNIVERSITY on November 17, 2015

Henes et al

7

11. Marra M, Montagnese C, Sammarco R, et al. Accuracy of predictive
equations for estimating resting energy expenditure in obese adolescents.
J Pediatr. 2015;166(6):1390-1396.
12. Nieman DC, Austin MD, Chilcote SM, Benezra L. Validation of a new
handheld device for measuring resting metabolic rate and oxygen consumption in children. Int J Sport Nutr Exerc Metab. 2005;15(2):186-194.
13. Academy of Nutrition and Dietetics. Pediatric weight management guidelines, major recommendations: recommendations summary, pediatric
weight management determination of total energy expenditure. Evidence
Analysis Library. http://www.andeal.org/template.cfm?template=guide_
summary&key=1457. Accessed May 31, 2015.
14. Sun S, Reynolds J, Erceg DN, et al. Validation of the ReeVue™ and
the CardioCoachCo2™ metabolic systems for measuring resting energy
expenditure. Med Sci Sport Exerc. 2009;41(suppl 15):42.
15. KORR Medical Technologies. ReeVue indirect calorimeter. http://korr.
com/products/medical-metabolic-rate-analysis-system/. Accessed May
31, 2015.
16. Orr J. Evaluation of a novel resting metabolic rate measurement system.
White paper. KORR Medical Technologies, Inc. http://korr.com/products/
medical-metabolic-rate-analysis-system/. Accessed May 31, 2015.
17. Macfarlane DJ. Automated metabolic gas analysis systems: a review.
Sports Med. 2001;31(12):841-861.
18. Melanson EL, Coelho LB, Tran ZV, Haugan HA, Kearney JR, Hill
JO. Validation of the BodyGem handheld calorimeter. Intern J Obes.
2004;28:1479-1484.
19. Quark CPET Brochure (English). Cosmed Pulmonary Function Equipment.
Quark CPET. http://www.cosmedusa.com/en/products/cardio-pulmonaryexercise-testing/quark-cpet-stationary-cpet. Accessed May 31, 2015.
20. Microlife Medical Home Solutions. MedGem. BodyGem. http://www.mimhs.
com/medgem/physicians/medgeminpractice/. Accessed May 31, 2015.
21. Glass C, Hipskind P, Cole D, Lobez R, Dasarathy S. Handheld calorimeter
is a valid instrument to quantify resting energy expenditure in hospitalized
cirrhotic patients: a prospective study. Nutr Clin Pract. 2012;27:677-688.
22. Stewart CL, Goody CM, Branson R. Comparison of two systems of measuring energy expenditure. JPEN J Parenter Enteral Nutr. 2005;29:212-217.
23. Compher C, Hise M, Sternberg A, Kinosian BP. Comparison between
MedGem and Deltatrac resting metabolic rate measurements. Eur J Clin
Nutr. 2005;59:1136-1141.
24. Hlynsky J, Birmingham CL, Johnston M, Gritzner S. The agreement
between the MedGem indirect calorimeter and a standard indirect calorimeter in anorexia nervosa. Eating Weight Disord. 2005;10:e83-e87.
25. Frankenfield DC, Coleman A. An evaluation of a handheld indirect calorimeter against a standard calorimeter in obese and non-obese adults.
JPEN J Parenter Enteral Nutr. 2013;13:652-658.
26. CosMed Pulmonary Function Equipment. FitMate Pro Portable desktop
metabolic system. http://www.cosmedusa.com/en/products/cardio-pulmonary-exercise-testing/fitmate-pro-desktop-cpet. Accessed May 31, 2015.

27. Holdy K. Monitoring energy metabolism with indirect calorimetry:
instruments, interpretation, and clinical application. Nutr Clin Pract.
2004;19:447-454.
28. Beijs C, Schep G, Breda E, Wijn PF, Pul CV. Accuracy and precision of
CPET equipment: a comparison of breath-by-breath and mixing chamber
systems. J Med Eng Technol. 2013;37(1):35-42.
29. Centers for Disease Control and Prevention. CDC growth charts: individual growth charts—body mass index (BMI) for age and gender.
http://www.cdc.gov/growthcharts/clinical_charts.htm. Accessed May
31, 2015.
30. Norris SR, Smith DJ. Examination of the performance of three metabolic measurement systems [abstract no.1493]. Med Sci Sports Exerc.
1999;31(5)(suppl):S302.
31. Blond E, Maitrepierre C, Normand S, Sothier M, Roth H, Laville M.
A new indirect calorimeter is accurate and reliable for measuring basal
energy expenditure, thermic effect of food, and substrate oxidation in
obese and healthy subjects. e-SPEN. 2011;6:e7-15.
32. KORR™ Medical Technologies, Inc. ReeVue™ Indirect Calorimeter
Model 8100: User Manual. Salt Lake City, UT: KORR Medical
Technologies; 2011:1-52.
33. Neiman DC, Austin MD, Benezra L, et al. Validation of Cosmed’s
FitMate™ in measuring oxygen consumption and estimating resting metabolic rate. Res Sports Med. 2006;14:89-86.
34. Neiman DC, Lasassao H, Austin MD, Pearce S, McInnis T, Unick J.
Validation of Cosmed’s FitMate in measuring exercise metabolism. Res
Sports Med. 2007;15(1):67-75.
35. Carfagno DG, Yusin J, Knowlton L. Metabolic testing in the office. Curr
Sports Med Rep. 2008;7(3):163-170.
36. Frankenfield D, Roth-Yousey L, Compher C. Comparison of predictive
equations for resting metabolic rate in healthy nonobese and obese adults:
a systematic review. J Am Diet Assoc. 2005;105:775-789.
37. Mifflin MD, Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO. A new
predictive equation for resting energy expenditure in healthy individuals.
Am J Clin Nutr. 1990;51:241-247.
38. Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat Methods Med Res. 1999;8:135-160.
39. Van Loan, MD. Do hand-held calorimeters provide reliable and accurate
estimates of resting metabolic rate? J Am Coll Nutr. 2007;26(6):625-629.
40. Spears KE, Hyunsook K, Behall KM, Conway JM. Hand-held indirect
calorimeter offers advantages compared with predictive equations, in a
group of overweight women, to determine resting energy expenditures and
estimated total energy expenditures during research screening. J Am Diet
Assoc. 2009;109:836-845.
41. Zieglar J, Rothpletz-Puglia P, Touger-Decker R, et al. Resting energy
expenditure in overweight and obese adults: agreement between indirect calorimetry and predictive formulas. Top Clin Nutr. 2010;25(2):
180-187.

Downloaded from ncp.sagepub.com at GEORGIA STATE UNIVERSITY on November 17, 2015

