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Abstract
Background: Resting energy expenditure (REE) is a valuable measure in clinical management of obesity and other chronic

illnesses. Gold standard methods for measuring REE (e.g., Douglas bags and metabolic cart) are too expensive and cumbersome for
an outpatient clinical setting. The purpose of this study was to determine the accuracy of a handheld indirect calorimeter (HHIC) and
prediction equations (PEs) for measurement of REE in youth with and without obesity.

Methods: Fifty-three children and adolescents (12.8 – 4.3 years, 50.9% female) had REE measured first with a MedGem� HHIC
for 10 minutes, followed by a reference indirect calorimeter system (ParvoMedics TrueOne 2400�) with hood canopy and dilution
pump for 30 minutes. REE was also estimated using nine PEs as follows: Henry-1, Henry-2, Schofield, World Health Organization,
Molnar, Muller, Herrmann, Schmelzle, and Harris–Benedict. Concordance correlation coefficients and Bland–Altman analyses were
used for comparisons among PEs, MedGem HHIC, and metabolic cart.

Results: The observed correlation between the HHIC and the reference system was rc = 0.89 with a mean bias of 2.27 – 3.41 kcal/
(kg$d) (9.1% – 14.7%). Regarding PE, Molnar had the highest agreement with the reference system [rc = 0.93, bias of
2.17 – 2.04 kcal/(kg$d); 9.8% – 8.1%], followed by Harris–Benedict (rc = 0.89; 13.8% – 8.9%), Henry-2 (rc = 0.89; 15% – 7.6%), and
Henry-1 (rc = 0.86; 16.7% – 7.3%). All PEs were less accurate for children with overweight/obesity.

Conclusions: Compared to PE, the HHIC provided more accurate REE estimates for children across the age and BMI spectrum,
although positive bias was present throughout. Difference in positive bias between the HHIC and the Molnar equation may be
clinically significant for youth with overweight/obesity.
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Introduction

M
easures of resting metabolic demand and caloric
needs have become an increasingly valuable tool
in clinical management of patients with obesity,1–4

obesity related comorbidities,5 pulmonary diseases,6,7 and
other chronic diseases.8–11 Total daily energy expenditure

(TDEE) consists of basal metabolic rate, thermogenic effect
of food, and energy expenditure associated with physical
activity.9

Basal metabolic rate, defined as energy expenditure
while fasting and in a state of complete rest immediately
after waking, accounts for 60%–75% of TDEE, while
resting energy expenditure (REE), defined as the energy
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required by the body to maintain physiological homeostasis
while fasting,9,12 accounts for 50%–70% of TDEE. In a
clinical setting, measurement of REE is preferred over
measurement of basal metabolic rate due to the ease of data
collection and the small differences in contribution to
TDEE.9,11 Unfortunately, the highest quality methods for
measuring REE (e.g., Douglas bags with an expiratory gas
analyzer, open or closed-circuit indirect calorimeters, and/or
direct whole body calorimeters) are large and cumbersome,
require a skilled technician with expertise in the field, and are
not cost-effective nor practical tools for clinical settings.13

Although validated prediction equations (PEs) based on
age, sex, and body weight offer a low cost, low skill alter-
native to direct assessment of REE, there are over 200
equations for estimating REE and they often lack accura-
cy.9,11 Some evidence suggests that PEs only account for
52%–89% of the variability associated with REE,13,14 may
require measures of fat free mass, and are often developed and
validated in normal weight and healthy individuals who are
not always generalizable to the pediatric patient population.

Small, portable handheld calorimeters, such as the
MedGem� device, offer a third option for clinical mea-
surement of REE. The MedGem is an indirect calorimeter
that measures oxygen consumption (VO2) in resting con-
ditions and estimates REE using a modified Weir equation.
This type of device is more cost-effective than gas ana-
lyzers or direct calorimetry devices, collects data quickly,
and requires little training. Although the device has been
validated in children, adolescents, and adults,4,9,13 some
studies have questioned its accuracy for youth, particularly
those with overweight or obesity.15,16

The objective of this investigation was to determine the
accuracy of a handheld indirect calorimeter (HHIC) vs. age-
specific PEs for measurement of relative REE in youth with
and without obesity and compare agreement with REE
measured by indirect calorimetry metabolic cart system. We
hypothesize that the HHIC will have greater accuracy in
measuring relative REE than the age-specific PEs.

Methods

Design and Subjects
In this single center, prospective, cross-sectional compar-

ative investigation, we recruited 53 youth, aged 6–21 years,
from The Children’s Mercy Hospital (CMH) outpatient
clinics and pediatric clinical research unit. The study was
approved by the CMH Institutional Review Board. Written
informed consent and assent were collected from parents and
children before participation in research-related activities.

Male and female subjects, considered medically stable,
with normal respiratory function, met BMI criteria for
normal (10–84th percentile for age), overweight (85–94th
percentile), or obese (‡95th percentile) weight status.
Subjects were asked to fast for at least 8 hours and refrain
from strenuous physical activity or exercise from when
they woke before arriving to their morning study visit.
Study visits took place between 7:30 am and 9:30 am. As

subjects arrived for the study visit, height (cm) was mea-
sured on a wall mounted stadiometer; weight (kg) was
measured on a ScaleTronix digital scale. Blood pressure and
oxygen saturations were collected using a GE ProCare 100–
400 series oscillometric sphygmomanometer. Subjects were
then placed in supine position on a standard hospital bed,
required to rest, without movement, for a minimum of 10
minutes before the start of the MedGem testing.

While resting, proper technique and instructions for
using both the metabolic cart (reference measure) and
HHIC REE methods were discussed with both subjects and
parents. To avoid fatigue from prolonged testing time, the
10-minute handheld calorimeter measurement was per-
formed first, followed by the 30-minute metabolic cart
measurement. Both devices were calibrated before mea-
surement. Depending on testing tolerance, subjects were
provided a 20–60 minute (mean 42 – 18) rest period be-
tween the two measures to minimize the chance of physical
fatigue impacting the results of subsequent measurements.

Subjects were permitted to use the restroom between
measurements but were required to rest, without move-
ment, for a minimum of 10 minutes before the metabolic
cart testing. All testing was performed with room lights on
to help prevent subjects from falling asleep during testing,
in room ambient temperature set to 21�C–23�C. During
testing, all subjects watched the same excerpt from a
children’s film to minimize external distraction, inhibit
restlessness, and standardize mental stimulation.

Reference Measure
The TrueOne 2400� (ParvoMedics, Salt Lake City, UT)

metabolic cart system with hood canopy and dilution pump
was used as the reference measure.17,18 Before data collec-
tion, the Parvo system was calibrated according to the man-
ufacturer’s recommendations. As the subject lay supine, a
clear hood with a plastic canopy was placed around the
subject’s head. Subjects were required to remain immobile,
without sleeping, throughout the 30-minute sampling process.

The first 5 minutes of data collection were excluded from
the analysis, and the 20-minute period with the least amount
of variability was used for analysis. Parents/guardians were
instructed to refrain from interacting with the subject while
the hood and canopy were on. The Parvo system measures
oxygen concentration with a paramagnetic analyzer and
measures carbon dioxide with an infrared, single beam,
single wave-length analyzer. Gas flow is measured with a
pneumotachometer with correction for lower flow rates.19,20

This system uses a mixing chamber to overcome intrabreath
fluctuations in oxygen and carbon dioxide.

Handheld Indirect Calorimeter
The MedGem HHIC (Microlife USA, Inc., Clearwater,

FL) was used to estimate REE. The MedGem is a stand-
alone, portable, indirect calorimeter that displays an estimate
of REE in kcal/day, based on a subject’s measured oxygen
uptake over the course of 10 minutes.4 Before data collection,
the MedGem device was calibrated according to the
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manufacturer’s recommendations. Although the device starts
to collect inspiratory and expiratory oxygen concentration
data once the first breath is detected, data from the first 2
minutes of collection are automatically excluded, allowing
the REE to be calculated with 8 minutes of data collection.

Subjects were instructed to maintain a supine position
with the MedGem analyzer resting on their chest, with one
arm supporting the device while the other arm rested by
their side. Data collection was performed using techniques
described by McDoniel.4 Briefly, oxygen concentration is
measured using a proprietary fluorescent-quenching sensor,
detecting the deactivation of ruthenium fluorescence in the
presence of oxygen. The degree of ruthenium fluorescence
suppression, or quenching, is directly proportional to the
concentration of oxygen. Ventilatory rate and direction is
determined through the difference in the transmission time
between the sending and receiving transducer.4 VO2 in mL/
min is automatically entered into a preprogrammed modi-
fied Weir equation with a fixed respiratory quotient (RQ) of
0.85 representing mixed-macronutrient metabolism.21,22

Prediction Equations
REE was estimated using the following eight PEs devel-

oped for children, adolescents, and adults: Henry-1,14 Henry-
2,23 Schofield,24 World Health Organization (WHO/FAO),25

Molnar,2 Muller,26 Herrmann,27 and Schmelzle.28 The
Harris–Benedict29 equation was also included in the analysis
due to its frequent use in clinical settings. Equations were
excluded if they require a value representing fat free mass,
which is not a variable commonly collected in outpatient
clinical settings.12 Since commonly used PEs developed for
children and adolescents were tested, only subjects <18 years
old were included in the PE analysis (n = 46).

REE Relative to Body Weight
Outcome data from the MedGem device, PEs, and Parvo

reference system were calculated in absolute terms (kcal/
day). Each subject’s absolute REE was divided by their
weight in kg and is presented in relative terms as kcal/
(kg$d). This approach was selected due to: (1) similar
patterns of change in relative REE and basal metabolic rate

Table 1. Descriptive Statistics

Total sample
(n 5 53)

Males
(n 5 26)

Females
(n 5 27)

Normal weight
(n 5 36)

Overweight/
obese (n 5 17)

Sex,
p-value

Weight
status, p-value

Descriptive characteristics

Age (years) 12.8 – 4.3 11.7 – 4.2 13.9 – 4.1 11.9 – 4.2 14.7 – 3.8 0.06 0.03

Sex 49.1% 50.9% 38.9% F 76.5% F 0.01

Weight (kg) 55.4 – 25.8 49.3 – 27.3 61.2 – 23.4 43.8 – 18.4 79.8 – 22.4 0.10 <0.01

Ethnicity 67.9% 76.9% 59.3% 77.8 47.1 0.17 0.03

White 32.1% 23.1% 40.7% 22.2 52.9

Non-white

Direct measures of REE [kcal/(kg$d)]

Parvo system 25.8 – 8.1 29.5 – 7.7 22.1 – 6.8 29.0 – 7.7 18.9 – 2.8 <0.01 <0.01

MedGem� 28.0 – 9.0 31.6 – 8.6 24.6 – 8.2 31.7 – 8.4 20.2 – 3.8 <0.01 <0.01

PEs [kcal/(kg$d)]

Henry-1 31.1 – 8.6 34.7 – 8.1 27.2 – 7.6 34.8 – 7.7 22.7 – 2.8 <0.01 <0.01

Henry-2 30.6 – 8.1 34.2 – 6.8 26.6 – 7.5 34.1 – 6.9 22.6 – 3.1 <0.01 <0.01

Schofield 31.1 – 8.7 35.5 – 7.6 26.3 – 7.3 35.0 – 7.3 22.1 – 3.3 <0.01 <0.01

WHO 31.5 – 8.4 35.2 – 7.7 27.4 – 7.4 35.1 – 7.4 23.3 – 2.3 <0.01 <0.01

Molnar 29.2 – 7.7 32.1 – 6.5 26.0 – 7.7 32.4 – 6.8 21.8 – 3.1 <0.01 <0.01

Muller 31.3 – 9.5 35.2 – 9.1 27.0 – 8.1 35.6 – 8.1 21.4 – 3.0 <0.01 <0.01

Herrmann 28.6 – 9.7 29.6 – 10.9 27.5 – 8.4 32.0 – 8.9 20.7 – 6.5 0.470 <0.01

Schmelzle 35.2 – 18.3 39.9 – 19.3 30.0 – 15.9 41.3 – 18.2 21.2 – 7.6 0.07 <0.01

Harris–Benedict 30.2 – 7.7 32.8 – 6.2 27.4 – 8.3 33.6 – 6.5 22.3 – 2.9 0.02 <0.01

Results are presented as percent or mean – standard deviation. REE data are reported as kcal/(kg$d). Chi-square analysis was used for

comparison between sex and weight status and ethnicity. Two sample t-tests were used for all other analyses. PE analysis only included subjects

who were £18 years old (n = 46).

F, female; PE, prediction equation; REE, resting energy expenditure; WHO, World Health Organization.
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relative to lean body mass with growth27,30–32; and (2) the
regular use of macronutrient and caloric recommendations
relative to kg of body weight in medical nutrition therapy
for metabolic and other chronic disease.

Statistical Analysis
Independent sample t-tests and chi-square analysis were

used to describe the sample. Agreement between REE esti-
mates from the MedGem device and PE vs. the Parvo refer-
ence system was calculated by computing the concordance
correlation coefficient for each comparison.33 In this com-
parison, the 45-degree line through the origin of a plot of one
set of measurements vs. another indicates perfect agreement
between measurements; the concordance correlation coeffi-
cient is a measure of fit about the 45-degree line, attenuated by
constant and/or proportional bias (i.e., a propensity of one
device or calculation to over- or underestimate relative to
another).

We further examined agreement between the MedGem
device and the Molnar equation by plotting their estimates
against the Parvo reference system, along with the 45-degree
line of perfect agreement, and generating a Bland–Altman
plot for each comparison. The Bland–Altman plots include
95% prediction limits for a newly sampled difference,
computed using the standard Gaussian-based formula; these
define an interval within which *95% of observed differ-
ences between measurements are expected to fall. Results
are presented for the total patient population (n = 53), as well
as subpopulations with normal weight status (BMI <85th
percentile for age; n = 36) and overweight/obese weight
status (BMI ‡85th percentile for age; n = 17).34

Results
Descriptive statistics is summarized in Table 1. Briefly,

the sample had a mean age of 12.8 years, 51% of the
sample was female, and 68% of the sample was non-

Hispanic white. Compared to children without obesity,
children with overweight/obesity were older (mean 14.7
vs. 11.9 years) and 76.5% female. Males had higher REE
compared to females, and REE was higher in participants
without obesity, irrespective of REE measurement method.

Concordance correlations between the Parvo reference
system and the MedGem were strong (rc = 0.89) (Fig. 1A),
with the MedGem tending to overestimate REE compared
to the reference system [mean bias 9.1% – 14.7%, 2.3 –
3.4 kcal/(kg$d)] (Fig. 1B). When analyzed by weight status,
the mean overestimation biases were greater for subjects
with normal weight [10% – 14.9%, 2.7 – 3.6 kcal/(kg$d)]
vs. subjects with overweight/obesity [7.3% – 14.7%, 1.3 –
2.6 kcal/(kg$d)].

Concordance correlations between the Parvo system and
REE PEs varied, ranging from rc = 0.51 to 0.93 (Table 2).
The Molnar equation demonstrated the strongest agreement
with the Parvo reference measure (rc = 0.93) (Fig. 2A), with
slight overestimation compared to the reference [mean bias
9.8% – 8.1%, 2.3 – 1.9 kcal/(kg$d)] (Fig. 2B). When ana-
lyzed by weight status, the mean bias for REE overestima-
tion by the Molnar equation was greater for subjects with
obesity/overweight [14.3% – 8.8%, 2.7 – 1.6 kcal/(kg$d)]
than those with normal weight [7.8% – 7%, 2.1 – 2 kcal/
(kg$d)] and higher than the MedGem.

Discussion
Despite the growing value of REE as a tool for treatment

of obesity1–4 and other chronic illnesses,5–11 there are no-
table inconsistencies in the literature regarding the most
accurate, feasible, and cost-effective method to measure
REE in children in a clinical setting. Our aim was to de-
termine the accuracy of a HHIC and PEs for measurement
of relative REE in youth, hypothesizing that the handheld
analyzer will have greater accuracy than the age-specific
PEs.

Figure 1. (a) Plot of MedGem� vs. Parvo. (b) Bland–Altman plot for MedGem vs. Parvo. RMR, resting metabolic rate.
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We found the handheld MedGem device to provide
reasonably accurate REE measurements for children and
adolescents with and without obesity. In our study, the
observed overestimation in REE by the MedGem com-
pared to the reference measure was much less in individ-
uals with overweight/obesity than those with normal
weight status [6.8% – 16.2%, 1.3 – 2.9 kcal/(kg$d) vs.
10.3% – 14.9%, 2.8 – 3.7 kcal/(kg$d), respectively].

Our observed overestimation of *2 kcal/(kg$d) is in
agreement with original pediatric and adult findings in
children and adults.4,9,13,35 Specifically, the mean bias
observed for the MedGem vs. the reference in our study
(9.1%) was similar to Fields et al.,16 which noted a positive
bias of 8%, but higher than the study by Nieman et al.,13,35

which found a negative bias of 1.2% in children. These
differences may be explained by notable methodological

differences between studies. Nieman et al. used Douglas
bags for collection of expired gasses, which are considered
the ‘‘gold standard’’ method for indirect calorimetry.35 In
this study, as well as the studies by Woo et al.,15 Fields
et al.,16 and Frankenfield and Coleman,36 standard meta-
bolic cart systems (ParvoMedics TrueOne 2400, Vmax
Encore VE29n, Deltatrac II, and Deltatrac MB101, re-
spectively) were used as reference measures for REE.

Although these metabolic carts are generally accepted as
appropriate reference systems,4 each comes with its own
degree of bias,37,38 which may be additive when comparing
REE results to another device, such as the MedGem. Since
the MedGem device only measures VO2, without measure
of CO2 production (VCO2), REE is calculated using a
modified Weir equation, which assumes a fixed RQ of
0.85. The difference between this assumed RQ and the RQ

Figure 2. (a) Plot of Molnar vs. Parvo. (b) Bland–Altman plot for Molnar vs. Parvo.

Table 2. Bias and Concordance Correlations Between Reference System
and Prediction Equations

Equation

Total sample (n 5 46) Normal weight (n 5 32) Overweight/obese (n 5 14)

Bias (%) Correlation Bias (%) Correlation Bias (%) Correlation

Henry-1 16.7 – 7.3 0.864 15.5 – 7.7 0.810 19.4 – 5.6 0.507

Henry-2 15.0 – 7.6 0.885 13.7 – 8.2 0.840 18.2 – 4.9 0.558

Schofield 16.4 – 7.5 0.863 16.6 – 8.5 0.788 15.8 – 5.0 0.626

WHO 18.4 – 7.7 0.845 16.7 – 8.0 0.790 22.2 – 5.4 0.451

Muller 16.2 – 8.1 0.853 17.9 – 7.7 0.765 12.4 – 7.9 0.654

Molnar 9.8 – 8.1 0.931 7.8 – 7.0 0.916 14.3 – 8.8 0.588

Herrmann 6.9 – 24.3 0.801 6.0 – 21.7 0.773 8.9 – 30.3 0.267

Schmelzle 26.1 – 41.5 0.510 33.6 – 43.9 0.378 9.0 – 30.0 0.428

Harris–Benedict 13.8 – 8.9 0.886 12.5 – 9.8 0.833 16.9 – 5.8 0.569

Prediction equation analysis only included subjects who were £18 years old. Bias as presented as a percent – standard deviation.
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measured by the reference device may be substantially
different depending on the reference device used (e.g.,
Douglas bag vs. metabolic cart). We observed that the
MedGem bias was 3.5% less in subjects with overweight/
obesity compared to subjects with normal weight.

This difference may be partially explained by differ-
ences in measured vs. assumed RQ, as a higher resting RQ
is expected for individuals with increased body weight and
fat mass.39 In our study, the mean RQ measured by the
Parvo metabolic cart was 0.896 (*5% higher than the RQ
assumed by the MedGem). However, when we applied a
fixed RQ of 0.85 to the measured oxygen consumption
generated by the Parvo system, the mean observed REE
was 25.73 kcal/(kg$d), which is 0.04 kcal/(kg$d) lower
than the mean reference REE generated by the Parvo.

Inconsistencies in trends toward over- or underestima-
tion of REE by the MedGem among studies may also be
secondary to variability in body position during REE
measurement. Nieman et al.13 assessed both the reference
measure and the MedGem while subjects were in a seated
upright position, with subjects holding the device, whereas
Woo et al.15 and Fields et al.16 assessed the reference
measure while supine and MedGem while seated upright,
with subjects holding the device. When Fields et al.16

tested the difference between the seated vs. supine posi-
tion, they found a 56 kcal/day difference between body
positions for the MedGem. Melanson et al. found that
holding the MedGem while seated resulted in a 60 kcal/day
increase in energy expenditure compared to the supine
position.40 To minimize external bias between the two
systems evaluated in our study, we specifically collected
both the reference measure and the MedGem measure
while subjects were supine, with the weight of the analyzer
resting on their chest.

Similar to Marra et al.,12 we found substantial differ-
ences in REE among the nine REE PEs evaluated. Much of
this variability may be explained by notable differences in
subject populations for which these equations were origi-
nally developed and validated. Of the nine equations tes-
ted, only Henry-2, Schofield, WHO, Muller, and Herrmann
were validated in a heterogeneous sample of youth, similar
to the population in our study. The other equations were
developed exclusively for adolescents (Molnar, Henry-1),
adults (Harris–Benedict), or specifically for youth with
obesity (Schmelzle).

Interestingly, although the Molnar equation was devel-
oped for children 10–17 years of age with normal or
overweight, but not obese weight status, it had the stron-
gest agreement with REE measured by the reference sys-
tem in our study population of 6–18 years old with weight
status across the BMI spectrum. When the MedGem and
the Molnar equation were compared, we found that both
overestimated REE compared to the reference system, but
the Molnar overestimated 0.65% more compared to the
MedGem. Importantly, the difference between the Med-
Gem and Molnar equation were highest for children with
overweight/obesity, for whom the Molnar equation pre-

dicted REE was 7.1% higher than REE measured by the
MedGem, with a correlation coefficient of only rc = 0.59
compared to the Parvo reference system. The correlation
coefficient for the Schmelzle equation, which was devel-
oped specifically for children with obesity, was even lower
compared to the reference system.

Although REE is typically reported as kcal/day, this
method may not be appropriate in youth. Absolute mea-
sures of REE increase as the child ages, while relative
measures of REE [kcal/(kg$time)] decrease secondary to
the expected 50%–60% reduction in basal metabolic rate
relative to lean body mass associated with aging.27,30–32

Studies suggest that expressing REE in relative terms may
aid clinicians in identifying individuals who are hypo- or
hypermetabolic by accounting for degree of variability in
body mass.41 In addition, it is common for clinical medical
dietitians to prescribe specific macronutrient and micro-
nutrient recommendations relative to kg of body weight.
Although we believe relative measures are superior to
absolute measures of energy expenditure in children and
adolescents, future studies to investigate this relationship
in youth and evidence-based recommendations are needed.

Limitations
This study has some limitations that should be ad-

dressed. Our sample size is modest (n = 53), but compa-
rable to other recent studies commenting on the validity of
the MedGem device for youth.15 Although the metabolic
cart system is highly regarded as a sufficient method for
measuring REE,17,18 technically, the Douglas bag method
has higher accuracy and is considered the ‘‘gold standard’’
for measuring REE. Specialized equipment is necessary
for expiratory gas analysis with a Douglas bag which is not
readily available/accessible. We elected to perform Med-
Gem testing first, to prevent participant fatigue before
MedGem administration, as the Parvo measurement re-
quires 30 minutes of participant cooperation. Thus, the
order of testing between MedGem and the Parvo system
was not varied or randomized, which is a limitation and
may have presented some bias between outcomes due to
order effects.

Conclusions
Measures of resting metabolic demand and caloric needs

have become an increasingly valuable tool in clinical
management of obesity and chronic illness. High quality
methods for measuring REE are too expensive and time
consuming for a clinical setting,13 where handheld devices
and PEs provide cost-effective alternatives. We conclude
that, compared to PEs, including ones developed specifi-
cally for children with overweight/obesity, the handheld
MedGem device provides the most accurate estimate of
REE for children across age and BMI spectrums, with a
small positive bias compared to the reference measure.
When using this device, clinicians should recognize that
there may be some overestimation of a child/adolescent’s
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REE, and if the data are used to recommend specific caloric
goals (in cases of weight management), some adjustment
or correction may be necessary. The Molnar equation may
also provide acceptable accuracy, as the overall discrep-
ancy in REE overestimation between the MedGem and
Molnar equation (0.65%) may not be clinically significant
for most children, but is likely to be significant for children
with overweight/obesity.
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