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Abstract

Practical methods of assessing resting energy expenditure (REE) could be useful in large
populations of overweight and obese individuals during phases of weight loss and weight-loss
maintenance to address weight regain. We compared predicted and measured REE using the
MedGem handheld device and a traditional, indirect calorimeter in middle-aged men and women
who were overweight and obese (body mass index =25.0 and <40.0). Each subject (n=88)
completed traditional, indirect calorimetry and handheld calorimetry in random order. A subset of
participants (n=10) completed each of these assessments at three different time points to examine
their test-retest reliability. We found that MedGem estimates of REE were significantly greater
than estimates with the traditional, indirect calorimeter and the predicted REE using the Harris-
Benedict equation (P<0.01). Intra-class correlations were .70 (P=0.15) for repeated recordings
with the MedGem and .84 (P=0.65) for traditional indirect calorimetry. The MedGem can
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overestimate REE in middle-aged overweight/obese individuals and has moderate test-retest
reliability. Indirect calorimetry is the preferred measurement of REE in this population.
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OBESITY IS A MULTIFACTOR, CHRONIC DISEASE AND has become a major public
health problem in the United States. Currently, 35.7% of US adults aged 20 years or older
are obese, and 69.2% are overweight and obese.! These data indicate a consistently
increasing rate of obesity from a prevalence of 22.9% in 1988 to 1994.12 Obesity is
associated with increased mortality and significant morbidity, including increased rates of
hypertension, cardiovascular disease, type 2 diabetes, stroke, biliary disease, and
osteoarthritis.® In addition, this risk of mortality associated with obesity increases with
higher body mass index (BMI).# These data highlight the growing epidemic of obesity in the
United States and the need for effective weight-loss interventions.

To lose weight, energy intake must be reduced to less than the energy utilized. It is desirable
to know the energy expenditure of individuals to design and monitor effective weight-loss
plans. Accurate assessment of energy intake would help facilitate one’s specific energy load
(ie, number of calories) necessary to lose weight or maintain weight loss; enrich and
enhance motivation to lose weight; increase willingness to adhere to long-term calorie intake
modification; and to adopt a lifelong activity program.>

Determination of energy requirements can be estimated or measured using a variety of
methods.87 Traditional, indirect calorimetry measures oxygen consumption (VO,) and
carbon dioxide (VCO,) production. The resting energy expenditure (REE; kcal/day) and
respiratory quotient (RQ) are estimated from the measured substrate oxidation rates.89 A
portable, handheld calorimeter, MedGem (HealthETech),10 has been developed for easy,
transportable assessment of one’s specific calorie requirements for the health fitness market.
Using proprietary sensors that measure oxygen consumption and airflow, the MedGem
device measures VO, for the determination of REE, applying a constant RQ of 0.85 and a
modified Weir equation. Prediction equations have been developed to estimate REE in
adults, such as the Mifflin-St Jeor and Harris-Benedict equations, of which the Harris-
Benedict equation is most commonly applied.11-13 The Harris-Benedict equation estimates
REE based on an individual’s weight, height, sex, and age.

Knowledge of energy expenditure can be an important and effective tool to use in weight-
management programs; however, the lack of practical, accurate methods to measure energy
expenditure can impede the effectiveness of weight-loss programs.® The primary aim of this
study was to compare different methods of assessing energy expenditure in overweight and
obese individuals.
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The study had a random-order, crossover design in which both assessments were tested in all
participants at the same visit. At study entry, the order in which subjects were tested (with
traditional indirect calorimetry and the handheld device) was determined by computer-
generated random-number list. To test reproducibility of instruments, a subset of subjects
(n=10) had repeated measurements, again in random order, within 5 days of the initial visit.

Study Population

Measures

Eighty-nine individuals between the ages of 35 and 64 years with a BMI >25.0 but <40.0
and no or stable chronic disease were recruited through institutional e-mail advertisements.
Participants were examined at the Massachusetts General Hospital Clinical Research Center
in Boston, MA, or the Clinical Research Center at Massachusetts Institute of Technology in
Cambridge, MA. Subjects were excluded if they had psychological barriers that could
potentially interfere with completing the indirect calorimeter measurements (eg,
claustrophobia); inability to hold the handheld mouthpiece; history of dental or facial
trauma; acute or chronic disease known to alter energy expenditure (eg, cancer, respiratory
distress, kidney disease, human immunodeficiency virus); use of steroids or weight-
reduction—enhancing medications; unstable chronic disease (eg, diabetes, hypertension,
hyperlipidemia); and, if female, pregnancy or nursing. Eligibility was determined by
telephone interview. From the original sample of 89 subjects, one subject’s BMI increased
to >40.0 after recruitment and the subject was excluded from data analysis. The
Massachusetts General Hospital and Massachusetts Institute of Technology Institutional
Review Boards approved the study and informed consent was obtained from each subject.

Anthropometric Assessment—Each subject underwent anthropometric measurements
of height, weight, waist circumference, and hip circumference. Height (cm) was measured in
triplicate using a Harpenden stadiometer (Croswell). Weight was assessed on a digital,
electronic scale and was recorded to the nearest 0.1 kg and BMI was calculated.
Circumferences were measured at the iliac waist and the broadest hip location (ie, around
the buttocks). Waist-to-hip ratio was calculated as the iliac waist measure relative to the
broadest hip circumference.

Energy Assessment—Indirect calorimeter assessments were obtained in subjects after a
12-hour fast and at least 24-hour abstention from physical activity of moderate or greater
intensity. A traditional, indirect calorimeter (Vmax 29N, SensorMedics) was calibrated
before use according to manufacturer’s specifications. While the participant rested with head
elevated at 45-degree angle, a canopy was placed over his head (allowing for uniform air
flow). Oxygen consumption and carbon dioxide production were measured for a minimum
of 20 minutes. Using the standard metabolic cart (Vmax29N), REE (kcal/day) and RQ were
calculated from the substrate oxidation rates.82 Of note, basal metabolic rates can vary by
populations, depending on population-specific factors, such as ethnicity, cardiovascular
fitness, and medical comorbidities.1>17 The MedGem?0 measures VO, for the
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determination of REE using an RQ constant of 0.85. The handheld MedGem consists of two
proprietary sensors that measure oxygen and air flow.

Total body composition was measured by dual-energy x-ray absorptiometry (DXA,;
QDR-4500A, Hologic Inc). A whole-body DXA scan was performed to determine body
composition, which is a validated measure of fat mass and lean body mass.18

A brief, self-administered questionnaire developed for this study was completed to rate
device preference and perceived benefit of knowledge regarding energy expenditure using
an ordinal scale.

Statistical Analysis

Data for continuous outcomes were presented as meanzstandard deviation and binary
outcomes were presented as counts and proportions. Difference in means between the
methods of REE measurements were examined using paired t tests. Repeated measures
analysis of variance and intra-class correlation coefficient (ICC) and 95% Cls were used to
evaluate the reproducibility of each method of REE over the three repeated measurements.1?
The ICCs are based on the repeated measures analysis of variance (or ICC=[means square
(between subjects)-means square (within subjects)]/[means square (between subjects)+MS
(within subjects)]. The Cohen effect size to detect a difference in mean levels at a 5% type-1
error rate with 80% power between two methods was d=0.3 for overall comparison using
both males and females. The effect sizes for sex-specific comparisons were d=0.35 for
analysis of males and d=0.61 for analysis of females. All tests were two-tailed and P<0.05
was considered statistically significant for all analyses.

RESULTS AND DISCUSSION

Clinical and Anthropometric Characteristics

Body weight and anthropometric characteristics are presented in Table 1. Subjects ranged
from overweight to obese, with mean BMI in the obese range and with no significant
difference between sexes. There were no differences between females and males for hip
circumference. Significant differences between sexes were observed for waist
circumference, waist-to-hip ratio, total body fat by DXA, and total lean body mass (kg) by
DXA (Table 1).

Energy Assessment

Of the 88 subjects, 45 were assigned to carry out the traditional, indirect calorimeter first,
then the handheld device. There were significant differences in MedGem results compared
with both measured resting energy expenditure (MREE) using a traditional indirect
calorimeter (P<0.0001) and predicted resting energy expenditure (PREE) based on the
Harris-Benedict equation13:20 (P<0.0001 for both) (Table 2). There was no significant
difference between MREE and PREE (P=0.61). The MedGem’s estimates of REE were
significantly higher (ie, 6%) than MREE and PREE for the total cohort and in the females,
with a trend for similar differences in the males (Table 2). In overweight subjects (BMI1=25
to 29.9; n=34), the MREE and PREE estimates were significantly higher than those with the
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MedGem (A=110.11; t=1.41; P=0.02 and A=109.26; t=1.56; P=0.03, respectively). This was
also true in the obese subjects (BM1=30.0 to 39.9, n=54) (A=111.74; t=—1.96; P=0.002 and
A=96.15; t=1.83; P=0.002, respectively). The measured RQ varied for males (0.90) and
females (0.86) based on the differences in measured VCO, and VO, (see Table 2).

For the repeated measures analyses (Figure), we found the MedGem ICC to be .70 (95% CI
0.38 to 0.91) and the mean levels were not significantly different (P=0.15). The ICC for
MREE using the traditional, indirect calorimetry was .84 (95% CI 0.61 to 0.95) and mean
levels were not significantly different (P=0.65). The ICC assesses the consistency, or
conformity, of measurements made by multiple observers (ie, independent visits/
assessments) measuring the same quantity (ie, REE).21 An ICC of 1 represents perfect
agreement, and a value of 0 means that there is no agreement at all. ICCs of 0to 0.2
typically indicate poor agreement; 0.3 to 0.4 indicate fair agreement; 0.5 to 0.6 indicates
moderate agreement; 0.7 to 0.8 indicates strong agreement; and >0.8 indicates almost perfect
agreement.2?

Acceptability of Energy Assessment

Both men and women preferred the traditional MREE procedure (61.4%) vs the handheld
MedGem. Usefulness of knowing energy assessment data was rated “very helpful”
(1.30+0.56 [1 standard deviation]), on a 5-point Likert scale with 1=very helpful) by 63
(72%) of the subjects. All the subjects rated knowledge of energy assessment between 1
(“very helpful™) and 3 (“helpful”) on the 5-point Likert scale. They were asked to rank three
situations (meal planning, activity, label reading) during which such knowledge would be
most helpful. Of these, meal planning was selected as the situation most likely to be helped.

Comparison of REE Assessment Methods

The present study found that a handheld device (MedGem) tended to overestimate REE
when compared with a traditional indirect calorimeter (Vmax 29N) and with a predictive
equation in a population of overweight/obese men and women aged 51.7+7.9 years (ie,
mean=1,726.9 kcal/24 hours with MedGem vs mean=1,615.8 kcal/24 hours for MREE, and
mean=1,625.7 kcal/24 hours for PREE). These comparisons were significant for the total
sample as well as women (P<0.001), but were only marginally different (P=0.053) for
males, perhaps because there were fewer males in the study or because of a small sample
size (n=23) (Table 2).

These data are consistent with other studies that have found the MedGem to produce
significantly higher measurements of energy expenditure than the indirect calorimeter.23.24
Melanson and colleagues found in overweight adults (n=41, 66% female; mean BMI=25.9
and 26.2 for males and females, respectively) that the repeated measured resting metabolic
rate was significantly higher using the MedGem than the standard metabolic cart (mean
difference=72 to 85+18 to 19 kcal/day).23 Another study assessing healthy subjects (n=17)
and subjects with cancer (n=18) (BMI range=18 to 42) concluded that the MedGem had
poor clinical agreement with a traditional indirect calorimeter (ie, VMax229).24 Specifically,
less than half of the cancer patients (46.7%) and only one third (33.3%) of healthy subjects
had measured REE with the MedGem within clinically acceptable limits of REE measured
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by indirect calorimetry. The MedGem can overestimate REE compared with the assessment
from metabolic carts, as participants are required to sit up and hold the MedGem mouthpiece
as opposed to lying down under a canopy. The latter condition allows participants to breathe
more normally. This might also explain why participants preferred the metabolic cart
measurement over the MedGem, particularly given that our sample was older than previous
validation studies. Older individuals might also have dentures or other dental issues that
make the MedGem mouthpiece more difficult to use, as well as potentially causing minor
loss of air exchange. Although the metabolic carts are the preferred measurement method
based on the results of our study, they are approximately the size of a desktop computer and
require daily calibration, whereas the MedGem is smaller and lighter and more easily
portable for use in field studies.

Our findings must also be considered in the context of other studies that have found the
MedGem to be comparable with other methods of measuring energy expenditure. For
example, a study comparing the MedGem to the Douglas Bag technique with adults who
were, on average, overweight (n=63, 68% female; mean BMI=26.5+6.6) yielded high
agreement (1ICCs>.91; 1,657+324 kcal/day and 1,650+307 kcal/day, respectively) for
measuring REE.25 In this healthy, middle-aged (mean age=41.3+11.2 years) population, the
handheld device was as reliable as the Douglas Bag technique. In a small sample (n=15,
40% female, mean BMI=27.4%2.1), St-Onge and colleagues reported that REE determined
using the Delta-Trac and MedGem showed no difference (6,455.1+417.6 kJ/day
[1,542.8+99.8 kcal/day] vs 6,468.5+337.2 ki/day [1,546.0+80.6 kcal/day], respectively).26
In this study, the REE was measured for 20 minutes using Delta-Trac, followed by a 10-
minute measurement period using MedGem. Energy expenditure was again measured for 7
hours afterconsumption of a 2,510-kJ (600 kcal) breakfast and calculated as the average of
the total measurement period for Delta-Trac and for eight readings using MedGem. These
data suggest that the MedGem provides REE estimates similar to other indirect calorimeters;
however, these samples, on average, had lower BMlIs and current age than our study cohort.
Given that our cohort had nearly 35% body fat, or on the upper end of normal, and the
women had 41% body fat, this might explain the significant overestimation in this
subsample (see Table 1). We also used different comparison methods than previous studies,
which might have influenced the demonstrated differences. A larger study stratifying the
sample by BMI (or body mass) and comparing more methods of REE assessment might be
warranted.

We did not find any differences between the MREE and PREE using the Harris-Benedict
equation,1320 supporting the comparability of these two methods. This observation is
important because the majority of energy utilization is based on REE and knowledge of
energy expenditure has clinical implications in the weight management of individuals with
overweight/obese BMIs. The Harris-Benedict equation is a commonly used formula to
estimate energy intake goals for weight loss and it appears to be a valid assessment tool with
clinical utility for overweight/obese individuals. In general, the Harris-Benedict equation
tends to overestimate REE by approximately 5% to 15%,2’ yet we found the Harris-
Benedict equation to be remarkably consistent with REE measured by indirect calorimetry
with an overestimation <1% (eg, 1,615.8 kcal/24 hours vs 1,625.7 kcal/24 hours; Table 2).
Of note, we also calculated REE using the more recently developed Mifflin-St Jeor

J Acad Nutr Diet. Author manuscript; available in PMC 2015 March 05.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Anderson et al.

Page 7

predictive equation.! We found that the Mifflin-St Jeor estimate was less accurate than the
Harris-Benedict equation or had a greater difference from our measured REE with indirect
calorimetry (ie, the mean REE using the Mifflin-St Jeor equation was 1,561 kcal/24 hours).
Our findings further validate the use of the Harris-Benedict equation in older, overweight/

obese individuals.

We found the MedGem to be a less precise measure of REE, with an ICC of 0.71, compared
with 0.84 for the conventional indirect calorimetry. Other studies have found it to be more
reliable.28 There might be several reasons for the discrepancy in these results. First, our
subjects tended to be older and more overweight than previous studies. We also conducted
the repeated measures 5 days apart, compared with intervals that were closer together (eg,
several times during the same day). Secondly, the MedGem assumes a consistent RQ of
0.85, but we found that the RQ actually varies between men and women. Third, there is a
trend for the MedGem measurements to be lower at each subsequent visit and, therefore,
more congruent with the MREE data. This could be a result of staff and participants
becoming more skilled at using the MedGem, such as staff placing the nose clip more
snugly to reduce air leakage and participants becoming less anxious using the device or
learning to breathe more naturally into it. This would explain the lower ICC, as well as the
differences with the traditional metabolic cart measurements. Whether the reproducibility of
the MedGem measurements would have improved with shorter time intervals between
testings in our population is unknown.

CONCLUSIONS

Our data suggest that using a traditional, indirect calorimeter and the predictive Harris-
Benedict equation to assess REE in an older, overweight/obese population might be more
reliable and accurate than using the MedGem. The MedGem yielded consistently higher
estimates of REE compared with indirect calorimetry and the Harris-Benedict equation;
however, it might still be useful for field studies, given that it is very portable. Additional
studies are needed to identify how knowledge of energy expenditure can impact weight
management and to assess whether subjects might benefit from knowing how energy
requirements change based on weight, body composition, and activity.
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MREE and MedGem Test-Retest Reliability

MREE MedGem

Figure.
Test-retest reliability of measured resting energy expenditure using traditional indirect

calorimetry (kcal/24 h) and the MedGem (HealthETech) portable, handheld calorimeter.
MREE=measured resting energy expenditure using traditional indirect calorimeter (kcal/24
h). MedGem=use of MedGem portable, handheld calorimeter to measure resting energy
expenditure (kcal/24 h).
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Demographic, anthropometric, and body composition of middle-age overweight/obese individuals

Table 1

participating in a study comparing energy assessment methods

Age (y)
Body mass index

Ideal body weight (%)

. . . *kk
Iliac waist circumference (cm)

Hip circumference (cm)
Waist-hip ratio™™™

Body fat (kg) by DXAZ™**
Body fat (%) by DXA™™™

Lean body mass (kg) by DXA™™

Males (n=23) Females(n=65) Total (n=88)
mean * standard deviation
52.6+8.8 51.4+7.5 51.7+7.9
31.3+4.6 32.0+4.1 31.8+4.2
136.6+£19.4 139.1+16.3 138.4+17.1
109.0+12.7 103.4+10.5 104.8+11.3
111.4+8.5 116.3+9.2 115.1+9.2
0.98+0.07 0.89+0.06 0.91+0.07
29.6+8.9 36.3£7.7 34.5+8.5
29.9+5.3 41.0+4.1 38.0+6.6
65.3+9.4 49.5+6.6 53.7+£10.2

61DXA=duaI-energy x-ray absorptiometry.

Fokk

P<0.001, for differences between males and females.

J Acad Nutr Diet. Author manuscript; available in PMC 2015 March 05.

Page 11



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Anderson et al.

Table 2

Page 12

Predicted and estimated resting energy expenditure for middle-age overweight/obese individuals participating
in a study comparing energy assessment methods

Males Females Total

MREE?

b

MRQ

MVCO,°

d

MVO,

PREE®

f

MedGem

Comparison of methods
MedGem vs MREE
PREE vs MREE
MedGem vs PREE

mean + standard deviation

1,873.5+£309.3 1,524.6+226.2 1,615.8+292.6
0.90+0.1 0.86+0.07 0.87+0.1
237.0+58.6 185.6+29.3 199.0+44.9
262.3+41.1 215.9+33.4 228.0+40.9
1,898.4+251.4 1,529.2+134.1 1,625.7+236.3

2,023.9+367.1 1,621.8+255.3 1,726.9+337.0

mean difference

15047 97.2"* 11117
24.9 46 9.9
1255 92.6™ 101.2"**

aMREE=measured resting energy expenditure using traditional indirect calorimeter (kcal/24 h).
bMRQ=measured respiratory quotient as determined with the traditional indirect calorimeter.
cMVCOZ:measured carbon dioxide eliminated as determined with the traditional indirect calorimeter.
dMVOzzmeasured oxygen consumption as determined with the traditional indirect calorimeter.
ePREE=predicted resting energy expenditure using the Harris-Benedict equation (kcal/24 h).

fMedGem=use of MedGem (HealthETech) portable, handheld calorimeter to measure resting energy expenditure (kcal/24 h).

+

P=0.053.

Fok

*
P<0.001.
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