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Objective: The aim of this research was to examine differences between measured RMR from a
portable indirect calorimetry device and calculated RMR from the predictive equation.

Methods: Seventy-nine participants were recruited for the study. RMR measures with the portable IC
device were compared with RMR values calculated using Mifflin-St. Jeor Equation (MSJE). Subjects were
divided base on body fat %: Group A included 35 lean/normal participants; Group B included 44 overweight
participants.

Results: Group A (r>=0.947): The mean RMR by IC was 49 kcal/day higher than MSJE (p=0.44).
Considering a cut-off difference (calculated RMR-measured RMR) of +200kcal/day, the RMR by IC was
lower than MSJE for 28% of subjects and higher for 43%. Differences ranged from -890 to +670 kcal/day.
Group B (?=0.943): The mean RMR by IC was 147 kcal/day lower than MSJE (p=0.02). Considering a cut-
off difference of +200kcal/day, RMR by IC was lower than MSJE for 39% of subjects and higher for 20.5%.
Differences ranged from -660 to +950 kcal/day.

Conclusion: The analyses indicated no significant differences between the calculated and measured
RMR for the groups. However, the individual RMR results support the use of the mobile IC to provide more
accurate and personalized measurements of RMR.

Introduction

Resting metabolic rate (RMR) refers to the sum energy
needed for all chemical reactions or processes that occur
within a living organism in order to maintain basic life [1,2].
It assesses an individual’s daily energy expenditure at rest,
and provides useful information for patients with a variety of
health concern [3-5].

Methods to measure RMR have been reported in the past
decades. Lavoisier and Paulze first brought up direct calorimetry
(measurement of heat production) for measuring metabolic
rates [6]. Later on, the indirect calorimetry (IC) method was
developed to measure RMR by using O, consumption rate
and CO, production rate [7,8]. Currently, there are many IC
instruments used primarily in hospitals for diagnostic purposes.
However, these IC instruments are usually bulky (not portable
outside of the hospital) and expensive, and their operation
requires professionally trained staff. Newer handheld portable

IC devices provide convenience, ease of use, and affordability
for measuring RMR in the outpatient setting.

Because of the limitations of the traditional IC equipment
described above, predictive equations for RMR have been
developed [9-11]. These equations typically use physical
parameters such as age, height, weight and gender to predict
the RMR value. Among those equations, Mifflin-St Jeor
Equation (MSJE) is one of the most widely recommended and
used [11]. This equation was developed from IC measurements
with traditional equipment on a large sample of healthy normal
weight and overweight subjects.

However, due to the wide variability between individuals
in factors affecting RMR (such as body composition) [12], RMR
will vary even for subjects with the same physical parameters.
In this study, RMR obtained from measurement by a portable
IC instrument is compared with RMR calculated with the
MSJE predictive equation. The aim of this study is to evaluate
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the agreement between these two methods and assess the
difference.

Methods
Participants

A total of 79 adults (32 males) participated in the study.
Participants were recruited in the greater Phoenix area in
2016. To be included in the study, participants could have no
health conditions or be taking any medications that might
affect metabolic rate, they could not use tobacco, and female
subjects could not be pregnant and/or lactating. The Arizona
State University Institutional Review Board approved the study
protocol (IRB protocol # STUDY00004264) and all participants
provided written informed consent before participating in the
study.

Measurements

Participants were required to adhere to the following
pre-test conditions: no food or caffeine intake in the past 4
hours, no strenuous exercise performed for the past 12 hours,
and no moderate exercise performed 4 hours before the test.
Participants were introduced to the testing procedure in the
beginning. Physical parameters were then recorded. Three
RMR measurements were done in the same morning once the
resting state was assured. All participants adhered to testing
instructions.

Resting metabolic rate (RMR) was measured using a
portable indirect calorimeter Breezing®. The Breezing® device
evaluates energy expenditure (EE) by detecting the rate of
oxygen consumption and carbon dioxide generation in breath.
It is based on a flow meter for breath flow rate detection and
a chemical sensing cartridge for breath oxygen and carbon
dioxide measurement, which uses a cell-phone camera for
optical detection. As reported previously [13,14], figure 1 shows
the testing configuration of the Breezing® device. The device
connects wirelessly to an iOS/Android mobile device, via
Bluetooth®. A QR code with pre-calibrated sensor information
is applied on the single-use sensor cartridge, which can be
scanned and recognized by the mobile application.

Table 1: Physical parameters of all participants.

Number of participants Weight (kg) Height (m)

Group A (all) 35 2(72.:_24;.)5
Group A Males 19 2(92-525;-)3
Group A Females 16 2(2-;2%)2
Group B (all) 44 5(:]4;1)3
Group B Males 13 5?2?;75)2
Group B Females 3] 5(2531;5;4

During the measurement, participants breathed through
a disposable mouthpiece attached to the Breezing® device.
The data received on the mobile device was processed and
displayed on the user interface. The Weir equation was used
to determine RMR from the measured oxygen consumption
rate and CO, production rate [8]. Validation of this device has
been previously described [13]. Three RMR measurements were
completed by each participant to ensure the precision of the
test.

Physical parameters, including height, weight, gender,
age, and body fat percentage (BF%) were recorded. Body
compositions was determined by Tanita bio-impedance scale
(model: BC-554 IRONMAN® Body Composition Monitor).
Height was measured with a wall-mounted stadiometer. Based
on their body fat % [15,16], participants were divided into two
groups: Group A included 35 participants whose body fat % was
under the lean/normal range (BF%<19% for male and <33% for
female) while Group B included 44 participants whose body fat
% was in the overweight to obesity range (BF%>19% for male
and >33% for female). It needs to be mentioned that one male
subject’s body fat percentage was 19.6%, although his Body
Mass Index (BMI) was 26.7 kg/m>2. Thus, he was included in the
lean/normal group. These parameters were used to calculate
RMR from the MSJE. Summary of all participants has been
included in table 1.

Participants’ body mass index (BMI) and body fat per-
centage (BF%) distribution

BMI and BF% distribution of Group A and B are compared in
figure 2. The red and black curves represent the fitted normal

Inhalation

Portable indirect
calorimetry
(VO,, VCO,)

Exhalation

Figure 1: The Breezing® indirect calorimeter, sensing mechanism and iPhone

interface of the application 13.

B (kg/m?
< Mean * standard deviation >
(range)
63.2+13.4 1.6940.1 21.9+2.4 16.945.7
(45-86) (1.42-1.91) (17.2-26.7) (6.0-29.2)
72.3+9.99 1.78+0.05 22.7+2.6 13.844.1
(52.8-86) (1.70-1.91) (18.1-26.7) (6-19.6)
52.447.33 1.58+0.09 20.9+1.9 20.615.2
(45-70) (1.42-1.75) (17.2-22.9) (13.229.2)
97.8+19.4 1.67+0.09 35.416.2 41.7+8.7
(69.1-151.8) (1.53-1.88) (25.6-50.6) (22.2-53.5)
106.24+20.5 1.7840.06 33.616.4 34+48.2
(79.6-151.5) (1.73-1.88) (25.6-49.5) (22.2-52.2)
94.9+18.6 1.63+0.06 36.216.1 46.1+4.0
(69.1-148.8) (1.53-1.77) (28.5-50.6) (39.4-53.3)
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Figure 2: Distribution comparison of BMI (a) and Body Fat Percentage (b) in Group

A and Group B.

distribution (Gaussian fitting) of each group accordingly. The
overlap of BF% is due to different cut points used for males
and females.

Mifflin-St Jeor Equation (MSJE) has been used in this
study to predict the participants’ RMR from their age, gender,
weight and height. The regression equation from 498 healthy
individuals is [11]:

RMR (kcal/day) = 9.99xweight (kg) + 6.25xheight (cm) -
4.92xage (y) + 166xsex (males, 1; females, 0) — 161

Statistical analysis

Agreement between the indirect calorimetry measured RMR
and predicted RMR in Group A, Group B and Group A+B has been
analyzed using Bland-Altman method [17]. Differences in IC
measured and predicted RMR were calculated both as absolute
value (kcal/day) and as the percentage difference. Paired t-test
was performed on the groups to determine whether there was a
significant difference between the two methods. An o level was
set at 0.01 to indicate statistical significance.

Results
RMR measured using pIC and calculated using MSJE

The RMR of every participant was measured three times
using the portable indirect calorimeter and averaged, and
RMR value was calculated using the MSJE. A comparison of
measured RMR from portable IC method and MSJE predicted
RMR is shown in figure 3.

RMR differences between two methods

Group A: The absolute RMR difference between MSJE and
the portable IC (MSJE - IC) and the magnitude of difference
(percentage) are shown in figure 4. Considering the portable
IC precision and system error, a range of + 200 kcal/day was
used to determine agreement of measured versus calculated
RMR. The RMR measured by portable IC was lower than MSJE
for 28.6% of participants (n=10) and higher for 42.9% (n=15).
Differences ranged from -887 to +665 kcal/day. An equivalence
value for magnitude of difference was set at + 10%. The RMR
measured by portable IC was lower than MSJE for 31.4% of
participants (n=11) and higher for 42.9% (n=15). No significant
difference was noted for either group for either of these
comparisons.

Group B: Similarly, the individual RMR differences between
MSJE and the portable IC (MS]JE — IC) are shown in figure 5 in
both absolute value (kcal/day) and percentage difference. The
RMR measured by portable IC was lower than MSJE for 38.6%
of participants (n=17) and higher for 20.5% (n=9). Differences
ranged from -664 to +949 kcal/day. The RMR measured by
portable IC was lower than MSJE for 47.7% of participants
(n=21) and higher for 22.7% (n=10). These differences were not
significant.

Bland-altman analysis

In order to evaluate the whether the RMR differences
between the portable IC and MSJE were significant, the Bland-
Altman method was applied [17, 18] to examine both correlation
and bias between the two methods.

Before analyzing the bias, normal distribution of the
differences was verified [18]. The histogram of differences
between MSJE and portable IC was plotted, and Gaussian
distribution was fitted to the histogram to verify the normal
distribution is shown in figure 6, and the statistics are shown
in table 2. The agreement limits are calculated asd -1.96 SD to
d +1.96 SD
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Figure 4: Group A RMR difference between two methods (MSJE-IC) in terms of
absolute value (a) and percentage [(MSJE-IC)/ (Mean of MSJE and IC)] *100% (b).
c) Pie chart distribution: number of participants whose RMR difference falls over

200 kcal/day (Group i), within 200 kcal/day (Group ii) and lower than -200 kcal/
day; d) Pie chart distribution: number of participants whose RMR difference falls
over 10% (Group i), within £10% (Group ii) and lower than -10%.
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Figure 5: Group B RMR difference between two methods (MSJE-IC) in terms of
absolute value (a) and percentage [(MSJE-IC)/ (Mean of MSJE and IC)] *100% (b).
c) Pie chart distribution: number of participants whose RMR difference falls over
200 kcal/day (Group i), within 200 kcal/day (Group ii) and lower than -200 kcal/
day; d) Pie chart distribution: number of participants whose RMR difference falls

Average value of different groups and p values are
summarized in Table 3. Two-tailed paired t-test has been run.
a=0.01 and p<0.01 is considered to reject the null hypothesis.
All the p values are higher than 0.01, indicating no significant
difference between predicted/calculated and measured RMR
for any of the groups. It might be noticed that the P value of
females in group A is 0.01, which is just above the cut-off value.
However, if we consider the standard deviation of this set of
data and system error mentioned in previous part, we could
still conclude that there is no significant difference between
the two methods on this population.

Regression analysis between RMR results from portable IC
versus MSJE for Group A and B is shown in Fig. 7 a and d. For
both groups, the regression coefficient (r2) reached over 0.94
and the slopes are close to1, indicating a good correlation and
agreement between the two methods.

According to Bland-Altman method, the difference between
two methods (MSJE - portable IC) was plotted against the
mean value of two methods (Figure 7b and 7e). Figures 7c and

over 10% (Group i), within £10% (Group ii) and lower than -10%.

7f present the Bland-Altman plot in terms of percentage. Based
on the Cls, it was observed that for Group A, the equality line
(y=0%) is within the confidence interval of the mean difference

o iie] ElsRA b il indicating that the RMR difference between these two methods
o N Loem for Group A was not significant using this analysis method. For
é:: | |} gw' Group B, the line of equality also fell into the CI of the mean
£ e -E ' difference. In other words, there is no significant bias between
% ) £ the two methods. Indicating that the RMR difference between
) n:: _-I B = :: i these two methods for Group B is also not significant.

e T L e ey e

MSJE - Portable IC (kcalday) MS.JE - Portable € (kcaliday)

For Group A, 1 out of 35 data points fell outside the agreement
interval (2 out of 35 in terms of percentage), and for Group B, 2

Fi 6: Distribution plot of diff bet RMR Its from MSJE and . . .
1gure ISnbtion plot o difierences between results from an out of 44 data points fell outside the agreement interval (1 out

Distribution of Group B.

portable IC. a) Distribution of Group A;

Table 2: Bland-Altman plot statistics*

. Confidence intervals
Parameter Unit Standard error formula Standard error (se) Confidence (se*t)
rom o

Group A
Number (n) 35
Degrees of freedom (n-1) 34
— -54.7 -41.9
Difference mean (d) -48.3 (-3.5%) \/SD? /n 8.2(4.1%) 0.78 (0.85) 6.4 (3.5%) (7.0%) (0%)
Standard deviation (SD) 362.9 (24.1%)
_ -770.6 -748.6
~ a % 2 % %
4-1.96SD 759.6 (-51.1%) \3SD? /n 14.1 (7.1%) 0.78 (0.85) 11.0 (6.0%) (57.1%) (45.1)
- / 651.9 673.9
0, 2 0 0
d +1.96 SD 662.9 (50.7%) 3SD“ /n 141 (7.1%) 0.78 (0.85) 11.0 (6.0%) (44.7%) (56.7%)
Group B
Number (n) 44
Degrees of freedom (n-1) 43
— 2.5 91.6 202.2
Difference mean (d) 146.9 (9.4%) \SD? /n 221 (3.6%) @6) 55.3 (9.4%) (0%) (18.8%)
Standard deviation (SD) 389.4 (24.1%)
_ 2.5 -712.3 -520.3
- " % 2 % %
d-1.96SD 616.3 (-37.8%) \3SD? /n 38.4 (6.3%) 26) 96.0 (16.4%) (54.2% (21.4%)
_ 2.5 814.1 814.1
1 (56.6% \3SD? 4(6.3% .0(16.4%
4 +1.96 SD 910.1 (56.6%) 3SD? /n 38.4 (6.3%) 26) 96.0 (16.4%) (40.2%) (73%)

*Unit: kcal/day. Value inside bracket are from data set in terms of percentage.
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of MSJE and IC)] *100% (comparison from Figure 4d and 5d).

Table 3: Average RMR summary and p values.

Predicted RMR (kcal/ | Measured RMR (kcal/
Physiological day) Mean * standard | day) Mean * standard
deviation deviation
Group A(all) 35 15214302 15704290 0.44
Group A Males 19 17504157 1660+327 0.32
GroupA ¢ 12504182 14624197 0.01
Females
Group B (all) 44 1668304 15214310 0.02
Group B Males 13 2003+162 1647383 0.38
GroupB 4 15274229 1468264 0.05
Females

of 44 in terms of percentage). For both groups, over 95% of the
differences are included in the agreement interval, as expected
for a normally distributed data set.

From Bland-Altman plot, the difference scatters and no

obvious pattern is observed, indicating no relationship between
the difference and the mean value from two methods.

Discussion

All of the analyses indicate that there is no statistical
difference for RMR results from portable IC versus predictive
MSJE for either the lean/normal group or the OW/Obesity
group. However, individual differences (Figures 3-5) varied
between these two methods from -660 kcal/day to 950 kcal/
day, indicating that they could have significant clinical
implications. In addition to the different contributions of
fat and muscle tissues, energy expenditure can be affected
by other numerous factors such as stress levels, sleep, diet,
medications, physical activity, and exposure to chemical
pollutants [1]. Certainly the contribution from different kinds
of tissue or organ (as expressed by body composition) is an
important variable [12]. For example, for a reference female
with 17 kg of muscle and 19 kg of adipose tissue, 16% of her
metabolic rate comes from muscle while only 6% from adipose
tissue. For a reference male with 28 kg of muscle and 15 kg
of adipose tissue, 22% of his metabolic rate come from his
muscle mass, while the adipose tissue contributes only 4%([19].
Thus we might expect metabolic rate to be relatively lower for
people with higher body fat percentage (group B). In fact, if
we compare the differential percentage results from this study
(Figure 4d, and Figure 5d) for subgroups defined with values
higher, lower and within + 10% (Figure 8), it is clearly seen
that measured RMR values indicating slower RMR by more
than 10% differential percentage are more probable to be found
in Group B 47.7% (OW/Obesity) vs. 31.4% (Lean/Normal), while
measured RMR values indicating faster RMR by more than 10%
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differential percentage are more probable to be found in Group
A £42.9% (Lean/Normal) vs. 22.7% (OW/Obesity).

Similar observations have been found on some previous
studies: Liu et al. [20] has observed the differences between
MSJE and metabolic cart measured RMR ranges from -879
kcal/day to 664 kcal/day, which is also in the range of our
observed differences. Spears et al. [21] reported similar results
on overweight female population.

Therefore, as confirmed by this and other similar studies, the
predictive MSJE is most useful in characterizing average values
in populations. In fact, differences between the predictive value
and the true value of just 200 kcal/day can lead to excess of
intake that accumulated over a year period of time can produce
a weight gain of 20 pounds (assuming 3500 kcal/day = 1 pound)
[2]. With the development of mobile technologies, such as the
portable IC used in this study, the individual’s “true” RMR
value can now be more practically and accurately measured
[22,23]. Performing individual measurements provides more
accurate and detailed information to guide treatment and
evaluate progress with weight management or other health
conditions.

Conclusion

In conclusion, this study compared the RMR results from
a portable indirect calorimeter with the RMR predicted using
the Mifflin- St Jeor Equation for normal weight and OW/Obesity
males and females. As MSJE was established from indirect
calorimetry measurements using reference metabolic carts in
a large population of subjects, the non-significant difference
found between MSJE averages and the average measurements
from the mobile IC indicate the validity of the mobile IC device.
Given the easier method to assess RMR with mobile IC devices,
and the observed individual differences between measured
RMR and estimated RMR values, the use of the measurement
should be practiced for clinical use.
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