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Abstract
Introduction: Resting Metabolic Rate (RMR) is the measure of energy the body uses at rest. The Parvo
Medics TrueOne® 2400 Canopy System is considered a "gold standard" system when measuring RMR.
The BOD POD® estimates RMR using the Nelson Equation, which takes into account fat-free mass and
fat mass. However, the accuracy of the BOD POD® RMR estimate compared to a gold standard is
unknown. Purpose: This study sought to determine the accuracy of the BOD POD® RMR estimate with
indirect calorimetry (i.e., Parvo Medics TrueOne® 2400 Canopy System). Methods: Thirty-one 18 to 21year-old female college soccer players (mean ± SD: height, weight, and percentage body fat = 164.04 ±
4.14 cm, 65.12 ± 12.07 kg, 26.95 ± 6.46 %, respectively) attending a Midwest University performed
both a BOD POD® test and a measured RMR via the Parvo Medics TrueOne® 2400 Canopy System.
Results: A significant difference (p ˂ 0.001) for RMR was found between the BOD POD® and the Canopy
System (1301.48 ± 152.67 kcal/day vs. 1540.23 ± 158.77 kcal/day, respectively). The BOD POD® on
average underestimated RMR by 238.74 kcal/day. Conclusions: The BOD POD® is considered a gold
standard for measuring percentage body fat, but not for estimating RMR. This study found the BOD
POD® underestimates RMR on average by more than 200 calories per day compared to RMR measured
via indirect calorimetry. Thus, caution is advised when using RMR estimates from the BOD POD®,
especially if weight management is a goal.
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Introduction
Resting Metabolic Rate (RMR) is the
measure of energy the body burns at rest1.
RMR represents 60-70% of total daily
expenditure for an individual and is
composed of resting metabolic rate,
thermic effect of exercise, and thermic

effect of food2. In active individuals, RMR
percentages are close to 60%, where
sedentary individuals are closer to 75%3. An
accurate determination of a person's RMR
is beneficial for nutritional care such as
weight management2. Determining RMR is
essential when it comes to food intake
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because not consuming enough calories can
cause malnutrition, which can lead to a
slower immune response. Excessive
consumption of calories can result in added
weight, likely excess fat weight. RMR is
dependent on energy balance state, body
size, fat-free weight, age, dietary intake,
hormonal
profile,
environmental
conditions, and physical activity level3. RMR
measurement is used for weightmanagement strategy, but also provides
information for all populations including the
elderly, disabled, athletes, healthy people
and hospital patients. For RMR measures to
be useful to health care professionals and
for individuals, the system measuring RMR
must be accurate4.
A gold standard of measuring human
metabolic rate is direct calorimetry. The
time and equipment required for
measurement is substantial, thus direct
calorimetry is rarely used5. Indirect
calorimetry is the most widely used method
for RMR measurements for many reasons
such as less space needed for the
equipment, lower cost, and less time
required for testing6. Indirect calorimetry
measures oxygen consumption and carbon
dioxide production and then calculates
energy expenditure from one liter of oxygen
consumed7,8. Indirect calorimetry is highly
accurate with an error rate of less than 1%9.
Indirect calorimetry is used for measuring
RMR through methods such as room opencircuit, the Douglas bag, open-circuit
expiratory collection and the hood/canopy
open-circuit. Nieman and colleagues (2006)
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tested the accuracy of a new indirect
calorimetry system (a.k.a. FitMate) with an
established system, the Douglas bag, to
assess the validity and reliability of the
FitMate metabolic system in measuring
RMR10.
Results showed no significant
difference between the FitMate system and
the Douglas bag system for oxygen
consumption or RMR10.
The Parvo Medics TrueOne® 2400 Canopy
System is a compact, combined metabolic
measurement system that tests indirect
calorimetry and maximal O2 consumption
measurements11. The Parvo Medics
TrueOne® 2400 Canopy System has been
compared to other systems during rest and
exercise tests and has been found to have
consistent agreement between multiple
experiments12. Bassett et al. (2001)
reported that compared to the Douglas Bag,
the TrueMax 2400 provided highly accurate
measures of minute ventilation, oxygen
consumption,
and
carbon
dioxide
13
production .
BOD POD® testing has become a common
way to determine body composition. Itis
non-invasive
and
determines
body
composition through Air Displacement
Plethysmography (ADP). In addition to
assessing body composition, the BOD POD®
provides an estimated RMR via a prediction
equation that includes the measured fatfree and fat mass from the BOD POD®.
However, studies on the accuracy of the
BOD POD® RMR is unknown when
compared to indirect calorimetry. We are
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not aware of any studies, to date, of how
accurate the Bod Pod is when estimating
RMR. However, RMR prediction equations
have been compared to other indirect
calorimetry devices. For example, two
studies14,15 compared equations to the
Fitmate indirect calorimetry system and
found the RMR prediction equations
unreliable.
A person's resting metabolic rate can be
measured using a variety of systems or
estimated via equations. Having an accurate
method to determine RMR is essential due
to subjects using this information to help
manage their weight and for possible other
reasons (e.g., helping to build muscle mass).
It is unclear if the BOD POD® accurately
estimates RMR. Only one study was found
comparing the accuracy of the BOD POD®
RMR with a gold standard system. Thus, the
purpose of this study was to compare to
compare the RMR estimated from the BOD
POD® with the Parvo Medics TrueOne®
2400 Canopy System. It was hypothesized
that RMR would be similar between the
BOD POD® and the Parvo Medics TrueOne®
2400 Canopy System.

Methods
Participants
Thirty-One healthy university women soccer
players between the ages 18-22 years (20.2
± 1.4) volunteered to participate in this
study. All non-Huntington University
Women's soccer players were excluded
from participation. This study was
conducted during the competitive season,
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near the end of the season. The competitive
season included two hour practices that
took place on Monday, Tuesday, Thursday,
and Friday on an outside grass field.
Wednesdays and Saturdays typically were
game days that included a 45 minute warm
up. Sundays were rest days. Practice
included more “on ball work” (i.e, skill
training) than conditioning. There were
some practices with more running than
others but overall, conditioning was
minimal. Two months prior to this study,
players had three a-days two times a week,
with one of these sessions being
conditioning only. Pre-season only lasted
three weeks. Participants were instructed
to fast for eight hours (water was allowed)
before testing and refrain from strenuous
exercise for twenty-four hours before
testing. Regarding testing, participants were
informed of the study’s risks and testing
requirements upon entering the lab and
then signed a consent form to participate.
This study was approved by the IRB
(Institutional Review Board) prior to any
testing.
Experimental design
On arrival to the laboratory, participants
were asked to complete the IRB paperwork.
After
completing
the
paperwork,
participants were instructed to use the
restroom
before
testing
started.
Participants were also given instructions
about testing. For example, participants
were instructed to relax and not talk during
both BOD POD® and Canopy testing. All
participants were tested before 12 pm.
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Testing was conducted in a lab with lights
on and minimal noise. Only four people
were in the lab at one time, which included
the
two
researchers.
Participants
performed the Bod Pod first, then the
canopy second. The BOD POD® was
calibrated before testing the first
participant of the day and between
participants when multiple participants
were tested within the same day. For BOD
POD® testing, participants wore Lycra or
skin type compression shorts and a
lightweight sports bra with no padding or
wires. All jewelry was removed, and a swim
cap was placed on the participant’s head.
Next, the participant’s height and weight
were measured using the laboratories
stadiometer. The participant then entered
the BOD POD® and was instructed to sit and
relax. BOD POD® testing took approximately
5 minutes.
After the BOD POD® was complete, the
participant laid supine on an athletic table
for 30 minutes. While the participant
rested, the Canopy System was calibrated.
The gas calibration was 1% CO2 and 16%O2
with a base of Nitrogen (per manufacturer
guidelines). The flow calibration was five
strokes of 40-50L/min of a 3L syringe. After
the calibration and the 30 minutes of rest,
the canopy hood and drape was placed over
the participant’s head, chest, and torso.
Participants were instructed to relax and
not fall asleep during testing. Then 30
minutes of canopy testing begin. Once the
participant had been tested with the BOD
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POD® and the Canopy System they were
finished and were free to leave.
Measurements/Instruments
Each participant's RMR was measured using
the Parvo Medics TrueOne® 2400 Canopy
System and estimated via the BOD POD®.
The BOD POD® estimates RMR using a
prediction equation that includes fat-free
mass and fat mass. During BOD POD®
testing, each participant’s body mass
(weight) was measured with an attached
calibrated scale and their body volume was
determined next, while sitting motionless
inside the BOD POD® for approximately 2
minutes. Body density was then calculated
from the participant’s mass and volume
using the Siri equation. The measured body
fat-free mass and fat mass were used in the
Nelson equation [RMR = 25.80 x FFM(kg) +
4.04 x FM(kg)] to determine RMR16. Other
measurements such as height and resting
time were determined by a stadiometer
and timer, respectively.
Statistical analyses
All analyses were performed using Excel.
Descriptive statistics (i.e., means, standard
deviations, minimum, and maximum) were
calculated for height, weight, and percent
body fat. The dependent variables included
the BOD POD® RMR and the Parvo Medics
TrueOne® 2400 Canopy System RMR. A
paired sample t-test was used to determine
statistical differences between the RMR of
the Canopy System and the BOD POD®.
Statistical significance was set at p ≤ 0.05.
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Results
underestimated RMR by 238.74 kcal/day. As
seen in Figure 1, the Parvo Medics TrueOne®
2400 Canopy System was consistently higher
than the BOD POD® for each participant. The
lowest difference between the two systems
when measuring an individual was 4 kcal/day,
and the highest was 479 kcal/day.

The participant characteristics are presented
in Table 1. Descriptive data for RMR is
presented in Table 2. The paired t-test
revealed a significant difference (p < 0.001) in
the RMRs between the Parvo Medics
TrueOne® 2400 Canopy System and the BOD
POD®. The BOD POD® on average

Table 1. Characteristics of the participants.
Characteristic
Mean ± SD
Min – Max
Height (cm)
Weight (kg)

164.04 ± 4.14
65.12 ± 12.07

155 - 175
50.36 – 106.4

Body Fat (%)

26.95 ± 6.46

17.2 – 44.5

Table 2. RMR descriptive data for Bod Pod and Canopy System.
RMR measure
Mean ± SD
Min – Max
BOD POD

1301.48 ± 152.67*

1076 - 1714

Canopy System

1540.23 ± 158.77*

1310 - 1964

Note: all values are in kcal/day. *significantly different (p ˂ 0.001).

Figure 1. Body Fat Verses Canopy and BOD POD® RMR.
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Discussion
This is the first study known to compare
RMR values between the BOD POD® and
Parvo Medics TrueOne® 2400 Canopy
System. The purpose of this study was to
determine the accuracy of the BOD POD®
RMR estimate with indirect calorimetry
(i.e., Parvo Medics TrueOne® 2400 Canopy
System). It was hypothesized that the BOD
POD® would produce RMR values similar to
the Parvo Medics TrueOne® 2400 Canopy
System. Our hypothesis was rejected as
there was a significant difference in RMR
between the Parvo Medics TrueOne® 2400
Canopy System and the BOD POD®. The
BOD POD® underestimated RMR by more
than 200 calories. This result suggests that
caution be used in using the predicted RMR
value from the BOD POD®.
Flack et al. (2016) tested the validity of
several predictions equations, including the
Nelson equation16, which is used by the
BOD POD® to estimate RMR18. They found
that the prediction equations were
unreliable at the individual level. They did
find though that at the group level two
equations (Harris-Benedict and World
Health Organizations)18 were similar to
measured RMR values, but the Nelson
equation was not one of them. This finding
is similar to the current study’s findings in
that the BOD POD® prediction equation was
significantly different than measured RMR
via indirect calorimetry. The Nelson
equation significantly underestimated RMR
in the current study.

A study similar to the present study was
that by Jagim et al. (2018)19. The purpose of
their study was to determine the accuracy
of five different RMR prediction equations.
One of the five equations was the Nelson
equation. The researchers measured RMR
using the Parvo Medics TrueOne® 2400
Canopy System, which was the same system
used in the present study. When compared
with measured RMR, the researchers found
the Nelson, Mifflin-St. Jeor, and HarrisBenedict
equations
significantly
underestimated RMR and the De Lorenzo
significantly overestimated RMR in female
athletes. The Cunningham equation was the
only one that was not significantly different
from measured RMR19. When comparing
the Jagim et al. study (2018)19 with the
present study a lot of similarities were
found. For example, both studies measured
RMR with the canopy system, used the BOD
POD® to determine body composition, and
the subjects of both studies were similar in
several ways. The similarity in subjects
included being college female soccer
players (31 in present study and 15 of 22 in
Jagim study) and have relatively close
percent body fat levels (present study was
26.95% and Jagim et al. study was 23.4%).
Furthermore, the measured and predicted
values were similar. In Jagim et al. (2018),
the average measured RMR and Nelson
predicted RMR for females was 1,544 and
1,331 kcal/d, respectively19. The average
measured RMR and BOD POD® (based on
the Nelson equation) in the present study
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was 1,540 and 1,301 kcal/day, respectively.
Finally, both studies found the Nelson
equation to underestimate RMR, which has
been reported in other studies18,20,21.
Pavlidou et al. (2018) conducted a study
similar to the current study in that they
compared RMR prediction equations to
measured RMR using indirect calorimetry14.
The participant underwent a fasting period
overnight; there were no stimulants for 12
hours before testing, and participants
refrained from exercise for 24 hours before
the trial. The participants in the present
study also fasted for 8 hours overnight,
refrained from exercise for 24 hours, and
were asked to relax during testing. Pavlidou
et al. (2018) found no significance
difference between the indirect calorimetry
system and the equations used to calculate
RMR14. These findings were in contrast to
the present study, in which a significant
difference was found between measured
RMR and predicted. However, the current
study did not limit stimulants prior to
testing. Thus participants in the current
study could have consumed stimulants
(e.g., caffeine) prior to testing, which could
have led to the different results found
between studies.
Furthermore, the
different findings in the two studies could
have also been due to differences in
participants. For example, the current study
included only female soccer players (mean
age 20.2 years), where as Pavlidou et al.
(2018) included both men and women of all
fitness levels and an average age of 37.5
years.
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Methodological considerations
This research study had three possible
limitations and two strengths. First, possible
errors could have occurred when measuring
the RMR with the BOD POD® due to a few
females wearing a padded bra or cotton
clothing instead of the required lycra. Each
participant was asked to wear the required
lycra, but not all did. Second, air could have
leaked out the sides of the hood during the
Canopy System testing of each participant.
Although this study did not measure
possible air leakage, the plastic covering
(a.k.a., drape) attached to the hood was
used to seal the gaps and prevent any air
leakage. Using the plastic covering with the
hood reduces any possible air leakage.
Siirala et al. (2012) found that the accuracy
of using a canopy system to measure REE is
similar to a respirator mode, if air leakages
are “carefully eliminated”23. Third, the
large range in percent body fat of
participants (17.2% to 44.4%) may have
affected the BOD POD® RMR accuracy. It is
possible that an accurate RMR would have
occurred with a group of participants having
similar body fat percentages.
The first strength of our study was that
each participant followed the same
protocol for both Bod Pod and Canopy
testing. For example, participants did not
eat within 8 hours of testing, they refrained
from exercise 24 hours prior to testing, all
participants were tested before 12 pm, and
everyone was given the same instructions
during testing. Even though participants
refrained from exercise 24 hours prior to
81
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testing, previous research has reported
RMR can be affected by exercise up to 7296
hours.
Furthermore,
although
participants were tested before 12 p.m.,
differences in RMR measures may exist
between subjects tested earlier versus later
in the morning due to different “waking”
activity levels prior to testing. The second
strength of the study included each
participant having rested approximately the
same amount of time prior to the canopy
test. For example, every participant
performed the Bod Pod first, then the
canopy second. Just prior to testing of the
RMR via the canopy system, participants
laid on their back for 30 minutes prior to
the start of the 30 minute of Canopy system
testing.

Conclusions
This study, to our knowledge, is the first
study to compare the predictive BOD POD®
RMR with the Parvo Medics TrueOne® 2400
Canopy System, which measures RMR via
indirect calorimetry. Findings from this
study found the BOD POD® significantly
underestimates RMR on average by more
than 200 calories per day compared to RMR
measured via indirect calorimetry. Thus one
should consider this underestimation when
interpreting the RMR BOD POD® results.
Overall, the knowledge gained from this
study provides additional information in the
field of exercise physiology related to
energy expenditure, metabolism, and body
composition. Specifically, even though fat
mass and fat free mass affect RMR, these
two values alone are not sufficient in
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providing an accurate RMR value. Thus, it is
best if one wants an accurate RMR value to
use a gold standard such as the Parvo
Medics TrueOne® 2400 Canopy System.
Even though the BOD POD® provides
accurate percent body fat readings, caution
is advised when using the RMR values,
especially if weight management is a goal.
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