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MG, Brazil
Correspondence should be addressed to Erick Prado de Oliveira, erick po@yahoo.com.br
Received 11 February 2011; Revised 14 April 2011; Accepted 24 May 2011
Academic Editor: Jack A. Yanovski
Copyright © 2011 Erick Prado de Oliveira et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
Objective. To compare values from predictive equations of resting energy expenditure (REE) with indirect calorimetry (IC) in
overweight and obese adults. Methods. Eighty-two participants aged 30 to 60 years old were retrospectively analyzed. The persons
had a body mass index ≥25 kg/m2 . REE was estimated by IC and other five equations of the literature (Harris and Benedict,
WHO1, WHO2, Owen, Miﬄin). Results. All equations had diﬀerent values when compared to those of IC. The best values were
found by Harris and Benedict, WHO1, and WHO2, with high values of intraclass correlation coeﬃcient and low values of mean
diﬀerence. Furthermore, WHO1 and WHO2 showed lower systematic error and random. Conclusion. No predictive equations had
the same values of REE as compared to those of indirect calorimetry, and those which least underestimated REE were the equations
of WHO1, WHO2, and Harris and Benedict. The next step would be to validate the new equation proposed.

1. Introduction
Resting energy expenditure (REE) is the major component of
total energy expenditure, considering the amount of energy
the body requires to keep its vital functions [1]. REE is
usually measured by indirect calorimetry (IC), a noninvasive
method, which is based on the consumption of O2 and production of CO2 . However, due to the high cost of the equipment, equations are usually used to estimate energy expenditure [2–6].
Obese persons usually have extremely variable REE and
the ideal method to estimate it is still controversial [7]; there
are still no ideal equations for its measurement [8, 9]. It is
known that prevalence of overweight and obesity is high and
has been increasing considerably [10]; obesity is one of the
main causes of cardiovascular diseases [11]. Thus, programs
for weight loss are advisable and must include hypocaloric
diets based mainly on REE [12].

Studies available present conflicting results, making it
diﬃcult to establish the best formula to estimate total energy
expenditure [13, 14]. The most widely used predictive equations are those developed by Harris and Benedict (H-B) [7]
although these can often lead to an overestimation of the
caloric needs in health people [15].
Luis et al. studied 200 obese individuals and reported that
the equation of the World Health Organization (WHO) [6]
was the one that least underestimated the energy expenditure
of these participants [16]. This finding was also reported by
a Brazilian study with women whose mean body mass index
(BMI) indicated overweight (29 ± 4 kg/m2 ) [17]. However,
another study with subjects which had the same BMI mean
showed that the equation of WHO overestimated REE values
[18].
The equation of Owen et al. [2] is the most suitable for
normal weight individuals [19], and, with some restrictions,
the equation of Miﬄin is indicated for normal, overweight
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and obese people in the United States [12, 15]; however, this
might not be true in other populations. Based on studies previously mentioned [16–18], there are no suitable equations
for overweight and obese persons.
Based on these data, it can be assumed that there are
no definite predictive equations of REE which are suitable
to the BMI of the individuals. Therefore, the objective of
the present study was to compare values from predictive
equations of REE with those from indirect calorimetry in
overweight/obesity adults.

2. Methodology
2.1. Sample. A descriptive cross-sectional study was conducted in a subgroup of participants clinically screened
for the lifestyle modification program “Mexa-se Pró-Saúde
(Move for Health),” from 2006 to 2007. This program is
offered to patients with noncommunicable chronic diseases
and consists of regular physical exercise and nutritional
counseling. The Metabolism, Exercise and Nutrition Center
(CeMENutri) conducts this program since 1992, in Botucatu, a city located in the center of Sao Paulo State.
The following inclusion criteria were used: sedentary individuals, BMI ≥ 25 kg/m2 , and ages between 30 and 60 years
old. A total of 82 participants were studied, 40 of them were
male and 42 were female. All individuals were overweight or
obese adults. The participants characteristics are shown in
Table 1.
All the subjects signed a free consent form, and the research project was approved by the Research Ethics Committee. The studied patients were part of projects approved
by the Ethics Research Committee of the Medical School
of Botucatu-UNESP (April 5th, 2004—resolution 196 of
October 10th, 1996).
2.2. Anthropometric Evaluation. Body mass (kg) was measured using platform-type anthropometric scale (Filizola,
Brasil), with graduation of 0.1 kg, 150 kg capacity. Height
(m) was determined by portable wall-mounted stadiometer
(SECA) with 0.1 cm accuracy. The BMI was calculated using
the relation body mass (kg)/height2 (m) according to the
World Health Organization [20].
2.3. Resting Energy Expenditure. REE was evaluated by indirect calorimetry of open circuit using the mixing-chamber
system, with Quinton equipment (QMC). The machine was
turned on 30 minutes before the exams for warm-up, suitable
stabilization, and calibration of the O2 and CO2 analyzers
with known gas concentration [21]. Patients underwent
evaluation in the morning after a 12-hour fast, having slept
six to eight hours and without having practiced intense
physical activity 24 hours prior to the exam. The evaluation
was performed in a silent environment with dim lighting
and controlled temperature [21]. There was a 10-minute
acclimatization period for reading stabilization, and then
VO2 and VCO2 were measured for a period of 20 minutes
[22, 23]. REE was calculated using Weir’s equation [24].
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Table 1: Distribution of variables according to gender.
Total (n = 82) Men (n = 40) Women (n = 42)
Age (years)
44.9 ± 8.3
45.2 ± 8.4
44.7 ± 8.3
95.3 ± 18.1
80.7 ± 16.2
Weight (kg)
87.8 ± 18.6
156.7 ± 7.4
Height (cm)
164.9 ± 11.4 173.6 ± 7.8
32.1 ± 5.2
31.5 ± 5
32.7 ± 5.4
BMI (kg/m2 )
2128 ± 351
1675 ± 356
REE (IC) (kcal/d) 1896 ± 419

Demographic and anthropometric data were used to
calculate REE using predictive equations of Miﬄin et al. [3],
Harris and Benedict [5], WHO1 [6], WHO2 [6], and Owen
et al. [2, 4] (Table 2).
2.4. Statistical Analyses. The results were shown as mean ±
standard deviation. Anova one-way was used in order to
compare the diﬀerences between REE values from equations
and indirect calorimetry, then Scheﬀe post hoc test was used
to identify which equation value was equal to the REE
value measured by indirect calorimetry. Pearson’s correlation
analysis between the values obtained by the equations
and indirect calorimetry was performed. Multiple linear
regression was used to determine which equation would be
more suitable for the studied population. Percentages of the
diﬀerence among values of REE, indirect calorimetry, and
predictive equations were calculated.
Intraclass correlation coeﬃcient and Bland-Altman plot
were used to compare the diﬀerences between REE values
from equations and indirect calorimetry. Significance level
was at P < 0.05.

3. Results
For overweight and obese persons of this study, all equations
had diﬀerent values when compared to those of indirect
calorimetry. However, the values were similar among HarrisBenedict’s, WHO1 and WHO2’s equations and between
Miﬄin’s and Owen’s equations (Table 3).
The values of REE obtained from the equations and
indirect calorimetry had a strong and significant positive
correlation (P < 0.05) with all the equations (Table 4).
The equations underestimated IC by 5% to 12%, in
which WHO1, WHO2, and Harris and Benedict were the
equations which least underestimated the real value of REE
as follows: −5.15%, −4.7%, and −7.43%, respectively. The
equations of Owen (−13.28%) and Miﬄin (−13.56%) were
those which most underestimated REE value. No significant
diﬀerence was found between genders (data not shown).
For the equations studied, only WHO1 and WHO2
showed values of confidence interval for percent mean
difference (CI 95% d%) below 10% and lower values of limits
of agreement for percent mean diﬀerence (LA 95% d%),
reflecting lower systematic error and random, respectively.
However, the precision values (LA 95% d%) were high for
all equations (Table 5). In the concordance analyses, the
best values were found by Harris and Benedict, WHO1 and
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Table 2: Equations used to compare REE with values of indirect calorimetry.

Authors

Equations
♂ (9.99 × W) + (6.25 × H) − (4.92 × A) + 5
♀ (9.99 × W) + (6.25 × H) − (4.92 × A) − 161
♂ 66.47 + (13.75 × W) + (5 × H) − (6.75 × A)
♀ 655.0955 + (9.5634 × W) + (1.8496 × H) − (4.6756 × A)
Only weight (WHO1)
♂ (11.6 × W) + 879
♀ (8.7 × W) + 829
Weight and height (WHO2)
♂ (11.3 × W) + (16 × H (m)) + 901
♀ (8.7 × W) − (25 × H (m)) + 865
♂ 879 + (10.2 × W)
♀ 795 + (7.18 × W)

Miﬄin et al. [3]
Harris and Benedict [5]

FAO/WHO/UNU [6]

Owen et al. ([2] ♂ and [4] ♀)
W = weight (kg), H = height (cm), A = age (years).

Table 3: Comparison of REE values from predictive equations and indirect calorimetry.

Total
Men
Women

REE (IC)
1896 ± 418a
2128 ± 35a
1675 ± 356a

Miﬄin
1607 ± 304b
1820 ± 233b
1405 ± 213b

Harris and Benedict
1718 ± 329c
1940 ± 302c
1508 ± 184c

WHO1
1756 ± 303c
1993 ± 340c
1531 ± 141c

WHO2
1765 ± 310c
2014 ± 334c
1528 ± 140c

Owen
1607 ± 284b
1851 ± 185b
1374 ± 117b

Diﬀerent letters = P < 0.05 (no comparison between gender).
a , b , c Anova one-way and Sheﬀe post-hoc test.

WHO2, with high values of intraclass correlation coeﬃcient
(ICC) and low values of mean diﬀerence (d) (Table 5).
Equations with the following variables—age, gender,
BMI, body weight, and height—were proposed. The equations with the best association with indirect calorimetry were
those which included weight and gender without (r 2 = 0.67)
height; weight and gender with (r 2 = 0.67) height; and that
including weight, gender, height and age (r 2 = 0.68). We
suggest the equation REE = 475.3 + (14.9 × W) + (235.8 × G),
in which W = weight (kg) and G = gender (0 = woman
and 1 = man); it should be a better choice due to its easy
applicability and fewer variables (Table 6).

Table 4: Correlation of REE values from predictive equations and
indirect calorimetry.
Miﬄin
Harris and
Benedict
WHO1
WHO2
Owen
REE (IC)

Harris and
Benedict

WHO1

WHO2

Owen

1.00
0.99
0.79

0.99
0.78

0.78

0.99
0.96
0.96
0.95
0.80

0.97
0.97
0.95
0.78

All values were statistically significant (P < 0.05).

4. Discussion
For overweight and obese individuals, an underestimation
of REE by 167.4 kcal (8.83%) was observed using all the
equations tested in this study. Both equations of WHO and
the equation of Harris and Benedict were those which least
underestimated the values of IC, while the equations of Owen
and Miﬄin were those which most underestimated it. The
selection of these equations is due to the fact that they are
the most used equations in the general population, and that
they have already been evaluated in another Brazilian studies
[17, 18].
Fett et al. conducted a study comparing the same predictive equations of the present study with the REE measured
by indirect calorimetry. Women whose BMI ranged from
normal weight to obese with mean value of BMI, classified

as overweight, were selected for the study [17]. The authors
reported similar results to our study, in which all equations
underestimated REE measured by indirect calorimetry. They
also reported that the WHO1’s equation underestimated REE
by 3% and the Harris-Benedict’s and WHO2’s equations
underestimated REE by 4%. These two equations showed
less underestimation of REE at the present study. Owen’s
equation was the one that most underestimated (16%) it,
which is also in agreement to our findings.
Another study has also corroborated our findings. Luis
et al. studied 200 obese individuals and reported that the
equations of Owen, Harris, and WHO underestimated REE
and the best equation was WHO [16]. In a study with
an indigenous population, Valencia et al. reported that the
WHO equation (only weight) overestimated REE by 9.8%,
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Table 5: Analysis of the intraclass correlation coeﬃcient (ICC) and Bland-Altman plot of predictive equations for REE.

Equations
Harris and Benedict
Miﬄin
Owen
WHO1
WHO2

ICC ICC CI 95%
0.76 0.65; 0.84
0.76 0.65; 0.84
0.72 0.60; 0.81
0.75 0.64; 0.83
0.75 0.64; 0.83

d
CI 95% d
−177.8 −235.8; −120.5
−289.1 −344.8; −233.3
−289.3 −348.1; −230.6
−139.9
−196.8; −83
−131.3 −188.4; −74.1

SD d
260.6
250.6
267.2
259.0
260.0

LA 95%
d%
CI 95% d% SD d% LA 95% d%
−688.6; 333.1 −8.9
−12.3; −5.5
15.3
−39.0; 21.2
−786.4; 208.1 −15.6 −18.9; −12.3
14.8
−44.8; 13.4
−813.2; 234.4 −15.4 −18.8; −12.0
15.3
−45.5; 14.7
−647.6; 367.7 −6.4
−9.8; −3.2
15.1
−36.0; 23.0
−640.8; 378.2 −6.0
−9.4; −2.7
15.1
−35.7; 23.6

ICC = intraclass correlation coeﬃcient; ICC CI 95% = confidence interval for ICC; d (mean diﬀerence); CI 95% for d = confidence interval for mean diﬀerence;
SD = standard derivation; LA 95% = limits of agreement for mean diﬀerence; d% = percent mean diﬀerence.

Table 6: Predictive equations proposed in this study using age, gender, BMI, height, and body weight variables.

Age (years)
Gender (1 = ♂ and 0 = ♀)
BMI
Height (cm)
Weight (kg)
Weight + Gender
Weight + Gender + Height
Weight + Gender + Height + Age

Equations

R2

P

REE = 2250 − (7.9 × A)
REE = 1675.2 + (453.2 × G)
REE = 809.7 + (33.8 × BMI)
REE = −2192.1 + (24.8 × H)
REE = 368.9 + (17.4 × W)
REE = 475.3 + (14.9 × W) + (235.8 × G)
REE = −245.3 + (13.6 × W) + (165.8 × G) + (5.3 × H)
REE = −795.9 + (14.5 × W) + (127.3 × G) + (6.5 × H) + (6.1 × A)

0.02
0.30
0.18
0.45
0.60
0.67
0.67
0.68

0.16
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Standard
Deviation
—
353.2
381.7
311.4
267.3
245.3
244.6
241.7

W = weight (kg), H = height (cm), A = age (years), G = gender in which 1 = male and 0 = female, BMI = Body Mass Index.

9.6%, 7.8%, and 5.5% in underweight, normal weight,
overweight, and obese individuals, respectively, which shows
that this equation is more accurate for obese people [25].
However, other studies have shown opposite results.
Women aged 20 to 40 years old with mean BMI classified as
overweight presented overestimation of REE when compared
to that of Harris’ and WHO’s equations [18]. Other study
conducted with women from Rio de Janeiro compared values
from WHO’ and Harris’s equations to those from IC. The
equations of Harris and Benedict overestimated REE by
18.9% and WHO by 12.5% [26]. Therefore, further studies
are required in order to define the population for which the
equation of WHO should be applied.
The equations which most underestimated the population of the present study were Miﬄin and Owen. The
Miﬄin’s equation was developed using data collected from
498 individuals classified as normal, overweight, obese, or
seriously obese [3]. This equation would be the most suitable
for American individuals with BMI between 25–40 kg/m2
and aged 16 to 65 years old [12, 15]. However, a good relationship between this equation and overweight individuals
was not observed in the present study. In fact, a consensus
has not been reached on the use of the Miﬄin’s equation
for obese individuals, and this equation has also proved to
be highly applicable for normal weight individuals [15]. The
underestimation using Owen equation was already expected,
as it is the most reliable equation for normal weight populations, which present lower REE than obese individuals [19].
We suggested a proposal equation for overweight/obese
adults, but this new equation needs to be validated in another

sample of overweight/obese Brazilian individuals (second
validation).
The present study had some limiting factors. Only BMI
was used to evaluate body composition of the individuals.
Although the lean body mass is the major component of
REE, its usage has no additional benefits in predicting REE
[12]. Besides, the individuals were not physically active and
would hardly have an increase in BMI due to higher muscle
mass.

5. Conclusion
No predictive equations of the literature used in this study
had the same values of REE as compared to those of
indirect calorimetry, and those which least underestimated
REE were the equations of WHO1, WHO2, and Harris
and Benedict. The next step would be to validate the new
equation proposed.
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