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Byrne, Nuala M., Andrew P. Hills, Gary R. Hunter, Roland L.
Weinsier, and Yves Schutz. Metabolic equivalent: one size does not
fit all. J Appl Physiol 99: 1112—1119, 2005. First published April 14,
2005; doi:10.1152/japplphysiol.00023.2004.—The metabolic equiva-
lent (MET) is a widely used physiological concept that represents a
simple procedure for expressing energy cost of physical activities as
multiples of resting metabolic rate (RMR). The value equating 1 MET
(3.5 ml Oz-kg~"*min~"' or 1 kcal-kg~'-h™ ") was first derived from
the resting O, consumption (V0,) of one person, a 70-kg, 40-yr-old
man. Given the extensive use of MET levels to quantify physical
activity level or work output, we investigated the adequacy of this
scientific convention. Subjects consisted of 642 women and 127 men,
18—74 yr of age, 35-186 kg in weight, who were weight stable and
healthy, albeit obese in some cases. RMR was measured by indirect
calorimetry using a ventilated hood system, and the energy cost of
walking on a treadmill at 5.6 km/h was measured in a subsample of 49
men and 49 women (26—-45 kg/m?; 29-47 yr). Average Vo, and
energy cost corresponding with rest (2.6 = 0.4 ml O>-kg™'-min~!
and 0.84 *= 0.16 kcal-kg !-h™!, respectively) were significantly
lower than the commonly accepted 1-MET values of 3.5 ml
Oz-kg !*min~ ! and 1 kcal-kg '-h™!, respectively. Body composi-
tion (fat mass and fat-free mass) accounted for 62% of the variance in
resting Vo, compared with age, which accounted for only 14%. For a
large heterogeneous sample, the 1-MET value of 3.5 ml
O>-kg™!*min~! overestimates the actual resting Vo, value on aver-
age by 35%, and the 1-MET of 1 kcal/h overestimates resting energy
expenditure by 20%. Using measured or predicted RMR (ml
O>-kg™'-min~ ! or keal-kg '-h™ ') as a correction factor can appro-
priately adjust for individual differences when estimating the energy
cost of moderate intensity walking (5.6 km/h).

exercise prescription; body composition; exercise intensity; energy
expenditure

WHEN A SCIENTIFIC CONVENTION gains widespread acceptance,
there is the risk that its underlying premise may no longer be
questioned. As a result, the limitations inherent in its assump-
tion are overlooked, and, subsequently, the risk of misusing the
convention may increase. The metabolic equivalent (MET) is a
widely used physiological concept that is considered to be a
simple procedure for expressing the energy cost of physical
activities as a multiple of resting metabolic rate (RMR) (1, 3,
35). MET is commonly viewed as a measure that has the
advantage of providing a common descriptor of workload
levels across most modalities and all populations (2).
Definitions of MET are somewhat varied. Morris et al. (27)
identified MET as “the quantity of oxygen consumed by the

T Deceased November 2002.

Address for reprint requests and other correspondence: N. M. Byrne, School
of Human Movement Studies, Queensland Univ. of Technology, Victoria Park
Rd., Kelvin Grove, Q4059, Brisbane, Queensland, Australia (E-mail: n.byrne
@qut.edu.au).

1112

8750-7587/05 $8.00 Copyright © 2005 the American Physiological Society

body from inspired air under basal conditions and is equal on
average to 3.5 ml oxygen/kg per min.” The citation provided
for this definition was Jette et al. (20), who defined MET as
“. .. the resting metabolic rate, that is, the amount of oxygen
consumed at rest, sitting quietly in a chair, ~3.5 ml Ox/kg/
min.” Importantly, information on how and when the MET
value of 3.5 ml Oz'kgfl-min*l was derived remains some-
what elusive. Howley (17) cited an 1890 text that outlined a
MET-like concept, and provided O, consumption (Vo,) data of
a male subject sitting, standing, walking, and running ex-
pressed relative to lying Vo,. Subsequently, on discussing the
limits to aerobic capacity in 1936, Dill (7) suggested that
individual work capacity might be conceptualized as the ratio
of work metabolic rate to basal metabolic rate (BMR) or RMR.
Dill also proposed that moderate work be confined to activity
that is less than 3 times BMR, hard work between 3 and 8 times
BMR, and for the ordinary person maximal work might be 10
times BMR, whereas for the athlete this might be as high as 20
times BMR. In 1941, Gagge et al. (11) devised a system of
units to describe human heat exchange with the environment. It
was proposed that a thermal activity unit equating 50
kcal-h™!'-m~2 body surface area is the metabolism of a subject
resting in a sitting position under conditions of thermal neu-
trality. Thus Gagge et al. appear to be the first to coin the term
mets. Wasserman et al. (41) and Howley (17) concur that the
data on which the 1-MET value was derived was from the
resting Vo, for one 70-kg, 40-yr-old man and its value is 3.5 ml
O,-min~ kg body wt~!'. More recently, Gunn et al. (12, 13)
have noted in modest samples (12 men and 12 women, and 36
men, respectively) that the resting Vo, is significantly <3.5 ml
0>-kg™!*min— !

In terms of energy expenditure, MET is also defined as the
ratio of work metabolic rate to a standard RMR of 1.0 kcal
(4.184 kI)-kg~'-h™! (1).! Physical activities have been de-
scribed in a compendium by Ainsworth et al. (1) as multiples
of this standard resting energy value (1 MET), ranging from
sleeping (0.9 MET) to running at 17.4 km/h (18 METs). All
activities are assigned an intensity level in METs, and the
energy cost of that physical activity is calculated as the
MET level multiplied by the standard RMR value (1.0
kcal-kg~!-h™"). Hence, in the examples above, sleeping would

! Although the SI unit for energy is the joule, MET-related human energy
expenditure is most commonly discussed in terms of kilocalories per kilogram
per hour. For ease of comparison with other literature pertaining to the MET
concept, energy expenditure will be discussed in conventional units in some
places.
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equate 0.9 kcal-kg™'-h™! and running at 17.4 km/h would
equate 18 kcal-kg~'-h™'. It is recognized that the precision of
this system (sometimes referred to as the factorial method) (3,
4, 31) in quantifying human energy expenditure is a function of
the accuracy of recall of the physical activity done and accu-
racy of the assigned MET level (23). However, another issue
regarding the accuracy of the estimated energy expenditure
using the factorial system may be how well the value of 1.0
kcal-kg~!'-h™! reflects RMR across individuals.

Ainsworth et al. (1) stress that the compendium was not
developed to determine the precise energy cost of physical
activity within people but rather as an activity classification
system to standardize MET intensities in survey research.
However, the MET system is used by researchers, clinicians,
and practitioners to identify and prescribe physical activities,
particularly those rated to be of moderate intensity (1, 28, 40).
According to Montoye et al. (26), among exercise physiolo-
gists, it is almost universally accepted to use the MET system
to express energy expenditure in relation to body weight. The
American College of Sports Medicine (28) has defined light,
moderate, and heavy physical activity to equate with specific
MET levels, and tables have been developed to enable pre-
scription of exercise intensity (1). However, there is evidence
that the factorial system may be inaccurate for estimating
activity energy expenditure in people of different body mass
and body fat percentage (16, 29). Furthermore, Ainsworth et al.
(1) advise that, when calculating the energy cost of physical
activities, the MET (factorial) system does not take into ac-
count individual differences that impact on, and thus may alter,
the energy cost of movement. As a consequence, Ainsworth et
al. (1) have purported that a correction factor may be required
to adjust for individual differences when estimating the energy
cost of physical activity.

Given the widespread application of the MET concept, we
investigated the adequacy and limitations of this scientific
convention in a large cohort of adults heterogeneous in age and
body composition. In particular, we determined the variance in
the measured resting Vo, (ml Oy-kg™ ' min~') and resting
energy expenditure (kcal-kg~!-h™!) and compared these with
the recognized values for 1 MET. We also determined the
degree to which body size, body composition, age, and gender
explained the variance in resting Vo, and energy expenditure.
Furthermore, because walking is one of the most common
physical activities for adults (40), we investigated the variance
in the measured energy cost of walking at 5.6 km/h, which is
categorized as “walking for exercise,” a 3.8-MET level phys-
ical activity (1). Finally, we investigated whether there was a
simple process or correction factor that may be employed to
adjust for the differences between measured and predicted
energy cost of walking at 5.6 km/h.

METHODS

Two studies were conducted. In the first, subjects consisted of 593
women and 78 men, 18-74 yr of age, representing a wide range of
body weights (34.5-186.0 kg). Subjects were weight stable, had no
history of anorexia nervosa or bulimia nervosa, and, despite being
overweight or obese in some cases, were otherwise healthy. The
experimental protocol was in accordance with the Declaration of
Helsinki and was approved by the ethical committee of the University
of Lausanne. Before inclusion in the study, the objectives and proce-
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dures were explained to subjects and written, informed consent was
obtained.

Subjects were required to fast for 12 h and not to smoke, take
caffeine, or perform any exercise on the day preceding testing. Waist
and hip circumferences were measured with 0.5-cm precision at the
levels of the greater trochanter and equidistant between the umbilicus
and the 12th rib, respectively. Skinfold thickness measurements were
obtained at four sites (triceps, biceps, subscapular, and suprailiac), and
percent body fat calculated using the equations of Durnin and Wom-
ersley (8). All skinfold measurements were obtained by the same
investigator (Y. Schutz), who was experienced in the procedure. Total
body bioelectrical impedance (21, 25) was assessed by means of a
portable system developed at the Institute of Physiology, Lausanne,
Switzerland (34). Percent body fat was taken as the mean value from
the skinfold and body impedance analysis techniques, from which fat
mass (FM) and fat-free mass (FFM) were derived. To validate this
body composition assessment approach, a subsample of the popula-
tion (n = 78) was studied using single-mode dual-energy X-ray
absorptiometry (QDR 2200 Hologic, Waltham, MA) (5). Within this
subset, there was good agreement (+* = 0 .97), without bias (P >
0.50), between percent body fat assessed by dual-energy X-ray ab-
sorptiometry and by the combination of skinfold thickness and im-
pedance analysis. This correlation was higher than with skinfold
measurements alone (R> = 0.94) or with bioelectrical impedance
alone (R? = 0.94).

RMR was measured by indirect calorimetry using a ventilated hood
system (18, 19). The measurement period was 45 min with RMR
values taken for at least a 25-min period at steady state. Air flow was
measured continuously by a pneumotachymeter (4730A Digital Pneu-
motach, Hewlett-Packard, Waltham, MA), and samples of inlet and
outlet air were collected continuously and analyzed using a paramag-
netic differential O analyzer and an infrared carbon dioxide analyzer
(Magnos 2T and Uras 2T, Hartmann & Braun, Frankfurt, Germany).
After correction for temperature, pressure, and humidity, Vo, and
CO: production were obtained, and energy expenditure was calculated
(9). Intraindividual variability in the measurement of RMR was 2.5%,
as has been previously reported (33). RMR was also predicted using
the regression equations of Harris-Benedict (14), Fleisch (10), and
FAO/WHO/UNU (32). These equations predict RMR using data of
subject height, weight, age, and gender.

The second study involved 49 men and 49 women matched for age
(38 * 5 yr) and body mass index (BMI; 32 *= 4 kg/m?). The
experimental protocol was in accordance with the Declaration of
Helsinki and was approved by the University Ethics Committee of the
Queensland University of Technology. Before inclusion in the study,
the objectives and procedures were explained to subjects and written,
informed consent was obtained. RMR was measured as outlined
above. The energy cost of walking at 5.6 km/h, a speed defined as 3.8
MET (1), was measured via indirect calorimetry. After a familiariza-
tion session (on a previous day), subjects were fitted with a Hans-
Rudolf headset with two-way breathing valve and pneumotach and a
nose clip. Subjects walked at 5.6 km/h for a 4-min period until steady
state was reached (defined as plateau in Vo, and CO» production),
data were collected for a 4-min period, and the average Vo, and CO,
production values per minute were determined. Respiratory gases
were collected throughout the test using a Q-PLEX Gas Analysis
System (Quinton Instrument, Seattle, WA). The O, and CO, analyzers
were calibrated before each test against known gas concentrations,
and the flowmeter was calibrated against a 3.0-liter syringe.

Statistical analysis. Statistical analyses were performed using SAS
(version 8.2) software, and descriptive data are presented as means =
SD, unless indicated otherwise. Stepwise multiple regression analyses
were employed to determine the factors that best explained the
variance in resting Vo, and energy expenditure (ml O>+kg™'-min~!
and kcal-kg~'-h™'). With subjects classified by BMI group (<20,
20-24.9, 25-29.9, 30-39.9, and >40 kg/m?), between-group differ-
ences in resting values were determined after adjusting for age by
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Table 1. Characteristics of subjects

Women (n = 593)

Men (n = 78)

Total (n = 671)

Age, yr 38.2+13.0 (18-74)
Weight, kg 80.5%20.5 (34.5-168.0)
BMI, kg/m? 30.1%7.5 (13.8-57.5)
Percent body fat 37.5+7.8 (7.1-50.4)
Fat-free mass, kg 49.2+7.6 (30.8-83.8)
RMR, kJ/day 6,473+1,013 (3,912-10,665)
RMR pred.!, kJ/day 6,456+803 (4,385-10,088)
RMR pred.2, kJ/day 6,435+732 (4,351-9,347)
RMR pred.?, kJ/day 6,531£920 (4,376-10,648)
RMR, ml Ox'kg™!*min~! 2.54+0.39 (1.67-3.87)
RMR, kcal-kg™"*h™! 0.83x0.13 (0.54-1.28)

38.3=11.8 (18-70)
98.0+29.7 (40.5-186.0)
31.2+9.0 (14.0-51.5)
27.5+10.7 (2.7-44.1)
66.5+11.4 (41.5-99.6)

8,192+ 1,615 (3,573-11,548)

8,510= 1,699 (5,577-13,719)

7,812+1,100 (5,586-10,807)

8,569+ 1,640 (5,431-12,979)
2.67+0.47 (1.61-4.05)
0.87+0.16 (0.55-1.35)

38.2+12.8 (18-74)
82.6+22.4 (34.5-186.0)
30.2+7.7 (13.8-57.5)
36.3%8.8 (2.7-50.4)
51.2+9.8 (30.8-99.6)

6,673+1,230 (3,573-11,548)

6,694+1,155 (4,385-13,719)

6,594900 (4,351-10,807)

6,770+1,218 (4,376-12,979)
2.560.40 (1.61-4.05)
0.83+0.13 (0.54-1.35)

Values are means = SD, with range in parentheses. BMI, body mass index; RMR, resting metabolic rate; RMR pred.!, RMR predicted using the
Harris-Benedict equation (15); RMR pred.2, RMR predicted using the Fleisch equation (10); RMR pred.?, RMR predicted using the FAO/WHO/UNU equation

(32).

analysis of covariance. Furthermore, with subjects classified accord-
ing to age (18-20, 20-29, 30-39, 40—49, 50-59, 60-75 yr), differ-
ences in resting values were determined after adjusting for BMI by
analysis of covariance. Significance for all analyses was set at P <
0.05.

RESULTS

Subject descriptors are shown in Table 1. Women repre-
sented a markedly larger proportion of the study sample com-
pared with men (7.6:1). To account for this sampling differ-
ence, analyses were also undertaken on a subsample of 78 men
and 78 women matched for age and BMI (Table 2).

For the total study population, resting Vo, was on average
2.56 = 0.40 ml O,-kg™'*min !, which did not differ significantly
(P = 0.42) from the gender-matched subsample (2.59 = 0.48 ml
0,-kg~'*min~ ). Resting Vo, values were significantly related to
gender (R? = 0.03; P = 0.03), age (R? = 0.14; P < 0.0001), BMI
(R* = 0.56; P < 0.0001), % body fat (R*> = 0.54; P < 0.0001),
waist circumference (R> = 0.42; P < 0.0001), FM (R?> = 0.59;
P < 0.0001), and FFM (R* = 0.21; P < 0.0001).

Multiple regression analysis revealed that FM was the stron-
gest predictor of the variability in resting Vo, explaining 59%
of the variance, and FFM, age, and gender significantly ex-
plained a further 1.9, 0.8, and 0.5%, respectively. The model
explaining the most variance in resting Vo, included FM, age,
and gender: Resting Vo, (ml Oy-kg™!'*min~") = 3.1758 —
0.0206FM — 0.0038-age + 0.1592-gender (R*> = 0.62, SE =
0.247) where, for gender, female = 1 and male = 2. Figures 1
and 2 demonstrate the independent effects of age and body size
(relative weight for height; BMI) on resting Vo,, and Table 3
demonstrates the proportional differences in resting Vo, values
compared between age (20 vs. 40 yr), gender (male vs. female),

and BMI (20 vs. 40 kg/m?). These data show that BMI has a
greater impact on the 1-MET value than age or gender.

The subject characteristics from study 2 are shown in Table
4, and the resting values are comparable with the data from the
larger cohort outlined above. The energy cost of walking at 5.6
km/h was on average 4.62 + 0.53 kcal-kg~'-h™!, 22% higher
than the theoretical energy cost of 3.8 kcal-kg~'-h~!. To
determine whether the variance in the resting values accounted
for this discrepancy, the MET level for walking at 5.6 km/h
was adjusted by adjusting the 1-MET value for the measured
resting value for each subject (in terms of both ml
O,-kg "*min~ ! and kcal-kg~'-h™1):

Adjusted MET level at 5.6 km/h =
MET level X 1 — MET/measured resting value

Adjusted MET level at 5.6 km/h =
3.8 X 3.5(ml O, kg™ ' - min~")/resting Vo,(ml O, - kg™ - min™")

Adjusted MET level at 5.6 km/h =
3.8 X 1.0 (kcal - kg~ - h™')/RMR (kcal - kg™ ' - h™")

Furthermore, the MET level for walking at 5.6 km/h was
adjusted by adjusting the 1-MET value for the Harris-Benedict-
predicted resting value for each subject:

Adjusted MET level at 5.6 km/h =
MET level X 1 — MET/predicted resting value
Adjusted MET level at 5.6 km/h =
3.8%X3.5(mlO, kg ' min")/
predicted Vo, (ml O, - kg~ - min™")

Table 2. Characteristics of subsample of gender-, age-, and BMI-matched subjects

Women (n = 78)

Men (n = 78)

Total (n = 156)

Age, yr

Weight, kg

BMLI, kg/m?

Percent body fat
Fat-free mass, kg

RMR, kJ/day

RMR, ml Or'kg 'min~'
RMR, kcalkg™'-h~!

38.5+13.0 (18-70)
84.5%23.2 (34.5-140.3)
31.3%8.5(13.8-51.0)
37.2%9.4(7.1-48.4)
50.5+8.5(30.8-74.8)
6,575*1,057 (3,912-10,122)
2.50+0.47 (1.67-3.87)
0.81%0.16 (0.54-1.28)

38.3+11.8 (18-70)
98.0£29.7 (40.5-186.0)
31.2%9.0 (14.0-51.5)
27.5%10.7 (2.7-44.1)
66.5+£11.4 (41.5-99.6)
8,192+1,615 (3,573-11,548)
2.67+0.48 (1.61-4.05)
0.87%0.16 (0.55-1.35)

38.3+11.8 (18-70)
91.2£27.5 (34.5-186.0)
31.2+8.8 (13.8-51.5)
37.2%9.4 (2.7-48.4)
58.5%+12.8 (30.8-99.6)
7,383*1,582 (3,573-11,548)
2.59+0.48 (1.61-4.05)
0.84£0.16 (0.54-1.35)

Values are means = SD, with range in parentheses.
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