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ABSTRACT

DOS ANJOS, L. A., J. DA MATA MACHADO, V. WAHRLICH, M. T. L. DE VASCONCELLOS, and C. J. CASPERSEN. Absolute

and Relative Energy Costs of Walking in a Brazilian Adult Probability Sample.Med. Sci. Sports Exerc., Vol. 43, No. 11, pp. 2211–2218,

2011. Background: Walking is commonly recommended for enhancing energy expenditure (EE), a basic principle in weight manage-

ment, and cardiorespiratory fitness. However, walking EE varies with characteristics of a given population, especially by sex and age.

Purpose: The study’s purpose was to measure EE of walking as influenced by physical and physiological characteristics of a sample of

adults (Q20 yr) living in Niterói, Rio de Janeiro, Brazil. Methods: Walking EE and HR were measured during a submaximal multistage

treadmill test. The test stages lasted for 3 min each and started at a speed of 1.11 mIsj1 and a grade of 0%. In the second stage, the grade

was maintained at 0%, but the speed was increased to 1.56 mIsj1 and maintained at this speed but with grade raised by 2.5% at each

stage until 10% at stage 6. We measured resting oxygen consumption (METm) before the test with the participants sitting quietly.

Results: METm (mL O2Ikg
j1Iminj1, mean T SE) was lower both in women (2.85 T 0.03) and in men (2.97 T 0.04) by almost 19% and

15%, respectively, compared with the conventionally estimated MET (METe) of 3.5 mL O2Ikg
j1Iminj1. Walking EE for any given

speed and grade had an absolute intensity, expressed as multiples of METm or METe, that was practically equal between sexes and age

groups, but it incurred higher individual physiological demand or relative intensity for women and older adults. Conclusions: Resting EE

reflected by using METe is overestimated in the adult population of Niterói. Prescription of activities to counteract the existing worldwide

obesity epidemic should be ideally based on individual physiological information, especially among women and older individuals.
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O
besity is considered one of the major public health
problems both in the developed and developing
countries, including Brazil (19), affecting more than

300 million people worldwide in 2005 (41). Obesity is de-
fined as excess body fat leading to increased risk for chronic
diseases and mortality and occurs after prolonged positive
energy balance (40). Changes in lifestyle including dietary
modification and increase in physical activity are associated
with reduction of obesity-related mortality with or without
weight loss (17,26). Walking is a physical activity widely
recommended by health professionals because of its low

cost, acceptance by all persons without impairments, and
positive effect on energy expenditure (EE) and cardiorespi-
ratory fitness among other health benefits (8,10,22,23,32).
In fact, in the past, it has been recommended that all adults
perform at least 30 min of moderate-intensity aerobic ac-
tivity (e.g., brisk walk) 5 d each week (18) as a low-intensity
method to achieve health benefits of exercise (31,32)—one
of many ways to meet current physical activity guidelines
(32). A recent meta-analysis of prospective cohort studies
has shown that walking at this intensity and duration is in-
versely associated with cardiovascular disease and all-cause
mortality (16), with the effects being stronger for self-
reported walking pace than walking volume. It is assumed
that this intensity and duration will result in an EE of ap-
proximately 837 kJIdj1 (200 kcalIdj1), for a very brisk walk
pace (5 METs) of a 75-kg individual (32), which is the
amount of EE associated with the reduction of mortality due
to chronic diseases (18,32).

Notwithstanding potential health effects, the physiological
response to any physical activity depends on the character-
istics of the population such as body size and composition,
age, and hereditary and cardiorespiratory fitness level, which
can influence the energy cost of the activity (30). Thus, there
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are some potential problems in using tables with fixed val-
ues of EE for each activity that were mostly derived from
studies conducted during the second half of the last century in
either convenience samples or small numbers of individuals
not necessarily representative of a population (7,11,14). Fur-
thermore, the tables of EE show no variability of the values,
they originated from preexisting studies not intended to pro-
duce descriptive data (14), and it is unknown whether they
were derived from activities performed continuously or in-
termittently (24). Furthermore, the tables provide absolute
values of intensity of a particular physical activity, in most
cases, in terms of multiples of resting EE (MET), instead of
the relative individual response to the activity. Thus, more
information on the physiological responses of physical ac-
tivity in segments of the population from different regions of
the world is necessary to better estimate the EE in epidemi-
ological and clinical studies (23). To this end, the purpose of
the present study was to assess the physiological response
of walking on a treadmill at different intensities by pursuing
a probability sampling strategy of adults living in Niterói, a
city in the metropolitan area of Rio de Janeiro, Brazil.

METHODS

The present study was originally designed to assess the
nutritional status and physical activity level in a probabil-
ity sample of the adult population (Q20 yr) of Niterói, Rio
de Janeiro, Brazil. Details of the sampling procedures have
been published elsewhere (3,5,30), but basically, it was de-
signed in three stages to identify census enumeration areas
(CEAs), households within CEA, and an adult within a
household. In the first stage, 110 CEAs were selected with a
probability proportional to the number of household dwell-
ings from an ordered list according to the average household
income. Doing so allowed an implicit income stratification
of the CEA. In the second stage, for each selected CEA, 80
households were selected with equal probability to define a
basic list used in the inverse sampling procedure (15) simi-
lar to that of the World Health Survey in Brazil (33). The
households were visited after the selection order until 16
interviews were completed. In the third stage, for each in-
terviewed household, an adult was selected to participate in
the study with equal probability among all adults in the
household. To be eligible, the adult had to be free of any
cardiac or metabolic condition and under no medication that
could alter HR or metabolism. A subsample of five selected
participants per CEA (n = 550) were invited to come to the
laboratory for EKG monitoring and a series of physiological
measurements including basal metabolism and the energy
cost of walking on a treadmill measured on two separate
visits. Of these, 210 (121 women and 89 men) performed the
walking test on the treadmill test, whereas 161 could not
perform it (75 based on EKG indications of an existing
cardiovascular condition and 86 for some form of physical
limitation) and the remaining 179 (32.5% nonresponse)
declined to participate. Sample weights were calculated as the

inverse of the product of the inclusion probabilities in each
selection stage. The Integrated Household Weighting Sys-
tem was used to calibrate the sample weights to adjust the
estimates to known population totals by sex and age groups
(33). Unfortunately, there is no solution to correct popula-
tion totals for the proportion of people with altered EKG or
physical limitation based on the subsample data, and there-
fore, the procedure assumes that the total population is only
composed of seemingly healthy individuals. However, de-
spite this unrealistic assumption, the calibration corrects the
structure of the subsample for age and sex and eliminates
the selection biases common in household surveys.

On the first scheduled day, the participant either drove
his/her own car or used public transportation to come to the
laboratory immediately after waking early in the morning.
Each participant also had to have fasted for 12 h, slept for 6–
8 h, and neither engaged in vigorous exercise nor consumed
alcohol during the preceding 24 h. Upon arrival at the lab-
oratory, the participants signed a written informed consent
after which adherence to the protocol for basal metabolic rate
(BMR) measurement and body temperature were checked.
Participants rested for 15 min in the supine position in a dark,
quiet room with ambient temperature controlled around 25-C.
After this resting period, oxygen consumption (V̇O2) and
carbon dioxide production (V̇CO2) were measured for 25 min
using a validated (36) portable calorimeter (MedGraphics
VO2000; St. Paul, MN) with simultaneous HR monitoring
(Vantage NV; Polar Oy, Kempele, Finland). BMR was cal-
culated from the last 20 min of measurement using the Weir
equation (38). The calorimeter was calibrated before each
measurement according to manufacturer instructions. After
the BMR measurement, a 12-lead EKG was conducted with
the participant in a supine resting state to rule out further
cardiovascular disease.

Anthropometric and body composition measurements
were done with the participant barefoot and wearing stan-
dardized clothes. Body mass (BM) was expressed as the
participant’s weight as measured with an electronic scale
to the nearest 0.2 kg. Stature (S) was measured in dupli-
cate on a wooden stadiometer to the nearest 0.1 cm. BM
index (BMI) was calculated as the ratio between BM and
squared S in meters. Circumferences were measured with an
inelastic tape to the nearest 0.1 cm. Percent of body fat was
measured using a validated (35) bioimpedance scale (Tanita
TBF 305, Tanita Corporation, Tokyo, Japan). Nutritional
status was determined according to the World Health Orga-
nization (40) using three BMI categories (kgImj2): normal
(G25), overweight (25–29.9), and obese (Q30).

The participants with normal EKG and no history of,
nor taking any medication for, cardiovascular diseases and
physical limitations that would prevent them from walking
on the treadmill were scheduled to come to the laboratory
a second time after having fasted for 4 h. Before the tread-
mill test, V̇O2 and V̇CO2 were measured for 10 min while
the participant was comfortably seated on a chair. These
data were used to calculate a measured resting oxygen

http://www.acsm-msse.org2212 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

Copyright © 2011 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



consumption (METm, mL O2Ikg
j1Iminj1). Immediately

thereafter, the EE during walking on a treadmill (ATL model;
Inbramed, Porto Alegre, Brazil) was obtained by indirect
calorimetry with simultaneous HR monitoring. Before data
collection, the test was demonstrated after which the par-
ticipant performed a practice trial of walking at the speeds
and grades used in the test, described next, for approxi-
mately 5 min total. Then, the facemask was adjusted to the
subject, and the walking test was initiated after the sub-
ject’s approval, usually after approximately 10 min. The
walking test was progressive having as many as six stages,
each lasting 3 min, starting at 1.11 mIsj1 and 0% grade.
Speed was thereafter increased to 1.56 mIsj1 with grade
maintained at 0%. The speed of the next four stages was
maintained at 1.56 mIsj1, and the grade was increased
by 2.5% until it reached 10%. A 2-min warm-up walk
(1.11 mIsj1/0%) preceded data collection. The test was
carried out until the participant reached a predicted HR of
around 60% of the HR reserve (%HRres = (HR j resting
HR) / [(maximal HR) j resting HR] � 100), which is the
upper value to classify moderate physical activity (31). Max-
imal HR was calculated using the equation of Gellish et al.
(12): [206.9 j (0.67age)]. The test could also be voluntarily
terminated by the participant. Resting HR was previously
obtained during BMR measurement. HR was expressed by
its absolute value and %HRres.

Mean EE of walking was calculated using the equation
described by Weir (38) for each stage and expressed as 1)
kilojoules per minute, 2) multiples of estimated MET
(METe (mL O2Ikg

j1Iminj1) /3.5), 3) multiples of METm

(mL O2Ikg
j1Iminj1/resting measured V̇O2), and 4) multi-

ples of BMR, an index called the physical activity ratio
(PAR) (11), which is used to reflect the absolute intensity
of walking. Calculated %HRres represents the relative in-
tensity of walking. The time to expend 837 kJ (200 kcal)
was calculated as 837 divided by the individual mean EE
(kJIminj1) of each walking intensity. EE of walking was
also estimated using two procedures: 1) the PAR values
published by the Food and Agriculture Organization (FAO)/
World Health Organization (WHO) (11) and the predicted
BMR using Schofield equations (28) and 2) the MET codes
from the Compendium of Physical Activities (1) using indi-
vidually calculated MET. These latter two EE values could
then be compared with at least three tabled PAR values

for walking intensity of the former intensity (11), i.e.,
3.0 (walking slowly), 3.4 (walking at normal pace), and
5.4 (walking uphill at normal pace), and closely compara-
ble values of the latter using MET compendium–derived
codes (1), i.e., 3.0 (1.11 mIsj1), 3.8 (1.56 mIsj1), and 6.0
(1.56 mIsj1 uphill).

Two reference classifications for gauging the intensity of
walking were used for comparison: 1) one described by Pate
et al. (25) and recommended by the Centers for Disease
Control and Prevention and the American College of Sports
Medicine (ACSM), which considers moderate activity to be
between 3 and 6 METs, and 2) the other one that classifies
the intensity of an activity for men depending on age (31).
Despite being described for men only, the latter classifica-
tion was also applied to the women of the present study
because of the lack of women-specific intensity levels.

Statistical weighting of the data allowed a representation
of a total of 324,671 adults from the Niterói population
(145,886 men and 178,785 women). Data analyses included
descriptive statistics such as means, SE, 95% confidence
interval, and minimum and maximum values. Analyses
were preformed using SAS (version 8.2; SAS Institute Inc.,
Cary, NC) using the appropriate calibrated weight and
the complex sample design in the SURVEYMEANS and
SURVEYREG procedures. The Institutional Review Board
of the Sergio Arouca National School of Public Health,
Oswaldo Cruz Foundation approved all research procedures
in accordance to the Declaration of Helsinki for protection
of human subjects from research risks.

RESULTS

The age of the 210 study participants varied from 20.2
(Table 1) to 71.3 yr (Table 2). Mean values (TSE) of BM
and S were 62.2 T 1.2 kg and 159.1 T 0.6 cm for women and
73.7 T 1.7 kg and 172.4 T 1.1 cm for men. This results in BMI
(kgImj2) values of 24.6 T 0.5 and 24.8 T 0.5 for women and
men, respectively.

Overweight and obesity prevalences were similar in
women (24.5% and 10.3%, respectively) and men (24.0%
and 11.4%). However, using waist circumference (WC),
31.4% of the women were assigned to the high-risk group,
and 23.8% were assigned to the very high–risk group for
metabolic diseases. Among men, these values were 4.6%

TABLE 1. Estimated means, SE, minimum and maximum values, and confidence interval (CI) for physical and physiological variables of adult women (Q20 yr) from Niterói, Rio de
Janeiro, Brazil—the Nutrition, Physical Activity, and Health Survey (PNAFS), 2003.

Physical or Physiological Variable Mean SE Minimum Maximum 95% CI

Age (yr) 43.8 1.6 20.4 71.3 40.6–46.9
BM (kg) 62.2 1.2 46.8 110.2 59.7–64.7
S (cm) 159.1 0.6 143.9 175.2 157.9–160.3
BMI (kgImj2) 24.6 0.5 18.6 40.1 23.6–25.5
Percent body fat (%) 37.7 0.6 24.4 50.5 36.5–38.9
Fat-free mass (kg) 38.3 0.5 30.8 54.6 37.3–39.3
Fat mass (kg) 23.9 0.8 11.8 55.6 22.2–25.6
Resting HR (beatsIminj1) 65.5 0.6 45.0 87.0 64.2–66.8
BMR (kJIdj1) 4694.7 69.3 3339.0 7116.7 4556.4–4833.0
Resting V̇O2 (mL O2Iminj1) 175.3 2.4 132.4 255.3 170.6–180.0
METm (mL O2Ikg

j1Iminj1) 2.85 0.03 2.22 3.63 2.79–2.90
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and 15.5%, respectively. A total of 60.5% of women in the
high-risk group and 8.1% in the very high–risk group had
BMI values within the normal range. However, all men in
the WC risk groups were either overweight or obese.

METm (mL O2Ikg
j1Iminj1) was 2.85 T 0.03 for women

and 2.97 T 0.04 for men. Both values were significantly
lower (j18.6% and j15.1%, respectively) than the arbi-
trary convention of a MET value of 3.5 mL O2Ikg

j1Iminj1.
Resting V̇O2 was inversely associated with age in men (R2 =
0.16, SEE = 26.3 mLIminj1) but not in women (R2 = 0.02,
SEE = 20.8 mLIminj1). Adding BM improved the predic-
tion of resting V̇O2 (mLIminj1) in both women [87.836 j

0.31319 age (yr) + 1.62678BM (kg); R2 = 0.68, SEE =
12.1 mLIminj1] and men [109.807 j 0.660age (yr) +
1.8314BM (kg); R2 = 0.79, SEE = 13.1 mLIminj1]. The
addition of resting HR to the model, an often used estimate
to reflect cardiorespiratory fitness, did not improve the
prediction substantially (R2 = 0.69, SEE = 11.8 mLIminj1

and R2 = 0.80, SEE = 13.0 mLIminj1 for women and men,
respectively).

Mean values of V̇O2, HR, %HRres, and EE expressed as
multiples of METm and METe increased as the intensity of
walking increased (Tables 3 and 4). Measured EE for each
walking intensity expressed as METm was higher than METe

by almost 14%–20%. Neither the women nor the men would
be likely to expend 837 kJ in 30 min of walking on level
ground. This would occur for women only at the highest
speed (1.56 mIsj1) and grade (10%), whereas for men, this
would occur only at grades at or exceeding 5% for the same
speed. It is also worth noting that only 19% of the women
were able to reach the last stage of walking, whereas more
men (80.9%) were able to complete the last walking stage.
This finding is reinforced by the age of the women who
completed each stage, which decreased with increasing in-
tensity (61.9 T 4.8 yr for stage 2 to 32.7 T 3.0 yr at stage 6).
The average age of men who completed stage 6 was 41.9 T
3.2 yr.

For both women and men, the multiple of METe was
practically constant for all walking intensities with increas-
ing age groups for both women (Fig. 1A) and men (Fig. 1B).
Indeed, when EE was expressed as multiples of METm

to reflect absolute walking intensity, the fifth stage of the
walking test (1.56 mIsj1 and a grade of 7.5%) was above the
upper limit of moderate intensity (e.g., 6 METs) for both
women and men. Of note, none of the stages of the walking
test was classified as light intensity (e.g., G3 METs). In
contrast, using %HRres to reflect relative walking intensity
showed increases with increasing age (Fig. 2) and revealed
that, for women only, level walking at 1.56 mIsj1 would
fit in the moderate range of 45%–59% defined in the Sur-
geon General’s Report (31). For men, at the same walking
speed, grades of between 2.5% and 5% would be consid-
ered moderate.

DISCUSSION

Walking is a natural activity for human beings making
it a nearly perfect physical activity to be recommended for
weight control and improvement in cardiorespiratory fitness
of the unimpaired general population (16,23,27). The EE of
walking increases directly in relation to speed, intensity, and
grade, but it also depends on the physical and demographic
characteristics of the population. EE is usually expressed
relative to resting metabolic rate or BMR. In the first case,

TABLE 3. Estimated means and SE of physiological responses to walking on a treadmill for adult women (Q20 yr) from Niterói, Rio de Janeiro, Brazil—the PNAFS, 2003.

Stages

1 2 3 4 5 6

Speed (mIsj1)/grade (%) 1.11/0 1.56/0 1.56/2.5 1.56/5.0 1.56/7.5 1.56/10.0
Percent of participants who completed the stage 100 100 97.5 79.5 46.7 19.0

Mean T SE Mean T SE Mean T SE Mean T SE Mean T SE Mean T SE
HR (beatsIminj1) 110.6 T 1.4 127.6 T 1.4 138.8 T 1.8 147.3 T 1.8 154.6 T 1.9 162.36 T 1.6
V̇O2 (mLIminj1) 670.4 T 16.0 8796.0 T 19.1 1021.1 T 23.7 1142.26 T 28.8 1293.1 T 30.0 1395.6 T 37.8
EE (kJIminj1) 13.5 T 0.3 17.9 T 0.4 21.0 T 0.5 23.6 T 0.6 26.7 T 0.6 28.9 T 0.8
Time (min) to expend 837 kJ 64.2 T 1.4 48.1 T 0.9 41.1 T 0.8 36.4 T 0.8 32.0 T 0.7 29.5 T 0.8
%HRres

a 40.7 T 1.3 56.0 T 1.5 66.0 T 1.9 72.3 T 1.9 77.5 T 1.6 81.7 T 2.2
Multiple of METm

b 3.8 T 0.1 5.0 T 0.1 5.8 T 0.1 6.5 T 0.1 7.3 T 0.1 8.2 T 0.1
Multiple of METe

c 3.1 T 0.03 4.0 T 0.04 4.7 T 0.04 5.3 T 0.05 6.1 T 0.06 6.9 T 0.07
PARd 4.1 T 0.1 5.5 T 0.1 6.4 T 0.1 7.2 T 0.1 8.1 T 0.1 9.0 T 0.2

a Percentage of HRres = [(HR j resting HR) / ((206.9 j (0.67age)) j resting HR) � 100].
b Multiple of METm = V̇O2 (mLIkgj1Iminj1) / METm.
c Multiple of METe = V̇O2 (mLIkgj1Iminj1) / 3.5 mL O2Ikg

j1Iminj1.
d PAR = EE (kJIminj1) / BMR (kJIminj1).

TABLE 2. Estimated mean, SE, minimum and maximum values, and CI for physical and
physiological variables of adult men (Q20 yr) from Niterói, Rio de Janeiro, Brazil—the
PNAFS, 2003.

Physical or
Physiological
Variable Mean SE Minimum Maximum 95% CI

Age (yr) 42.6 2.6 20.2 64.9 37.3–47.8
BM (kg) 73.7 1.7 52.0 104.8 70.3–77.1
S (cm) 172.4 1.1 155.8 192.7 170.2–174.6
BMI (kgImj2) 24.8 0.5 18.3 35.0 23.8–25.8
Percent body fat (%) 21.0 1.0 4.1 42.9 19.0–23.0
Fat-free mass (kg) 57.6 0.9 46.6 70.9 55.8–59.4
Fat mass (kg) 16.3 1.1 2.7 37.6 14.0–18.6
Resting HR

(beatsIminj1)
63.3 1.4 42.0 106.0 60.6–66.6

BMR (kJIdj1) 5827.8 115.8 4224.7 7934.7 5596.8–6058.9
Resting V̇O2

(mL O2Iminj1)
216.7 4.3 157.3 317.2 208.2–225.3

METm (mL
O2Ikg

j1Iminj1)
2.97 0.04 2.36 3.80 2.89–3.04
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activity EE is usually expressed as multiples of the con-
ventionally accepted MET value of 3.5 mL O2Ikg

j1Iminj1.
However, this MET convention has an origin that remains
in controversy (13), and its universal use is now seen as
questionable (7,13,21).

We have recently documented the energy cost of walk-
ing in a small sample of young college-aged women from
Niterói, Rio de Janeiro, Brazil (4). In that study, measured
resting V̇O2 (MET) was 3.2 mL O2Ikg

j1Iminj1. For the
broader adult population (20–71 yr) of women of Niterói

of the present study, the value was 0.65 mLIkgj1Iminj1

(j18.9%) lower than the conventionally accepted MET
value. In a sample of 671 Swiss subjects (593 women) of
a roughly similar age range (18–74 yr), Byrne et al. (7)
found the resting MET values to be even lower, being 2.54
and 2.67 mLIkgj1Iminj1 in women and men, respectively,

FIGURE 1—Relationship between absolute intensity of treadmill
walking (multiples of METm) and age for the adult (Q20 yr) female (A)
and male (B) population of Niterói, Rio de Janeiro, Brazil—the PNAFS,
2003. The stages of walking (speed (mIsj1)/grade (%)) are 1 (1.11/0), 2
(1.56/0), 3 (1.56/2.5), 4 (1.56/5), 5 (1.56/7.5), and 6 (1.56/10).

FIGURE 2—Relationship between relative (%HRres) and absolute
(multiples of METm) intensity of treadmill walking for the adult
(Q20 yr) female (A) and male (B) population of Niterói, Rio de Janeiro,
Brazil—the PNAFS, 2003. Note that for each line, symbols represent,
in order, the six stages of treadmill walking (speed (mIsj1)/grade (%)):
1 (1.11/0), 2 (1.56/0), 3 (1.56/2.5), 4 (1.56/5), 5 (1.56/7.5), and 6 (1.56/10).
Horizontal and vertical bars are SE. Dashed horizontal lines display
moderate relative intensity using %HRres values of 45% and 59%.

TABLE 4. Estimated means and SE of physiological responses to walking on a treadmill for adult women (Q20 yr) from Niterói, Rio de Janeiro, Brazil—the PNAFS, 2003.

Stages

1 2 3 4 5 6

Speed (mIsj1)/grade (%) 1.11/0 1.56/0 1.56/2.5 1.56/5.0 1.56/7.5 1.56/10.0
Percent of participants who completed the stage 100 100 100 97.6 90.3 80.9

Mean T SE Mean T SE Mean T SE Mean T SE Mean T SE Mean T SE
HR (beatsIminj1) 99.3 T 1.9 110.4 T 1.8 116.5 T 1.8 123.4 T 2.2 131.1 T 1.7 141.0 T 2.0
V̇O2 (mLIminj1) 818.8 T 19.5 1065.4 T 25.1 1231.4 T 27.6 1386.2 T 31.2 1553.0 T 30.1 1724.6 T 31.7
EE (kJIminj1) 16.6 T 0.4 21.5 T 0.5 25.0 T 0.6 28.2 T 0.7 31.8 T 0.6 35.5 T 0.6
Time (min) to expend 837 kJ 52.5 T 1.2 40.4 T 1.0 34.6 T 0.7 30.4 T 0.6 27.09 T 0.5 24.0 T 0.4
%HRres

a 31.9 T 1.6 41.6 T 1.6 47.0 T 1.6 53.2 T 2.2 59.4 T 1.5 68.3 T 2.0
Multiple of METm

b 3.8 T 0.1 4.9 T 0.1 5.7 T 0.1 6.4 T 0.1 7.2 T 0.1 8.2 T 0.1
Multiple of METe

c 3.2 T 0.07 4.1 T 0.07 4.8 T 0.06 5.4 T0.06 6.2 T 0.06 7.0 T 0.07
PARd 4.1 T 0.1 5.3 T 0.1 6.2 T 0.1 7.0 T 0.1 7.9 T 0.1 9.0 T 0.1

a Percentage of HRres = [(HR j resting HR) / ((206.9 j (0.67age)) j resting HR) � 100].
b Multiple of METm = V̇O2 (mLIkgj1Iminj1) / METm.
c Multiple of METe = V̇O2 (mLIkgj1Iminj1) / 3.5 mL O2Ikg

j1Iminj1.
d PAR = EE (kJIminj1) / BMR (kJIminj1).
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and also significantly related to age. Kwan et al. (21) de-
scribed, in a small sample of Chinese subjects, lower mean
MET values in old (Q65 yr) men and women (2.84 and
2.82 mLIkgj1Iminj1, respectively) than in younger (G65 yr)
subjects (3.03 and 3.32 mLIkgj1Iminj1, respectively). In
a series of measurements in small samples of young adult
(14) and older adult Australian men (13) and women (6,39),
mean MET values were, on the average, lower in the older
subjects. Sergi et al. (29) have recently documented lower
values of METm in comparison with METe in 81 females
older than 65 yr. Thus, the results of the present and other
studies in the literature confirm that age- and sex-specific
values of resting V̇O2 (MET) should be used. To the best
of our knowledge, our study represents the first time that
MET values were derived from a probability sample any-
where in the world to identify physically able subjects who
could safely undergo EE estimates using a treadmill walk-
ing protocol. This sampling approach permitted us to de-
velop age- and sex-specific equations to estimate MET values
throughout adulthood and may help estimate EE more accu-
rately within the age range studied after more thorough and
appropriate validation studies. This seems a desirable pros-
pect given efforts to recommend physical activity to thwart
the obesity epidemic.

Because of the difference between METm and METe, EE
expressed in terms of multiples of the former is greater by
almost 14%–20% than the values presented in tables that
use METe. The difference between EE expressed as multi-
ples of METm and METe increases as walking intensity in-
creases. This difference is around 0.6 MET units for light
walking intensity (1.11 mIsj1 and 0% grade) and 1.2 units
for more intense walking (1.56 mIsj1 and 10% grade). It is
interesting to observe that EE of walking expressed as mul-
tiples of the resting MET (either measured or estimated) is
almost identical in men and women at each stage of walk-
ing (difference around 0.1 MET unit and less than roughly
3%). Thus, looking at these results, there would be no ratio-
nale for making gender-specific intensity codes when men
and women walk at the same speed and grades as was done in
the present study. However, when assessing the physiologi-
cal response to walking, it is crucial to consider age. Although
the EE of walking at each intensity when expressed as mul-
tiples of MET as absolute intensity did not change appre-
ciably across the age groups, when the relative intensity of
walking, expressed as %HRres, was used, there were pro-
nounced increases with increasing age being systematically
higher in the oldest age group. This is a critical point, because
the percent completing stage 6 was directly associated with
the age of the women but not of the men who likely had a
higher maximal V̇O2 conducive to performing more physi-
cal work (32). Therefore, age becomes an important variable
when establishing the intensity of activity for the popula-
tion. Moreover, with the aging of populations worldwide,
our findings have relevance globally.

Gunn et al. (13) found that 55- to 65-yr-old men, when
asked to walk at a self-chosen moderate intensity, selected

1.47 mIsj1 at a rate of 3.9 METs, being the same speed
and EE they found for women of the same age range
and nationality (39). In the present study, the energy cost
at 1.11-mIsj1 speed and 0% grade (approximately 3 METs)
agrees with the energy cost values for Americans compiled
by Ainsworth et al. (1) in the popular physical activity
compendium and used by the ACSM (e.g., 2.9 METs) (2).
Unfortunately, it was not possible to perform complete com-
parisons for the other levels of walking intensities because
the speed and grade could not correspond with those of the
present study. For example, the Compendium reports a value
of 6 METs for walking uphill at 1.56 mIsj1, which directly
corresponds to our study and grade (e.g., 7.5%) and has
similar METe for adult women (6.1 METs) and men (6.2
METs) from Niterói. The ACSM tables use the same grades
that were used in the present study, but the speed is a little
lower (1.52 mIsj1). These tabled values were most compa-
rable to the EE of walking expressed as multiples of METm

only for grades of 7.5% (e.g., around 7.1 METs) and 10%
(around 8.3 METs) but were much lower for grades of 0%
(3.6 METs), 2.5% (4.8 METs), and 5% (5.9 METs).

The difference in the EE of walking expressed in terms
of either METe or METm is proportionately offset by the
difference between the resting METe and METm. Thus, the
mean EE of walking found in the present study was simi-
lar to the values calculated using the Compendium codes for
the same speed and grade. For example, the EE of walking
flat at 1.11 mIsj1 in women from Niterói was 13.5 kJIminj1

or 405 kJ in 30 min. If calculated using the Compendium
codes for the same speed (3.0 METs) and METe (3.5 mL
O2Ikg

j1Iminj1), the EE of walking of the women (mean
BM = 62.3 kg) would be 13.6 kJIminj1 or 408 kJ in 30 min.
In men (mean BM = 73.7 kg), the same calculations would
yield EE of 16.2 kJIminj1 or 486 kJ in 30 min for a mea-
sured value of 16.7 kJIminj1 or 502 kJ in 30 min. This
is also true for the estimation of the EE of walking flat at
1.56 mIsj1. Thus, the EE of level walking at these two
speeds can be accurately estimated using the MET codes in
the Compendium of Physical Activities.

Another way of expressing EE is based on multiples of
BMR, named the PAR, which is used by international agen-
cies such as FAO andWHO (11). These PAR values for light,
brisk, and uphill walking were much lower than those found
for Niteroians as compared with stages 1, 2, and 6. Consistent
with the overestimation of resting EE using the conventio-
nally accepted universal value of MET, there is growing evi-
dence that the predictive equations for BMR suggested for
international use by FAO and WHO (11) are inadequate for
many populations in the world. This has been documented
in segments of the Brazilian population living in the country
(9,34) and abroad (37). Therefore, PAR values will be, in
general, higher when calculated with measured BMR.

With respect to multiples of the conventionally accepted
MET, walking intensity for stages 1 through 4 would be
considered of moderate absolute intensity activity on the
basis of Pate et al. (25) classification of physical activity
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intensity. However, as suggested by the U.S. Department of
Health and Human Services (31), a relative moderate physi-
cal activity intensity is defined by a %HRres between 45%
and 59% and would occur among Niteroian women only for
stage 2, and among men, only at stages 3 and 4. Classifying
the intensity using %HRres helps to understand why only a
small percentage of participants were able to achieve the more
advanced walking stages, especially women among whom
only approximately 45% reached the fifth walking stage. The
latter stage would be considered as moderate absolute inten-
sity on the basis of the Pate et al. (25) MET classification.
Only 19% of the women but 80.9% of the men completed
the sixth walking stage, which is considered of heavy rela-
tive intensity for both sexes using the %HRres classification.

Percentage of V̇O2max is an important measure to compare
physiological responses between subjects. The %HRres is
equivalent to %V̇O2max (31) and is easy to measure. Because
multiples of MET at a given speed and grade of walking do
not vary according to age, it is important to evaluate the
individual physiological demands of walking. Regardless,
whether multiples of measured or conventionally accepted
MET or %HRres were used for classifying walking intensity,
it was concluded that 30 min of walking in moderate rela-
tive intensity for women would not be sufficient to yield the
recommended amount of EE linked to a healthy lifestyle.
To expend 837 kJ in 30 min, women from Niterói would
require heavy-intensity walking (1.56 mIsj1 between 7.5%
and 10% grade) of which only between 19% and 46.7% of
the Niteroians were able to achieve. However, men walk-
ing at a moderate absolute intensity of 1.56 mIsj1 and 5.0%
grade were able to expend 837 kJ in approximately 30 min.
Therefore, if improvement of health is proposed, individu-
alized intensity monitoring should be performed in all sub-
jects willing to engage in any physical activity modality to
ensure that the physical activity recommendations would
be safe for each person.

Despite being a population-based study, an intrinsic
strength of the present article, there are some limitations
inherent to this type of study. First, there was an overesti-
mation of the total estimates due to the impossibility of
correcting the population totals used in the calibration pro-
cess. However, its effect on means and proportions is neg-
ligible. Second, it is well documented that women are more
prone to accept health-related research procedures, particu-
larly in household surveys. Thus, more women were assessed
than men, but this sample imbalance was compensated by
calibrating the results to known population totals by sex
and age. In addition, we excluded participants with known
cardiac or metabolic diseases or who were under any medi-
cation that could alter HR or metabolism. It is likely that such
persons would not make it to stages 5 and 6. Nonetheless,

most women did not reach this intensity of walking, which
may indicate poor cardiorespiratory fitness of the female
population of Niterói, a finding that must be confirmed. Be-
cause of the historical lack of cardiorespiratory fitness norms
for women (20), we were forced to use the age-specific men-
only classification of intensity for an activity provided in the
Surgeon General’s Report (31). The difference in the rela-
tionship between absolute and relative intensities of walking
found in the present study indicates that it may be wise to
establish an appropriate intensity activity classification for
women across the age span. Finally, the walking test was
conducted in a laboratory setting and not in a real-life field
situation. It is possible that the actual energy costs of walk-
ing in a real-life setting may yield different estimates than was
measured in a controlled environment and should be kept
in mind when interpreting our findings.

In conclusion, resting EE expressed by the conventionally
accepted MET value (3.5 mL O2Ikg

j1Iminj1) was higher by
more than 15% compared with a directly measured MET
value for a probability sample of the adult population from
Niterói. The associated errors in estimating EE for a com-
mon activity like walking, when coupled with the prevail-
ing controversy found from recent empirically derived data
worldwide, calls into question the value of using the con-
ventional MET standard. Caution is warranted, especially
for women and older individuals, not only when relying on
estimated walking EE as a means to counteract the exist-
ing worldwide obesity epidemic but also from the potential
untoward health consequences of pursuing recommended
levels of walking, the relative intensity demands of which
may have been seriously miscalculated.
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