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The purpose of this study was: to validate
metabolic equivalents (METs) · hr/week by compar-
ing with maximal oxygen uptake (V̇O2max) as a
measure of physical activities, to examine the re-
lationships between METs · hr/week, V̇O2max, and
coronary heart disease (CHD) risk factors accord-
ing to the goals of METs · hr/week and V̇O2max in
ml·kg−1·min−1 for health promotion set in the Ex-
ercise Guide 2006, and to examine which is more
related with CHD risk factors: METs · hr/week or
V̇O2max in ml·kg−1·min−1? Subjects were 116 col-
legiate women. MET intensities were assigned to
each specific activity. V̇O2max was estimated with
a bicycle ergometer. METs · hr/week was signifi-
cantly correlated (r = 0.514, p < 0.01) with V̇O2max
in ml·kg−1·min−1. After adjusting appropriate con-
founding factors in the forward stepwise multi-
ple regression analyses, METs ·hr/week was signifi-
cantly positively related with high-density lipoprotein
cholesterol (HDL-C), while the estimated V̇O2max
in ml·kg−1·min−1 was significantly positively related
with HDL-C and total cholesterol (TC) and negatively
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related with log systolic blood pressure (SBP). After
adjusting for body mass index (BMI) in the analysis
of covariance, the highest category of METs · hr/week
(� 23) had significantly higher HDL-C than other
lower categories. The highest category of V̇O2max
(� 33 ml·kg−1·min−1) had significantly higher HDL-
C and TC and lower SBP than the lowest category.
In conclusion, METs ·hr/week was valid measures
for quantifying physical activity, and the goals of
METs · hr/week and V̇O2max in ml·kg−1·min−1 set
in the Exercise Guide 2006 were valid. V̇O2max in
ml·kg−1·min−1 was related to greater number of CHD
risk factors than METs · hr/week in young women.

Key words —— metabolic equivalent·hour/week, maxi-
mal oxygen uptake, intensity, quantity of physical activ-
ity

INTRODUCTION

Valid assessment of physical activity in epi-
demiological studies is critical to evaluate not only
its health effects but also as a confounding fac-
tor. The “Compendium of Physical Activities”
(Compendium) has been developed by Ainsworth
et al.,1, 2) in which all physical activities were as-
signed an intensity unit based on their rate of en-
ergy expenditure expressed as metabolic equivalent
(MET). Internationally, the Compendium has been
used to identify MET intensities for physical activ-
ities,2) from which the quantity of physical activity
was expressed in a unit, METs · hr/week, calculated
by multiplying the intensity of physical activity in
METs by the duration of the activity in hour.

In 2006, the Ministry of Health, Labour and
Welfare of Japan published the “Exercise and Phys-
ical Activity Reference for Health Promotion 2006:
Physical Activity, Exercise, and Physical Fitness”
(Exercise Guide 2006). In the Exercise Guide 2006,
the goal of quantity of physical activity for health
promotion was set at 23 METs · hr/week, of which 4
METs · hr/week or more by active exercise.3) Also,
the goal of physical fitness in terms of maximal oxy-
gen uptake (V̇O2max) was set at 33 ml·kg−1·min−1

for young women, ranging from 20 to 29 years of
age.

Although the MET values of physical activities
listed in the Compendium were collected primarily
from the physical activity energy expenditure lists
published in the U.S.A., and the Compendium was
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used to identify MET intensities for specific physi-
cal activities in the Exercise guide 2006 and in some
studies in Japan,4–6) as far as authors know, the
METs · hr/week calculated from the Compendium
has not been validated in Japanese.

Although levels of physical activity and car-
diorespiratory fitness have been reported to be re-
lated with coronary heart disease (CHD) risk fac-
tors, many cross sectional studies linked levels
of either physical activity7, 8) or cardiorespiratory
fitness9–11) with CHD risk factors. Less studies
simultaneously investigated the relationships be-
tween levels of physical activity as well as car-
diorespiratory fitness with CHD risk factors in chil-
dren12, 13) or middle-aged individuals,14–16) which
were reported from European and North Ameri-
can countries. To our knowledge there have been
no studies simultaneously investigated the relation-
ships between levels of physical activity as well as
cardiorespiratory fitness with CHD risk factors in
Japanese.

The purpose of this study was: to validate
METs · hr/week calculated from the Compendium
by comparing with estimated V̇O2max as a measure
of physical activities, to examine the relationships
between METs · hr/week, V̇O2max, and CHD risk
factors according to the goal of quantity of physical
activity and estimated V̇O2max for health promo-
tion set in the Exercise Guide 2006, and to exam-
ine which is more related with CHD risk factors:
METs · hr/week or V̇O2max?

MATERIALS AND METHODS

Subjects and Self-administered Question-
naire —— One hundred sixteen collegiate women
ranging from 18 to 22 years of age volunteered
for this study. They were all non-smokers, drank
alcohol less than once a week, and were not on
any medication at the time of their participation
in the study. Few days before blood sampling,
information on physical activity was obtained via a
self-administered questionnaire. Subjects marked
the appropriate answers to the following questions.

Do you currently exercise? No (sedentary)/Yes
(play various sports and/or walk or bicycle to com-
mute). Subjects who marked Yes were asked to in-
dicate the frequency, duration and mode of physi-
cal activity, including leisure time physical activi-
ties, sport club activities, and/or walking or bicy-
cling to commute, from which MET intensities were

Table 1. MET Intensities for Specific Physical Activity

Physical Activity Mets n

aerobics 6 3
weight lifting 3 2
golf 3 1
soccer 7 11
walking 3 13
cycling 4 13
jogging 6 8
swimming 4 6
stretching 4 4
table tennis 4 4
tennis 6 5
basketball 8 2
badminton 4.5 6
volleyball 4 2
home exercise 4.5 2
running 6 2

assigned to each specific activity. Fifty seven sub-
jects answered Yes. Of these subjects, 25 subjects
played sports or involved in certain physical activ-
ity one to 2 times per week, and the other 32 sub-
jects more than 2.5 times per week. The reported
physical activities, assigned METs, and number of
subjects are shown in Table 1. Because none of the
subjects was athlete, the value for leisure activity
was taken over that for competitive sport from the
Compendium1, 2) in which some subjects were per-
forming multiple physical activities. The study pro-
tocol was approved by the Ethics Committee of the
Nakamura Gakuen University and informed consent
was obtained from each subject.
Measurements —— The body weight and height
were measured with the subjects in underwear to the
nearest 0.1 kg and 0.1cm, respectively. The body
mass index (BMI) was expressed as weight/height2

(kg/m2).
Physical exercise was not allowed 48 hr, and

beverages other than water were not allowed 24 hr
prior to the blood sampling. Subjects arrived at the
laboratory by 8:00 hr. The temperature of the lab-
oratory was set at 25◦C. The systolic blood pres-
sure (SBP) and fifth phase diastolic BP (DBP) were
measured by a trained nurse using a cuff and mer-
cury sphygmomanometer after the subject had been
sitting for more than 20 min. After BP was mea-
sured, blood was drawn from the antecubital vein.
Samples were analyzed by a local commercial labo-
ratory (Fukuoka Medical Laboratory Inc., Fukuoka,
Japan). All measurements were duplicated, and the
results were reported within 7 days. Serum total
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cholesterol (TC) and triglycerides (TG) were ana-
lyzed by enzymatic methods. High-density lipopro-
tein cholesterol (HDL-C) was analyzed by direct
assay with selective inhibition method. The re-
ported coefficients of variation for intra-assay and
inter-assay were less than 1% and 3% for TC, 5%
and 7% for TG, 1% and 2% for HDL-C. Low den-
sity lipoprotein cholesterol (LDL-C) was calculated
from the Friedewald formula.17)

Estimation of V̇O2max —— Within few days af-
ter blood sample was taken, V̇O2max was estimated
with the ML-1400 system (Fukuda Denshi, INC.,
Tokyo, Japan) which incorporates a bicycle ergome-
ter (Combi, Tokyo, Japan) and an electrocardio-
gram (Fukuda Denshi, INC.) in air-conditioned fa-
cility with a temperature set at 25◦C. With the sub-
jects in a sitting position, the work load was pre-
set at 40, 50, 60, and 70% age-predicted V̇O2max
for stages 1 to 4, respectively. The duration of
each stage was set at 4 min. A regression equa-
tion was derived from the heart rate (HR) and work
rate values at 3-min-and-50-sec of loading in the
second, third and fourth stages. By substituting
HR value corresponding to an age-predicted 80%
V̇O2max, the work rate was calculated. From these
values of HR and work rate, an estimate of V̇O2max
was obtained using the nomogram of Åstrand and
Ryhming.18) In a previous study,19) we have vali-
dated the method used to estimate V̇O2max in the
present study in 30 collegiate women. The esti-
mated V̇O2max in ml·kg−1·min−1 significantly cor-
related with V̇O2max measured with the standard
open-circuit calorimetry (r = 0.656, p < 0.05).
Statistical Analysis —— Statistical analyses were
performed with SPSS for Windows (Version 10.0J;
SPSS Inc., Chicago, IL, U.S.A.). Descriptive statis-
tics included the mean± S.D. and median. One
sample Kolmogorov-Smirnov test was performed to
examine whether or not each parameter was nor-
mally distributed. Logarithmic transformations of
age (log age), TG (log TG), SBP (log SBP), and
METs · hr/week (log METs · hr/week) were used to
normalize a grossly skewed (p < 0.05) distribu-
tion of these parameters. Pearson correlation co-
efficients were used to examine simple correlations
between 2 variables. Multiple regression analy-
ses were performed, in which the number of in-
dependent variables (log METs · hr/week, V̇O2max
in ml·kg−1·min−1, log age, and BMI) included in
each model was limited to variables which showed
significant correlations (p < 0.05) with depen-
dent variables (log SBP, DBP, TC, HDL-C, LDL-C,

TC/HDL-C, log TG). In the multiple regression
analysis, only variables that significantly (p < 0.05)
contributed to the R2 were considered independent
determinants of each dependent variable. Analysis
of covariance was performed to adjust mean values
for possible influences of confounding factors. A
two-sided p < 0.05 was considered to be statisti-
cally significant.

RESULTS

Log METs · hr/week was significantly corre-
lated (r = 0.514, p < 0.01) with estimated V̇O2max
in ml·kg−1·min−1 (data not shown).

The characteristics of the subjects are shown in
Table 2.

Pearson correlation coefficients are shown in
Table 3. The log METs · hr/week significantly
positively correlated with HDL-C. The estimated
V̇O2max in ml·kg−1·min−1, significantly positively
correlated with HDL-C and TC, and negatively
with log SBP. BMI significantly positively corre-
lated with log SBP and TC/HDL-C. Because the log
age did not correlate with any of the BP, lipids and
lipoproteins, we adjusted only BMI in the following
analyses presented from Table 4 to 6.

Multiple regression analyses are shown in
Table 4. Because log METs · hr/week and estimated
V̇O2max in ml·kg−1·min−1 were significantly cor-

Table 2. Subject Characteristics (n=116)

Mean ± S.D. Median
Age (yr) 19.9 ± 0.8 20.0
Height (cm) 158.4 ± 4.6 158.2
Weiht (kg) 52.8 ± 6.6 51.9
BMI (kg/m2) 21.0 ± 2.2 20.9
Waist (cm) 63.7 ± 4.9 63.5
V̇O2max (ml) 1675.0 ± 281.0 1643.4
V̇O2max (ml·kg−1·min−1) 31.9 ± 4.8 31.4
METs · hr/week 18.8 ± 29.7 9.6
SBP (mmHg) 106 ± 10 104
DBP (mmHg) 58 ± 7 58
TC (mol/l) 4.14 ± 0.74 4.03
HDL-C (mol/l) 1.54 ± 0.26 1.54
TC/HDL-C (mol/l) 2.70 ± 0.70 2.64
LDL-C (mol/l) 2.25 ± 0.63 2.13
TG (mol/l) 0.78 ± 0.34 0.72
log Age 1.30 ± 0.02 1.30
log SBP 2.02 ± 0.04 2.02
log TG 1.80 ± 0.17 1.81
log Mets 1.07 ± 0.46 1.05



614 Vol. 55 (2009)

Table 3. Pearson Correlation Coefficients (n = 116)

log SBP DBP TC HDL-C LDL-C TC/HDL-C log TG
log METs ·
hr/week

−0.007 0.000 0.094 0.286∗∗ 0.017 −0.150 −0.154

V̇O2max
(ml·kg−1·min−1)

−0.247∗∗ −0.121 0.198∗ 0.267∗∗ 0.118 −0.057 −0.064

log Age −0.033 0.076 0.072 −0.066 0.136 0.105 −0.113

BMI (kg/m2) 0.280∗∗ 0.178 0.103 −0.112 0.159 0.222∗ 0.035
∗p < 0.05; ∗∗p < 0.01.

Table 4. Standardized Partial Regression Coefficients (n = 116)

log SBP DBP TC HDL-C LDL-C TC/HDL-C log TG
log METs ·
hr/week

−0.009 −0.001 0.094 0.287∗∗ 0.016 −0.151 −0.154

BMI 0.300∗∗ 0.201∗ 0.057 −0.147 0.112 0.208∗ 0.061

R2 0.09 0.041 0.012 0.103 0.013 0.065 0.027

log SBP DBP TC HDL-C LDL C TC/HDL-C log TG
V̇O2max
(ml·kg·min−1)

−0.184∗ −0.079 0.245∗ 0.256∗∗ 0.175 0.003 −0.059

BMI 0.230∗ 0.156 0.170 −0.042 0.207∗ 0.223∗ 0.019

R2 0.110 0.037 0.066 0.073 0.054 0.049 0.004
∗p < 0.05; ∗∗ p < 0.01. Two sets of multiple regression analyses were performed. Model I: log SBP, DBP, TC, HDL-C, LDL-C,

TC/HDL-C, and log TG as dependent variables and log METs · hr/week and BMI as independent variables. Model II: log SBP,
DBP, TC, HDL-C, LDL-C, TC/HDL-C, and log TG as dependent variables and V̇O2max in ml·kg−1·min−1 and BMI as independent
variables.

Table 5. Adjusted Mean (± SE) Values According to METs · hr/week

Mets · hr/week
(� 3.3)

(n = 30)
(4.2–10.5)
(n = 34)

(10.8–22.3)
(n = 33)

(� 23)
(n = 19)

log SBP 2.02 ± 0.01 2.03 ± 0.01 2.02 ± 0.01 2.02 ± 0.01
SBP (mmHg) 106.3 ± 1.8 106.4 ± 1.7 104.1 ± 1.7 105.6 ± 2.3
DBP (mmHg) 57.8 ± 1.34 57.8 ± 1.18 57.1 ± 1.24 58.8 ± 1.63
TC (mmol/l) 4.06 ± 0.14 4.12 ± 0.12 4.11 ± 0.13 4.37 ± 0.17
HDL-C (mmol/l) 1.51 ± 0.05 1.50 ± 0.04 1.51 ± 0.04 1.72 ± 0.06∗, #, †

LDL-C (mmol/l) 2.19 ± 0.12 2.23 ± 0.11 2.27 ± 0.11 2.32 ± 0.15
TC/HDL-C 2.7 ± 0.1 2.8 ± 0.1 2.8 ± 0.1 2.6 ± 0.1

Analysis of covariance was performed to adjust mean values for possible influence of BMI. ∗p < 0.05, when com-
pared with the lowest category. # p < 0.05, when compared with the second category. †p < 0.05, when compared with the
third category.

related, these variables were added to the multiple
regression analyses separately to avoid collinearity.
Thus, we performed 2 sets of multiple regression
analyses. In the Model I, log SBP, DBP, TC, HDL-
C, LDL-C, TC/HDL-C, and log TG were added
as dependent variables and log METs · hr/week and
BMI as independent variables. In the Model II,
log SBP, DBP, TC, HDL-C, LDL-C, TC/HDL-C,

and log TG were added as dependent variables and
V̇O2max in ml·kg−1·min−1 and BMI as indepen-
dent variables. The METs · hr/week was signif-
icantly positively related with HDL-C. The esti-
mated V̇O2max in ml·kg−1·min−1 was significantly
positively related with HDL-C and TC.

Table 5 presents the mean BP and lipids and
lipoproteins according to the METs · hr/week after
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Table 6. Adjusted Mean (± SEM) Values According to V̇O2max

V̇O2max (ml·kg−1·min−1)
(19.7–28.6)

(n = 25)
(28.7–30.8)

(n = 26)
(30.9–32.9)

(n = 25)
(33.0–45.1)

(n = 40)
log SBP 2.04 ± 0.01 2.01 ± 0.01∗ 2.02 ± 0.01 2.02 ± 0.01∗

SBP (mmHg) 111 ± 2 103 ± 2∗ 105 ± 2 104 ± 2∗

DBP (mmHg) 58.4 ± 1.5 57.6 ± 1.4 57.4 ± 1.4 57.8 ± 1.1
TC (mmol/l) 3.86 ± 0.15 4.18 ± 0.14 4.06 ± 0.15 4.34 ± 0.12∗

HDL-C (mmol/l) 1.42 ± 0.06 1.57 ± 0.05 1.54 ± 0.05 1.59 ± 0.04∗

LDL-C (mmol/l) 2.11 ± 0.13 2.26 ± 0.12 2.16 ± 0.13 2.38 ± 0.10
TC/HDL-C 2.8 ± 0.1 2.7 ± 0.1 2.7 ± 0.1 2.8 ± 0.9

Analysis of covariance was performed to adjust mean values for possible influence of BMI. ∗p < 0.05, when compared
with the lowest category.

adjusting for BMI. The subjects were divided into
4 groups: the highest category included 19 sub-
jects whose METs · hr/week were above 23, and
approximately equal number of subjects were in-
cluded in the lower 3 categories. The highest cate-
gory had significantly higher HDL-C (13.9–14.7%)
than other lower categories.

Table 6 presents the mean BP and lipids and
lipoproteins according to the estimated V̇O2max in
ml·kg−1·min−1 after adjusting for BMI. The subjects
were divided into 4 groups: the highest category
included 40 subjects whose V̇O2max were above
33 ml·kg−1·min−1, and approximately equal number
of subjects were included in the lower 3 categories.
The highest category had significantly higher HDL-
C and TC and lower SBP than the lowest category.

DISCUSSION

Several limitations of our study need to be men-
tioned. First, in the Exercise Guide 2006, the goals
of quantity of physical activity and physical fitness
were set for young women aged 20 to 29 years.
However, younger women aged 18 and 19 years
were included in the present study. Thus, the results
obtained in the present study might differ from the
results obtained in older women aged 25 to 29 years.
Second, the cross-sectional nature of the study does
not permit the assessment of causality owing to the
uncertain temporality of the association.

In the studies simultaneously investigated the
relationships between levels of physical activity as
well as cardiorespiratory fitness with CHD risk fac-
tors, various methods were used to estimate physi-
cal fitness and physical activity levels. Young and
Steinhardt,14) using men aged 35.9 ± 6.6 years, re-

ported a significant correlation (r = 0.57) between
maximal time on the treadmill and activity scores 1–
5. Bouziotas et al.,12) using boys and girls aged 12
years, reported the similar result (r = 0.58) between
V̇O2max predicted from the 20 m shuttle run test
and total physical activity score expressed in kcal
per kg per day. Løchen and Rasmussen,15) using
men and women aged 20 to 61 years, reported age
adjusted correlations in men (r = 0.18) and women
(r = 0.39) obtained between maximum work load
(watts) performed on a bicycle exercise test and ac-
tivity 1–4. Suter and Hawes,13) using boys and girls
aged 10 to 15 years, reported significant correlations
in boys (r = 0.40) and girls (r = 0.23) between
a submaximal bicycle ergometer test and 7-d recall
that contained a list of 23 popular activities. Eaton
et al.,16) using middle-aged men and women, re-
ported poor but significant correlations in both men
(r = 0.13) and women (r = 0.19) between V̇O2max
estimated by a step test and doing vigorous exer-
cise for 20 min or more once a week, 1 or 2 times a
week, 3 or more times a week, or not at all. In the
present study, we used the Compendium to identify
MET intensities for physical activity and calculated
the quantity of physical activity in METs · hr/week
which reasonably correlated (r = 0.52, p < 0.01)
with estimated V̇O2max in ml·kg−1·min−1. Thus,
we consider that METs · hr/week was valid mea-
sures for quantifying physical activity in epidemi-
ological research.

In the Exercise Guide 2006,3) the goals of quan-
tity of physical activity and physical fitness for
health promotion were set at 23 METs · hr/week and
33 ml·kg−1·min−1, respectively, for young women,
ranging from 20 to 29 years of age. In the
present study, when the subjects were divided into
4 groups according to METs · hr/week, the highest
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category (� 23 METs · hr/week) had significantly
higher HDL-C than other lower categories. Also,
when the subjects were divided into 4 groups ac-
cording to V̇O2max in ml·kg−1·min−1, the high-
est category (� 33 ml·kg−1·min−1) had significantly
higher HDL-C and TC. However, the gradient trend
was incoherence in SBP because the highest and
second categories had lower SBP than the lowest
category, but the third category did not show such
trend. This could be due, at least in part, to the
fact that although V̇O2max in ml·kg−1·min−1 signif-
icantly correlated with METs · hr/week, it also has
a genetic component that can account for as much
as 40% of the variability in fitness measures.20) It
might also be related to the cross-sectional nature
of the present study. Although the results are some-
what variable, the results of the present study sup-
port the validity of the goals of quantity of physical
activity and physical fitness for health promotion set
in the Exercise Guide 2006.

According to the review article by Blair et al.,21)

physical activity and physical fitness are inversely
associated with CHD morbidity in prospective stud-
ies. The cardioprotective mechanism appears in part
to be related to the decreased BP, higher HDL-C,
lower TC/HDL-C with physical activity and phys-
ical fitness.22–24) The results of the present study
support these studies although correlation coeffi-
cients and the differences were small. However,
not only physical activity and physical fitness, but
also other various confounding factors have been re-
ported to influence CHD risk factors. For example,
cigarette smoking has shown to be negatively asso-
ciated with HDL-C,25) while alcohol consumption
appears to be positively associated with HDL-C.26)

Blood pressure tends to increase with age.27) In the
present study, the subjects were all non-smokers and
drunken alcohol less than once a week. Also, log
age did not significantly correlate with any of the
CDH risk factors examined in the present study.
Thus, influences of these confounding factors ap-
pear to be limited. Diet rich in saturated fatty acids
can raise HDL-C but also increase LDL-C.28) Indi-
viduals consuming a high-carbohydrate diet tend to
show lower HDL-C than those who consume a low-
carbohydrate die.29) However, no information on di-
etary intake was available in the present study. Be-
cause BMI was significantly associated with some
of the CHD risk factors, we adjusted BMI in the
multiple regression analyses and analysis of covari-
ance.

Some studies in adult men and women reported

that physical fitness was more related with CHD risk
factors than physical activity. Leclerc et al.,30) us-
ing men aged 30 to 59 years, reported that HDL-
C, TG, and TC/HDL-C were significantly associ-
ated with a progressive submaximal power output
test (PWC150) on a cycle ergometer, but not with
the mean daily energy expenditure computed from
a 3-day activity record. However, when confound-
ing factors were adjusted with multiple regression
procedures, these relationships became nonsignifi-
cant, with the exception of TG and PWC150. Young
and Steinhardt14) reported that multivariate analy-
sis of covariance revealed that physical fitness, but
not physical activity, was positively associated with
HDL-C after adjusting possible confounding fac-
tors. Løchen and Rasmussen15) and Eaton et al.16)

also reported that physical fitness was found to have
a stronger relationship with CHD risk factors than
physical activity.

In conclusion, METs · hr/week was valid mea-
sures for quantifying physical activity, and the goals
of METs · hr/week and V̇O2max in ml·kg−1·min−1

set in the Exercise Guide 2006 were valid. V̇O2max
in ml·kg−1·min−1 was related to greater number of
CHD risk factors than METs · hr/week in young
women.
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