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Abstract Ventilatory threshold (VT) is an important
predictor of cardiorespiratory fitness, such as peak
oxygen uptake (Vozpeak), and is a valuable index of
aerobic exercise intensity. However, little is known
about the role of skeletal muscle (SM) mass in the age-
associated decline of VT. Therefore, the present study
was performed to investigate the effects of age on
cardiopulmonary fitness normalised for regional SM
mass in 1,463 Japanese men and women, and to
determine the relevance of VT normalised to SM mass
based on age and gender. Total, trunk and thigh SM
mass were measured using an ultrasound method,

K. Sanada (B9)

Consolidated Research Institute for Advanced Science
and Medical Care, Waseda University,

513 Wasedatsurumaki-cho, Shinjuku-ku,

Tokyo 162-0041, Japan

e-mail: sanada@waseda.jp

T. Kuchiki

Division of Integrated Humanistic and Cultural Studies,
Graduate School of Integrated Science and Art,
University of East Asia, Shimonoseki, Yapan

M. Miyachi
National Institute of Health and Nutrition, Tokyo, Japan

K. McGrath

Department of Physiological Sciences and Sports
Performance, National Institute of Fitness and Sports,
Kanoya, Japan

M. Higuchi
Faculty of Sport Sciences, Waseda University, Tokorozawa,
Japan

H. Ebashi
Faculty of Integrated Cultures and Humanities,
University of East Asia, Shimonoseki, Japan

while Vozpeak and VT were determined during tread-
mill walking, Vozpeak was estimated using the predicted
maximum heart rate (HR) and the HRJ"OZ relation-
ship for sub-maximal treadmill walking. There were
significant negative correlations between VT norma-
lised for body mass and age in men and women (P<
0.001). Age-associated declines were also observed in
VT normalised for body mass in both men and women;
however, VT normalised for SM mass was not signifi-
cantly different with age. Significant correlations were
also observed between thigh SM mass and VT in both
men and women. These results suggest that thigh SM
mass is closely associated with Vozpeak and/or VT in
both men and women, and the decrease in VT with age
is predominantly due to an age-related decline of SM
mass. Moreover, this study provides normative car-
diorespiratory fitness data regarding VT normalised
SM mass in healthy men and women aged 20-80 years.

Keywords Age - Anaerobic threshold - Gender -
Skeletal muscle mass - Ultrasound - Vo, peak

Introduction

Low levels of cardiorespiratory fitness, such as peak
oxygen uptake (Vozpeak), are risk factors for future
cardiovascular mortality, as well as mortality of all
causes in middle-aged and elderly men and women
(Blair et al. 1995, 1989; Fletcher et al. 1996). Although
measurement of Vozpeak is important to classify an
individual’s health risk, the accurate determination of
Vozpeak requires a maximum graded exercise test
(GXT) performed on a treadmill or cycle ergometer.
However, GXT are accompanied by a certain degree

@ Springer
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of risk, such as myocardial infarction, and the need to
consider the subject’s motivation even in healthy
middle-aged and older individuals (American College
of Sports Medicine 1995). Therefore, predicted maxi-
mal heart rates (HR), such as 220 minus age, are
commonly used to estimate VOzpeak using the HR-V,,
relationship during sub-maximal exercise (McArdle
2001). The ventilatory threshold (VT) has been defined
as the point when the changes in ventilation (VE) are
disproportionately greater than the changes in Vo2
with increasing workloads which occurs at the lactate
acidosis threshold (Wasserman et al. 2005). The VT
can be used directly and accurately as a measure of
cardiorespiratory fitness (Gaskill et al. 2001), and is
also useful for evaluating the training effect in low to
moderate intensity physical exercise (Zhang et al.
2003). Furthermore, it has been shown that the changes
in VT in low to moderate exercise are associated with
cardiac autonomic nervous function, which may be
used clinically as a predictor of cardiovascular mor-
bidity and mortality (Tuomainen et al. 2005). Thus,
when studying the effects of aging on cardiorespiratory
fitness, both Vngeak and VT are key factors.

The age-related decline of Vo,peax has been attrib-
uted to changes in body composition, especially a loss
of skeletal muscle (SM) mass, or sarcopenia (Fleg and
Lakatta 1988; Frontera et al. 2000; Proctor and Joyner
1997). SM mass is important for understanding the
decline in Vozpa,k with age, because the arterial-ve-
nous difference for oxygen in SM is one of the deter-
minant factors of Vngeak according to the Fick
principle. Previously, we reported that lower body SM
mass measured by magnetic resonance imaging (MRI)
was strongly correlated with Vngeak during running
(Sanada et al. 2005), independent of body mass and
fat-free body mass (FFM). However, to our knowl-
edge, there is no evidence supporting the relationship
between VT and total or regional SM mass as a func-
tion of age in a large population. Therefore, it is nec-
essary to clarify what factors are important for
normalisation (i.e., body mass, FFM, SM mass) in or-
der to accurately evaluate VT.

It is difficult to accurately quantify total and regional
SM mass because it requires the use of MRI or com-
puterised tomography (the gold standard), which are
costly and time-consuming for analysis. Recently, our
laboratory developed several regression-based predic-
tion equations (Sanada et al. 2006) of SM mass based
on B-mode ultrasound of muscle thickness (MTH). We
have further demonstrated that use of these equations
are a valid method for predicting SM mass in healthy
Japanese adults, and a viable alternative to costly MRI
measurements. Ultrasound has been widely employed
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for measuring SM size in vivo (Abe et al. 1994; Kubo
et al. 2003; Reimers et al. 1998). This method is prac-
tical for large-scale studies, most notably because of its
portability (~10 kg) and ease of taking measurements
in the field.

The purpose of the present study was twofold: (1) to
investigate the effects of age on cardiorespiratory fit-
ness normalised for regional SM mass, and (2) to
determine the relevance of VT normalised to SM mass
based on age and gender.

Methods
Subjects

Fourteen hundred and sixty-three healthy Japanese
men and women aged 20-80 years participated in this
study (807 men and 656 women, 49.3 + 135 years).
None of the subjects were taking any medications
known to affect the study variables, such as beta-
blockers or hormone replacement therapy, and all
subjects were members of a fitness club. Most of the
subjects routinely performed moderate aerobic and/or
resistance exercises. The purpose, procedures and risks
were explained to each participant, and all subjects
gave their written informed consent before participat-
ing in the study approved by the Ethical Commission
of Waseda University. Subjects with any of the fol-
lowing conditions were excluded from the study: sig-
nificant  cardiovascular or pulmonary disease,
uncontrolled metabolic disease (diabetes, anaemia, or
thyroid disease), or electrolyte abnormalities.

Measurement of VO,peak and VT

We measured the body mass, height and waist cir-
cumference of all subjects before measurement of
Vozpeak and VT. VO, during a treadmill walking test
was measured using an automated breath-by-breath
mass spectrometry system (Aeromonitor AE-280S;
Minato Medical Science, Tokyo, Japan). Subjects
warmed-up at 40 m min™! on a 4% grade for 3 min.
Then, the treadmill speed and grade were increased by
15 m min~?! or 5% alternately for each successive
minute of walking until subjects reached approxi-
mately 85% of their maximum HR (220 minus age).
We developed this protocol based on the metabolic
equations for gross VO, (American College of Sports
Medicine 1990). Previously, we validated this protocol
in 104 healthy middle-aged and older men and women
(Sanada et al. 1997). Lehmann et al. (1997) confirmed
that the treadmill exercise protocol designed on a
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theoretical basis to span a range of 0-200 W in incre-
ments of approximately 25 W by alteration of either
speed or grade from one stage to the next should
correspond to a standard bicycle protocol consisting of
25-W steps. VO, during walking was calculated every
30 s. The electrocardiograph was monitored constantly
during the exercise session and was also used to mea-
sure HR at intervals of 30s. Ratings of perceived
exertion (RPE) were also recorded every minute dur-
ing exercise, Vozpeak was estimated from maximum HR
using the HR—Vo2 relationship for sub-maximal exer-
cise. VT was estimated from ventilatory equivalents for
oxygen (VE/Vo,) and carbon dioxide (VE/Vco,) as
described previously (Caiozzo et al. 1982). VT was
determined from Vo, as the point of inflection where
the VE/Vo, ratio was at its lowest and then increased
progressively with further increments in treadmill work
rate, while at the same time VE/ Vo, reached a plateau
or declined. The modified V-slope method where Veo,
was plotted against Voz was also used to support the
estimate of VT by ventilatory equivalents (Beaver
et al. 1986). In this study, 1,367 (755 men and 612
women) subjects met the criteria for attainment of VT.
The VT was similar with a small (< 2%) and not sig-
nificant difference between the observers. The Vo,
should be proportional to L? or M*3, where L is length
and M is body mass (Astrand and Rodahl 1977). We
applied this calculation for VT and Vo2peak.

Ultrasound MTH and measurements

Ultrasound has been widely employed for accurate
measurement of the SM size in vivo, and this method
has been shown to be highly reliable and valid in pre-
vious studies involving measurement of muscle thick-
ness—MTH (Abe et al. 1994; Fukunaga et al. 2001;
Reimers et al. 1998). The MTH determined by B-mode
ultrasound was assessed at six sites on the anterior and
posterior surfaces of the body, as described previously
(Abe et al. 1994). The sites included: the anterior and
posterior upper arm, a point 60% distal between the
lateral epicondyle of the humerus and the acromial
process of the scapula; the abdomen, 2-3 cm to the
right of the umbilicus; subscapula, 5 cm directly below
the inferior angle of the scapula; anterior and posterior
thigh surfaces, midway between the lateral condyle of
the femur and the greater trochanter.
Ultrasonographic evaluation of MTH was performed
using a real-time linear electronic scanner with a 5 MHz
scanning head (SSD-500; Aloka, Tokyo, Japan). The
scanning head with water-soluble transmission gel,
which provided acoustic contact without depression of
the skin surface, was placed perpendicular to the tissue

interface at the marked sites. The MTHs were measured
directly from the screen with electronic callipers, and
determined as the distance from the adipose tissue-
muscle interface to the muscle-bone interface. Total
and regional SM mass were estimated using the equa-
tions of Sanada et al. (2005). The MTHs were converted
to mass units in kilograms by ultrasound-derived pre-
diction equations using site-matched MTH x height,
which were then used to calculate arm, trunk, thigh and
lower leg SM mass. Strong correlations were observed
between the site-matched SM mass (total, arm, trunk
body, thigh and lower leg) for the MRI measurement
and MTH X height (in metres) in the model develop-
ment group (r = 0.83-0.96 in men, r = 0.53-0.91 in wo-
men). In addition, the SM mass prediction equations
were applied to the validation group, significant corre-
lations were also observed between the MRI-measured
and predicted SM mass in vivo(Sanada et al. 2006).
Moreover, in another study the reliability of image
reconstruction and distance measurements were con-
firmed by comparing the ultrasonic and manual mea-
surements of tissue thickness in human cadavers, and
the coefficient of variation for the MTH measurements
was 1% (Kawakami et al. 1993).

Measurement of FFM

FFM was estimated from body density using the sub-
cutaneous fat measurements from B-mode ultrasound,
as described previously (Abe et al. 1994). Body density
was estimated from measurements at the six subcuta-
neous fat layer sites, as described in the previous sec-
tion. The standard error of these estimates using the
ultrasound equations was ~0.006 g ml™ (+¥2.5% body
fat) for men and women. Body fat percentage was then
calculated from body density using the equation de-
scribed by Brozek et al. (1963) and FFM was the dif-
ference between body mass and fat mass.

Statistical analysis

All measurements and calculated values are expressed
as the mean + standard deviation, One-way ANOVA
was used to compare age decade and gender differ-
ences for the following physical characteristics: total or
regional SM mass and VT or Vozpeak, body mass, BMI,
percent body fat, FFM, waist circumference, total SM
mass, trunk SM mass, thigh SM mass and absolute or
normalised VT and Vngeak (Tables 1, 2, 3, 4). In cases
where a significant F value was obtained, Scheffe’s post
hoc test was performed to identify significant differ-
ences among mean values. Pearson’s product correla-
tions were calculated between SM mass and Vngeak or
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Table 1 Physical characteristics of subjects

Gender and age n Body mass Fat-free body Body mass Percent body Waist circumference
range (years) (kg) mass (kg) index (kg m™) fat (%) {cm)
Men

20-29 55 732 £ 10.7 60.3 + 5.9 24333 182 + 6.4 73.7 £ 6.7
30-39 110 72.0 + 937 58.2 + 6,21 243 £ 2.8 188 £ 54 752 =78
40-49 205 716 = 9.67 583 = 6.8' 24531 182+ 62 71572
50-59 205 705 £ 937 577 = 6.17 24.7+28 18053 801 +7.8
60-69 167 671 £73 55351 24.0 £2.2 174 £39 83393
70+ 65 63.6 58 529 + 41 231+17 16.6 £ 34 881+ 5.6
All 807 69.9 + 9.2 571+ 62 243 £ 2.7 179 +53 874 +77
‘Wornen

20-29 61 534 £58 40.6 + 3.6 20,6 £2.3 235+71 82.8 + 9.8"
30-39 158 52470 40.1 = 3.9 20.5 2.5 229 + 6.8 857 £ 7.67
4049 173 533 £ 66 40.0 = 4.1 21.0 £ 24 242 +72 874 + 83"
50-59 150 530 £ 6.7 403 + 3.8 214 £24 233538 893 +£73
60-69 101 540 + 6.6 400 + 4.4 224 £26 258 £5.0 87.6 + 6.6
70+ 13 554 £50 415+ 35 228 +22 249 + 4.8 869 £59
All 656 532 + 6.6% 40.2 = 4.0* 21.2 + 2.5* 23.9 + 6.4* 78.4 + 84%*

T Significant difference in the 70- to 79-year-old group (P < 0.05)
*Significant difference in all male subjects (P < 0.05)

Table 2 Total and regional SM mass in men and women

Gender and age »n Total SM Trunk SM  Thigh SM

range (years) mass (kg) mass (kg mass (kg)

Men

20-29 55  281+33" 116+17" 105+ 13"
30-39 110 265 £3.6! 108+18" 99+ 15"
40-49 205 257 £317 104 =15t 9.6+ 141
50-59 205 248 +32" 99:+14 9.2 + 141
60-69 167 232 +25 93 +12 8.6 + 1.17
70+ 65 214 x21 92 +13 7.8 + 1.0

All 807 248 +35 100x16 9215

‘Women

20-29 61 153 =21 63 + 0.8 5.8 + 08

30-39 158 14.6 £2.0 60 +08 5.6 = 0.8

4049 173 150 x25 61 =09 56+09

50-59 150 14.6 £23 59 + 08 54+ 0.8

60-69 101 144 +26 59 +09 52+ 0.9

70+ 13 13.9 £ 2.7 58 £ 07 49+ 1.0

All 656 147 £23* 60 +08* 55 0.9*%

T Significant difference in the 70- to 79-year-old group (P < 0.05)
*Significant difference in all male subjects (P < 0.05)

VT (Table 5). Quadratic regression was performed on
Vozpeak normalised for body mass and linear regression
- was performed on VT normalised for body mass in
men and women (Fig. 1). The alpha level for testing
significance was set at P < 0.05. All statistical analyses
were completed using Stat View v5.0 for windows
(SAS Inc., Cary, NC, USA).

Results

The physical characteristics of the male and female
subjects are listed in Table 1. Subjects varied in age
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from 20 to 80 years and body mass index (BMI) from
15.0 to 36.0. The waist circumference increased with
age in both genders, but not the % body fat. These
results suggest that the accumulation of body fat occurs
in abdominal area with age. The reference values for
SM mass using the ultrasound method are shown in
Table 2. The men had significantly higher SM (P <
0.001) in comparison with the women in total, trunk
and thigh. Age-associate declines were observed in
total, trunk and thigh SM mass in men, but not in
women. Tables 3 and 4 show the values for Vngeak and
VT in each gender and age group. Age-associated de-
clines were observed for Vozpeak normalised for body
mass as well as normalised for SM mass (Table 3) in
both men and women. Age-associated decline of the
absolute VT was observed in men, but not in women.
This result is associated with gender differences in SM
mass (Table 4). Despite the age-associated declines in
VT normalised for body mass in both men and women,
VT normalised for SM mass was not significantly dif-
ferent with age.

Table 5 shows simple correlation coefficients among
age, and aerobic power in men and women. There were
significant negative correlations between age and
Vozpeak normalised for body mass in men and women,
and between age and VT normalised for body mass in
men and women. Moreover, there were significant
negative correlations between age and SM mass in
both men and women.

Significant negative quadratic regression was ob-
served between age and absolute Vozpeak, while there
was a significant negative correlation between age and
absolute VT in both men and women (Fig. 1). Signifi-
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Table 3 Absolute and normalised VOzveak in various age groups

Gender n  Absolute Normalised values
and age value (L)
range Body mass Body r?zzlaass . Fat-free Total SIIVI mass Trunk SM mass Thigh SM
(years) (ml kg™ min™) (ml kg™? min™) body mass (ml kg™ min™) (mlkg™? min™) mas (ml kg~
(ml kg™ min™) min™?)
Men
2029 55 344+ 0667 472 +79" 197.1 + 32,47 58.7 + 7.6 125.9 + 1531 308.5 + 50.67 336.4 + 40,11
30-39 110 3.15 + 0497 443 £ 75! 183.3 £ 28.01 541 = 6.77 119.8 + 17.11 296.8 + 47.57 3222 + 5521
4049 205 3.04 = 052" 42.6 + 58" 176.3 + 2391 52.3 + 837 1187 £ 1667 2967 + 5577 319.9 + 4821
50-59 205 2.71 + 0457 387 +57t 159.7 + 22.6¢ 472 + 6.6 110.6 + 17.3¢ 279.2 + 527t 298.6 + 47.31
60-69 167 239 + 038" 357 53" 144.8 + 21.07 432 + 631 103.7 + 16.0 260.4 = 4827 280.6 + 48.0
70+ 65 1.94+032 30749 122.1 £ 195 36.8 +5.8 90.9 = 13.6 2144 + 424 251.0 + 41.4
All 807 278 + 0.61 39.8+7.4 163.6 = 30.9 48.4 £ 9.0 116.6 + 18.8 315.7 + 74.2 301.5 + 53.1
‘Women
20-29 61 215+ 034" 405 6.1t 153.2 + 22,51 52.4 + 831 139.6 + 22.7¢ 340.1 + 65.47 369.6 + 66.4"
30-39 158 2.06 + 0.377 39.6 + 6.57 147.6 + 23.51 51.9 + 7.67 144.1 = 24,01 354.6 + 75.31 376.0 + 60.61
4049 173 190+ 036 359+ 63" 134.3 £ 2321 47.6 + 8.41 128.5 + 25.6 317.8 + 73.1 345.8 + 66.5
50-59 150 176 + 032 33.5+57 125.3 £ 20.8 437 + 6.7 122.1 £ 21.0 303.5 + 60.1 332.0 + 57.5
60-69 101 1.57 £ 030 29.1 +4.8 109.6 + 18.0 393 + 6.9 110.8 + 21.6 270.5 £ 63.6 304.2 + 63.1
70+ 13 139+026 25350 95.2 + 18.7 33.6 £ 5.7 101.4 + 28.0 242.6 = 60.0 297.2 + 86.4
All 656 1.87 +0.39% 35.4 x7.2* 132.5 + 26.2% 46.5 + 9.0% 128.2 £ 261* 2782 + 56.5%*  343.8 + 67.6*

! Significant difference in the 70- to 79-year-old group (P < 0.05)

*Significant difference in all male subjects (P < 0.05)

cant correlations were observed between the thigh SM
mass and absolute Vo,pear (Fig. 2) or VT (Fig. 3).

Discussion

To our knowledge, the present study is the first to
normalise cardiorespiratory fitness values, including
Vozpealc and VT, for SM mass using a large population
sample. The most notable findings of this study were
that absolute Vngeak and VT were closely associated
with thigh SM mass independent of age, and the study
provided normative cardiorespiratory fitness data
based on normalised SM mass in healthy men and
women aged 20-80 years. Age-associated declines
were also observed in VT normalised for body mass in
both men and women; however, VT normalised for SM
mass was not significantly different with age. Thus, this
cross-sectional study showed that the age-associated
declines in VT are markedly blunted if normalised for
SM mass rather than body mass. These results suggest
that SM mass is closely associated with Vozpeak or VT
in both men and women, and the decrease in VT with
age is primarily due to an age-related decline of SM
mass.

In cross-sectional studies, the rates of age-related
decline in VOzpeak normalised for body mass using
treadmill walkmg or runmng were in the range of
0.28-0.46 ml kg? min~? year? in men and 025-
0.57 ml kg™ min year™ in women (Fleg and Lakatta
1988; Jackson et al. 1995, 1996; Paterson et al. 1999;

Talbot et al. 2000; Tanaka and Seals 2003; Toth et al.
1994); wvalues for this study were 032 and
0.31 ml kg? min year? in men and women, respec-
tively (Fig. 1). In addition, previous studies have indi-
cated that the rate of decline in VT is approximately
one-third of the rate of decline in Vozpeak (Babcock
et al. 1992; Cunningham et al. 1985; Posner et al.
1987). Posner et al. (1987) found the rates of decline
in VT were 0.08 and 0.07 ml kg™ min~ year™ in men
and women, respectively, which are similar to the val-
ues from this study (0.09 and 0.10 ml kg™ min™* year™
Fig. 1). However, there is little scientific information
about the effect of age on these cardiorespiratory fit-
ness parameters normalised for regional SM mass. A
previous study using dual energy X-ray absorptiometry
(DXA) to estimate muscle mass showed some varia-
tion with a significant decrease in the Vngeak even after
normalisation for appendicular muscle mass (Proctor
and Joyner 1997). On the other hand, there was no
evidence of a decline in VT with age, even when nor-
malised for SM mass. However, in the present study,
age-associated declines were also observed for VT
normalised for body mass in both men and women.
Theoretically, the Vo2 should be proportional to L? or
M*?, where L is length and M is body mass. We ap-
plied this calculation to VT, and showed that there was
an age-related decline in Vo2 /body mass*® similarly to
Vo2 /body mass. These results suggest that Vozpeak and
Vo, at VT decrease with age even when taking body
dimensions in consideration. This is despite this study
showing VT, normalised for SM mass, did not vary
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with age. These results suggest that the age-related
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Table 5 Simple correlation

; Age Body Total Trunk Thigh Voypeak
ggfnfgg‘;gfna’:r‘l’ﬁ 2ge, body (vears)  mass (kg) SM(ke) SM(kg) SM(kg) (L minY)
power in men and women In men

Body mass (kg) -0.28
Total SM (kg) ~-0.49 0.76
Trunk SM (kg) -0.42 0.55 0.77
Thigh SM (kg) -0.47 0.72 0.91 0.55
Voypear (1 min™) -0.64 0.55 0.66 0.49 0.63
VT (I min™) -0.45 0.57 0.59 0.43 0.58 0.68
In women
Body mass (kg) NS
Total SM (kg) -0.09 0.68
Trunk SM (kg) -0.11 0.42 0.69
Thigh SM (kg) -0.20 0.57 0.85 0.37
Voypeak (1 min™) -0.51 0.34 0.41 0.16 0.48
VT (1 min™) -0.30 0.44 0.45 0.20 0.47 0.67
60 + 35T
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Fig. 1 Relationship between age and cardiorespiratory fitness
(VOzpeak and VT) are shown for men and women. The thin line
indicates Vo,peak and the heavy line VT. The solid line indicates
men and the dashed line women. Significant quadratic age
declines were observed in Vo,pea in men (2 = 807, R%*= 034,
Y = 50.989-0.096x-0.002x?, P < 0.001) and women (1 = 656, R*
= 032, Y = 40.605-0.122x-0.005x%, P < 0.001). On the other
hand, VT declined linearly with age in men (n =755, R* = 0.12,
Y = 24.549-0.091x, P < 0.001) and women (n = 612, R? = 0.13,
Y = 23.623-0.102x, P < 0.001)

VO,peak (L-min't)
[¥%)
<

Thigh SM mass (kg)

Fig. 2 Relationship between thigh SM mass and Vo,pea values
in men (closed circles) and women (open circles). Significant
correlations were observed between the thigh SM mass and
Voypeak- Men; n = 755,y = 0.265x + 0.332,7 = 0.63, P < 0.001.
Women; n = 620,y = 0.215x + 0.681, r = 0.48, P < 0.001

Fig. 3 Relationship between thigh SM mass and VT values in
men (closed circles) and women (open circles). Significant
correlations were observed between the thigh SM mass and
VT. Men; n = 755,y = 0.119x + 0.297, r = 0.58, P < 0.001.
Women; n = 612, y =0.112x + 0.382, r = 047, P < 0.001

thokostas et al. (2004) investigated longitudinal data
versus cross-sectional analysis, and showed a greater
decline in VT for men (0.14 ml kg™ min™ year™) and
women (0.11 ml kg™ min~ year™). Second, this study
assessed the total or regional SM mass by ultrasound.
MTH measurements using ultrasound may not be
accurate as compared to MRI, and the measurement
of SM size by B-mode ultrasound has limitations be-
cause it cannot exclude non-contractive tissue, such as
the connective and intra-muscular fat tissue. Third,
VOzpeak was estimated at sub-maximal effort, which
may introduce substantial error. However, this study
had a large sample size including many middle-aged
and older men and women, and there is a certain
degree of risk with graded exercise tests (GXT) in

“subjects with low fitness levels or in the elderly

(American College of Sports Medicine 1995). We
configured the end point of the GXT to prevent such
risks. In addition, Wasserman et al. (1995) noted that
in calculating using the V-slope method, the data
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above the Voz at which VE/VCO2 starts to increase
(respiratory compensation point) should not be in-
cluded. Since we calculated the VT by this method,
VT could be estimated at sub-maximal GXT. More-
over, the V02 values at VT in the present study cor-
respond to those reported in previous studies (Posner
et al. 1987; Thomas et al. 1985). Finally, the treadmill
protocol in this study which alternates the speed and
grade has the potential to give a non-linear increase in
estimated work rate, because it uses rather large steps
to increase the grade. However, we ensured a linear
increase in Voz during this protocol in the majority of
subjects. Therefore, we might as well to evaluate the
ventilatory threshold using our protocol.

In conclusion, we have demonstrated that absolute
VO;_peak and VT were closely associated with thigh SM
mass independent of age, body mass and FFM. Age-
associated declines were observed in VT normalised
for body mass in both men and women, but not VT
normalised for SM mass. These results suggest that
thigh SM mass was closely associated with VOzpeak or
VT in both men and women, and the decrease in VT
with age is due, in part, to an age-related decline of
SM mass. Moreover, this study provides normative
cardiorespiratory fitness data regarding VT norma-
lised SM mass in healthy men and women aged 20—
80 years.
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EFFECTS OF THE OBESE-RELATED GENE, BODY COMPOSITION, AND
CARDIORESPIRATORY CAPACITY ON THE PREVALENCE
OF THE METABOLIC SYNDROME

Kiyoshi Sanada, Izumi Tabata, Motohiko Miyachi,
Hiroshi Kawano, and Katsuhiko Suzuki

SUMMARY

There is little information on the relationship between the human obese-related gene, cardiorespiratory fitness
(VOuee) and metabolic syndrome (MS) or predisposition to the MS (MP). The purpose of this study was to
investigate the relationships between obese-related genotype, fitness and the prevalence of the MS in Japanese
men and women. Sedentary and moderately active men (n=85) and women (n=271) aged 30-84 yrs partici-
pated in this study, and were divided into 4 groups; 61 healthy men, 24 MS men (up to 2 or more risk factors in-
volved abdominal obese), 237 healthy women, and 34 MP women (up to 1 or more risk factors involved abdomi-
nal obese) . We measured VOims during an incremental cycle ergometer exercise test. Serum HDL-cholesterol, tri-
glycerides, and plasma glucose were measured in all subjects. Total and regional lean soft tissue and fat mass were
also measured using Dual-energy X-ray absorptiometry (DXA). We analyzed the genotype of obese-related gene
using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay at the beta-3
adrenergic receptor gene (ADRB3), fatty acid binding protein 2 gene (FABP2), peroxisome proliferators-
activated receptor gamma gene (PPARG), and uncoupling protein 1 gene (UCP1). A total of 24 men (28.2%)
and 9 women (3.3%) developed MS. In addition, a total of 37 men (43.5%) and 34 women (12.5%) were
involved MP. VOum, in men and women with MS or MP (31.5 % 4.7 and 25.2 + 5.5 ml/kg/min) were signifi-
cantly (p<<0.05) lower than in healthy men and women (35.9 % 5.9 and 30.3 % 5.4 mUkg/min). The VO
less than 35 ml/kg/min in men and 26 ml/kg/min in women were significantly increased the number of risk factors
of MS (p<C0.05). The body mass index and the number of risk factors of the MS in the C1431T polymorphism at
the PPARG is significantly higher than those wild genotype (p<0.05). We concluded that poor VOum associated
with the prevalence of MS in men and women, and the C1431T polymorphism at the PPARG is associated with

BERBEARE LR SRR SIS Consolidated Research Institute for Advanced Science and Medical Care, Waseda University,
Tokyo, Japan.
RIATEOE NEDNLARAE - SCAERTEAT R BRI RFZE ST National Institute of Health and Nutrition, Tokyo, Japan.
* RRERERER A MR ETER Graduate School of Human Sciences, Waseda University, Saitama, Japan.

*r BREEASE AMBESTE Faculty of Human Sciences, Waseda University, Saitama, Japan.
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obese and risk factors of the MS in Japanese men and women. Moreover, poor VOumee is associated with obese and
risk factors of the MS independently of the C1431T polymorphism at the PPARG.

Key words: obese-related gene, body composition, cardiorespiratory fitness, metabolic syndrome.
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Fig.1. Analysis of the genotype of obese-related gene using a polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay at the fatty acid binding protein 2 (FABP2).

The genomic DNA fragment flanking the A54T polymorphism was amplified using two primers flanking exon 2 of the FABP2 gene:

CTACCGAGTTTTCTTCCCACC and AATTAAACCATCCAATGAAATAGAGC. 5 pl of the PCR product (375 base pairs) was

digested in a 15- yl reaction volume containing | U of Hha I with the buffer supplied by the vender. The digested PCR products were

resolved on 2.0% agarose gels. Hha I digested the wild type, Alanine (GCT), which yielded two products, 200 and 175 base pairs (A

allele). The G to A substitution (Threonine, ACT) destroyed the Hha I site (T allele).



