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Introduction

Metabolic syndrome is a common disorder and has
become a public health challenge i Japan [1]. For example,
80.7% of men and 3.6% of women have been diagnosed as
having metabolic syndrome using the new criterion
developed in Japan (2] Metabolic syndrome has becn
associated with an increased risk of cardiovascular disease
[3], proteinuria [4], and elevation of hepatic enzymes [5].
Lifestyle modifications, especially exercise, are important
for preventing and improving metabolic syndrome.

Although maximum oxygen uptake is generally
considered an accurate and reliable pavameter, it is not
fully applicable to the population in clinical practice.
Ventilatory threshold (VT) is closely linked to maximum
oxygen uptake. It is defined as the upper limit of aerobic
exercise and is also thought to serve as an accurate and
reliable standard for exercise prescription [6]. Since
exercise intensity at VT is not harmful to cardivvascular
function, it can be safcly applicd to patients with
myocardial infarction as exercise preseription [7]. We have

previously reported in a cross-sectional study that lower
levels of oxygen uptake at VT were characteristic in
subjects with metabolic syndrome {8]. However, whether
an increase in oxygen uptake at VT is beneficial for
improving metabolic syndrome, and what effects this will
have on metabolic syndrome remain to be investigated in a
longitudinal study.

In this study, we evaluate the link between increases
in oxygen uptake at VT and metabolic syndrome in
Japanese men with a 1-year follow up.

Subjects and Methods

Subjects, We used data for 70 (0.5%) Japanese men, aged
45.927.7 years, retrospectively from a database of 14,345
subjects who met the following eriteria: (1) veceived an
annual health check-up at baseline from June 1997 w
March 2008, (2) received an annual health check-up every
year with a follow up duration of 1-year, (3) received
anthropometric and oxygen uptake at VT measurements,
fasting  blood
measurements as part of the annual health checfc-up, @

examination and blood , Dressure



received no medications for diabetes, hypertension, and/or
dyslipidernia, and (5) provided written informed consent
(Tuble 1).

Table 1: Clinical profiles and changes in parameters with
1-year follow up
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At the first annual health check-up, all subjects were
given instructions by well-trained medical staff on how to
change their lifestyle ie. not to eat too much, consider
balance when they eat and increase their daily steps.

Ethical approval for the study was obtained from the
Ethical Committee of Okayama Health Foundation.
Anthropometric and body composition measurements.
Anthropometric and body compositions were evaluated
based on the following parameters: height, body weight
and abdominal circumference. Body rass index (BMI) was
caleulated by weight / [height] 2 (kg/m?), Abdominal
circurnference was measured at the umbilical level in
standing subjects after normal expiration [1].

Blood pressure measurements at rest. Resting systolic and
diastolic blood pressure were measured indirectly using a
mercury sphygmomanometer placed on the right arm of
the seated participant after at least 15 minutes of rest,
Blood sampling and assays. Overnight fasting sevum lovels
of high density lipoprotein (HDL) cholesterol, riglycerides
(L Type Wako Triglycerider H, Wako Chemical, Osaks) and
plasma glucose were measured.

Defimtion of metabolic syndrome. Men with a waist
circumference in excess of 85 cm were defined as having
metabolic syndrome if they also had two or more of the
following components: 1) Dyslipidemia: triglycerides= 150
mg/dl and/or HDL cholesterol <40 mg/dl, 2) High blood
pressure’ blood pressure2130/85 mmHg, 3) Impaired
glucose tolerance: fasting plasma glucose =110 mg/di [1],
Exercise testing. A graded ergometer exercise protocal [9]
was performed. Two hours after breakfast, a resting ECG
was recorded and blood pressure was measured, Then, all
participants were given graded exercise afier 3 min of
pedaling on an unloaded bicycle ergometer (Excalibur V2.0,
Lode BV, Groningen, Netherlands). The profile of
incremental workloads was automatically defined by the
methods of Jones [9], in which the workloads reach the
predicted VOsmax in 10 min, A pedaling cycle rate of 60

rpm was maintained. Loading was terminated when the
appearance of symptoms forced the subject to stop. Dwing
the test, ECG was monitored continuously together with,
the recording of heart rate (HR). Expived gas was collected
and rates of oxygen consumption (V05 and carbon dioxide
production (VCO were measured breath-by-breath using
a cardiopulmonary gas exchange system (Oxycon Alpha,
Mijnhrdt b.v, Netherlands). VT was determined by the
standard of Wasserman el al (6], Davis et al [10], and the
V-slope method of Beaver [11] from VOz, VCO: and minute
ventilation (VE). At VT VO (mVkg/min), work rate (W),
and heart rate (beats / min) were measured and recorded,
Statistical analysis. All data are expressed as mean +
standard deviation (8D) values. A statistical analysis was
performed using a paired ¢ test, an unpaived #test and x2
test: p<0.05 was consideved to be statistically significant
Pearson's correlation coefficients were calewlated and used
to test the significance of the linear relationship among
continuous variables,

Results

The clinical parameters at the baseline and the I-year
follow up ave summarized in Table 1. Anthropometric and
hody composition parameters such as body weight and
abdominal circumference were significantly reduced after
one year. Systolic blood pressure, diastolic blood pressure,
triglyceride levels and heart rate at VT were significantly
reduced. The prevalence of metabolic syndrome was also
significantly reduced (Baseline: 31 men, Follow up: 24
men) (Table 2).

Table 2: Changes in the provalence of metaholic syndrome

Mstabolic syndrome (Follow up)

Metabolic syndrome (Baseline) ) [$P) J)
[&] 34 5
") 12 18 <0.0001

Thirty five men unexpectedly increased their oxygen
uptake at VT by the time of the l-year follow up. We
investigated the changes in the prevalence of metabolic
syndrome amongst men who had different Jevels of
increased oxygen uptake at VT [Group I Delta (delta
represents positive changes in parameters) oxygen uptake
at VT & 0 ml/kg/min, Group D: Delta oxygen uptake at VT
< 0 mlkg/min] (Table 3). The prevalence of subjects with
metabolic syndrome at baseline and without metabolic
syndrome at follow up was higher (8 men, 22.9%) in Group
I'than thuse in Group D (4 men, 11.4%),



Table 3: Relationship between changes in oxygen uptake at
ventilatory threhold and metabolic syndrome

Ouygen uptake at ventilatory threshold

Metabolic syndrome Group | Group D »
Bageling Follow up 5 %
-3 -) 1 314 23 65.7
(-) (#) 3 8.6 2 5.7
(6] =) 8 229 4 114 0.0393
+ (+3 13 371 6 171
Total 35 100.0 35 100.9

Group [: Delta oxygen uptake at VT = 0 mi/kg/min
Group D; Delta oxygen upteke at VT < 0 mi‘kg/min

We finther compared parameters at baseline and
changes in each parameter at baseline and follow up
between Group I and Group D (Tuble 4). At baseline,
significant  differences were noted in  abdominal
circumference, oxygen uptake at VT, work rate at VT, heart
rvate at VI and diastolic blood pressure. After 1-year follow
up, there were also significant differences in delta oxygen
uptake at VT (Group I' 1,612 mlkg/min vs Group D
-1.540.8 mVkg/min), delta work rate at VT, delta heaxt rate
at VT, delta abdominal circumference, delta HDL
cholesterol and delta blood sugar between the two groups.
" However, delta systolic blood pressure, delta diastolic blood
pressure and delta triglyceride in Group I were similar to
those in Group D.

Table4: Comparison of clinical parameters at baseline and
changes in parameters with 1-year follow up

Greap ) Sroue O I3

Hurber of sthieets i
kxe 42 k70 458 & 84 97468
Angormu! ercsmieonss ion) 85 % 7 LIS 1) 2037
Oxygna wstake ab vertiatery threshsld it kgmn} 6HE %17 156 = 30 230005
Vark rate 21 vantlatery tarechald OV} B4 = 141 £27 & 151 80403
Heert eate ot venthitory tumabaid Dease mnd 018 = 8§ 1045 & 11 02180
Syiote bload precsure (m=Hg! 32 = 153 116 & 148 83587
Dizstete bisod peasure fmnMy’ 84S = 103 wE = 9183
Trigyseride (mg B} 59 X 82 1€34 = 186 a7set
HEL chpizsteratimg € #3 =2 303 X 8 33033
Brood sugat imgrai; RIS I A L] Wes = 22 U35
Deltz crygen LOtahS At ventiatory Wesahsis imt hg'mv: 16 =12 “1¥ & 0% <«Q.000
Deka normrate 2t vendlateey thresrald V) &0 215 e i24 <0000}
Orlra nesrerate ot vertiatery (hresnals fpeniz oo €7 =1 ~53 = 83 00226

heammt groumieognts {ert -4l = §2 RIEE-E-X) 60304
Dena wysofe olovi praswre ImaHy) -7 &2 113 = s 02806
Dty dierioho bivoe prossure fyirHy} 14 & 103 -0 & 19 90502
Delte thigyserats {rg dT} 372 x 687 39 W 1028 00328
Dok HOL chelasterst img et} 43 = 49 *33 = 23 00038
Dol blosd sucse {erprdl 38 & 382 28 &= 182 20147

HegnkSD
Group | Deko svygen vptakie St VT & 0 ml kg mon
Grouo D Delts exyper vztate 1 VT < Drel kg min

Finally, we evaluated the relationship between delta
oxygen uptake at VT and each delta parameter of
metabolic syndrome by a simple correlation analysis,
Oxygen uptake at VT was weakly correlated with delta
abdominal circumference (=0.308, 7=0.0094) and delta
HDL cholesterol (=0.312, p=0.0083). Although a
significant difference in delta blovd sugar was noted
between Group I and Group D, the correlation between
delta oxygen uptake at VT and delta blood sugar was not
at a significant level (r=0.172, z~0.1536).

Table5: Simple correlation analysis between changes in
(delta) oxygen uptake at ventilatory threshold and clinical
parameters

r 2
Delta abdominal circumference (cm)  -0.308  0.0094
Deita systolic blood pressure (mmHg)  0.086 0.4794
Delta diastolic blood pressure (mmHg], -0.129 0.2872
Delta triglyceride (mg/dl) -0.089  0.4634
Delta HDL cholesterol (mg/dD) 0.312 0.0085
Delta blood sugar (mg/dl) 0172 0.1556

Discussion

We explored. using the Japanese criterion, whether
an increase in oxygen uptake at VT can improve metabolic
syndrome and its components in Japanese men,

Regular physical activity has been shown to increase
HDL and reduce resting blood pressure, triglycerides,
abdominal fat, fasting blood sugar, and insulin responses to
oral glucose challenge test [12-16], Some cross sectional
studies show that metabolic syndrome is significantly
correlated with physical fitness [17-19). We also previously
showed that lower oxygen uptake at VT was characteristic
in Japanese men with metabolic syndrome [8). In addition,
lower exercise habits were noted in subjects with metabolic
syndrome compared to those without [8l. It seems
reasonable to suggest that simply moving from the lower
oxygen uptake at VT to a higher oxygen uptake at VT
might result in the amelioration of metabolic syndrome in
some Japanese men. However, these were cross sectional
studies and the hypothesis that metabolic syndrome may
be caused by lower oxygen uptake at VT cannot be
accurately proven.

In twm, few longitudinal studies have been carried
out to prove a link between melabolic syndrome and
exercise. Katzmarzyk et af reported on the effects of 20
weeks supervised aerobic training program on the
prevalence of metabolic syndrome in 621 men and women
who were enrolled in the HERITAGE Study. 30.5% of the
participants” with metabolic syndrome at baseline were
classified as not having the syndrome after the
intervention [20]. The Kuopio Ischemic Heart Disease Risk
Factor Study [21] followed several hundred men without
the syndrome at baseline, After four vears, subjects in the
upper one-third of VOzmax at baseline were 75% less likely
than unfit men to develop metabolic syndrome. Ekelund et
alveported that the energy expenditure of physical activity
predicts progression to metabolic syndrome independent of
aerobic fitness, obesity, and other confounding factors
followed by 5.6 years [22]. By using the criterion developed
in Japan, Okura et &/ vecently reported that 67 women
with metabolic syndrome were treated with a 14-week



weight loss program, which included a low-calorie diet and
aerobic exercise. The adjusted odds ratios for metabolic
syndrome improvement in the two intorventions with diet
alone and diet plus exercise were 1.0 and 3.68. In addition,
VOzmax in subjects on the low-calorie diet and aerobic
exercise treatment was 22.9:3.2 mlkg/min at baseline and
27.0+3.8 mVkg/min after intervention (»<0.001) [23].

In the present study, using the ariterion developed in
Japan, increasing oxygen uptake at VT was associated
with improvement of metabolic syndrome in Japanese men
with a l-year follow up. In addition, clinical impacts of
abdominal HDL-cholesterol
improvement were also noted. Compared to Okura ef al

circumference  and

the cbservation period was longer and oxygen uptake at
VT as a parameter of aerobic exercise was used, Ouy
results suggest the clinical significance of increasing
aerobic exercise level.

Potential limitations still remain in this study. First,
the 14,345 subjects in our study vohuntarily underwent the
annual health check-up; they were, therefore, probably
more health-conscious than the average person. The
selected 70 subjects (0.5%) underwent an annual health
check-up every year with a follow-up duration of 1-year
and received no medication; they were, therefore, probably
even more health-conscious than most of the subjects in the
database, and the small sample size makes it difficult to
infer causality between increasing oxygen uptake at VT
and metabolic syndrome. Second, the parameters of VT
were significantly lower and diastolic blood pressure was
significantly higher in subjects in Group I than those
subjects in Group D at baseline. Third, although delta
blood sugar was significantly higher in Group I than in
Group D by unpaired £test, delta oxygen uptake at VT was
not correlated with delta blood sugar, Blood sugar might be
more changeable compared to other parameters.

In conclusion, it seems reasonable to suggest that
simply moving from the lower oxygen uptake at VT to
higher oxvgen uptake at VT might result in the
amelioration of the metabolic syndrome in some Japanese
. men. In addition, exercise habit was closely lnked o
oxygen uptake at VT [8]. Therefore, we need promote
exercise habits for preventing and improving metabolic
syndrome. Further prospective investigation studies are
needed in Japanese using the new cyiterion of Japan.
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Increasing Oxygen Uptake at Ventilatory Threshold is Associated with Improving
Metabolic Syndrome in Japanese Men

Nobuyuki MTYATAKEY, Sumiko MATSUMOTO?Y, Motohiko MIYACHI?, Takeyuki NUMATA®D

?Okayama Southern Institute of Health, # National Institue of Health and Nutrition

The link between changes in oxygen uptake at ventilatory threshold (V1) and metabolic syndrome was evaluated in
Japanese men with a I-year follow up. We used data for 70 Japanese men (45.9+7.7 years) with a I-year follow up.
Metabolic syndrome has been defined by a new criterion in Japan. Changes in oxygen uptake at VT on metabolic syndrome
were also evaluated. Body weight, abdominal circumference, systolic blood pressure, diastolic tlood pressure and
triglyceride were significantly reduced and the prevalence of metabolic syndrome was also significantly reduced with a
1-year follow up. The prevalence of metabolic syndrome was reduced in subjects with an increase in oxygen uptake at VT
(Group D compared to subjects without such an increase (Group D). In addition, there were remarkable differences in delta
abdominal civcumference (delta represents positive changes in parameters) and delta HDL cholesterol between Group I and
Group D. An increase in oxygen uptake at VT may be associated with improving metabolic syndrome and its components in
Japanese men.

Key words: Metabolic syndrome, Ventilatory threshold, , Oxygen uptake
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in Japanese Women
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Abstract

Objective: The link between leg strength per body weight and oxygen uptake at ventilatory threshold (VT) was evaluated in

Japanese women with a I-year follow up.,

Subjects and Methods: We used data for 60 Japanese women (46.1 + 10.6 years) with a l-year follow up. Changes in leg
strength per body weight on oxygen uptake at VT were also evaluated.

Results: Oxygen uptake at VT (per body weight) was significantly correlated with body weight, body mass index (BMI),
abdominal circumference, hip circumference, body fat percentage, leg strength and leg strength per body weight (r=0.520,
p<0.001). Body weight, BMI, abdominal circumference and body fat percentage were significantly reduced; work rate and right
grip swength were significantly increased with a -year follow up. Tn addition, changes in oxygen uptake at VT (per body
weight) were also significantly correlated with leg strength and leg strength per body weight (r=0.317, p=0.0137).

Conclusion: An increase in leg strength per body weight may be associated with increasing oxygen uptake at VT in Japanese

women.

KEY WORDS: leg strength, oxygen uptake, ventilatory threshold

Introduction

Aerobic exercise has been shown to increase HDL and reduce
resting blood pressure, triglycerides, abdominal fat, fasting blood
sugdr, and msulin responses to oral glucose challenge test!™¥,
Some cross sectional studies show that metabolic syndrome is
significantly correlated with physical fimess®®,

Although maximum oxygen uptake is generally considered an
accurate and reliable parameter of aerobic exercise level, it is not
fully applicable to the population in clinical practice. Ventilatory
threshold (VT) is defined as the upper limit of aerobic exercise
and 1s also thought to serve as an accurate and reliable standard for
exercise prescription?®. Since exercise intensity at VT is not
harmful to cardiovascular function, it can be safely applied to
patients with myocardial infarction as exercise prescription!®, It
is also well known that low and declining muscle strength is
associated with increased mortality, independent of physical
activity and muscle mass ' and well reported that there is
significant loss in muscle strength with aging'>'». We have solely
reported in a cross sectional study that oxygen uptake at VT was
significantly correlated with leg strength per body weight in
Japanese women M. However, whether an increase in leg strength
per body weight is beneficial for increasing oxygen uptake at VT,
and what etfects this will have on oxygen uptake at VT remain to
be investigated in a longitudinal analysis.

In this study, we evaluate the link between increases in leg
strength per body weight and oxygen uptake at VT in Japanese
women with a I-year follow up.

Anti-Aging Medicie 623 5-9. 2000
¢} Japanese Suciety of Anti-Aging Medicone

Subjects and Methods

Subjects

We used data for 60 Japanese women, aged 46.1 + 10.6 years
who met the following criteria: (1) received an annual health
check-up every year with a follow up duration of l-year, (2)
received no medications for diabetes, hypertension, and/or
dyslipidemia, and (3) provided written informed consent (Table 1).

At the first annual health check-up, all subjects were given
instructions by well-trained medical staff on how to change their
lifestyle 1.c. not to eat too much, consider balance when they eat
and increase their daily steps.

Ethical approval for the study was obtained from the Ethical
Committee of Okayama Health Foundation.

Anthropometric and body composition measurements

Anthropometric and body compositions were evaluated based
on the following parameters: height, body weight, abdominal
circamference, hip circumference and body fat percentage. Body
mass index (BMI) was calculated by weight / [height]® (kg/m?).
Abdominal circumterence was measured at the umbilical level and
hip circumference was measwred at the widest circumferences over
the trochanter in standing subjects after normal expiration !
Body fat percenlage was measured by an air displacement
plethysmograph called the BOD POD Body Composition System
(Lite Measurement Instruments, Concord, CA, USA) "6 Lean
body mass was calculated as follows: Body weight(kg) — [body
weight(kg) < body fat percentage (%) 100].

Nobuyaki Mayatake MD.
Okayarg Southess [ostiate of Health, 41081 Hicaty, Gkayanny, 700-0932, Japan
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Leg swength per body weight and ventilatory threshold

Table 1  Clinical characteristics and changes in
parameters with I-year follow up
Baseline Follow up P
Number of Subjects 60
Age 46.1 £ 10.6
Height (cm) 1558+ 44
Body weight (kg) 62.0 £ 8.0 609+ 84  0.0159
Body mass index (kg/m?2) 255% 32 25135 0.0133
Abdominal circumference (vm) 783+ 74 169+ 8.2 00184
Hip circumference {cm) 954 6.0 94.6 £ 6.5 0.0797
Lean body mass (kg) 39539 39.6%39 0.9933
Body fat percentage (%) 358+ 4.9 348+ 5.2 0.0027
Systolic blood pressre (mmHg) 122.8 4 (4.0 121.9+ 15.9 0.5259
Diastolic blood pressure {mmHg) 712+ 9.6 7521106 01142
Triglyceride (mg/dl) 98.0 + 63.1 954 + 604 0.6653
HDL cholesterol mg/dl) 65.1 & 14.6 649+ 153 0.8599
Blood sugar (ing/dl) 943+ 9.1 936+ 8.7 0.4523
Oxygen uptake at veatilatory threshold 129 & 2.4 130+ 1.9 0.6742
(ni/body weight (kg)min)
Oxygen uptake at ventilatory threshold 2013 29 199+23 0.5943
(mt/lcan body mass (kg)/min)
Oxygen uptake at ventilatory threshold 792.7 £ 1331 7849+ 1200 0.6231
{ml/min)
Waork rale at ventilatory threshold 507+ (1.5 550+ 145 0.0131
(watt}
Heart vate at veatilatory threshold 124+ 117 1004+ 105 0.1095
(beat/min)
Right grip strength (kg) 259+ 54 270+ 43 6.0237
Lefl grip strength tkg) 2524 5.8 25,6+ 4.5 0.190%
Leg suwength (kg) 442+ 105 4534 103 0.2673
Leg swength per body weight 072+ 0.16 075 £0.15 0.0645
Leg swength per lean body mass 112+ 0.25 115+ 0,23 0.3901
Flexibility (em) 8.0+ 88 88+ 82 0.1641
Mean £ SD

Blood pressure measurements at rest

Resting systolic and diastolic blood pressure was measured
indirectly using a mercury sphygmomanometer placed on the right
arm of the seated participant after at least 15 minutes of rest.

Blood sampling assays

Overnight fasting serum levels of high density lipoprotein
(HDL) cholesterol, triglycerides (L Type Wako Triglyceride-H,
Wako Chemical, Osaka) and serum glucose were measured.

Exercise testing

A graded ergometer exercise protocol '® was performed. Two
hours after breakfast, a resting ECG was recorded and blood
pressure was measured. Then, all participants were given graded
exercise after 3 min of pedaling on an unloaded bicycle ergometer
(Excalibur V2.0, Lode BV, Groningen, Netherlands). The profile of
incremental workloads was automatically defined by the methods
of Jones '™, in which the workloads reach the predicted VOz max in
{0 min. A pedaling cycle rate of 60 rpm was maintained. Loading
was terntndted when the appearance of symptoms forced the
subject to stop. During the test, ECG was monitored continuously
together with the recording of heart rate (HR). Expired gas was
collected and rates of oxygen consumption (VOz) and carbon
dioxide production (VCOz2) were measured breath-by-breath using
a cardiopulmonary gas exchange system (Oxycon Alpha, Mijnhrdt
b.v,, Netherlands). VT was determined by the standard of
Wasserman et al®’, Davis et al ™, and the V-slope method of
Beaver?¥ from VO2, VCO:z and minute ventilation (VE). At VT,
VO (ml/kg/min), work rate (W), and heart rate (beats / min) were
measured and recorded.

[§

Measurement of muscle strength

To assess muscle strength, grip and leg strength had been
measured.  Grip strength was measured using THP-10 (SAKAL
Tokye, Japan), while leg strength was measured by COMBIT CB-
I (MINATO, Osaka, Japan). [sometric leg strength was measuved
as follows: the subject sat in a chair, grasping the armrest in order
to fix the body position. The dynamometer was then attached to
the subject’s ankle joint by a strap. Next, the subject extended the
leg to 60 degrees®V. To standardize the influence of the total body
weight, we calculated the leg strength (kg) per body weight (kg)

23 the level of which “over 1.0” is recommended for daily activity
2n

Measurements of flexibility

To evaluate the flexibility of all the participants, they were
measured as follows: Sit-and-reach measurements were obtained
to assess the overall flexibility in the forward flexion, with the
measurements recorded as the distance (in centimeters) between
the fingertips and toes. The subject's knees were kept straight
throughout the test and ankles were maintained at 90 degrees by
having the soles of the feet pressed against a board perpendicular
to the sitting surface?®.

Statistical analysis

All data are expressed as mean #+ standard deviation (SD)
values. A statistical analysis was performed using a paired 1 test:
p<0.05 was considered to be statistically significant. Pearson's
correlation coefficients were calculated and used to test the
significance of the linear relationship among continuous variables.

Results

The clinical parameters at the baseline and the 1-year follow up
are summarized in Table 1. Anthropometric and body composition
parameters such as body weight, BMI, abdominal circumference
and body fat percentage were significantly reduced after one year.
Work rate at VT and right grip strength were significantly
increased.

Relationship between oxygen uptake at VT and clinical
parameters at baseline was evaluated. Oxygen uptake at VT (per
body weight) was negatively comrelated with body weight, BMI,
abdominal circumference, hip circumference and body fat
percentage; and it was positively correlated with leg strength
(1=0.295, p=0.0220), leg swrength per body weight (1=0.520,
p<0.0001) and leg strength per lean body mass (1=0.385,
p=0.0024) (Tuble 2, Figure I). Oxygen uptake at VT (per lean
body mass) was also correlated with leg steength, leg strength per
body weight and leg strength per lean body mass (Table 2).
However, there was no sigoificant relationship between oxygen
uptake at VT (per body mass and per lean body mass) and other
clinical parameters.

Simple correlation analysis between oxygen uptake at VT and
age (Fignre 2), and between leg swength per body weight, leg
stwength and age (Figure 3) were also evaluated. Leg strength per
body weight and leg strength were negatively carrelated with age.
Leg strength per lean body mass was also weakly correlated with
age (r=-0.281, p=0.0297). Oxygen uptake at VT (ml/min) was
weakly correlated with age (Figure 2: B). However, oxygen
uptake at VT (per body weight: ml/kg/min) (Figure 2: 4) and
oxygen uptake at VT (per lean body mass: mi/kg/min) were not
correlated with age at a significant level (per body weight: 1=
0.187, p=0.1529, per lean body mass: r=-0.106, p=0.4183).



Tuble 2 Simple correlation analysis between oxygen
uptake at ventilatory threlold and clinical
parameters at baseline

mifkg/min
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Table 3 Simple correlation analysis between changes in
oxygen uptake at ventilatory threhold and changes
in clinical parameters with 1-year follow up

Per body weight  Per lean body mass

v P v P
Body weight tkg) -0.181 0.1670 0.009  0.9456
Body mass index (kg/n?) -0.165 ,2087 0.024  0.8596
Abdominal civcumferenve (em) -0.162  0.2157 -0.014 0.9132
Hip circumference {cm) -0.156  0.2354 0046 0.7268
Body fat percentage (%) -0.216  0.1005 0.056  0.6751
Systolic blowd pressre (mmHg) 0.138  0.2922 0.169  0.2006
Diastolic blood pressure (mmHg) 0.091 0.4911 0.130  0.3249
Triglyceride (mg/di) -0.079  0.5501 -0.073  0.5840
HDL cholesterol (mg/dl} 0.615 09666 -0.038  0.7777
Blood sugar ymg/dl) 0.22¢  0.0909 0.258  0.0487
Right grip swength (kg) -0.050  0.7087 0.026  0.8440
Left grip sweagth (kg) 0.027  0.8403  -0.005  0.9706
Leg stength (kg) 0.260  0.0440 0.309 0.0172
Leg swength per body weight 0317 0.0137 0.305  0.0188
Leg strengeh per lean body mass 0.264  0.0430 0.307  0.0179
Flexibility (cm) 0.159  0.2200 0.091  0.4952

mitkgimin

B R e e a2 Y

-3 -2 -1 o A 2 3
Changes in leg strength per body weight

Changes in oxygen uptake at ventilatory threshold

Fig. 4. Simple correlation analysis between changes in oxygen uptuke at
ventilatory threshold (per body weight) and changes in leg strength
pex body weight in Japanese women with 1-year follow up.

We further evaluated the relationship between changes in
oxygen uptake at VT and changes in clinical parameters. Changes
in oxygen uptake at VT (per body weight) were weakly correlated
with changes in leg strength (=0.260, p=0.0440), leg strength per
body weight (t=0.317, p=0.0137) and leg strength per lean body
mass (r=0.264, p=0.0430) (Tuble 3, Figure 4). Changes in oxygen
uptake at VT (per lean body mass) were also correlated with leg
strength parameters (Table 3).

Discussion

The main findings of this stady were explored the link between
changes in oxygen uptake at VT (per body weight) and changes in
leg strength per body weight in Japanese women with a 1-year
follow up.

Some cross sectional studies show that aerobic exercise level is
significantly correlated with body composition and physical
finess parameters 220, Wong et al reported that high
cardiorespiratory fitness group had significantly lower abdominal
circumference and less visceral adipose tssue®”. Thigh skeletal
muscle was closely associated with VO2peak and/or VT in both in
men and women, and the docreasc in VT with age was
predominantly due to an age-related decline of skeletal muscle
mass?™. Neder et al also reported that maximal oxygen uptake
was related to leg muscle mass and leg strength?®. We also
previously showed oxygen uptake at VT was significantly
correlated with abdominal circumference? and leg strength per
body weight ' in Japanese. It seems reasonable to suggest that
simply improving body composition and increasing leg strength
per body weight might result in the amelioration of oxygen uptake
at VT in some Japanese. However, these were cross sectional
studies and the hypothesis that oxygen uptake at VT is closely
linked to leg strength per body weight cannot be accurately proven.

In turn, no longitudinal studies have been carried out to prove a
link between oxygen uptake at VT and leg strength per body
weight in Japanese. In the present study, in a cross sectional
analysis, oxygen uptake at VT was significantly correlated with
body composition and leg strength per body weight as previous
studies 26 However, in a longitudinal analysis, changes in
oxygen uptake at VT were not correlated with changes in body
composition parameters such as body weight, BMI, abdominal
circumference, hip circumference and body fat percentage. In
addition, changes in oxygen uptake at VT (per body weight) were
weakly correlated with changes in leg strength per body weight in
Japanese women with a 1-year follow up. Our results solely
suggest the clinical significance of increasing leg strength per
body weight level for increasing oxygen uptake at VT. It is
difficult for subjects with lower leg strength per body weight to
support the entire body’s weight; and also difficult for subjects
with lower leg strength per body weight to carry out aerobic
exercise i.e. walking and jogging. In addition, changes in oxygen
uptake at VT (per lean body mass) were also correlated with
changes in leg strength per lean body mass (=0.307). Although
aerobic exercise has been advocated as most suitable for reducing
fat mass and increasing aerobic exercise level, it is important tor
subjects with lower leg strength per body weight to maintain or
maximize the muscle strength of their lower limbs as well as to
carry out aerobic exercise for reducing fat mass and increasing
aerobic exercise level.

Potential limitations remain in our study. First, small sample
size in our study makes it difficult to infer causality between
oxygen uptake at VT and leg strength per body weight. Second,
we could not accurately prove the mechanism of linkage between
oxygen uptake at VT and leg strength per body weight. Third, we
also could not investigate the relationship between free-living
daily physical activity i.e. steps per day and oxygen uptake at VT.
It is well known that a reduction in free-living daily physical
activity was associated with a decrease in ambulatory ability 27,
Cao et al reported that maximal oxygen uptake was siguificantly
correlated  with  physical activity determined pedometer-
determined step counts®. Further prospective studies are needed
in Japanese.



In conclusion, an increase in leg strength per body weight may
be associated with increasing oxygen uptake at VT and both
aerobic exercise and resistance training are necessary for
prevention and improvement of age-related change in Japanese
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