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Effects of Long-term Physical Training in Women

—Training Effects upon Maximal Oxygen Uptake, Body Composition,
Physical Characteristics and Blood—

Yoriko AToMI and Mitsumasa MIYASHITA

The purpose of this study was to investigate the effect of intensity upon the aerobic work
capacity, body composition, physical characteristics, and boold of women through long-term physi-
cal training, when the total amount of work was kept approximately constant for each subject.
Seven sedentary adult females, aged 23 to 40 years, participated in a 44-week tarining experi-
ment. They trained on a bicycle ergometer at 60-65% VO, max during the first 13 (15) weeks
(T60), at 75-80% VO, max during the next 18 (16) weeks (T75) and at 90-95% VO, max during
the final 13 weeks (T90). The total amount of work and frequency were 9000-12000 kpm a
day, and 2-4 days per week, kept approximately constant for each subject through training,
respectively.

Mean VOz max, expressed in 1/min and per body weight, significantly increased by degrees
with two levels up of training intensity, despite keeping constant the total amount of work
through the 44-week training. Mean VO, max per LBM also significantly increased except during,
T75. VO, max, Vg and O, pulse, expressed per LBM, showed a significant relationship (partial
correlation coefficient keeping the effect of age constant) between their initial values and the
total gain (%) after 44 weeks training. The final values of VO, max, except an obese subject,
after the entire training period attained over the level of 42SD of Japanese active females
and were highly correlated with age (p<<0.01). On the other hand, the interindividual differ-
ences were observed in the response to training intensity in VO, max through the 44-week
training. That is, two lean subjects improved most of the total gain during T60, another three
did more than half of that during T90 and the other one increased by degrees in accordance
with the levels up of intensity. The extremely obese subject could not increase so much. Mean
body weight, body fat, and lean body mass did not show any significant change. Mean data
of circumferences showed no significant change, whereas some mean data of skinfold thickness
(supra iliac, thigh and calf) showed significant decrease following the 44-week training. GOT
and GPT of serum enzymes decreased significantly, whereas the other data of blood showed
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no significant change. Essencially no change occurred in all data for the control group.

It was concluded that the increase of intensity without the increase of total amount of work
was effective to the improvement of VO, max, and the susceptibility for intensity was different
for each individual. Furthermore, the improvement of VO, max with long-term and effective
training was significantly related with the initial level based on lean body mass, and the

attainable level was significantly limited by age.
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TABLE. 1. Physical characteristic, blood pressure, occupation and experience of sports activity
of the subjects for training group.

Subj. Age He wt Fat SBP DBP Occupation and experience of sports activity
yrs cm kg % mmHg
A 22 156 60.0 31.3 124 64 secretary, nothing
B 26 155 48.9 19.0 114 76 graduate student, gymnastic (12-20 years)
C 28 157 69.0 37.8 124 86 clerk, volley-ball (15-17 years)
D 31 153 41.2 23.8 107 64 secretary, social-dance (18-21 years)
E 32 158 53.0 21.3 100 64 graduate student, tennis (15-20 years)
F 39 159 -.58.7 34.2 118 78 clerk, nothing
G 40 158 47.5 17.0 96 66 house wife, short distance (15-17 years)
Mean 31 157 54.4 26.3 110 65
DS 7 2 9.3 8.1 12 10

TABLE 2. Physical characteristics, body composition and VO, max of subjects for control group.

Subj. Age Ht Wt LBM Fat VO, max
yrs cm kg kg % 1/min

C2 C1 C2 Cl1 C2 C1 C2
1 27 154 47.76 48.23 38.83  39.60 18.7 17.9 1.97 1.93
2 33 160 50.82 51.65 41.01  40.67 19.3 20.4 1.96 1.96
3 34 160 50.55 51.09 41.30 40.70 18.3 21.2 1.81 1.85
4 37 154 57.95 59.85 40.04 40.10 30.9 33.0 1.53 1.61
5 45 153 52.52 52.00 37.87 37.60 27.9 27.7 1.39 1.42
Mean 35 156 51.92 52.56 39.81 39.73 23.0 24.0 1.73 1.76
DS 7 4 3.78 4.34 1.45 1.28 5.9 6.2 0.27 0.23

Cl=first test; C2=second test after 40-50 weeks of ClI.
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TABLE 3. Methods of determination, normal ranges and coefficients of variation for blood.

Method CV(%)

Variable Normal Range
RBC 104/mm? 380-480
Hb mg/dl 12-15 Colter Counter Model S
Hect % 35-47
Total protein g/dl 5.5-8.2 Biuret 1.49
Albumin g/dl 3.8-5.8 B.C.G. 3.76
BUN mg/dl 8-22 di-acetylmonoxim 1.96
Creatinine mg/dl 0.8-1.6 London 6.49
Uric Acid mg/dl 2-6 Crowley 1.65
Total bilirubin mg/dl 0-1.5 Malloy-Evelyn 5.74
Na mEq/l 135-148 Flame 1.02
K mEq/l 3.5-5.3 Flame 2.01
Alkari-phosphatase U 3-13 King-King 3.06
LDH U 46-124 Wroblewski 3.93
GOT U 0-45 Henly 5.15
GPT U 0-47 Raitman-Frankel 6.63
Triglyceride mg/dl 50-170 enzymatic method 2.47
Cholesterol mg/dl 120-250 Zurkowski 3.64
Glucose mg/dl 60-110 O.T.B. 1.34

TABLE 4. Total mechanical work done per day, frequency per week through training and mean

attained level of heart rates for each subject during each training period.

. Total Work Frequency Heart Rate
subj. per day per week beats/min
kpm day T60 T75 T90

A 11259458 3 148+4 165+7 184+4
B 10370222 2 148+5 162+5 1805
C 122084393 4 150+5 1586 1745
D 9238+419 4 150+5 1647 1796
E 10623375 4 151+6 1636 175+6
F 90834217 2 148+3 160+6 1733
G 10267106 4 13747 154+5 1705

foo FEZa!L Rahnetal® O@HRFRE (X, 2740
WK 1.50) & R Taked i, AR R o JlE 13 K5 37°C
DK VU AR OIRFET 5 BN LKA 1T, &
KIED—EOMET 3 ELL BB % F T -1z, BRI
itk% (Lean Body Mass; LBM) kAT & (5K &
BEFNSTRD I,

JAEEPHEE TR B o ClE Uve s R RS R L 6T
W v V=2 T H AW D125 A e L7z,
RBBIERE 0 RO BIGBEO IR, »
B = DERROCT o — ASEOBE A BT 5 L 5 s
B, I3~ oMtk FUZERERRCIRIN L, &

MEAEIH H o e i -

g D el

LR R OE B (R4 Table 3 @

MU= VRO SRR, BREDMGE, KOS
M DOPELL b v — = v 7§ (TO), 60(T60), 75 (T75),
90 (T90)% VO,max F L —= v 70rhERKT I
fife > 7 7o RBRHIE VO, max & [FEE 2 (310 2 g

Lo

UL # R

FL—= VOB RRUBE ®BEE742L0 v



BAL T B 2 BHER—E - BEWHERRC L 2B v —= v 7 ORE 123

TABLE 5. Mean value of laboratory findings for blood at rest through training.
) TO T60 T75 T90

Variable Mean SD Mean SD Mean SD Mean SD
RBC (10*/mm?3) 404 19 416 26 409 21 399 14
Hb (mg/dl) 12.0 5.9 12.0 7.9 12.4 7.6 11.9 5.4
Hct (%) 36.9 2.0 37.6 2.6 38.0 22.5 36.5 2.0
T. Protein (g/dl) 6.7 0.4 6.8 0.4 6.9 0.3 6.8 0.3
Albumin (g/dl) 4.0 0.2 4.0 0.2 4.0 0.2 3.9 0.2
BUN (mg/dl) 14.2 1.2 13.3 2.3 13.6 2.3 15.0 1.9
Creatinine (mg/dl) 0.9 0.1 0.8 0.1 0.9 0.1 0.8 0.1
Uric Acid (mg/dl) 3.5 0.6 3.5 0.8 3.3 0.4 3.6 0.5
T. Bilirubin (mg/dl) 0.9 0.3 0.8 0.2 1.1 0.4 1.1 0.4
Na (mEq/l) 139 1.1 140 1.7 . ‘140 1.1 142 0.9
K (mEq/l) 4.1 0.3 4.2 0.3 4.2 0.4 4.2 0.3
Alk-P (U) 6.5 1.5 6.4 1.5 6.3 0.9 6.2 2.2
LDH (U) 78 13 80 10 71 13 74 20
GOT (U) 26.9 3.7 22, 7HHE 2.9 24.3 3.6 22.4%* 2.6
GPT (U) 26.0 4.6 22.4 3.8 20.6* 5.2 20.9 4.3
TG (mg/dl) - 68.1 18.5 69.7 20.6 64.1 23.9 60.0 19.0
Cholesterol (mg/dl) 181 25 180 19 183 30 187 37
Glucose (mg/dl) 94.0 7.4 90.0 9.2 95.9 3.7 93.7 7.4

TO=pre training; T60=post 60-65% VO, max training; T75=post 75-80% VO, max training; T90=post

90-95% VO, max training.

*p<0.05, ** p<0.01, HAk p<0.001. These marks show the differences for the initial values.
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Fig. 1 Physiological responses and work load during training exercises for 44 weeks.

Values are means and SD of 7 subjects during last three minutes in each
training exercise. RPE means rating of perceived exertion, according to Borg

{12) and Onodera & Miyashita (46).

blood pressure.
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TABLE 6. Mean values of 11 circumferences and 12 skinfold thicknesses through training.
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. TO T60 T75 T90
Variable
Mean SD Mean SD Mean SD Mean SD
Circumference (cm)
chest 83.6 9.2 83.4 8.2 82.6 8.5 82.4 7.7
abdomen 1 67.2 7.5 65.6% 7.3 65.6 6.3 64.8%* 6.8
abdomen 2 78.0 11.1 77.7 12.4 77.5 10.7 75.6 11.8
trochanteric 89.9 8.0 88.5 8.1 88.3 6.5 89.9 6.7
thigh 54.6 6.3 54.3 6.7 52.9 4.9 54.2 5.1
knee 35.8 3.0 35.6 2.9 35.1 2.6 34.8 2.4
calf 35.1 3.0 35.1 3.4 34.5 2.6 34.8 2.8
unkle 20.8 1.7 20.6 1.8 20.3 1.3 20.3 1.5
upperarm 26.0 3.3 26.1 3.0 26.0 2.5 25.8 2.6
forearm 23.3 2.1 24.1 1.9 23.0 1.8 23.1 1.8
wrist 15.0 0.7 15.0 0.9 14.8 0.8 15.0 0.8
Skinfold Thickness (mm)
 cheek 13.6 5.2 13.6 5.7 13.6 5.7 14.0 4.8
chin 9.0 4.4 8.5 4.2 9.3 3.4 8.3 3.7
pectoralis 14.6 6.0 15.4 6.9 13.6 5.9 12.6 5.6
xyphoid 15.1 7.9 13.6 8.2 13.1 7.1 11.4 5.1
triceps 26.4 12.9 23.2% 10.5 23.9 9.5 23.9 8.8
scapula 21.9 15.4 19.9 15.9 18.1 13.1 18.6 13.7
waist 20.3 8.4 17.9% 8.2 17.6 7.6 15.6% 7.7
umbilicus 29.0 13.7 27.2% 13.9 26.1 12.2 24.2 12.5
supra iliac 21.9 13.1 20.9% 12.6 16.8 10.9 15.6* 8.4
thigh 33.6 11.0 32.0 10.0 31.6 6.0 28.4%* 6.4
knee 14.0 6.2 15.8 6.4 14.5 5.2 13.4 4.8
calf 21.9 10.0 23.1 9.2 20.5 6.3 17.8* 6.8

* p<0.05, ** p<0.01.

These marks show the differences for the initial values.
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TABLE 7. Mean VO, max, and selected cardiorespiratory parameters at VOZ max through training.
. TO T60 T75 T90
Variable
Mean SD Mean DS Mean DS Mean DS
VO, max (1/min) 1.56 0.19 1.80 0.20 1.89 0.26 2.06 0.26
(ml/kg.-wt. min) 29.36 3.18 34.22 4.43 36.10 3.43 39.39 4.51
(ml/kg-LBM.min) 39.94 2.97 46.30 3.37 47.27 3.77 51.84 4.44
Ve (1/min) 65.82 14.48 71.20 7.41 72.37 11.22 83.24 9.61
VE (Vg/VO,) 42.33 6.74 39.90 5.30 38.68 5.41 41.15 2.46
O, Pulse (ml/best) 8.3 0.1 9.6 0.1 9.9 0.1 10.8 0.1
Max HR (beasts/min) 187.9 8.1 188.9 7.5 191.9 6.2 186.9 5.5

TABLE 8. Pre-post differences and significant level of VO, max and selected cardiorespiratory
parameters at YO, max through training.

Difference (%)

Variable
TO-T60 T60-T75  T75-T90 TO-T75 TO-T90  T60-T90
VO max (1/mid) 15.6%** 4.2% 8.6% 21.6%%* 30. 1%** 14, 7%%*
(ml/kg-wt. min) 16.4%** 6.3* 7.9% 23.4%%* 31.9%** 15.9%*
(ml/kg-LBM. min)  15.3%%* 2.3 10.0* 18.4%** 25,144 12, %%
Vg (1/min) 11.3 2.1 17.3% 13.9 30.9 17.7*
VE (Ve/VO,) 4.4 2.3 3.9 6.4 0.6 7.9
0, Pulse (ml/best) 16.8%** 3.1 8.9 19, 7*** 18.6%** 13.6**
Max HR (beast/min) 0.6 1.9% 2.7* 2.3 0.6 —1.1

* p<0.05, ** p<0.01, *** p<0.001.
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max for 7 subjects through training. ***p<
0.001.
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Fig. 6 Increase in VO,max of 3 subjects during 36
weeks training, drawed from the data in the
reference (6) by authors.
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Fig. 7 Correlations on the basis of LBM between eadh initial level and increase (%)
of (A) VO2max, (B) Vg, and (C) Oz pulse, after 44 weeks training. Partial
correlation coefficients were obtained when the effect of age was held statisti-

cally constant.
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