
1. Introduction
Skeletal muscle atrophy with aging is associated with 

serious problems (i.e. falls, fractures, disability, and heart 
disease)9,21,25) and it is also associated with increased 
healthcare costs10). Loss of skeletal muscle mass can there-
fore drastically impair quality of life and can also reduce 
life expectancy and healthy life expectancy. Among the 
countries belonging to the Organisation for Economic 
Co-operation and Development (OECD), Japan is a lead-
ing country with a high estimated average healthy life ex-
pectancy (71.4 and 75.8 year for men and women in 
2001, respectively)13), but a large gap period obtained by 
subtracting the healthy life expectancy from life expectan-
cy was 8.0-8.9 and 9.7-10.8 year for men and women 
from 1990 through 201320). In order to shorten this large 
gap period as much as possible, there is a pressing need to 
promote and achieve healthy life expectancy by long-peri-
od intervention.

Resistance training is the most effective intervention as 
improvement of skeletal muscle mass. In general, tradi-
tional high-intensity resistance training (≥ 70% 1-repeti-
tion maximum: 1RM) improves skeletal muscle morphol-
ogy and function3), but it appears that this method is not 
practical and even decrease cardiovascular system in older 
adults14). On the other hand, KAATSU resistance training 
(～30% 1RM) can produce muscle hypertrophy and does 
not decrease cardiovascular system in older adults as well 
as young adults1,17,23,24). However, since most KAATSU re-
sistance training studies only limited to short-period 
(within 12 weeks)5), it is unclear whether the long-period 
(exceeding 12 weeks) of KAATSU resistance training was 
a highly safe and effective training method for improve-
ment of skeletal muscle mass in older adults. 

Skeletal muscle atrophy with aging is muscle specific 
and that greater quadriceps muscle loss was found in older 
adults2,15). Thus, the purpose of this case study was to ex-
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amine effect of a 24-week KAATSU training on femoral 
muscle size and safety for older adult. 

2. Subject
A 84-year-old woman (standing height, 153 cm) partic-

ipated in this study. She had no participated in resis-
tance-type training prior to the study, and was free of 
overt chronic disease as assessed by medical history, physi-
cal examination, and complete chemistry and hematologic 
evaluation. The principles of the World Medical Associa-
tion Declaration of Helsinki and the American College of 
Sports Medicine Guidelines for USE of Human Subjects 
were adopted in this study. The study was approved by the 
Ethics Committee, and informed consent were obtained 
from the subject.

3. Methods
The subject performed bilateral knee extension and leg 

press exercise training 2 days/week for 24 weeks. This 
training was performed under the close supervision of 
those with technical knowledge in BFR training. Three or 
four days before training, the subject performed one-repe-
tition maximum (1-RM) test, which was estimated by the 
10-RM method4). Training intensity and volume were set 
at 20% or 30% of 1-RM and 75 repetitions for knee ex-
tension and leg press exercises, respectively. This protocol 
is typical of submaximal BFR studies23,24). During knee ex-
tension and leg press exercises, the subject was seated com-
fortably on isotonic knee extension (VR1, Cybex Interna-
tional, Inc.) and leg press machines (Seated Leg Press, Life 
Fitness), with the body supported in a vertical position. 
The training loads of each exercise was adjusted based on 
estimated 1-RM testing performed every 3 weeks. During 
the training sessions, the subject wore a specially designed 
elastic pressure cuff (50 mm width, KAATSU Master, Sato 
Sports Plaza, Tokyo, Japan) around the most proximal 
portion of the both legs. On the first day of training, the 
cuff was set at 120 S.K.U. The pressure was increased by 
10-20 S.K.U. at each subsequent training session until a 
pressure of approximately 200 S.K.U. was reached. Imme-
diately after the exercise session, the pressure cuff was 
quickly removed. 

The subject testing took place before the start of the 
study (pre), 3-5 days after the 12-week  and 24-week of 
training. Muscle cross-sectional area (CSA) was obtained 
using a magnetic resonance imaging (MRI) scanner (1.5-T 
MRI, Hitachi, Tokyo, Japan). A T-1 weighted spin-echo 
axial plane sequence was performed with a 540-msec repe-
tition time and a 20-msec echo time. Subjects rested qui-
etly in the magnet bore in a supine position with their legs 
extended. Continuous transverse images (10-mm slice 
thickness) were transferred to a personal computer for 
analysis using specially designed image analysis software 
(sliceOmatic, Tomovision Inc., QC, Canada). CSA data 
for the quadriceps, adductors and hamstrings at 50% of 
thigh length and for the Gluteus maximus at the top edge 
of the great trochanter were digitized. Bilateral knee exten-

sion and leg press maximum dynamic strength (1-RM) 
were assessed using an isotonic knee extension and leg 
press machines. During estimated 1-RM testing as well as 
training sessions, the parallel leg stance width was set at 
100% of the shoulder-width for leg press exercises. A 
chair-stand test required participants to stand up from a 
seated position, as many times as possible, within 30 sec-
onds18). Hemodynamic parameter, cardio-ankle vascular 
index (CAVI) and ankle-brachial pressure index (ABI) 
were measured noninvasively using a VS-1500 system 
(Fukuda Denshi Co., Ltd, Tokyo, Japan). CAVI and ABI 
were obtained by substituting the stiffness parameter into 
an equation for determining vascular elasticity19). Venous 
blood samples were obtained from the antecubital vein 
and measured for fibrin/fibrinogen degradation products 
(FDP), D-dimer and creatine kinase (CK). The plasma 
concentrations of these samples were measured at a com-
mercial laboratory (SRL Inc., Tokyo, Japan) by following 
latex immunoassay (LIA) for fibrin/fibrinogen degradation 
products (FDP) and D-dimer and spectrophotometry for 
NADPH formed by a hexokinase and D-glucose-6-phos-
phate-dehydrogenase-coupled enzymic system for CK. 

4. Results
After 24-week training period, quadriceps and adduc-

tors muscle CSA (14% and 9%), knee extension and leg 
press 1-RM (43% and 60%) and chair-stand performance 
(29%) showed marked increase. In particular, quadriceps 
muscle CSA, both 1-RM strength and chair-stand test in-
creased throughout 24-week training period. On the other 
hand, there were no changes in body weight, hemody-
namic parameters (except for systolic blood pressure), ar-
terial stiffness, coagulation system and muscle damage 
throughout the training period (Table 1).

5. Discussion
The main findings of the present study were: (1) 24-

week KAATSU resistance training can lead to increase in 
muscle CSA as well as maximal strength for older adult, 
(2) hemodynamic parameters, arterial stiffness, coagula-
tion factors, and CK, a marker of muscle damage were not 
changed throughout the training period. 

Our results showed that KAATSU resistance training 
produced a hypertrophic potential of 0.31% and 0.28% 
per session in quadriceps muscle CSA (for 12- and 
24-weeks, respectively), which is similar to that observed 
following high-intensity resistance training at 80% 1-RM 
(0.26%-0.45%) in elderly adults7,8). Additionally, the ob-
served gains in knee extension (1.39% and 0.88% per ses-
sion for 12- and 24-weeks, respectively) and leg press 
1-RM strength (1.60% and 1.25% per session for 12- and 
24-weeks, respectively) were comparable with the previous 
KAATSU study at 20% 1-RM (knee extension: 1.06%, 
leg press: 1.07% per session, respectively)11). Therefore, 
our data suggested that KAATSU resistance training (at 
20-30% 1-RM) can provide an effective hypertrophic 
stimulus on thigh muscles for long-period in older adults.
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In this study, maximum heart rate and ratings of per-
ceived exertion during each KAATSU resistance exercise 
(100-155 BPM and 15-19, respectively; data not shown) 
were not low level compared with previous KAATSU 
training studies for older adults12,22,24). However, hemody-
namic parameters (heart rate and blood pressure), arterial 
stiffness (CAVI), coagulation factors (FDP and d-dimer), 
and muscle damage (CK) were not changed throughout 
the training period. Thus, it appears that these KAATSU 
resistance exercises were a highly safe and effective training 
method even if the older adults feel with sufficiently hard 
training protocol. However, it should be noted that the 
possibility of side effects cannot be denied when subjects 
perform such training until near exhaustion or particularly 
to complete exhaustion6,16,26). Additional research is need-
ed to understand the relationship between the long-period 
of KAATSU resistance training and muscle hypertrophy/
safety for many older adults.

In conclusion, 24 weeks of KAATSU resistance training 
were a highly safe and effective training method for im-
provement of skeletal muscle mass in older adult. Thus, 
the long-period intervention by KAATSU resistance train-
ing may be considered as a useful way to prolong the 
healthy life expectancy in older adults.
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