
Abstract. The enhancement and promotion of health is
necessary to maintain the quality of life (QOL) of the aged
population in developed nations such as Japan where the
number of elderly has been increasing rapidly. For this purpose,
low-resistance training using exercise machines (‘Power
Rehabilitation’) has been established as a rehabilitation
program. To investigate the individual factors which influence
the effects of ‘Power Rehabilitation’, single nucleotide poly-
morphisms (SNPs) in the vitamin D receptor (VDR) gene
and the ciliary neurotrophic factor (CNTF) gene were analyzed,
and the relationship between SNP patterns and the effects of
‘Power Rehabilitation’ was evaluated. ‘Power Rehabilitation’
had an effect on the physiological functions involved in the
activities of daily life (ADL) rather than muscle strength and
size. In addition, certain SNP patterns showed better improve-
ment of parameters associated with the effects of ‘Power
Rehabilitation’ as analyzed by comparison between SNP
patterns and factor analysis. Large scale analyses are required
to ensure this tendency and to discover individual factors
which may help to promote the health and QOL of the aged
population.

Introduction

Recently, in developed nations in Europe and North America,
there has been a trend towards an increase in the aged

population with this age group being dominant (1,2). For
example, the population of people older than 65 years has
exceeded 20% of the total population in Japan and is
predicted to be 30% by 2025, and 40% by 2055 (3-5). In
addition, the decreasing birth rate is also magnifying this
trend. This phenomenon has led to nation-wide issues such
as the rapid increase in the costs for medical care. Japan
implemented an elderly care insurance system to resolve this
issue in 2000. Although this system includes several
operational problems, elderly people in Japan have reaped
the benefits of this system which include a plentitude of
senior care housing and the prevalence of rehabilitation
institutes.

After one decade, since the start of the elderly care
insurance system, the quality of life (QOL) of elderly people
has attracted attention since senescence and its associated
multiple disorders such as paralysis caused by cerebral
vascular diseases and dementia have greatly reduced the
hope of a well-fulfilled life for many elderly people. Thus,
the development of procedures for the enhancement and
promotion of health in aged people are required in the areas
of medicine and welfare.

Low-resistance training using exercise machines is one
of the procedures of the rehabilitation program developed in
Japan (6,7). It is called ‘Power Rehabilitation’. As shown in
Fig. 1, aged people who possess no or slight impairment of
physical activity train using exercise machines. The weight
loading for them is very slight and time for loading is 5 to
10 min. Using this program, some aged people improve their
QOL and their ratio of impairment for assessment for the
elderly care insurance system.

In this study, we investigated the relationship between the
effects of ‘Power Rehabilitation’ and individual factors such
as single nucleotide polymorphisms (SNPs) of particular
gene(s) since the same program does not yield similar effects
in all individuals and it is well known that many SNPs affect
sensitivity for various diseases and physiological situations
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such as bone metabolism (8,9). The results showed that
various SNPs seemed to influence the effects of ‘Power
Rehabilitation’, but we could not make a definitive conclusion
due to the number of subjects and the relatively short period
of observation. However, further study should proceed to
assess individual factors such as SNPs to support health
enhancement programs for elderly people and enhance their
QOL.

Subjects and methods

Subjects and chemical and biological parameters. All 63
subjects (male:female 24:39, average age 76.78±9.65) were
Japanese and had no to slight health impairments. Maximum
impairment was defined as hemi-paralysis. In addition, most
people had no or slight dementia, cancers and other
progressive diseases. All subjects were enrolled in the
‘Power Rehabilitation’ program conducted in Iruka-no-Ie
(‘Dolphin's house’) rehabilitation center conducted by
Fukushima Rehabilitation Academy, Asakuchi City, Okayama
Prefecture, Japan. Specimens were taken from subjects from
whom informed consent had been obtained. This study was
approved by the ethics committees of Kawasaki Medical
School and Fukushima Rehabilitation Academy.

As shown in Fig. 2, before starting ‘Power Rehabilitation’,
all subject parameters were measured. To assess general
condition, height, weight, body mass index (BMI) [body
weight (kg)/body height2 (cm)], body fat ratio (BFR),
hemoglobin A1c (HbA1c), atherosclerosis index (ASI) [(total

cholesterol minus HDL-cholesterol)/HDL-cholesterol] were
checked. Blood examinations were divided in two parts. For
general condition, CBC (complete blood count), cholesterol,
triglyceride, high density lipoprotein (HDL)-cholesterol, low
density lipoprotein (LDL)-cholesterol, liver and renal
function tests were examined. For special features, factors
related to the muscle, i.e., patterns of creatine phosphokinase
(CPK)-isozyme and lactic dehydrogenase (LDH)-isozyme,
serum concentrations of myoglobin, vitamin D, and active
vitamin D3 (1·, 25-dihydroxyvitamin D3) (1,25OHVD) were
measured.

For genetical assessment, initially, four SNPs of the
vitamin D receptor (VDR) gene, i.e., Bsm I (10), Fok I (11),
Taq I (12) and Apa I (13), SNP of the ciliary neurotrophic
factor (CNTF) gene (C174T in exon 9) (14), the Mnl I SNP
in the glucocorticoid receptor (GR) gene (15), and SNP in the
promoter region of the interleukin (IL)-6 gene (16) were
selected. The SNPs in the CNTF and IL-6 genes did not have
convenient restriction enzymes to detect SNPs, so the PCR
products were directly sequenced. However, since the last
two SNPs were not well documented by PCR and sequencing
methods, four VDR and CNTF SNPs were applied for
analyses. 

Analysis for SNPs. Peripheral blood was collected from the
cubital vein using ethylenediaminetetraacetic acid (EDTA) as
an anti-coagulant and applied for DNA extraction. Extraction
was performed using the DNAQuick II DNA extraction kit
(Dainippon Pharmaceutical Co. Ltd., Osaka, Japan). For the
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Figure 1. Images of ‘Power Rehabilitation’. Aged people are using exercise machines with low-resistant loading.
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analysis of the SNPs of the VDR gene, extracted DNA was
initially amplified using specific primer sets as shown in
Table I and digested by Bsm I, Fok I, Taq I or Apa I. The
digested PCR products were electrophoresed and SNPs were
assessed as shown in Fig. 3. The large type depicted by an
uppercase character of the specific enzyme is the undigested
genome and the small type shown by a lowercase letter of
specific enzyme is the cut genome. For example, B/B and b/b
type were un-cut and cut homozygous genomes, respectively.
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Table I. Analyzed SNPs and primer sequences for PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––
VDR Bsm I F: 5'-AAGACTACAAGTACCGCGTCAGTGA-3'

R: 5'-AACCAGCGGGAAGAGGTCAAGGG-3'

VDR Fok I

F: 5'-AGCTGGCCCTGGCACTGACTCTGCTCT-3'

R: 5'-ATGGAA ACACCTTGCTTCTTCTCCCTC-3'

VDR Apa I and Taq I sitesa

Intron 8 F: 5'-CAGAGCATGGACAGGGAGCAAG-3'

Exon 9 R: 5'-GCAACTCCTCATGGCTGAGGTCTCA-3'

CNTFb

F: CTGCAGACCCCGGTTTCTAT

R: AGTCGCTGGCATTGGAGGGT

Direct sequencing

GR Mnl I

F: 5'-GATTCGGAGTTAACTAAAAG-3'

R: 5'-ATCCCAGGTCATTTCCCATC-3'

IL-6c

F: TGACTTCAGCTTTACTCTTTGT

R: CTGATTGGAAACCTTATTAAG

FP primer: TGTGCAATGTGACGTCCTTTAGCAT

Direct sequencing
–––––––––––––––––––––––––––––––––––––––––––––––––
aDetection of the Apa I and Taq I sites was facilitated using a single
amplification with primers in intron 8 and exon 9. bC174T in exon 9.
cG174C promoter polymorphism.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Representative digestion of the PCR product for VDR Bsm I SNP.
Genomic DNA from subjects were amplified using the primer set shown in
Table I, and PCR products were digested by Bsm I-specific restriction
enzyme. Digestion patterns were both alleles digested (b/b), both alleles un-
digested (B/B) and product including digested and undigested allele (B/b).

Figure 2. Diagram depicting the steps of this study. BMI, body mass index; CBC, complete blood counts; TG, triglyceride; HDL-chole, high density
lipoprotein-cholesterol; LDL-chole, low density lipoprotein-cholesterol; CPK, creatin phosphokinase; LDH, lactic dehydrogenase; 1,25OHVD, 1·, 25-
dihydroxyvitamin D3; VDR, vitamin D receptor; CNTF, ciliary neurotrophic factor; SNPs, single nucleotide polymorphisms.
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Evaluation of the effects of ‘Power Rehabilitation’. As shown
in Fig. 2, the ‘Power Rehabilitation’, the low-resistance
training using exercise machines, was usually performed twice
a week and continued for three months. Before and after the
program, ten parameters for evaluation of ‘Power Rehabilitation’
were measured. The parameters (17-22) were i) grip strength,
ii) brain-grip reaction time, iii) the timed ‘up & go’, iv) six

minutes of walking, v) one-legged standing with opened
eyes, vi) anterior bending at sitting position, vii) 32 m of
walking, viii) two minutes of stepping, and ix) ADL (activities
of daily living) score, and x) measurement of muscle boundary
length. In addition, the Barthel index was evaluated before
and after according to previous reports. 

Statistical analysis. The parameters for ‘Power Rehabilitation’
were calculated (post-value minus pre-value). The differences
among SNPs in the individual parameters for evaluation of
‘Power Rehabilitation’ were analyzed by the Mann-Whitney
test. In addition, factor analysis (23,24) was carried out. For
this, SNPs were numbered from 1 to 3: 1, homozygous
(indicated by a capital letter); 2, heterozygous, and 3,
homozygous (lowercase letter). All the statistical analyses
were performed using StatView software version 5.0 (SAS
Institute Inc. Cary, NC, USA) and StatFlex version 5.0
software for Windows (Artech Co. Ltd., Osaka, Japan),
which yields results that are compatible with SPSS software.

Results

SNP patterns. Table II reveals the distribution of four SNPs
in the VDR gene and the CNTF SNP. All the patterns and
distributions were similar to the reported Asian population
patterns. For adequate statistical analyses, the VDR Bsm I
SNP was divided into large (L)+ (B/B and B/b) and small (S)
(b/b) types. VDR Fok I SNP was divided into L (F/F) and S+
(F/f and f/f) types. Similarly, VDR Apa I was divided into L+
and S types. In addition, CNTF SNP was divided into C type
(C/C) and T+ type (C/T or T/T).

The effects of ‘Power Rehabilitation’. As shown in Table III,
the change of each parameter for evaluation of ‘Power
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Table II. Analyzed polymorphism patterns.
–––––––––––––––––––––––––––––––––––––––––––––––––
Gene Restriction Pattern Pattern

enzyme ––––––––––––––––––– ––––––––––––
(i) n (ii) n

–––––––––––––––––––––––––––––––––––––––––––––––––
VDR Bsm I Large Homo 4 Large+ 16

Hetero 12

Small Homo 45 Small 45

Fok I Large Homo 35 Large 35

Hetero 22 Small+ 27

Small Homo 5

Taq I Large Homo 44

Hetero 17

Small Homo 0

Apa I Large Homo 7 Large+ 40

Hetero 33

Small Homo 22 Small 20

CNTF Sequencing C/C 32 C 32

C/T 16 T+ 32

T/T 16
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Comparison of SNP patterns and parameters related to the effects of ‘Power Rehabilitation’. The statistical analysis was performed using the Mann-
Whitney test. 
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Rehabilitation’ was assessed as post- and pre-values.
Regarding muscle boundary lengths, there were no significant
changes (all the mean changes were <1 cm), even though
most of the lengths decreased. In addition, hand-grip was
not remarkably changed. These may indicate that ‘Power
Rehabilitation’ did not significantly affect muscle size and
strength.
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Table III. Effects of power rehabilitation.a

––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter Mean SD
––––––––––––––––––––––––––––––––––––––––––––––––––––––
BMI 0.08 1.42
BFR (%) -0.14 3.38

Muscle boundary length (cm)
Upper arm
Right -0.15 1.69
Left -0.43 2.27
Right + Left -0.58 3.50

Forearm
Right -0.17 1.01
Left -0.24 1.12
Right + Left -0.40 1.87

Upper limbs
Right -0.31 1.94
Left -0.67 2.87
Right + Left -0.98 4.33

Thigh
Right -0.37 2.20
Left -0.33 2.20
Right + Left -0.70 4.20

Lower thigh
Right -0.16 1.32
Left 0.02 2.64
Right + Left -0.14 3.18

Lower limbs
Right -0.53 2.93
Left -0.31 3.78
Right + Left -0.84 6.08

Grip strength
Right -0.33 3.53
Left 0.37 3.40
Right + Left -0.15 5.98

One-legged standing with opened eyes (min) 1.92 26.57
Anterior bending at sitting position (degree) 0.34 5.68
Brain-grip reaction time (min) 0.52 13.06 
The timed ‘up &go’ (sec) -0.08 7.78
Six minutes of walking (m) -0.32 2.74
Two minutes of stepping (number of steps) 8.39 22.38
32 m of walking (min) -2.02 23.85
Barthel index 1.64 5.04 

Cholesterol (mg/dl) -8.79 40.02 
Triglyceride (mg/dl) -9.49 78.96
HDL-cholesterol (mg/dl) 0.05 8.47
LDL-cholesterol (mg/dl) -4.23 16.79
ASI (index) -0.09 0.47
Creatinine (mg/dl) 0.04 0.13
HbA1c (%) -0.09 0.58
1,25OHVD -0.25 4.47
Myoglobin (ng/ml) -1.90 26.27
1·, 25-dihydroxyvitamin D3 -4.77 17.78
––––––––––––––––––––––––––––––––––––––––––––––––––––––
aThe mean ± SD for each parameter was calculated using values (after -
before) ‘Power rehabilitation’ program.
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV.Parameters showing differences between pre- and
post-rehabilitation program.
––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNP Parameter for the Better Significance

evaluation of ‘Power SNP
Rehabilitation’ pattern

––––––––––––––––––––––––––––––––––––––––––––––––––––––
VDR 
Bsm I

Body fat ratio B+ <0.05

Muscle boundary length
Thigh: right b <0.05
Thigh: both total b <0.10
Lower thigh: right + left b <0.10
Upper and lower thigh: right b <0.10

Brain-grip reaction time b <0.10

Triglyceride B+ <0.10

Apa I
Brain-grip reaction time a <0.05

Muscle boundary length
Upper and forearms: left A+ <0.05
Lower thigh: right A+ <0.05
Upper arm: right A+ <0.10
Forearm: left A+ <0.10
Forearm: right + left A+ <0.10

Walking (6 min) A <0.10

Taq I
BMI T/t <0.05

Triglyceride T/t <0.05

Brain-grip reaction time T/T <0.10

Muscle boundary length
Thigh: left T/T <0.10
Lower thigh: right T/T <0.10
Thigh: right + left T/T <0.10
Thigh + lower thigh: right T/T <0.10
Thigh + lower thigh: right + left T/T <0.10

Fok I
Muscle boundary length
Forearm: right f+ <0.05
Upper + forearm: left f+ <0.05
Forearm: right + left f+ <0.10

Grip Strength: left F <0.10

CNTF
Walking (32 m) C <0.05

Serum vitamin D T+ <0.10
––––––––––––––––––––––––––––––––––––––––––––––––––––––
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In contrast, most of the functional examinations such as
one-legged standing with opened eyes and two-minute
stepping were improved except for six-minute walking.
These results suggest that ‘Power Rehabilitation’ is effective
for physiological functions, particularly functions for
ordinary daily life and may improve QOL of aged people.

In addition, although ASI was not significantly changed,
‘Power Rehabilitation’ slightly decreased total cholesterol,
triglyceride, and LDL-cholesterol levels. Thus, ‘Power
Rehabilitation’ may effectively prevent atherosclerotic
progression in the aged population.

Relationship between changes in parameters for evaluation
of ‘Power Rehabilitation’ and SNP patterns. As shown in
Fig. 4 and Table IV, certain SNPs showed significant
differences regarding parameters for evaluation of ‘Power

Rehabilitation’. Since individual muscle boundary lengths
were not greatly changed upon completion of the ‘Power
Rehabilitation’ program, most of the SNPs did not affect these.
However, VDR Apa I and VDR Bsm I SNPs influenced the
muscle boundary lengths in certain muscles. In addition, F+
VDR Fok I SNP, A+ VDR Apa I SNP, and C/C CNTF SNP
were associated with a better tendency of functional exam-
inations such as brain-grip reaction time and 32-m walking.
Moreover, the B+ VDR Bsm I SNP was better associated
with a decrease in body fat ratio. 

These results indicate that certain SNPs may influence the
effects of ‘Power Rehabilitation’, although the number of
subjects was relatively small in this study.

Factor analysis. Upon assigning the SNP pattern a number as
described above, factor analysis (23,24) was performed using
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Table V. Factor analysis.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Factor 1 Factor 2 Factor 3
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
BMI 0.21015 0.18774 -0.28996

Body fat percentage 0.39825 -0.04937 -0.08044

Muscle boundary length
Upper arm: right + left 0.48813 0.36910 -0.40949
Forearm: right + left 0.20611 0.12956 -0.48790
Upper + forearm: right + left 0.50884 0.37573 -0.54413
Thigh: right + left 0.67405 0.36317 -0.52612
Lower thigh: right + left 0.41857 -0.05775 -0.27589
Thigh + lower thigh: right + left 0.68748 0.20761 -0.50299

Parameters for the evaluation of ‘Power Rehabilitation’
Grip strength -0.11204 0.08679 -0.19636
One-legged standing with opened eyes -0.00688 0.11448 -0.01915
Anterior bending at sitting position -0.48069 -0.11757 -0.13949
Brain-grip reaction time -0.14576 0.32783 -0.06095
The timed ‘up & go’ 0.09807 0.41075 -0.02763
Walking (6 min) -0.18940 -0.02319 -0.00564
Stepping (2 min) -0.18085 -0.01697 -0.22340
Walking (32 m) 0.06980 0.22596 -0.01171

SNPs
VDR Bsm I 0.57416 -0.58150 -0.04314
VDR Fok I 0.16391 0.21901 -0.00376
VDR Taq I -0.66532 0.49653 0.00435
VDR Apa I 0.22805 -0.50754 0.28492
CNTF 0.05630 -0.01311 -0.23224

Blood Examinations
Cholesterol 0.10015 0.81685 -0.07660
Triglyceride 0.04366 0.03077 -0.78262
HDL-cholesterol 0.11350 0.50874 0.64900
LDL-cholesterol 0.15539 0.73875 0.09959
Atherosclerosis index 0.08152 0.10073 -0.80462
Crn -0.30804 0.24011 0.16223
HbA1c 0.32982 0.45961 -0.38639
1,25OHVD -0.06200 0.01774 0.34918

Contribution rate 11.41405 12.12164 12.56093
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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muscle boundary lengths, functional tests, SNP pattern and
general blood examinations. As shown in Table V, VDR
Bsm I and Taq I SNPs were related to the muscle boundary
lengths revealed as Factor 1. In addition, these two SNPs and
VDR Apa I SNP were associated with blood examinations
revealed as Factor 2. In contrast, although certain SNPs were
related to certain functional tests individually, no factor was
consistent with SNPs.

Discussion

Genetic factors have been implicated in the incidence of
various diseases such as cancer (25,26), cardiovascular
diseases (27-29) and osteoporosis (8,9). In addition, recent
evidence has revealed that certain SNPs may influence the
effects of therapeutic drugs and molecular targeting
medications for cancers (30-33). The beneficial utilization of
individual genomic information may be useful, not only to
establish individualized medical diagnosis and therapy, but
also to prevent many diseases (25-33). Furthermore, genetic
information may be used as a tool for the enhancement and
promotion of health and for modifying lifestyle to avoid the
occurrence of common disease.

The increase in the aged population in developed nations
such as Japan has created a huge problem in a medical and
economic context (3-5). The nature of diseases has changed
during the last three decades in Japan, and the increases in
the costs for medical and welfare services have burdened the
national budget, exacerbated by the rapid decrease in the
working population in Japan.

It is important to maintain and enhance the health of the
aged population. An enhanced QOL of the aged population
may reduce medical and welfare budgets. For this purpose,
‘Power Rehabilitation’ was developed in Japan, not only to
prevent cardiovascular diseases and dementia, but also to
improve QOL of aged people (6,7). This results in a definite
improvement in the rank of the caring score according to the
national elderly care insurance system in Japan. 

Taken together, it may be important to evaluate how
individual factors such as genetic polymorphisms influence
the effects of ‘Power Rehabilitation’. This study was carried
out for this aim.

The results demonstrated that the ‘Power Rehabilitation’
program improved the physiological functions for activities
of daily life (ADL) and enhanced QOL rather than enhancing
muscle strength and size. This is reasonable since the resistance
for training using exercise machines was low and was designed
to maintain muscle strength and size, not to enhance. However,
during the three-month ‘Power Rehabilitation’ program,
muscle function and integrative physiological functions
improved, therefore achieving the program's aim. 

The SNPs analyzed in this study were initially chosen as
they were reported to be associated with muscle strength or
bone metabolism, since these two organs are considered as
two of the most important for enhancing QOL and ADL for
the aged population. However, although factor analysis
identified various SNPs which tended to the same vector with
muscle strength, individual analyses showed no strong
relation between SNP patterns and muscle size and strength.
Surprisingly, some SNP patterns correlated with the effects

of functional tests for ADL. This may encourage the analyses
of individual factors including genetic information leading to
effective rehabilitation for the aged population.

Our study had a limited number of patients, and all subjects
received ‘Power Rehabilitation’ in a single institute. An
enlarged scale of analysis may be required to assess the effects
of genetic factors to benefit the ‘Power Rehabilitation’
program.
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