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Association of 29C>T
polymorphism in the
transforming growth factor-f1
gene with lean body mass in
community-dwelling
Japanese population

Noriyuki Fuku,' Seijiro Mori,* Haruka Murakami,? Yuko Gando,?
Heying Zhou,” Hideki Ito,” Masashi Tanaka' and Motohiko Miyachi®

'Department of Genomics for Longevity and Health, Tokyo Metrapolitan Institute of Gerontology,
*Center for Promotion of Clinical Investigation, Tokyo Metropolitan Geriatric Hospital, and *Health
Promotion Program, National Institute of Health and Nutrition, Tokyo, Japan

Aim: Sarcopenia is the significant degenerative loss of skeletal muscle mass and strength
associated with aging, and it is one of the components of frailty. We previously reported an
association between the 29C>T polymorphism in the transforming growth factor-p1 gene
(rs1800470) and the prevalence of vertebral fractures in subjects with postmenopausal
osteoporosis. The association was not attributable to bone mineral density, which suggests
that polymorphism intluences some aspects of bone quality that affects strength and/or
frailty rather than bone strength itself. Thus, we examined the relationship between genetic
polymorphism and lean body mass in a Japanese population.

Methods: A total of 479 adults comprising 143 men and 336 women, age 23 to 85 years,
participated in the present study. Fat-free mass was measured by dual energy X-ray
absorptiometry, and the relative skeletal muscle index was calculated as the ratio of
appendicular (sum of arms and legs) fat-free mass to the square of height.

Results: Total, leg, and appendicular fat-free mass as well as the relative skeletal muscle
index were significantly lower in male subjects with CT/TT genotypes compared to those
with CC genotype. Female subjects did not show any genotype-dependent differences
when analyzed as a group, but when those without menstruation (postmenopatisal
women) were analyzed, arm fat-free mass was significantly lower in the CT/TT genotypes
than in the CC genotype.

Conclusions: T allele of the 29C>T polymorphism in the transforming growth factor-f1
gene might be a risk factor of sarcopenia in a Japanese population. Geriatr Gerontol Int
2012; 12: 292-297. '

Keywords: genetic polymorphism, genetic susceptibility, lean body mass, sarcopenia,
transforming growth factor-B1.
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Sarcopenia, refers to the significant loss of lean tissue,
particularly skeletal muscle mass, associated with aging.
Loss of muscle mass is correlated to loss of strength and
functional impairment and disability common among

© 2011 Japan Geriatrics Society



TOFR polvmorphism and risk of sarcopenia

the elderly. Measuring lean body mass (LBM) with dual-
energy X-ray absorptiometry (DXA) is one of the best
ways to determine the quantity of skeletal muscle.!
LBM is genetically determined, with heritability ranging
from 52% to 84%.** Recently, Liu eral. reported
that two single nucleotide polymorphisms (SNP),
rs16892496 and rs7832552, within the thyrotropin-
releasing hormone receptor gene were significantly
associated with LBM by genome-wide association
study.® However, most of the gene's underlying varia-
tions in LBM are largely unknown.

Transforming growth factor-p1 (TGFB1) is a multi-
functional cytokine, and its gene is located on chromo-
some 19q13.2. There are several commonly known
(potentially) functional polymorphisms in this gene.
One of the polymorphisms, designated as 29C>T,
which results in a Pro to Leu substitution at amino
acid position 10, has been related to a variety of discase
conditions including cardiovascular diseases, neo-
plasms and osteoporosis.®™

We previously reported a cooperative effect between
serum  25-hydroxyvitamin D concentration and the
TGFB1 29C>T genetic polymorphism on the preva-
lence of vertebral fractures in postmenopausal
osteoporosis.” The protective effect of the C allele
against fracture could not be attributed to bone mineral
density, suggesting that the polymorphism may influ-
ence some aspects of bone quality such as strength
and/or frailty (e.g. a predisposition to falls) rather than
bone strength itself. Thus, we examined the relationship
between the 29C>T polymorphism and LBM as well as
various anthropometric values in community-dwelling
Japanese women and men.

Methods

Subjects

A total of 479 adults comprising 143 men and 336
womern, age 23 to 85 years, participated in the present
study. The subjects were recruited from the community
around the National Institute of Health and Nutrition
in Tokyo, Japan. All subjects answered a medical history
questionnaire and were assessed as free of severe
chronic disease. All assessments were conducted at the
National Institute of Health and Nutrition between
April 2007 and August 2008. Written consent was
obtained from each subject, and the study was approved
by the Ethics Committees of the National Institute of
Health and Nutrition and Tokyo Metropolitan Institute
of Gerontology. The study was performed in accordance
with the guidelines of the Declaration of Helsinki.

Anthropometry analyses

Body weight and height were measured to the nearest
0.1 cm and 0.1 kg, respectively, and BMI (kg/m*) was

© 2011 Japan Geriatrics Society

calculated by dividing the body weight (kg) by the
square of height (m?). After 10 min of quiet rest in the
supine position, subjects were studied in the supine
position. Bilateral brachial and ankle blood pressures
were simultaneously measured with a vascular testing
device, form PWV/ABI (Omron Colin, Kvoto, Japan).
Bilateral brachial and ankle arterial pressure waveforms
were stored for 10 s by extremity cuffs connected to a
plethysmographic sensor and an oscillometric pressure
sensor wrapped on both arms and ankles. The brachial-
ankle pulse wave velocity (PWV) was calculated as the
distance between the two arterial recording sites divided
by the transit time.'""* The value of brachial-ankle PWV
mainly reflects stiffness in the central arteries because,
when using a catheter tip with a pressure manometer, it
correlates well with the aortic PWV.'""* The mean value
of right and left PWV was obtained for analysis. The
day-to-day coefficient of variation was 3.4% for PWV in
our laboratory.*!

Measurement of body composition

Whole body bone mineral density, total body fat (fat
mass) and total fat-free mass (FFM) were obtained
from DXA (Hologic QDR-4500A scanner, Hologic,
Waltham, MA, USA) using the previously described
method." Briefly, subjects were positioned for whole-
body scans according to the manufacturer’s protocol.
Participants lay in the supine position on the DXA table
with their limbs close to their bodies. The whole body
FFM was divided into several regions, arms, legs, trunk
and head, to estimate appendicular FFM (sum of arms
and legs), leg FFM, arm FFM, and relative skeletal
muscle index (RSMI), which was calculated as the ratio
of appendicular FFM to the square of height. The body
compositions were analyzed using manual DXA analy-
sis software (version 11.2:3). The arm region was
defined as the region extending from the head of the
humerus to the distal tip of the fingers. The reference
point between the head of the humerus and the scapula
was positioned at the glenoid fossa. The leg region was
defined as the region extending from the inferior border
of the ischial tuberosity to the distal tip of the toes. The
whole body was defined as the region extending from
the shoulders to the distal tip of the toes. To minimize
interobserver variation, all scans and analyses were
carried out by well-disciplined investigators, and the
day-to-day coefficient of variation of their observations
was 2.95% for FFM in the whole body.

Genotyping

Total genomic DNA was extracted from the peripheral
blood leukocytes using a QlAamp DNA Blood Mini Kit
(Qiagen, Tokyo, Japan). Genotyping for rs1800470
(29C>T, Prol0Leu) in the TGFB1 gene was carried out
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by Real Time Thermocycler (LightCycler 480, Roche
Applied Science. Mannheim, Germany) using the
TagMan SNP genotyping assay method. This tech-
nigue employs fluorogenic §" nuclease chemistry (also
known as TagMan probe-based chemistry) to enable
detection of specific PCR product. C_22272997_10 was
used as the SNP genotyping assay 1D (Applied Biosys-
tems, Foster City, CA, USA). The PCR reaction was
carried out using 10-uL final volume that contained
5-uL TagMan Genotyping Master Mix (2X) (Applied
Biosystems), 0.5-pL 20X working stock of SNP Geno-
tvping Assay (primer and probe; Applied Biosystems),
and 1uL (about 10 ng) genomic DNA and 1.0uL
deionized water. The thermocyvcler conditions used
were an initial denaturation step at 95°C for 10 min,
followed by 40 cycles of denaturation at 92°C for 15's,
and annealing/extension at 60°C for 1 min. The primers
and probes used in the TagMan SNP Genotyping
Assays were chosen based on information available on
the Applied Biosystems website. PCR 96-well plates
were read on the LightCycler 480 using the end-point
analysis mode. The allelic discrimination analysis was
performed using LightCycler 480 software v. 1.5 (Roche
Applied Science, Mannheim, Germany). All polymor-
phisms were successfully genotyped in all 479 subjects.

Statistical analyses

Values are expressed as means®SD. Because the
29C>T (Prol0Leu) genotype in the TGFB1 gene was
the T-dominant genetic model, data of measures for the
CC genotype were compared with those for the CT/TT

genotype using one-way ANOVA ar ANCOVA, adjust-
ing for age as a covariate using JMP v. 8 (SAS Institute
Japan, Tokyo, Japan). The allele frequency was calcu-
lated, and a y* test determined the deviation of the
genotype distribution from Hardy-Weinberg equilib-
rium. A P-value of less than 0.05 was considered statis-
tically significant.

Results

In this study, the percent frequency distribution of CC,
CT and TT genotypes in the TGFB1 polymorphism was
25.6%, 5S1.1% and 23.3%, respectively, and the minor
allele (T) frequency was 0.49. The genotype frequency
distribution was within Hardy-Weinberg equilibrium.

The characteristics of the total study population are
shown in Table 1. There were no significant differences
in age, height, weight, BMI, total fat mass and whole
body bone mineral density between subjects with the CC
genotype and those with the CT/TT genotypes in both
sexes. In contrast, total FFM, leg FFM, appendicular
FFM and RSMI were significantly lower in male subjects
with the CT/TT genotypes than those with the CC
genotype. A statistical significance in the genotype-
dependent difference of RSMI was still found (P=
0.0315) even after adjustment for age using ANCOVA.
Furthermore, systolic blood pressure, diastolic blood
pressure and PWV were significantly higher in male
subjects with the CT/TT genotypes than those with the
CC genotype. In contrast to male subjects, female sub-
Jects showed no significant difference by genotype with
regard to any parameters presented in Table 1.

Table 1 Clinical characteristics of the study population (n = 479)

Men: (n = 143) P Women (12 = 336) P

CC (n=43) CT/TT (n=100) CC (n=80) CT/TT (n=256)

mean  SD mean © SD mean  SD mean SD
Age (years) 46.6 134 48.3 13.3 0.3753  56.0 9.9 53.9 11.6 0.1526
Height (cm) 169.4 5.1 170.2 6.3 0.5037 156.3 5.8 1563 6.0 0.9535
Weight (kg) 69.4 8.5 69.0 9.1 0.8035 55.0 7.7 55.0 8.3 0.9814
BMI (kg/m?) 24.1 2.5 23.8 2.4 0.4145 226 3.3 22.5 3.1 0.8695
Total FM (kg) 15.5 8.0 15.0 4.4 0.6309 16.8 4.8 16.4 5.3 0.6024
Total FFM (kg) 57.6 9.3 54.8 6.2 0.0356 393 4.1 39.4 5.0 0.8206
Arm FFM (kg) 6.1 1.1 5.9 0.9 0.2006 3.6 0.5 3.6 0.6 0.9133
Leg FFM (kg) 19.4 3.4 18.4 2.6 0.038¢ 12.7 1.6 12.8 1.9 0.7867
Appendicular FFM (kg) 258.5 4.3 24.3 3.0 0.0494 163 2.0 16.3 2.4 0.8475
RSMI (kg/m?) 8.9 1.2 8.4 0.8 0.0062 6.7 0.7 6.7 0.8 0.9749
Whole body BMD (g/cm?) 1.16  0.11 1.15 0.11  0.5485 1.03  0.10 1.03 0.12  0.9556
SBP (mmHg) 118 11 124 15 0.0112 120 17 120 17 0.906S
DBP (mmHg) 72 9 77 10 0.0138 71 10 70 11 0.9158
PWV (cm/s) 1249 197 1345 243 0.0227 1290 247 1277 227 0.6637

Bold type represents P-values <0.05. BMD, bone mineral density; DBP, diastolic blood pressure; FFM, fat-free mass; FM, fat
mass; PWV, pulse wave velocity; RSMI, relative skeletal muscle index; SBP, systolic blood pressure.
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Table 2 Body composition by genotype in female with or without menstruation

Women with menstruation
CC (n=123)

Mean SD  Mean SD

CT/TT (n=99)

P-value  Women without menstruation ~ P-value

Total FM (kg) 16.3 42 159 6.1
Total FFM (kg) 40.1 3.9 41.8 5.4
Arm FFM (kg) 3.6 0.4 3.8 0.6
Leg FFM (kg) 13.2 1.5 137 2.1
Appendicular FFM (kg)  16.8 1.8 175 2.6
RSMI (kg/m?) 6.6 0.6 6.9 0.8

CC (n=56) CT/TT (n=148)

Mean SD  Mean SD
0.7500 16.9 5.1 16.8 4.7 0.8887
0.1765  39.0 4.2 38.0 42 0.1407
0.0766 3.6 0.5 3.4 0.4 0.0295
0.3346 12.5 1.7  12.2 1.6 0.2696
0.2307  16.1 2.1 187 2.0 0.1650
0.0700 6.7 0.8 6.5 0.7 0.0691

Bold type represents P < 0.05. FM, fat mass; FFM, fat-free mass; RSMI, relative skeletal muscle index.

Because the lack of significant difference by genotype
in female subjects suggested an influence of estrogen
on the interaction between body composition and
genotype, we divided female subjects into two groups
according to the menstruation status and re-analyzed.
As shown in Table 2, in female subjects with menstrua-
tion, no significant difference was found in any of the
body composition data by genotype. However, in female
subjects without menstruation, arm FFM was signifi-
cantly lower in subjects with the CT/TT genotypes than
in those with the CC genotype. RSMI was also lower in
subjects with the CT/TT genotypes than in those with
the CC genotype albeit the difference was not statisti-
cally significant (P = 0.0691).

Discussion

The present study has demonstrated for the first time
that the TGFB1 29C>T genetic polymorphism is asso-
ciated with the indices of LBM, not just with some
surrogate markers for cardiovascular diseases. Total, leg
and appendicular FFM as well as RSMI were signifi-
cantly lower whereas systolic blood pressure, diastolic
blood pressure and PWV were significantly higher in
community-dwelling Japanese male subjects with the
CT/TT genotypes relative to those with the CC geno-
type (Table 1). Female subjects did not show any
genotype-dependent difference in the indices of LBM
when analyzed as a whole. However, when those
without menstruation were exclusively analyzed, arm
FFM was also significantly lower in the CT/TT geno-
types than in the CC genotype (Table 2).

The TGFB1 29C>T genetic polymorphism, which
results in a Pro to Leu substitution at amino acid posi-
tion 10, is located in the signal peptide sequence,'
- which is thought to target newly synthesized protein
molecules to the endoplasmic reticulum. Therefore, it is
most likely that the polymorphism affects the signal
peptide’s function, possibly influencing synthesized
protein’s intracellular trafficking or export efficiency. In
fact, transfections of hela cells with constructs encoding

© 2011 Japan Geriatrics Society

either the Pro or Leu forms at amino acid position 10 of
TGFB1 and driven by the cytomegalovirus promoter
indicated that the signal peptide with Prol0 caused
a 2.8-fold increase in secretion compared with the
Leul0 form.” Serwn concentration of TGFBT has also
been reported to increase with the number of C
alleles.®™® Therefore, it is conceivable that the geno-
type-dependent differences in the efficiency of de
novo TGFB1 production may be related at least partly
to the genotype-dependent differences in the clinical
phenotype.

Recently, age-related changes in several inflammatory
mediators have been implicated in the pathogenesis of
sarcopenia.'” Cross-sectional studies as well as a pro-
spective cohort study have demonstrated that higher
levels of inflammatory markers, such as tumor necrosis
factor-o, are associated with lower muscle mass and
strength. '™ TGFB1 is a pleiotropic cytokine that is
involved in many different critical processes, such as
embryonic development, cellular maturation and differ-
entiation, wound healing, and immune regulation. It
maintains immune homeostasis by acting as a potent
immune suppressor by inhibiting the proliferation,
differentiation, activation and effector functions of
immune cells.?* Therefore, it is plausible that the
TGFB1 29C>T genetic polymorphism would affect a
chronic inflammatory state by altering the efficiency of
de novo TGFB1 synthesis, and the T allele-associated
decrease in the TGFB1 production attenuates its
immune suppressor function, which in turn facilitates
inflammation-mediated reduction of muscle mass.

Premenopausal female subjects did not show any
genotype-dependent differences in the indices of LBM.
However, in postmenopausal subjects, arm FFM was
found to be significantly lower in the CT/TT genotypes
as compared to the CC genotype (Table 2). These
observations suggest that estrogen could conceal the
putative differential effect of the TGFB1 genetic poly-
morphism on muscle mass. It has already been hypoth-
esized that menopause transition and the subsequent
decline in estrogen may play a role in muscle mass
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loss. ™ The mechanisms by which a decrease in estrogen
levels may have a negative effect on muscle mass are not
well understood, but it has been suggested that the
decrease in estrogen concentratioris may be associated
with an increase in pro-inflammatory cytokines, such as
tumor necrosis factor-o. or interleukine-6.* According
to these hypotheses, it is conceivable that during the
premenopausal state when estrogen levels are suffi-
ciently high, its anti-inflammatory effect may compen-
sate for the weakened anti-inflammatory effect of
TGFB1 in the T-allele carriers.

The association between the TGFB1 29C>T genetic
polymorphism and blood pressure has been previously
reported by Rivera ¢/ al. and He et al.*** Rivera et al.
found that, among European-Americans but not among
African-Americans, the Pro10 homozygote (CC geno-
type) has a significantly higher systolic blood pressure
than the Leul0 homozygote (TT genotype).** He et al.
also found an association between the C allele and a
higher risk of essential hypertension in the Kazakh and
Han Chinese populations.” Our observation that the C
homozygote in male subjects had significantly lower
blood pressure than those who bear at least one T allele
(CT/TT) contrasts with previous findings that the C
allele is a risk allele for hypertension. The reason for this
apparent discrepancy is unknown, but ethnicity and
gender seems to variably affect the function of the
TGFB1 genetic polymorphism. A similar kind of
ethnicity-related discrepancy was also reported for this
polymorphism with regard to risk of cerebrovascular
diseases; Kim and Lee found that subjects carrying the
TT genotype were susceptible to both ischemic stroke
and vascular dementia in a Korean population,®
whereas Sie et al found that a significantly increased risk
of stroke was associated with the C allele in Dutch
population.”

In conclusion, we found that the T allele of the
TGFEB1 29C>T genetic polymorphism might be a risk
factor of sarcopenia in a Japanese population. The
mmechanistic basis of the polymorphism in determining
muscle mass has not yet been elucidated, but the T
allele-mediated attenuation of the anti-inflammatory
property of TGFB1 may be at least partly attributed
to the processes. It should be noted that the sample
size of the present study was relatively small for this
kind of genetic association study. Nevertheless, our
findings give new insight into sarcopenia etiology and
pathogenesis.
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Effects of resistance training on arterial
stiffness: a meta-analysis

Motohiko Miyachi

ABSTRACT

Background Regular aerobic exercise prevents and
reverses arterial stiffening, but the association between
resistance training and arterial stiffness is unclear.

Aim This study was performed to conduct a systematic
review and meta-analysis of randomised controlled
clinical trials (RCTs) assessing the associations between
resistance training and changes in arterial stiffness.
Methods MEDLINE and SPORTDiscus databases were
searched from January 1980 through to April 2011.
RCTs evaluating the ability of resistance training to
increase arterial stiffness in comparison with a control
group were included in the meta-analysis. Two
independent reviewers extracted data and assessed the
quality of the included studies. Data from 185 reports of
eight RCTs (193 participants) were included. Pooled
mean differences in arterial stiffness indices (carotid
arterial B stiffness and pulse wave velocity (PWV))
between intervention and control groups were calculated
using a random-effects model.

Results The overall association of resistance training
versus control with relative changes in carotid  index or
PWV (eight studies; 193 participants) was 10.7% (95%
C13.4% to 18.0%; 1, 89%; heterogeneity, p<0.001).
Five studies indicated that resistance training in young
subjects (n=115) was significantly associated with an
increase in stiffness index of 14.3% (95% CI 8.5% to
20.1%: 1%, 71%: heterogeneity, p<0.001) compared
with controls. However, three studies showed that
resistance training in middle-aged subjects (n=78) was
not associated with changes in arterial stiffness. In
addition, although high-intensity resistance training
(n=87) was significantly associated with an increase in
stiffness of 11.6%, moderate-intensity resistance training
(n=106) showed no such association.

Conclusion High-intensity resistance training is
associated with increased arterial stiffness in young
subjects with low baseline levels of arterial stiffness.

INTRODUCTION

Increases in arterial stiffness impair arterial buffer-
ing function and contribute to elevation of systolic
blood pressure, left ventricular hypertrophy, coron-
ary ischaemic disease and reduction of arterial
baroreflex sensitivity."™ Indeed, greater arterial
stiffness is associated with a higher rate of mortality
in patients with end-stage renal failure and essential
hypertension,* as well as hypertension in normo-
tensive men.’ ¢ Therefore, prevention and treat-
ment of pathological changes in arterial stiffness
are of paramount importance.

Previous studies have demonstrated that regular
aerobic exercise is efficacious in preventing and
reversing arterial stiffening in healthy adults.”” In
recent years, resistance exetcise, another common

exercise modality, has gained widespread acceptance
in exercise prescription and cardiopulmonary
rehabilitation programmes, and has become an
integral component of comprehensive health pro-
grammes endorsed by major health organisa-
tions.’®?3  These recommendations are based
primarily on the documented impact of resistance
training on the attenuation of osteoporosis and sar-
copaenia and related risks, including falling and
functional disability.'® ** However, little informa-
tion is available regarding the potential influence of
resistance training on non-musculoskeletal compo-
nents, in particular, cardiovascular function. In
marked contrast to the favourable effects of regular
aerobic exercise on arterial stiffness,”” we and
other groups have found that several months of
resistance training ‘increases’ central arterial stiffness
in healthy men.>! On the other hand, no such
changes were observed in several other studies.”*™>

The small sample sizes in these studies may have
been responsible, at least in part, for the observed
discrepancies. Meta-analysis is especially appropri-
ate when the number of studies is small and/or the
number of subjects that can be enroled in any one
study is small. To our knowledge, there have been
no previous meta-analyses to examine the effects of
resistance training on arterial stiffness. Therefore,
this study was performed to conduct a systematic
review and meta-analysis of the effects of resistance
training on arterial stiffness.

METHODS

Search strategy and study selection .
We searched the MEDLINE (accessed via PubMed
and SPORTDiscus electronic databases covering the
period from January 1980 through April 2011. In
addition, we searched the references of published
studies manually. The initial search consisted of the
terms (resistance or strength or weight) and training
and (artery or arterial) and (compliance or stiffness)
associated with a high-sensitivity strategy for the
search of randomised control trials (RCTs). Only
eligible full articles in English were considered for
review. :

Eligibility criteria

We included RCTs that compared any category of
resistance exercise training with a control group
that evaluated arterial stiffness as an outcome, and
reported means or differences between means and
respective dispersion values of arterial stiffness at
baseline and after the intervention. Studies using
outcomes other than pulse wave velocity (PWV)
and carotid P stiffness index were excluded.? ¢ %7
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Data extraction

Titles and abstracts of retrieved articles were independently eval-
uated by two investigators (M. M. and N. T.). Abstracts that did
not provide sufficient information regarding the inclusion and
exclusion criteria were retrieved for full-text evaluation. Two
reviewers independently evaluated full-text articles and deter-
mined the eligibility for this study. Moreover, they independ-
ently conducted data extraction from eligible studies. The major
categories of variables encoded were (1) physical characteristics
of subjects, (2) stiffness assessment characteristics, (3) training
programme characteristics and (4) treatment effects (mean and
SD values of changes in arterial stiffness for baseline and postin-
tervention in training and control groups). The majority of
studies included in this meta-analysis reported only mean+SD
for baseline and postintervention. The corresponding authors of
all five of these studies were contacted to obtain data regarding
the treatment effects. Four of these five authors responded, and
the treatment effects for the remaining one study were calcu-
lated in accordance with the previous study.*®

Data analysis

Statistical analysis was performed with Review Manager Software
(RevMan 5.0; Cochrane Collaboration, Oxford, UK). Absolute
changes in carotid B index and PWV are reported as differences
between arithmetic means before and after interventions.
Moreover, relative (%) changes were also calculated. Pooled-effect
estimates were obtained by comparing the least-squares
mean percentage changes from baseline to the end of the study
for each group, and were expressed as the weighted mean differ-
ences between groups. Calculations were performed using a
random-effects model. In all analyses, p<0.05 was considered to
indicate statistical significance. Subgroup analysis was performed
according to age (young: <40 years old; middle-aged: >40 years
old) and training intensity (high: >70% 1 repetition maximum
(1RM); moderate: 40-70% 1RM). The cut-off point of training
intensity was based on American Heart Associationreview in
which high and moderate intensity were defined as ~80% and
30%-60% of 1RM, respectively.*’

Statistical heterogeneity of the treatment effect among studies
was assessed using the Cochran Q test. A threshold p value of
0.1 was considered statistically significant. The inconsistency I
test was performed and values >50% were considered indicative
of high heterogeneity. Selection bias was examined visually
using the funnel plot method.

RESULTS

Description of studies

From 185 potentially relevant citations retrieved from electronic
databases and searches of reference lists, eight RCTs fulfiled the
inclusion criteria. A flow diagram of search and selection is
shown in figure 1. The included studies had a total of 193 parti-
cipants. The characteristics of these studies are summarised in
table 1.

Association of resistance training with arterial stiffness

The overall association of any resistance training versus control
with relative changes in carotid B index or PWV (eight studies;
193 participants) was 10.7% (95% CI 3.4% to 18.0%; 1%, 89%%;
heterogeneity, p<0.001) (figure 2). A funnel plot of sample size
against the effect size was examined. The plot did not show any
asymmetry, indicating that significant publication bias was
unlikely. From observations of data, for example, publication
year, randomisation process and losses to follow-up, selection

' Search period: from Jan 1980 to Apr 2011
E Database: PubMed and SPORTDiscus
| 185 citations identified

l

12 relevant abstracts accepted for full text review

! 4 excluded after full text review
| * 3 non-RCT
{ ¢ 1 outcome except PWV or Carotid B

i

-

", 8 included in meta-analysis

l

Data Extraction

s subjects characteristics
* training program

« amount of changes in stiffness

Figure 1  Selection of studies included in the meta-analysis.

bias did not markedly affect the results of the present study. In
addition, the related factors of age, sex, training intensity or
volume, and BMI varied, and these factors were examined visu-
ally. The results detected biases by age and training intensity.
Thus, subgroup analysis was performed according to age (young
or middle-aged) and training intensity (high or moderate).

Subgroup analysis

Five studies demonstrated that resistance training in young sub-
jects (n=115) was significantly associated with an increase in
stiffness of 14.3% (95% CI 8.5% to 20.1%; I%, 71%; hetero-
geneity, p<0.001) in comparison with control (figure 2). Four
of the five studies used high-intensity resistance training, while
the other study used training of moderate intensity. On the
other hand, three studies showed that resistance training in
middle-aged subjects (n=78) was not associated with a change
in arterial stiffness (mean difference: —0.6%, 95% CI —10.8%
to 9.6%). All of the three studies used moderate-intensity
training.

Although high-intensity resistance training (n=87) was
significantly associated with an increase in stiffness of 11.6%
(95% CI 7.3% to 15.9%; I?, 54%; heterogeneity, p<0.001),
moderate-intensity resistance training (n=106) showed no such
association, because there was a large degree of variability between
the studies (mean difference: 9.1%, 95% CI —5.9% to 24.2%).

DISCUSSION

Our systematic review and meta-analysis demonstrated that
resistance training is associated with an increase of ~11.0% in
arterial stiffness. Interestingly, resistance training in middle-aged
subjects was not associated with an increase in arterial stiffness,
but that in young subjects showed a significant association with
an increase in stiffness compared with controls. To our knowl-
edge, this is the first systematic review and meta-analysis to
assess the association between resistance training and arterial
stiffening.

20f 5
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Table 1 Characteristics of the studies included in the meta-analysis

Control Trained

Authors Year N Age (y) Sex N Age (y) Sex Training intensity Outcome Effect
Miyachi et al'® 2004 14 22 Male 14 22 Male High carotid B Increase
Okamoto et a/'° 2005 9 19.9 Female 10 19.1 Female High baPWv Increase
Kawano et af'’ 2006 16 22 Male 12 20 Male Moderate carotid B Increase
Cortez-Cooper et a/* 2008 12 54 Both 13 52 Both Moderate cfPWv No change
Collier et al'® 2008 15 49.8. Both 15 47 Both Moderate cfPWv Increase
Okamoto et a/* 2009 10 19.7 Male 10 19.6 Male High baPwWv Increase
Okamoto et a/*' 2009 10 20.1 Both 10 20.2 Both High, upper limb baPWv Increase
Yoshizawa et al*® 2009 12 49 Female 11 47 Female Moderate cfPwWv No change

high, >70% 1RM; moderate, 40%-70% 1RM; carotid B., carotid arterial p stiffness index.

baPWV, brachial-ankle pulse wave velocity; cfPWV, carotid-femoral pulse wave velocity; y, years.

The current guidelines endorsed by major health organisa-
tions recommend resistance training.’*™** The present finding
that resistance training is associated with arterial stiffening
may discourage this practice. However, we should emphasise
that the magnitude of the relative increase in arterial stiffness
was only ~11%, the absolute increase in carotid p was 1.12
AU (95% CI 0.66 to 1.58 AU), and the increase in PWV was
72 cm/s (95% CI -3 to 148 cmy/s). Such levels of arterial stif-
fening may not have clinically adverse effects, especially in
young adults with low baseline levels of arterial stiff-
ness.?® 27 30 In addition, although high-intensity resistance
training (n=87) was significantly associated with an increase
in stiffness of 11.6%, moderate-intensity resistance training
(n=106) showed no such association. Furthermore, the blood
pressure response during dynamic resistance exercise using
large muscle groups may be attenuated in middle-aged men
relative to young men.*! Taken together, based on the role of
resistance training on the maintenance of functional ability
and the prevention of osteoporosis and sarcopaenia, ‘properly
prescribed” moderate-intensity resistance training based on
evidence and guidelines should still be encouraged, particu-
larly in middle-aged and older adults.

The critical question remains whether any type of high-intensity
resistance training can be performed regularly without inducing
arterial stiffening in young adults. Recent studies suggested that

Resistance Training Control

Study or Subgroup Mean [Sichange] SO [Béchange]

Totai Mean [%change] SO [#change] Total Weight 1V, Random, 95% CI [Schange]  Year

simultaneously performed aerobic exercise training, for example,
walking and jogging for 30 min at moderate-intensity,'” lower-
limb resistance training®® or eccentric resistance training®” did not
induce stiffening of central arteries. In contrast to resistance train-
ing, regular aerobic exercise is known to be efficacious for prevent-
ing and reversing arterial stiffening in healthy adults.” 3*7* In fact,
the current guidelines endorsed by the major health organisations
recommend muscle-strengthening activity and moderate-intensity
to vigorous-intensity aerobic activity.®** Therefore, although
further studies are necessary, simultaneous aerobic exercise
(moderate-intensity walking or jogging for ~30 min) could
prevent the stiffening of central arteries caused by high-intensity
resistance training in healthy young adults.

The physiological mechanisms underlying the arterial stiffen-
ing associated with high-intensity resistance training are not yet
clear. Intense resistance training is known to be a strong stimu-
lus to increase sympathetic nervous system activity,>® ¢ which
may act to increase arterial stiffness by providing chronic
restraint on the arterial wall via greater sympathetic adrenergic
vasoconstrictor tone.®” During each bout of high-intensity resist-
ance exercise, arterial blood pressure is also known to increase
to as high as ~320/250 mm Hg.*® These acute intermittent ele-
vations in arterial blood pressure during resistance exercise may
alter the arterial structure, or arterial load-bearing properties or
both. Further studies are required to determine the physiological

Mean Difference
iV, Random, 95% CI [$ichange]

Mean Difference

1.2,1 Young (<40 yrs)

Miyachi 2004 25.8 18 14 -4.08 24
Kawano 2006 312 23.5 12 -4.13 24.3
Okamoto 2006 10.7 A4S 10 0.3 2.73
Okamoto 2009-2 12.8 7.53 10 Q.62 7.53
Okamoto 20091 977 5.65 1% 0.85 5.35
Subtotat (95% Ch 56

Heterageneity: Tau’ = 25.16; Chi' = 13.62, df = 4 (P = 0.009); I = 71%

Test for overall effect: Z = 4.86 (F < 0.00001)

1.2.2 Middle-aged (240 yrs)

Costez-Coapsr 2008 ~5.44 12.31 12 8.187 8.528
Cotter 2008 14.7 30.22 15 -8.65 26.84
Yashizawa 2009 ~2.4 6.36 12 2.74 4.87
Subtotal (35% Ch . 32

Heterogeneity Tau’ = 53.13; Cht' = 7.25,8f = 2 (P = 0,031 ' = 72%
Test for overall effect: Z = 0.12 (P = 0.9

Total (95% Ch) a5
Heterogeneity Tau® = §4.84; Ch' = 62.78, df =.7 {7 < 0.00001); ¥ = 89%
Test for pverall effect: Z = 2,86 (P = 0.004)

Test for subgroup differences: Chi® = 624, df = 1{P = D01}, ¥ = 84.0%

14 9.4% 29,88 [14.17. 45.59] 2004 e
15 8.3% 35,33 [17.48, 53.18] 2006 ik
9 16.0% 1040 1{7.12, 13.68] 2006 -

10 14.6% 12.18 {5.58. 16.78| 2009 e

10 15 4% 892 14,10, 13.74] 2008 s

59 63.7% 14.29 {8.53, 20,05] <

13 13.6% -5.53{-13.99, 2.74] 2058 et

15 7.2% 23361291, 43.61] 2008 B S
11 15.5% -5.14 -9.75, -0.53] 2009 el

39 36.3% -0.60 {~10.76, 9.56] *

98 100.0% 10.69 [3.36, 18.03] ko

-50  -25 25
Decrease Stiffness Increase Stiffness

Figure 2 Relative changes in arterial stiffness in individual studies of resistance training versus no intervention. Relative changes in arterial
stiffness index (%) of individual studies included in the meta-analysis of resistance exercise training versus no intervention. Studies with young
(<40 years old) or middle-aged (>40 years old) participants were evaluated as separate observations. Weights are from random-effects analysis.
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mechanisms underlying the influence of resistance training on
central arterial stiffness.

There were some limitations to this meta-analysis. First,
although only RCTs were included in the analysis, the limita-
tion may be acceptable as the quality of intervention studies
may be affected by many confounding biases. Our systematic
review identified three non-RCT intervention studies examin-
ing the effects of resistance training on arterial stiffness.*¢ #* #*
Second, publication bias is always a concern in meta-analyses.
We performed electronic searches, including a manual search,
and examined sample size against effect size by funnel plot
analysis. The funnel plot suggested that there was little influ-
ence of publication bias on the effect size. Third, this analysis
was confined to articles in the English language literature,
and data extraction was unblinded, both of which are poten-
tial sources of bias. Fourth, this meta-analysis did not include
studies regarding the effects of light-intensity (<30% 1RM)
resistance training or those in older subjects (>65 years old),
and further investigations are therefore necessary. Finally, the
author of the present study is also the principal investigator
of two articles selected in this meta-analysis.'” '* However,
this potential conflict did not affect the procedures or
results of this meta-analysis because evaluation for eligibility
and data extraction were performed by two independent
reviewers.

CONCLUSIONS ‘

High-intensity resistance training is associated with an increase
in arterial stiffness in young participants with low baseline levels
of arterial stiffness. Further studies are warranted to address
whether the relatively small increase in arterial stiffness reported
with high-intensity resistance training is relevant to cardiovascu-

1

» The current guidelines endorsed by major health
organisations recommend resistance training.

» Regular aerobic exercise prevents and reverses arterial
stiffening, but it is unclear and in controversy whether
resistance training increases arterial stiffness.

» This meta-analysis indicates that resistance training is
associated with an increase of ~11% in arterial stiffness.

» Although high-intensity resistance training is associated with
increased arterial stiffness in young with low baseline levels
of arterial stiffness, moderate-intensity resistance training in
middle-aged was not.

p The prescribed moderate-intensity resistance training should
be encouraged, particularly in middle-aged and older adults.
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