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the extent of leisure time activity exerted a positive influ-
ence on VO,. Therefore, it seems reasonable to suggest
that mortality among a proportion of the Japanese popu-
lation may possibly be decreased simply by improving
oxygen uptake at VT through the promotion of exercise
habits.

A relationship between maximal oxygen uptake and
body composition has been reported in the literature. Sig-
nificant relationships between maximal oxygen uptake and
body fat percentage were noted in Japanese junior high
school boys and girls [23), African-American adolescents
[24]} and Danish women [25]. In an earlier study, we also
found that maximal oxygen uptake was significantly cor-
related with body fat percentage as measured by dual X-ray
absorptiometry [17]. Although we could not infer causality
between oxygen uptake at VT and body fat percentage and
we could not directly measure visceral fat area by com-
puted tomography in this study, an excess of body fat,
which is expressed as body fat percentage (%), may be an
excess weight and play a critical role in determining oxy-
gen uptake at VT. This result suggests that body fat per-
centage may be a good predictor for estimating oxygen
uptake at VT in Japanese.

In conclusion, the mean values reported here may pro-
vide a useful database for evaluating VT in Japanese adult
subjects. Although oxygen uptake and work rate at VT in
subjects with exercise habits were significantly higher than
those in subjects without exercise habits after age had been
adjusted for, there were no significant differences in oxy-
gen uptake at VT in men in their 50s and in women >50
years. In addition, this study was a cross-sectional—not a
longitudinal—study. Further prospective investigation
studies to evaluate the relationship between VT and exer-

cise habits should be carried out in the general Japanese

population.
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Aim: Cardiorespiratory fitness (CRF) is independently associated with a reduced risk of cardiovascu-
lar disease. Carotid arterial remodeling, which is derived from the interplay between carotid luminal
dilation and wall thickening, is also an independent predictor of cardiovascular events. We hypothe-
sized that high CRF may be associated with reduced age-related carotid arterial remodeling. This
cross-sectional study was performed to determine the relationships between CRF and age-related
luminal dilation and wall thickening.
Methads: A total of 771 adults (180 men and 591 women), under age 40 (young), 40-59 (middle-
aged), and over age 60 (older) participated in this study. Subjects in each age category were divided
into either high (fit) or low (unfit) CRF groups based on VOzpeat. Carotid artery intima-media thick-
ness (IMT) and lumen diameter were measured on ultrasound i images. Carotid wall mass was calcu-
lated as pL(xRe®-Ri?).
Results: Two-way ANOVA indicated a significant interaction (p<0.01) between age and CRF in
determining IMT, lumen diameter, and wall mass. In older subjects, IMT, lumen diameter, and wall
mass were significantly lower (p<0.05) in the fit than in the unfit group (IMT, 0.69%0.01 vs. 0.74
£0.01 mm; lumen diameter, 5.99 £0.0G vs. 6.28+0.06 mm; wall mass, 7.41+0.25 vs. 8.71%0.25
m®). Multiple regression analysis indicated that the value of VOzpeak Was independently correlated
with carotid IMT, lumen diameter and wall mass.
Conclusion: The present study indicated that a high level of CRF is associated with reduced age-

related wall thickening and luminal dilation in the carotid artery.

J Atheroscler Thromb, 2011; 18:248-254,

Key words; Aging, Fitness, Intima-media thickness, Lumen diameter, Remodeling

Introduction

Elastic arteries undergo remodeling with advanc-
ing age (intimal and medial thickening" and Juminal
dilation”). Arterial remodeling is usually an adaptive
process that occurs in response to long-term changes
in hemodynamic conditions, but may subsequently
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contribute to the pathophysiclogy of vascular diseases
and circulatory disorders.

Carotid artery intima-media thickness (IMT) is
an independent risk factor for cardiovascular disease
(CVD)? . On the other hand, cardiorespiratory fit-
ness (CRF) is independently associated with a reduced
risk of CVD>®. Thus, many previous studies focused
mainly on the relationships between the CRF level
and the age-related increase in carotid IMT. In addi-
tion to carotid IMT, carotid arterial remodeling
derived from the interplay between carotid luminal
dilation and wall thickening” is an independent pre-
dictor of cardiovascular events™. Previous studies sug-.
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Table 1. Subject characteristics divided by age and fitness groups
Young Middle-aged Older
Fit Unfit Fic Unfic Fit Unfit

N 135 135 170 170 80 81
Men/Women, n 38/97 38/97 41/129 41/129 11/69 11/70
Age, years 28%1 28+1 50+1* s1x1* 63=1** c4=1*
Height, cm 164206  163.9207 160.00.6%  160.1=0.6" 156.920.7*F  1569x07*%
Weight, kg 59.0%0.9 593+ 1.1 57.8£0.8 61.7+0.7" 54220.9*%  559=209%
BMI, kg/m? 21.620.2 21.9+03 224%02%  241203*' 21.9%0.3 226=03%
Body Fat, % 20,1204 24.8+04' 239:04%  304=05*" 267+0.6" 29.9%0.5*"
SBE mmHg 109+ 1 109% 1 118+1* 19+1* 120 2* 127 £2%#!
DBPE, mmHg 631 641 72=1% 72%1* 71£1* 74+1*
MAE, mmHg 8121 811 91+1* 91=1* 92£1% 97 £2*#!
Carotid SBE, mmHg 102+ 1 1011 11722* 118+2* 1213* 131 £3*#!
Plasma glucose, mmol/L 4.820.1 4.8+0.1 5.00.1% SAET AN 52x0.1*% 53x0.1%*
Plasma insulin, pU/mL 5102 5.4+0.2 4,1%0.2* 5.0£0.2' 43203 52=%05
Toral cholesterol, mmol/L 455007  4.66%0.06 539+0.07%  539=0.07% 5.78+0.08*F  58020.09**
HDL cholesterol, mmol/L 1.70+0.03 1.58=0.03" 1.76£0.03 1.58+0.03" 1.73+0.04 1.64 £0.04
Triglycerides, mmol/L 0722003  0.83%0.04' 0.91+0.04%  1.09=0.05*' 0.95%0.04" 1.04=0.05%
LDL cholesterol, mmol/L 2702006  2.91£0.06' 344£0.06*  3.59%0.06* 3.86£0.08*%  395x006%%
VOzpek, mL/kg per min 41.12040  31.9:03" 354+04% 260203 322205%  237+04%F!

Data are the means * SE. SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HDL, high-density lipoprotein
cholesterol; LIDL, low-density lipoprotein cholesteral; VOzpeak, peak oxygen uptake.
*£<0.05 vs. young subjects within the same fitness group; *p< 0.05 vs. middle-aged subjects within the same fitness group; Tp< 0.05 vs. fit sub-

jects within the same age category.

gested thar dilation of the lumen diameter is a typical
vascular profile in patients with long-standing hyper-
tension® '” and may reflect the fatiguing effects of
repeated intense cyclic stress'". Increased carotid wall
mass according to luminal dilation and/or wall thick-
ening is associated with an increased risk of cardiovas-
cular events®. Thus, when considering the pathophys-
iological implications of vascular disease, it is also
important not to overlook changes in both age-related
carotid luminal dilation and wall thickening (arterial
remodeling); however, the associations between the
CRF level and age-related carotid arterial remodeling
have attracted relatively little attention.

Accordingly, the primary aim of the present
cross-sectional study was to determine the relation-
ships between CRF and age-related carotid arterial
remodeling. We hypothesized that higher CRF would
be associated with reduced age-related carotid arterial
remodeling.

Methods

Subjects
A total of 771 adults (180 men and 591 women),
under the age of 40 (young), 40-59 years of age (mid-

dle-aged), and over the age of 60 (older) participared
in this study (Table 1). None of the subjects smoked
or were on medication for hypertension, hyperlipid-
emia, or diabetes. Subjects with a history of stroke,
cardiac disease, chronic renal failure, or peripheral
arterial disease, as well as those who regularly engaged
in weight training, were excluded from the study'?.
Subjects who demonstrated significant IMT (>1.5
mm), plaque formartion', ankle-brachial pressure
index <0.90, and/or characteristics of atherosclerosis
were excluded. Before testing, subjects abstained from
caffeine and fasted for at least 4 hours (10-h overnight
fast was used to determine metabolic risk factors and
blood pressure (BP)). The purpose, procedures, and
risks of the study were explained to each participant
prior to inclusion, and all subjects gave their written
informed consent before participating in the study,
which was approved by the Human Research Com-
mittee of the National Institute of Health and Nutri-
tion. The study was performed in accordance with the
guidelines of the Declaration of Helsinki.

Carotid Artery IMT, Lumen Diameter, and Wall
Mass )

Carotid artery IMT and lumen diameter were
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measured from ultrasound images (vivid 1; GE Medi-
cal System) equipped with a high-resolution linear
array transducer, as described previously'* . Longi-
tudinal two-dimensional ultrasound images were
obtained at the proximal 1- to 2-cm straight portion
of the common carotid artery. These images were first
recorded on an ultrasound machine for later offline
analysis, and then stored on hard disk. Carotid images
were obtained by two trained investigators.
Ultrasound carotid images were analyzed using
Image J image analysis software (National Institutes of
Health, Bethesda, MD). Carotid IMT was defined as
the distance from the leading edge of the lumen-
intima interface to the leading edge of the media-
adventitia interface'. Carotid lumen diameter was
defined as the distance between the lumen and intima,
and a near-wall boundary, corresponding to the inter-
face of the adventitia and media. These measurements
were made at end diastole, as described previously'¥.
At least 10 measurements of IMT and lumen diameter
were taken in each segment. The mean values of these
10 measurements were used for analysis. Carotid wall
mass was calculated, as previously reported’®, as pL
(nRe-Ri?), where p is the arterial wall density (p=
1.06)'”, L is the length of the arterial segment (L=1
cm), and Re and Ri are the mean external and internal
radii, respectively. Image analyses were performed by
two investigators blinded to the group assignment of
the subjects. Intraobserver and interobserver variabili-
ties of measurements were examined in 100 subjects.
Intraobserver and interobserver variabilities of mea-
surements were 3.7% and 4.2% for carotid IMT and
2.0% and 2.2% for the lumen diameter, respectively.

Carotid Arterial Blood Pressure
The pressute waveform and amplitude were
obtained from the common carotid artery with a vas-

cular testing device (PWV/ABIL; Omron Colin, Kyoto, -

Japan). A multielement tonometry sensor, consisting
of 15 pressure-sensitive small elements aligned side by
side, was coupled to the device. The carotid tonome-
try sensor is compact and lightweight and can be eas-
ily atrached around the neck. The sensor element,
located manually at the center of the carotid artery,
can be identified by screening the pulse pressure (PP)
levels of the 15 elements provided that the sensor cle-
ment is sufficiently small compared with the vessel
diameter. The quality of the carotid pulse wave and
the downward force were checked visually by carotid
compression tonography, and pulse waves were
recorded and stored over periods of 30 s. As baseline
levels of BP are subjected to hold-down force, the
pressure signal obtained by tonometry was calibrared

by equating the carotid mean arterial pressure (MAP)
and diastolic blood pressure (DBP) to the brachial
artery value'®. Intraobserver variability of measure-
ments was 4.0% for carotid systolic blood pressure

(SBP).
Brachial Arterial Bold Pressure

Brachial BP was measured with an oscillometric
device (PWV/ABI; Omron Colin) with subjects in the

supine position. All measurements conformed to the
American Heart Association Guidelines'”.

Cardiorespiratory Fitness )

CRE, assessed from peak oxygen uptake (VOzpea),
was measured by an incremental cycle exercise test
using a cycle ergometer (Ergomedic 828E Test Cycle;
Monark, Varberg, Sweden) as described previously®® 2.
To assess the effects of CRF on carotid IMT, the sub-
jects were categorized into high (fit) or low (unfit)
CRF groups on the basis of the median value of
VO2peik in every decade of age in each sex.

Blood Samples

Blood samples were taken after an overnight fast
of at least 10 h to determine fasting glucose and insu-
lin levels. In the same session, serum samples were
obtained to determine fasting total cholesterol, high-
density lipoprotein cholesterol (HDL-cholesterol),
low-density lipoprotein cholestero! (LDL-cholesterol)
and triglyceride levels.

Statistical Analyses

The data were analyzed by two-way ANOVA (age
x fitness level) and ANCOVA, which included sex,
brachial SBP and body fat as a covariate. In cases with
a significant F value, a post hoc test with Scheffe’s
method was used to identify significant differences
among mean values. Univariate regression and correla-
tion analyses were used to analyze the relationships
between variables of interest. Stepwise multiple regres-
sion analysis was used to determine the independent
relations of several variables to arterial remodeling val-
ues. P<0.05 was considered significant. Data are pre-
sented as the mean = SE.

Results

Table 1 shows the characteristics of the subjects.
Age was associated with shorter stature, greater body
fat, and higher blood pressure. The percent body fat
value was lower in the fit group than in the unfic
group at all ages.

Table 2 shows the effects of age and CRF on
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Table 2. Arterial properties divided by age and fitness groups

Young Middle-aged ) Older
Fit Unfit Unfic Fit Unfit
IMT, mm 056+ 0.01  0.55+0.01 0.66+0.01%  0.65:0.01% 0.69001%%  07420.01*%!
Lumen diameter, mm 588+ 0.04  5.85+0.04 5.850,05 6.030.05%! 5.99£0.06 6.28+0.06*%"
Wall mass, mm? 5.88+0.12  5.73:0.14 676x0.16*  7.06:0.15* 741£025%F  g71x025%%!

Data are the means = SE. IMT, intima-media thickness; *»< 0.05 vs. young subjects within the same fitness group; *P< 0.05 vs. middle-aged sub-
jects within the same fitness group; '»< 0.05 vs. fit subjects within the same age category.

carotid IMT; lumen diameter, and wall mass. Two-way
ANOVA indicated a significant interaction (p<0.01)
between age and CRF in determining carotid IMT,
lumen diameter, and wall mass. Carotid IMT and wall
mass increased progressively with age in both fitness
groups. Lumen diameter increased progressively with
age in the unfit group but was not different at any age
in the fit group. Carotid IMT and wall mass were
lower (p<0.05) in fit than in unfit older subjects and
lumen. diameter was lower (»<0.05) in fit than in
unfit middle-aged and older subjects. In the older
group, these differences remained significant after nor-
malizing for sex, brachial SBP and body fat as covari-
ates; however, in the middle-aged group, the differ-
ences wete abolished after normalizing for sex, bra-
chial SBP and body fat. Fig. 1 shows the relationships
between VOipeak and carotid IMT (A), lumen diame-
ter (B), and wall mass (C) in cach age category.
Carotid IMT (r=-0.24, p<0.05), luminal diameter
(r=-0.28, p<0.01), and wall mass (r=-0.30, p<
0.01) were correlated with VOapeak in older subjects.
There were no significant relationships in young or
middle-aged subjects.

In older subjects, the analysis also indicated thar
carotid IMT was correlated with brachial SBP
(r=0.29), carotid SBP (0.28), weight (0.13), VOapeak
(-0.24), and HDL-cholesterol (-0.26). Stepwise
multiple regression analysis revealed that brachial SBP
(8=0.24), HDL-cholesterol (—0.23), and VOzpes
(-0.16) were independently correlated with carotid
IMT.

In older subjects, the analysis also indicated that
lumen diameter was correlated with brachial SBP
(r=0.43), carotid SBP (0.39), weight (0.36), VO speak
(- 0.28), plasma glucose (0.24), plasma insulin (0.25),
HDL-cholesterol (=0.16), and triglycerides (0.18).
StLleSC multlpln. ICgTCSSlOrl anal)/SlS rchalLd thdt
brachial SBP (f=0.38), weight (0.32), and VO apesk
(=0.16) were independently correlated with lumen
diameter.

[n older subjects, the analysis also indicated that

wall mass was correlated with brachial SBP (r=0.45),
carotid SBP (0.41), weight (0.33), VOzpeak (- 0.30),
HDL-cholesterol (-0.24), plasma insulin (0.23),
plasma glucose (0.19), and triglycerides (0.16). Step-
wise multiple regression analysis revealed that brachial
SBP (B=0.42), weight (0.28), and VOapeak (—0.19)

were independently correlated with wall mass.

Discussion

The key new findings of the present study were
as follows. First, in the older group, carotid IMT,
lumen diameter, and wall mass were significantly
lower in the fit group than in the unfit group. Second,
although carotid IMT and wall mass increased with
age in both fitness groups, the magnitude of age-
related increases was smaller in the fit group than in
the unfit group. Third, carotid lumen diameter
increased with advancing age in the unfit group but
no differences were observed at any age in the fit
group. Fourth, multiple regression analysis revealed
that VOzpek was independently cotrelated with carotid
IMT, lumen diameter, or wall mass. These results sug-
gested that higher CRF is associated with lower levels
of age-related carotid arterial remodeling.

There have been many reports regarding the rela-
tionships between age-related increases in carotid IMT
and CREF levels; however, these previous studies did
not focus on the age-related dilation of the lumen
diameter and increases in wall mass, and their findings
were inconsistent. Specifically, the CRF level and
habitual exercise have been reported to be associated
with lower® no difference?>?”, or even greater ™
carotid IMT. Similar to previous findings by Galerra ez
al.”, the present study also showed that a high level
of CRF is related to an attenuation of age-related
carotid arterial remodeling. An advantage of our study
was the considerable number of subjects with a wide
age range. Moreover, the strength of the present study
was that CRF levels of all subjects were evaluated by
maximal exercise testing. Considering the emphasis
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placed on dilation of the lumen diameter and increases
in wall mass for prevention of CVD¥, we extended
our research to age-related luminal dilation and wall
thickening. Similar to some previous reports, the pres-
ent study also showed that carotid IMT was lower in
fit older subjects than in their unfit counterparts.
More importantly, the present study demonstrated
that lumen diameter and wall mass were lower in fit
older subjects than in their unfit counterparts. The
present findings suggested that higher CRF is associ-
ated with reduced age-related luminal dilation and
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age category.

wall thickening.

We can only speculate on the mechanisms
responsible for the attenuation of age-related luminal
dilation and wall thickening by higher CRE Age-

related arterial remodeling is primarily an adaptive
response of the arterial wall to progressive elevations
in chronic arterial BP*?. The results of animal and
human studies indicated that an increase in distending
pressure is a major stimulus for hypertrophy of
smooth muscle cells and the synthesis of extracellular
matrix in the arterial wall ", Repeated intense cyclic
stress may cause fracture of the load-bearing elastin
fibers and thus dilation of the lumen'". Therefore, we
propose that the smaller degree of age-related luminal
dilation and increase in wall mass in fit groups may be
due to a smaller age-related increase in blood pressure.
Indeed, in this study, brachial SBP and carotid SBP
were positively associated with carotid IMT, lumen
diameter or wall mass in older subjects. However, in a
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stepwise multiple regression model that included these
factors, VOzpeak was independently related to carotid
IMT, lumen diameter, or wall mass. Park et al3?
reported that wall internal area and wall thickness area
of the aorta were increased by menopause and
improved by regular exercise in an animal study. As
noted by Patk ez /., eNOS and endothelin-1 in the
aorta tissue may participate in these mechanisms.
Morteover, the mechanisms by which the maintenance
of higher CRF may directly influence lumen diameter
and wall mass are still speculative and include the
effect of an endurance-trained state on the calcium
content® and advanced glycation end products and
collagen cross-linkage in the arterial wall®”. Exercise
ameliorated the progression of endothelial dysfunc-
tion® and atherosclerotic lesion formation with a
strong negative correlation between atherosclerotic
areas and the mean running distance per day®".

Our findings have a number of important impli-
cations. The present study showed that higher CRF
was associated with smaller age-related increases in
carotid IMT and wall mass and dilation of the lumen.
As both luminal dilation and wall thickening are risk
factors for CVD?*®, the maintenance of higher CRF
may have a protective effect against CVD in part by
attenuating age-related carotid arterial remodeling;
therefore, the improvement of CRF may be important
for primary prevention of CVD.

A major limitation of the present study was its
cross-sectional design. Due to the design of this study,
we could not evaluate individual changes in age-
related carotid arrerial remodeling. A recent prospec-
- tive study by Kozakova ez al.*? reported that a period
of vigorous activity influenced the 3-year IMT pro-
gression in a young to middle-aged population (30-60
yr). Mote research will be needed to determine cause-
and-effect relationships in the older population (over
60 yr).

In conclusion, the present study indicated that a
high level of CRF is associated with reduced age-
related wall thickening and luminal dilation in the
carotid artery.
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Sanada K, Iemitsu M, Murakami H, Tabata I, Yamameto K, Gando
Y, Suzuki K, Higuchi M, Miyachi M. PPARY2 C1431T genotype in-
creases metabolic syndrome risk in young men with low cardiorespiratory
fitness. Physiol Genomics 43: 103-109, 2011. First published December 14,
2010; doi:10.1152/physiolgenomics.00129.2010—The peroxisome prolif-
erator-activated receptor gamma 2 (PPARY2) genotypes are related to
obesity and the metabolic syndrome (MetS). A low level of cardio-
respiratory fitness is also a strong determining factor in the develop-
ment of MetS. This cross-sectional study was performed to investigate
the influence of the interaction between the PPARY2 genotype and
cardiorespiratory fitness on the risk of MetS. Healthy Japanese
men (n = 211) and women (# = 503) participated in this study. All
subjects were divided into 8 groups according to sex, fitness level
(high and low fitness groups), and age (younger, age < 40 yr;
middie-aged/older, age = 40 yr). The PPARY2 genotypes (Prol2Ala
and C1431T) were analyzed by real-time PCR with Tag-Man probes.
Two-way ANCOVA with adjustment for age as a covariate indicated
that fitness and the CC genotype of C1431T in the PPARY2 gene
interacted to produce a significant effect on MetS$ risk in younger men
and that the risk of MetS in the CC genotype group with low
cardiorespiratory fitness was significantly higher than that in the
corresponding CT+TT genotypes or in the high fitness groups. There
was no significant interaction between fitness and genotype in deter-
mining MetS risk in middle-aged/older men or in women in any
group. With regard to the Prol2Ala genotype of the PPARY2 gene,
there were no significant differences in fitness or genotype effects nor
were there any interactions between measurement variables. We
concluded that the CC genotype of C1431T in the PPARY2 gene
together with low cardiorespiratory fitness may increase the risk of
MetS in younger men (age < 40 yr), even with adjustment for age.

physical fitness; peroxisome proliferator-activated receptor gamma 2;
health care research; maximal oxygen uptake; obesity gene

THERE HAS BEEN A CONSIDERABLE increase in the number of
studies reporting associations between DNA sequence varia-
tion in specific genes and obesity phenotypes (41). One such
gene, that for peroxisome proliferator-activated receptor
gamma 2 (PPAR<2), is reported to be associated with meta-
bolic syndrome (MetS) or adipocytokine dysregulation (37,
52-53). Two common polymorphisms, a proline (Pro)-to-
alanine (Ala) substitution located at codon 12 (Prol2Ala)(54)
and a synonymous C-to-T substitution in exon 6 at nucleotide

Address for reprint requests and other comrespondence: K. Sanada, College
of Sport and Health Science, Ritsumeikan Univ., 1-1-1 Noji Higashi, Kusatsu,
Shiga 525-8577, Japan (e-mail: ksanada @ fc.ritsumei.uc.jp).

1431 (C1431T)(30), have been associated with a reduced risk
for the development of diabetes (33), a low adiponectin con-
centration (45), and an exercise-mediated change in insulin
resistance (18) in Japanese people. The protective effect of the
Ala allele of Prol2Ala against Type 2 diabetes has been
replicated in Japanese, Caucasian-American, Finnish, and Dan-
ish populations; however, a deleterious effect of this allele on
Type 2 diabetes has been demonstrated in Canadians, Ger-
mans, and obese Finns (28). Conversely, the CT+TT geno-
types of C1431T in the PPARY2 gene in Scotland (7) and in
Greek children (22) are associated with increases in body mass
index (BMI) and waist circumference compared with the CC
genotype and are associated with a reduced risk for MetS in
647 Caucasian-Australian patients (26). However, some inves-
tigators have shown that the C1431T variant by itself is not
associated with BMI or risk factors for MetS (14, 35).

Previous studies regarding the relationship between cardio-
respiratory fitness and MetS suggested that a low level of
physical fitness is a strong determining factor in the prevalence
of MetS (6, 11, 23-25, 38, 50), because cardiorespiratory
fitness is strongly correlated with physical activity (39). Lakka
et al. (23) suggested that a sedentary lifestyle and an especially
low cardiorespiratory fitness measured by maximal oxygen
uptake (Vozmax) are not only associated with MetS but could
also be considered features of MetS. In addition, Lee et al. (25)
reported that high levels of cardiorespiratory fitness are asso-
ciated with a substantial reduction in health risk for a given
level of visceral and subcutaneous fat. Therefore, it is impor-
tant to consider individual cardiorespiratory fitness to clarify
the relationship between PPARY2 genotypes and MetS. The
present study was performed to investigate the influence of
interaction between the PPARY2 genotype and cardiorespira-
tory fitness on the risk of MetS.

METHODS

Subjects. The subjects included in this cross-sectional study were
716 Japanese adults between 18 and 84 yr of age, consisting of 211
men and 505 women, as described previously were the same subjects
included in Ref. 32. All subjects were free of any overt signs or
symptoms of chronic disease. They were sedentary or moderately
active subjects who participated in a swimming, stretching, and
“healthy gymnastics” program; however, they did not participate in
other vigorous sports activities. All subjects were divided according to
sex and age (young < 40 yr old and middle-aged/older = 40 yr old),
because metabolic profiles differ according to both sex and age. The
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purpose, procedures, and risks of the study were explained to each
participant prior to enrollment, and all subjects gave their written
informed consent before participating in the smdy, which was ap-
proved by the Human Ethical Committee of Waseda University. The
study was performed in accordance with the guidelines of the Decla-
ration of Helsinki. Body weight and height were recorded, and BMI
was calculated as weight in kilograms divided by the square of the
height in meters. Systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean blood pressure (MBP) were measured at
rest by using a vascular testing device (Colin Medical Technology,
Tokyo, Japan).

Measurements of blood samples. All blood samples were drawn
from the subjects in the seated position. Fasting (> 12 h) blood
samples were collected by venipuncture in tubes with or without
ethylenediamine tetraacetic acid (for plasma or serum). The blood
samples were centrifuged at 1,500 rpm for 15 min and stored at
—20°C. Serum concentrations of triglycerides were determined by
using commercial kits (Mitsubishi Chemical Medience, Tokyo, Ja-
pan). Serum high-density lipoprotein (HDL) cholesterol was mea-
sured by an enzymatic method (Mitsubishi Chemical Medience).
Fasting plasma glucose (FPG) was measured by the glucose dehydro-
genase method (21). Whole blood glycohemoglobin Alc (HbAlc)
was measured by an enzymatic method (Glycohemoglobin Alc kit;
Mitsubishi Chemical Medience). As waist circumference data were
not available, the following risk factors of MetS (highest value = 4)
were used: 7) BMI = 25 kg/m?; 2) blood pressure = 130 mmHg in
systolic and/or = 85 mmHg in diastolic; 3) triglycerides = 150 mg/dl
and/or HDL cholesterol = 40 mg/dl; and 4) FPG = 110 mg/dl
Moreover, MetS risk (Z-score} was derived by standardizing and then
summing the following continuously distributed variables: BMI,
MBP, HbAlc, and serum triglyceride/HDL cholesterol, to obtain the
Z-score. It is known that a high senim triglycerides/HDL cholesterol
ratio is one of the markers of insulin resistance (27). The BMI values
can predict the presence of multiple metabolic risk factors similar to
waist circumference in middle-aged Japanese subjects (43).

Measurement of Vozin,.. The VOamax was measured by an incre-
mental cycle exercise test using a cycle ergometer (Monark, Varberg,
Sweden) (31). The incremental cycle exercise began at a work rate of
90 W (60 rpm), and power output was increased by 30 W/min until the
subjects could not maintain the fixed pedaling frequency. The subjects

. were encouraged during the ergometer test to exercise at the level of
maximum intensity. Voz was monitored during the last 30 s of each
increase in work rate. Subjects breathed through a low-resistance
two-way valve, and the expired air was collected in Douglas bags.
Expired O: and CO: gas concentrations were measured by mass
spectrometry (WSMR-1400; Arco System, Chiba, Japan), and gas
volume was determined by using a dry gas meter (NDS-2A-T;
Shinagawa Dev., Tokyo, Japan). The highest value of Vo: during
the exercise test was designated as VO2.m.x. Moreover, these values
were consistent with the reference values for the maximal oxygen

. uptake for health promotion by sex and age, as described by the
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Japanese Ministry of Health, Labor, and Welfare to prevent life-
style-related diseases (12, 17).

Single nucleotide polymorphism genotyping. Genomic DNA was
exiracted from plasma buffy coats and buccal cells by using a
QlAamp DNA Blood Maxi Kit (Qiagen, Tokyo, Japan). Single
nucleotide polymorphism (SNP) genotypes were determined by real-
time PCR with TagMan probes using an ABI Prism 7700 Sequence
Detector (Perkin-Elmer Applied Biosystems, Foster City, CA) as
described previously with minor modifications (16). The gene-specific
primers and TagMan probes for each SNP were synthesized by using
Primer Express v. 1.5 software (Perkin-Elmer Applied Biosystems)
according to the published DNA sequences for each SNP as follows:
Prol2Ala (C>G) in exon 1 of PPARY2 (NCBI accession ID:
1s1805192) and C1431T in exon 6 of PPARY2 (NCBI accession ID:
1s3856806). The sequences of the oligonucleotides used were as
follows:

Pro12Ala forward: 5'-GTTATGGGTGAAACTCTGGGAGATT-3',
Prol2Ala reverse: 5'-GCAGACAGTGTATCAGTGAAGGAAT-3’,
Pro12Ala/C probe: 5'-CTCCTATTGACCCAGAAAG-3', Prol2Ala/G
probe: 5'-CTATTGACGCAGAAAG-3’, C1431T forward: 5'-CA-
GAAAATGACAGACCTCAGACAGA-3', Cl431T reverse: 5'-
CGTCTTCTTGATCACCTGCAGTAG-3', C1431T /G probe: 5'-
CTGCACGTGTTCCG-3’, C1431T /A probe: 5'-CTGCACATGT-
TCCG-3'.

PCR 96-well plates were read on an ABI-7700 using the end-point
analysis mode of the SDS v. 1.7a software package (Perkin-Elmer
Applied Biosystems). Genotypes were determined automatically by
the single processing algorithms in the software.

Statistical analysis. The PPARY2 allelic frequencies were calcu- .

lated by using a gene-counting method, and Hardy-Weinberg equilib-
rium was confirmed by performing the x* test. The variables BMI,
MBP, HbA lc, and serum triglyceride/HDL cholesterol were standard-
ized to Z-score variables with mean = 0 and standard deviation (SD) =
1 [(individual value — sex and age-specific mean value)/SD]. We
tested the influence of genotype and fitness on the risk of MetS by
using two-way ANCOVA with adjustment for age as a covariate
(genotype and fitness), and when a significant difference was observed
in the interaction, comparisons between groups were tested by using
the unpaired Student’s s-test. Regression analyses were conducted to
explore the relationship between Vozuac and MetS risk, excluding
variance produced by age by use of partial correlations (partial
correlation coefficient). Values were expressed as means *+ SE. In all
analyses, P < 0.05 was taken to indicate statistical significance.

RESULTS

There were no significant differences in the frequencies of
C1431T and Prol2Ala polymorphisms between age groups in
either sex (Table 1). The genotype frequencies did not deviate
from the expected Hardy-Weinberg equilibrium.

Table 1. Genotype and allele frequencies of the peroxisome proliferator-activated receptor y2 gene

Prol2Ala Cl431T
ProPro ProAls AlaAla CcC CT TT

Women Age, yr <40 n (%) 197 (93.8) 12(5.7) 1(0.5) 137 (65.2) 69 (32.9) 4(1.9)
' MAF 0.033 0.183

Age,.yr =40 n (%) 274(92.9) 20 (6.8) 1¢0.3) 201 (68.1) 84 (28.5) 1034)
MAF 0.037 0.176

Men Age, yr <40 n (%) 86 (93.5) 6(6.5) 0¢0.0) 73(79.3) 15 (16.3) 4(4.3)
MAF 0.033 0.125

Age, yr =40 n {%) 113 (95.0) 6(5.0) 0(0.0) 85 (71.4) 28 (23.5) 6 (5.0)
MAF 0.025 0.168

MAF; minor allele frequency. There were no significant differences in the frequencies of C1431T and Prol12Ala polymorphisms between age in both sexes.
The allele frequencies did not deviate from the expected Hardy-Weinberg equilibrium.
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Significant simple and partial correlations (age-adjusted)
were observed between Vooma - (mi-kg™'-min~') and MetS

risk (Z-score) in both men (simple correlation r = —0.410,
P < 0.001, partial correlation r = —0.371, P < 0.001) and
women (simple correlation r = —0.309, P < 0.001, partial

correlation r = —0.253, P < 0.001); therefore, these findings
were independently associated with age.

Neither C1431T nor Prol2Ala was associated with lower
BMI regardless of age or sex in healthy Japanese adults.
Women with low cardiorespiratory fitness in both age groups
and in C1431T genotype groups had a higher BMI than those
with high cardiorespiratory fitness (P < 0.05), but these asso-
ciations did not hold for men (Tables 2 and 3). Low cardiore-
spiratory fitness in younger women of both C1431T genotypes
was associated with higher SBP, DBP, and MBP than high
cardiorespiratory fitness (P < 0.05), but this association was
not observed in younger men or in middle-aged/older men and
women. The risk of MetS in both C1431T genotypes of
younger women with a low level of fitness was significantly
higher than that in those with a high level of fitness (P < 0.01),
but this association was absent in younger men and middle-
aged/older people of either sex (Tables 2 and 3, respectively).

The interaction between fitness and genotype significantly
affected the risk of MetS in younger men (P < 0.05, Fig. 1).
Moreover, the MetS risk in low-fitness younger men with the
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CC genotype in the C1431T polymorphism of the PPARY2
gene was significantly higher than that in the other groups
(P < 005, Table 2). There was no significant interaction
between fitness and genotype in determining MetS risk in
middle-aged/older men and younger and middle-aged/older
women.

On the other hand, with regard to the Pro12Ala genotype of
the PPARY2 gene, there wére no significant differences in
fitness or genotype effects nor were there any interactions
between measurement variables.

DISCUSSION

A previous study reporting associations between DNA se-
quence variation in specific genes and obesity phenotypes has
increased considerably, with 426 findings of positive associa-
tions with 127 candidate genes (41). One of these genes,
PPARY2, which encodes a transcription factor belonging to the
nuclear receptor family, is related to lipid metabolism, carbo-
hydrate metabolism, and fatty acid transport (51) and is a
candidate gene for susceptibility to obesity and Type 2 diabetes
(2, 8, 19, 34). It is directly involved in adipogenesis (46) and
muscle responses to glucose (15). A common structural defect
has been detected in the PPARY2 gene, resulting in a Pro-to-
Ala substitution (54), located at codon 12 (Prol2Ala); and a

Table 2. Relationships among cardiorespiratory fimess, C1431T genotype of the peroxisome proliferator-activated receptor
¥2 gene, and metabolic syndrome risk in younger subjects (age <40 yr)

CC Individuals With

'CC Individuals With  CT+TT Individuals

CT+TT Individuals P P P

Low Fitness High Fitness With Low Fitness With High Fimess  Genotype  Fitmess  Interaction
Women

n 46 91 23 50

Age, yr 26510 266+ 0.7 250 £ 1.1 241 0.8

Body mass index, kg/m? 21.6 £ 04 209 0.2 211 05 207+03 0.126  0.031 0.968
Systolic blood pressure, mmkg 1053 £ 1.5 1074 £ 0.9 1035 * 1.7 1055 £ 0.9 0.353  0.001 0.718
Diastolic blood pressure, mmHg 621 %13 61.7 0.7 599 £ 13 595+ 0.7 0.561 0.001 0.847
Mean blood pressure, mmHg 79.1 £ 14 793 + 0.8 76.0 £ 1.3 77.0 £ 0.8 1028  0.000 0.965
Serum triglyceride, g/d] 687 + 46 512 +24 619 43 60.3 + 3.0 0.521 0.683 0.199
HDL cholesterol, mg/d] 66519 71.0x14 64.7 * 2.0 69.3 2.0 0272 0444 0.976
Serum (riglyceride/ HDL cholesterol 1.09 * 0.09 0.83 + 0.04 0.99 = 0.08 0.90 £ 0.05 0.299 0.987 0.185
Fasting plasma glucose, mg/di 869 * 10 864 * 0.6 86.7 * 1.1 87.0 = 0.8 0.301 0459 0.843
HgAle, % 487 = 0.04 4.80 = 0.03 4.81 + 0.06 4.82 * 0.04 0.030 0749 0.497
Number of MetS risk factors 0.24 * 0.08 0.07 * 0.03 0.4 = 0.04 0.02 = 0.02 0.281 0.027 0233
MetS risk, Z-score i 0.79 * 0.40 —0.34 £ 0.17 -021 £ 041 -044 £ 025 0.078  0.005 0.317
Maximal oxygen uptake, ml kg™ '-min~! 29.1 £ 04 392 0.6 299 * 04 403 0.7 0.276  0.000 0.986

Men

n ’ 31 42 5 14

Age, yr 348 £ 07 272+ 10 334 ¥ 21 25519

Body mass index, kg/m* 255208 232+ 04 229 £ 0.6 234+ 04 0446 0285 0.080
Systolic blood pressure, mmHg 1207 = 2.9 116.0 * 1.6 1172+ 19 1184 +22 0592  0.890 0.665
Diastolic blood pressure, mmHg 729 +19 642 * 13 711 + 26 623 %20 0.740 0649 0.931
Mean blood pressure, mmHg 90.0 = 2.0 83513 86.0 + 1.8 848 £ 19 0940  0.864 0.385
Serum triglyceride, g/d] 111.2 = 134 62.8 39 80.0 + 12.1 802 * 12.6 0.804 0354 0.138
HDL cholesterol, mg/dl 493+ 14 60.7 * 1.7 562 55 63.6 3.6 0274 0078 0.245
Serum triglyceride/ HDL cholesterol 229 + 0.27 1.09 £ 0.08 1.54 £ 033 1.41 £ 0.33 0.565  0.668 0.082
Fasting plasma glucose, mg/d] 90.3 + 12 904+ 1.5 88.6 * 35 929+ 13 0496 0513 0.277
HgAlc, % 4.79 + 0.04 475 * 0.04 4,64 013 4.76 * 0.08 0.080  0.686 0.093
Number of MetS risk factors 0.94 + Q.15 0.33 * 0.09° 0.20 * 0.20° 043 * 0.14° 0421 0.123 0.023
MetS risk, Z-score 2.14 * 0.67 0.53 * 0.26° -0.27 > 067 0.01 = 0.65° 0287  0.891 0.029
Maximal oxygen uptake, mi-kg™ ' min™' 336 £ 0.6 492+ 1.3 365 * 04 52528 0.171 0000 0398

Data are means * SE unless otherwise indicated. "P < 0.05 for a significant difference from CC individuals of the C1431T variant with the “low fitness” group
using the unpaired Student’s r-test. P values are for significant effects using 2-way ANCOVA with adjustment for the covariate of age (genotype X fitness).

Boldface indicates significance (£ < 0.05).
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“Table 3. Relationships among cardiorespiratory fitness, C1431T genotype of the peroxisome proliferator-activated receptor
Y2 gene, and metabolic syndrome risk in middle/older subjects (age =40 yr)

CC Individuals With  CC Individuals With  CT+TT Individuals  CT+TT Individuals P P P
Low Fitness High Fitess With Low Fitness With High Fitness  Genotype Fimess Interaction
Women .
] 114 87 56 38
Age, yr 557x08 53710 579 *12 549+ 12
Body mass index, kg/m? 23603 216 0.3 23.8 = 64 21904 0.657  0.002 0.831.
Systolic blood pressure, mmHg 1218 £ 17 117516 1244 £ 25 11147 £ 23 0.121 0.133 0.454
Diastolic blood pressure, mmHg 726 * 1.0 709 * 1.1 723+ 15 693 £ 1.6 0334  0.061 0.951
Mean blood pressure, mmHg 933 %13 902 + 14 949 £ 20 877+ 18 0454 0131 0.429
Serum triglyceride, g/dl 96.9 * 5.1 77236 84.0 £ 54 780173 0.480 0084 0.345
HDL cholesterol, mg/d] 64.6 £ 1.2 73118 669 15 734+ 36 0.060  0.009 0.534
Serom triglyceride/ HDL cholesterol 1.62 £ 0.11 1.15 £ 0.08 131 2010 1.23 £ 0.18 0.699  0.077 0.162
Fasting plasma glucose, mg/d} 954 £ 15 920+ 09 95118 902 %10 0.540 0354 0844
HgAlc, % 5.16 £ 0.06 5.00 = 0.04 5.17 £ 0.08 5.07 £ 0.05 0.536 0341 0.376
Number of MetS risk factors 0.82 £ 0.09 0.33 £ 0.07 077 £ 0.09 0.40 + 0.12 0.859  0211- 0.595
MetS risk, Z-score 091 £ 025 -054 *0.18 0.89 + 025 -045 = 0.31 0.479 0325 0.698
Maximal oxygen uptake, ml-kg~!*min~" 24.3 * 04 346 * 0.5 244 * 04 334 £ 07 0.887 0000  0.140
Men
n : 54 31 22 12
Age, yr 542 %13 52919 542 £22 56.1 29 )
Body mass index, kg/m?® 25003 23205 247 £ 06 241+ 07 0.283  0.148 0.163
Systolic blood pressure, mmHg 1249 =21 1266 £ 26 1295+ 32 1253 = 4.1 0.666  0.565 0.258
Diastolic blood pressure, mmHg 78914 784 £ 20 78721 80.1 £ 30 0.657 0347 0.757
Mean blood pressure, mmHg 96.7 1.9 97625 983 + 28 956 * 36 0.803 0273 0.401
Serum triglyceride, g/dl 1223 £ 83 111.0 £ 89 118.2 £ 14.7 109.6 = 15.7 0.926 0414 0.979
HDL cholesterol, mg/dl 552 * 1.7 623+ 19 573 %35 59825 0275 0103 0.260
Serum triglyceride/ HDL cholesterol 245 £ 021 1.94 = 0.21 229 + (.33 1.91 £ 0.30 0964 0155 0.856
Fasting plasma glucose, mg/dl 984 * 1.7 935+ 14 955 £ 3.1 98.7 £ 45 0.39] 0482 0.167
HgAlc, % 5.16 * 0.11 4.87 £ 0.04 5.10 £0.13 5.02 = 0.10 0522 0330 0.499
Number of MetS risk factors 1.20 + 0.14 097 * 0.16 141 * 020 1.17 * 024 0483 0385 0.996
MetS risk, Z-score 1.21 £ 0.33 -0.16 + 0.38 1.00 £ 0.52 0.26 * 040 0.991 0952 0.549
Maximal oxygen uptake, ml-kg™!-min~' 289 * 06 397 £ 0.7 29.0 £ 0.9 381*14 0.779 0026 0463

Data are means * SE unless otherwise indicated.

synonymous C-to-T substitution in exon 6 has been identified
at nucleotide 1431 (C1431T)(30) of this gene. However, the
reported associations between increased body mass and BMI
with the Pro12Ala genotype are inconsistent, with some studies
indicating that the Ala allele is associated with either a higher
BMI (3, 19, 29, 47) or a lower one (8-10, 40, 48), while other
studies have found no association (13, 34, 42, 44), Kao et al.
(19) reported that among overweight individuals (BMI 25-29.9
kg/m?), the ProAla genotype of PPARY2 is associated with a
higher BMI (P = 0.02), waist-to-hip ratio (P = 0.01), and
waist circumference (P = 0.04) in nonobese African-Ameri-
cans. Our data indicated that neither C1431T nor Prol2Ala
variants were associated with a lower BMI regardless of age or
sex of the healthy Japanese adults in the study groups.
Moderate and high levels of cardiorespiratory fitness
attenuate the risk of all causes of and cardiovascular disease
mortality in men with MetS (20). To date, many reports on
the relationship between cardiorespiratory fitness and MetS
have suggested that low physical fitness is a strong predictor
for the presence of MetS (6, I1, 23-25, 38, 50). As cardio-
respiratory fitness is closely correlated with physical activity
(39), there may be an expectation that physical activity, such as
cardiorespiratory fitness, would be related to health risk inde-
pendently of abdominal obesity (25). However, the value of
cardiorespiratory fitness in prevention of MetS has not been
confirmed. Lakka et al. (23) reported that men with a Voona, <
29.1 ml-kg™"-min" ' were almost seven times more likely to

" have MetS than those with a Vomax = 35.5 ml-kg ™' min~"

even after adjusting for confounding variables. In this study,
significant partial correlations were observed between Vozmax
(ml-kg ~'-min ") and MetS risk in both men and women, even
after adjustment for age; and the Vozmax that corresponded to
a MetS risk factor of 1 was shown to be 31.9 ml-kg ~'-min~"
for men and 21.0kg™"-min~" for women, as determined by
linear regression. These results suggest that low cardiorespira-
tory fitness was associated with MetS risk independent of age
and that cardiorespiratory fitness levels corresponding to this
risk may be used as target fitness values for prevention of MetS
in Japanese adults.

At present, it is unclear which of the two contributions to
MetS is more important: the PPARy2 genotype or cardiorespi-
ratory fitness. In the present study, the subjects were classified
into high- and low-fitness groups according to the criteria
issued by the Ministry of Health, Labor, and Welfare of Japan
(17). We examined the relationship between the fitness level
and PPARY2 genotype, when the subjects were divided based
on their sex and age. The results of this study indicated that
younger men with low levels of fitness and the CC genotype of
Cl43IT possessed more risk factors for MetS than those
subjects with high fitness levels and the CT+TT genotypes,
even after adjustment for age (Table 2 and Fig. 1). These
results, therefore, suggest that in younger men (age < 40 yr)
with the CC genotype of CI431T and low cardiorespiratory
fitness, these factors increase the risk of MetS.
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Fig. 1. Interaction between cardiorespiratory fitness and peroxisome proliferator-activated receptor v2 gene genotype (C1431T) with respect to the number of
MetS risk factors (A) and MetS risk or Z-score (B) in men divided into 2 age groups (age < 40 yr and age = 40 yr). Genotype and fitness effects and interaction

(genotype X fitness) were assessed by 2-way ANCOVA with adjustment for

On the other hand, cardiovascular fitness itself is influenced
not only by environmental factors such as daily physical
activity but also by genetic factors. Bouchard et al. (4) reported
a heritability estimate of ~50%, which was correlated. with
V0Oamax in various parent-offspring and sibling relations, but
not among the spouses. In the present study, there were no
significant differences in Vozmax between the CC genotype and
CT+TT genotypes of C1431T in the PPARY2 gene in any of
the groups (data not shown). Furthermore, in the human gene
map for performance and health-related fitness phenotypes, the
fitness and performance map now includes 214 autosomal gene
entries and quantitative trait loci plus seven others on the X
chromosome (5), but the PPARY2 genotype is not included in
these association studies with candidate genes. Therefore, the
CC genotype of C1431T in PPARY2 affects the relationship
between cardiorespiratory fitness and MetS risk but does not
separately affect each phenotype. One of the most interesting
findings of the present study is that the CC genotype of
C1431T in PPARY2 in younger men, present in 79.3% of the
subjects, was associated with MetS risk. These findings indi-
cate that to prevent MetS, it is important to maintain high
cardiorespiratory fitness in young male subjects with this
genotype.

Some case-control studies have reported evidence of asso-
ciations between the Prol2Ala genotype in PPARY2 and re-
sponses of glucose and insulin metabolism phenotypes to
habitual physical activity or regular exercise (1, 18, 36, 49).
However, in the Prol2Ala variant of the PPARY2 gene, there
were no significant differences in fitness or genotype effects
nor were there any interactions between measured variables as
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determinéd by two-way ANCOVA in this study. Thus, the

lower allele frequency for the Alal2 variant in Japanese (2—

4%)(33, 45) compared with Europeans and North Americans
(14-16%)(2, 10} may have affected these results.

In the present study, the interaction between fitness and

genotype significantly affected the MetS risk in younger men,
but not in younger women. Younger women in this study had
fewer MetS risk factors than younger men, and therefore this
effect of PPARY2 polymorphism may be attenuated in women.
However, in middle-aged/older subjects, no interaction be-
tween fitness and genotype was observed for either sex. An
environmental factor with long-term exposure may participate
in attenuation of the genetic factors. Additionally, the interpre-
tation of the observations made in this cross-sectional study
must be partly tempered due to the small sample size obtained
when the subjects were divided based on their sex, age, fitness,
and genotypes. Further study will be necessary using larger
numbers of samples, and an intervention study should also be
performed. :

In conclusion, we found that low cardiorespiratory fitness
was associated with MetS risk independent of age and that the
CC genotype of C1431T in the PPARY2 gene associated with
low cardiorespiratory fitness increased the risk of MetS in
younger men (age < 40 yr), even if these factors were adjusted
for age.
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