1724 S. Tanaka et al. ' Metabolism Clinical and Experimental 56 (2007) 1719-1728

021
z Oco
2
° @ HFD .
E
=
2 o1y
S
[= %
3
(L]
=
[}

0
Sedentary Exercise

Fig. 2. High-fat diet attenuates activation of insulin-independent GT induced
by one bout of moderate-intensity endurance exercise. Rats ran on a
treadmill for 1 hour at 19 n/min at a 15% incline. Soleus muscles were
isolated from exercised rats immediately after the cessation of running and
from rats kept sedentary. Isolated muscles were incubated for 20 minutes in
the absence of insulin, and 3MG uptake was determined. Data are means =
SE:n = 5109 per group. *P < .05 vs CD-fed group.

phosphorylation of the Serd73 residue of Akt in muscles
dissected 2 hours after exercise and stimulated with insulin in
vitro (Fig. 5). Despite the significant increase in insulin-
stimulated 3MG uptake in muscles from exercised rats (Fig.
1), Akt phosphorylation in muscle was not affected by
exercise in CD- or in HFD-fed rats. The level of basal and
insufin-stimulated Akt phosphorylation was not affected by
the dietary manipulation.

3.7. HFED dose not change muscle GLUT4 protein level

To test the possibility that the decrease in insulin-
independent and insulin-dependent GT activity caused by
HFD is mediated by a reduction in the GLUT4 content of
skeletal muscle, we measured soleus muscle GLUT4 protein
content (Fig. 6). The GLUT4 protein content did not differ
between soleus muscles from CD- and HFD-fed rats.

3.8 HFD does not change muscle glveogen concentration,
hut increases muscle trighveeride content

Basal and postexercise glycogen concentrations were
similar in soleus muscle in CD- and HFD-fed rats (Table 2).
In contrast, muscle triglyceride content was higher in
muscle from HFD-fed rats than from CD-fed rats (Table 2)
(P <.05).

3.9 Effect of one bout of endurance exercise on hlood
lactate concentration

To evaluate the intensity of exercise, we measured blood
lactate concentration at rest and immediately after exercise.
Compared with basal values, exercise increased blood
lactate by 1.8 times in CD-fed rats (from 1.7 = 0.2 to
3.1 =0.1 mmol/L, P<.05)and by 2.1 imes in HFD-fed rats
(from 1.6 = 0.1 to 3.4 = 0.2 mmol/L, P <.05). Blood lactate
concentration did not differ between dietary groups.

4. Discussion

Endurance exercise has long been advocated as beneficial
for patients with insulin resistance associated with type 2
diabetes mellitus and obesity. This is based partly on the
observation that, even in people with insulin resistance,
endurance exercise stimulates muscle glucose uptake in
skeletal muscle by 2 distinct mechanisms: one insulin
independent and one insulin dependent (reviewed in Hayashi
et al [1]). Reversal of the shon-term increase in GT after
cessation of contractile activity is followed by a marked
increase in the sensitivity of muscle to insulin. We found a
significant increase in insulin-independent GT followed by
insulin-dependent GT in rat soleus muscle after a |-hour bout
of treadmill running in both the CD-fed and HFD-fed rats. In
both dietary groups, the mild increase in blood lactate
concentration (<4 mmol/L) (Results) and significant reduc-
tion in muscle glycogen content (Table 2) after exercise
suggest that rats performed moderate-intensity endurance
exercise and that muscle glucose utilization was substantially
activated by exercise. Similar lactate concentration and
glycogen content also indicate that the exercise intensity did
not differ between the dietary groups.

Although we found that exercise activated G'T in skeletal
muscle from both CD- and HFD-fed rats, the absolute rates
of insulin-independent and insulin-dependent GT were lower
in muscles from HFD-fed rats than in muscles from CD-fed
rats; in contrast, muscle GLUT4 levels were similar between
the groups (Figs. 2 and 3). Our results are consistent with
previous studies demonstrating that exercise-stimulated
insulin-independent GT is umpaired in muscles from HFD-
fed rats in the absence of a reduction in muscle GLUT4
content [5,6]. Liu et al [4] measured insulin-dependent GT'in
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Fig. 3. One bout of endurance exercise activates insulin-dependent G after
exercise, but does not fully compensate for reduced insulin sensitivity in
muscle from HFD-fed rats. Soleus muscles were isolated from exercised rats
2 hours after exercise and from sedentary rats. Isolated muscles were
incubated for 30 minutes in the absence (insulin - ) or presence of 0.9 nmol L
insulin {insulin4), and 3MG uptake was determined. Baseline (insulin-
independent) activity was subtracted in each diet group. Data are means =
SE: n = 10 per group. * < 05 vs CD-fed group.
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Fig. 4. High-fat diet attenuates muscle AMPK>2 activation induced by one bout of endurance exercise. Soleus muscles were isolated from exercised rats
immediately after exercise and from sedentary rats. Isoform-specific AMPK activity was detemiined in anti-AMPK 71 (A) and 22 (B) immunoprecipitates.
Muscles were also subjected to Westemn blot analysis using antiphosphorylated AMPK (C), antiphosphorylated ACC (13), and anti- AMPK (E) antibodies. Fold
increases are expressed relative to the activity of muscles from the sedentary CD-fed group. Data are means + SE:n =13 o 16 per group. *P < 05 vs CD-fed

group, TP < .05 vs comesponding sedentary group.

epitrochlearis muscle in the presence of half-maximally
effective concentration of insulin (0.8 nmolL) after rats
swam for 2 hours. They found no increase after exercise in

insulin-dependent G'T in muscles from HFD-fed rats because
of the maintenance of a high level of insulin-independent G'T
in skeletal muscle even at 3.5 hours after exercise. In
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Fig. 5. One bout of endurance exercise does not alfect insulin-stimulated
phosphorylation of Akt in CD- and HFD-fed rats. Soleus muscles were
isolated from exercised rats 2 hours after exercise and from sedentary rats,
and then incubated tor 30 minutes in the presence of insulin (0.9 nmol/L).
Muscles were subjected 10 Westem blot analysis using antiphosphorylated
Akt antibody. Fold increases are expressed relative to the level in muscles
trom the sedentary CD-fed group. Data are means = SE:n =9 per group.

contrast, insulin-independent G'T was substantially lower 2
hours after cxercise in our study: and insulin-dependent
GT was lower in muscles from HFD-fed animals (Fig. 3).
Thus, it seems reasonable to speculate that prolonged
HFD feeding evokes “exercise resistance” as well as
insulin resistance: that is, HFD does not allow physiolo-
gical exercise to activate G'T or insulin sensitivity to the
level achieved by similar exercise in skeletal muscle of
CD-fed animals.

The blunted AMPK activation during exercise may be
part of the mechanism leading to impaired exercise-

cD HFD

GLUT4 expression
(fold increase)

0.5
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Fig. 6. High-fat dict teeding does not change muscle GLUTH protein level.
The GLUTH protein level was determined in soleus muscle using Westem
blot analysis. Fold increases are expressed relative to the level in the CD-fed
group. Data are means — SE:n = 6 to 7 per group.

Table 2
Muscle glycogen and triglyeeride concentrations in rats under HFD and CD
feeding

Sedentary Inumediate postexercise 2 h postexercise

Muscle glycogen (umol-g wet weight)

4 23.6 - 0.8 76 =061 181 = 1.0%
HFD 224:06 89 - 047 159 - 0.5¢
Muscle triglycerides (umolg wet weight)

(@) 6.1 205 19-011 s0=03"
HFD 7.8-02* 7.1-0.5*% 650577

Soleus muscles were isolated from sedentary and exercised rats inunediately
and 2 hours afier exercise, and glycogen and triglycerides concentrations
were determined. Data are means + SE: n = 6 10 14 per group.

* P < .05 vs CD-fed group.

' P < 05 vs sedentary group.

+ P < 05 vs immediate postexercise group.

stimulated glucose metabolism in skeletal muscle. In the
present study, short-term exercise increased the activity of
the o2 isoform of muscle AMPK from baseline in CD-fed
rats, but not in HFD-fed rats. Correspondingly, exercise
stimulated the phosphorylation of AMPKx Thr172 and ACC
Ser79 only in muscles from CD-fed animals. AMPK is a
heterotrimeric serine-threonine protein kinase comprising a
catalytic o subunit and regulatory f and 7 subunits. Two
distinct o isoforms, al and %2, are expressed in skeletal
muscle; and both isoforms can be activated in response to
muscle contraction by AMP-independent or AMP-depen-
dent mechanisms [13]. AMPK has been implicated in a
number of exercise-stimulated metabolic events in skeletal
muscle, including insulin-independent GT and GLUT4
translocation [12,19-21], insulin sensitivity [22-24], fatty
acid oxidation by the inactivation of ACC [12.,25.26],
GLUT4 expression [12.27-31], and glycogen utilization
[14.32-34]. The mechanism underlying the significantly
higher basal o2 activity in muscle from HFD-fed rats than in
CD-fed rats (Fig. 4B) is unknown: but increased serum leptin
concentration might play a role because, in vivo, both short-
[35] and long-term [36] administrations of leptin activate
AMPK 22 activity.

Although the predominant activation of AMPKa2 by
exercise is consistent with most previous studies [12.37.38],
we have recently reported that AMPKal activity is more
sensitive to physical or physiological stress than AMPKx2 is
and that AMPKxl activity increases markedly during
dissection, whereas AMPKa2 activity does not change
[13]. Thus, it may be difficult to measure the 21 activity
because it is disturbed by additional activation during
dissection; only after high-intensity exercise, when the
activation by muscle contraction exceeds that of the isolating
stimuli, would AMPK 21 activity be detectable. In our 2006
study [13], we stabilized isolated muscle in KRBP for 60
minutes, which decreased 21 activity to a constant level and
allowed us to observe the activation of AMPKx] by
clectrical stimulation. This 2] activation was associated
with corresponding increases in AMPKx phosphorylation,
insulin-independent GT. and ACC phosphorylation.
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Moreover, 21 was activated even by low-intensity contrac-
tion, which was characterized by the absence of an increase
in AMP concentration or in the ratio of AMP to adenosine
triphosphate. These observations suggest that the 1 isoform
is the predominant form activated by low-intensity contrac-
tions and lead us to believe that activities of both 22 and «!
isoforms increase in response to moderate-intensity treadmill
exercise used in our current study.

The mechanisms underlying the postexercise increase in
insulin sensitivity, which probably relates to GLUT4
translocation in exercised muscle [39], are presumed to be
mediated by multiple factors, including AMPK [22-24],
muscle glycogen concentration, humoral factors, and
autocrine-paracrine mechanisms (reviewed in Hayashi et
al [1]). In the present study, Akt phosphorylation in
response to insulin stimulus in muscle of HFD-fed rats
did not decrease at rest or after exercise despite the blunted
insulin-dependent GT. This result is consistent with a
previous study showing that muscle insulin resistance
induced by an HFD is not accompaniced by impainnent of
Akt activation [40} and with studies demonstrating that the
postexercise increase in imsulin sensitivity does not
accompany an enhancement of the insulin signal
[22.39.41.42]. We conclude that some functional changes
in the GLUT4 translocation system or signal transduction
mechanism distal o Akt phosphorylation play a role in
HFD-induced insulin resistance and impaired postexercise
increase in insulin sensitivity.

People with type 2 diabetes mellitus exhibit remarkable
muscle insulin resistance and abnormal lipid metabolisim,
which are also common among HFD-fed individuals. In
contrast, previous studies have shown that the insulin-
independent GT system activated by exercise is intact in
diabetic people, unlike in the case of HFD-fed experimental
animals. Kennedy et al [43] showed that muscles from
people with type 2 diabetes mellitus retain the capacity to
translocate GLUT4 to the sarcolemma in response to short-
term exercise. Correspondingly, Musi et al [38] demon-
strated that exercise normally activates muscle AMPK in
people with type 2 diabetes mellitus. We note that
individuals with type 2 diabetes mellitus generally have
normal muscle GLUT4 protein levels [44.45]. Shmilarly, the
genetically insulin-resistant obese Zucker rat has severe
defects in insulin-stimulated glucose uptake [46] and
GLUT4 translocation [47] despite normal levels of total
muscle GLUT4 protein [46]. In contrast, these animals have
normal increases in contraction-stimulated glucose uptake
[48] and GLUT4 translocation [49.50]. To our knowledge,
no study has addressed whether insulin sensitivity increases
normally after a single bout of endurance exercise in people
with type 2 diabetes mellitus or obese Zucker rats. Our
finding that the HFD attenuated contraction-induced G in
muscle raises the possibility that the pathophysiological
condition induced by the HFD differs from the condition
exhibited by humans with type 2 diabetes mellitus and
genetically insulin-resistant animals.

In summary, our study provides new evidence to suggest
that moderate-intensity endurance exercise activates both
insulin-independent and insulin-dependent components of
muscle G'T even when combined with HFD-induced insulin
resistance. However, these metabolic effects are significantly
reduced by an UFD: and consequently, exercise cannot
compensate totally for muscle insulin resistance in HFD-fed
rats. Although the precise mechanism is not clear, an HFD
may evoke these metabolic impairments by reducing AMPK
activation in contracting skeletal muscle. Appropriate fat
intake might be tmportant for efficient activation of glucose
metabolism by exercise.
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Associations of Obesity Measures With Metabolic
Risk Factors in a Community-Based
Population in Japan

Yasuyuki Nakamura, ML, Tanvir C Turin, MD*; Yoshikuni Kita, PhDD*; Shinji Tamaki, MD**,
Yasuyuki Tsujita, MD*; Takashi Kadowaki. MD*; Yoshitaka Murakami, PhD*;
Tomonori Okamwura. MD*; Hirotsugu Ucshima, MD*

Background The association of obesity measures (ic, body mass index (BMI), waist circumterence (WC) and
waist-10 hip ratio (WHR)) with metabolic risk factors in community-based populations has not been well studied.
Methods and Results In the present study 759 men and 1.255 women aged between 30 and 79 years. without
histories of stroke or coronary heart diseases, were dichotomized a the medians of BMI-WHR, WC-WHR and
BMI-WC. The accumulation of 4 metabolic risk factors (risk _sum) were examined: high blood pressure
(2130/85 mmHg or on antihypertensive therapy): high wiglycerides (2170 mg/dD): low high-density lipoprotein-
cholesterol (<40 mg/dl). and impaired glucose tolerance (hemoglobin Alc 25.6% or on antidiabetic therapy).
BMI and WC correlated well in both men (r=0.871) and women (r=0.874). All 3 obesity measures related with
the metabolic risk factors. The area under the receiver-operating characteristic curve for BMI, W( and WHR 1o
predict the risk _sum 22 tor men was 0.683, 0.709. and 0.700. respectively. and 0.715.0.739. and 0.746. respec-

tively. for women.

Conclusions  BMI may be used instead of WC if the lauer is not available. When WC is measured, hip circum-
ference also should be measured because the WIR may be the most valuable measure of obesity.  (Cire J 2007:

71: 776-781)

Key Words: Body mass index: Metabolic risk factors: Waist circumference; Waist-to hip ratio

besity is a major risk factor for cardiovascular dis-
ease and as measures of obesity, the body mass in-
dex (BMI). waist circumterence (WC) and waist-to
hip ratio (WHR) are the most frequently used!~17 In the new
criteria for “obesity disease’ in Japan recently developed by
the Japan Society tor the Study of Obesity. visceral fat area
(VFA) of 100cm? was proposed as a cut-off point for de-
fining obesity, or alternatively a WC of 85¢m in men and
90¢m in women could be considered because these values
approximated the VEFA!! More recently. in their study in-
volving 27.000 participants from 52 countries. Yusul et al
have shown that WHR showed a graded and highly signiti-
cant association with myocardial infarction risk worldwide,
and stated that a definition of obesity based on WHR in-
creased the estimate of myocardial infarction attributable 10
obesity tn most ethnic groups?
Accordingly, we examined the relationship between each
obesity measure and metabolic risk factors in a commu-
nity-based population in Japan.
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Methods

Pariicipanis

Of 2.892 local residents who underwent a mass medical
examination in 1999 at Shigaraki town (the town name at
the time of the study: population of approximately 15,000),
a mountain farming community in central Japan, a total of
2,395 participants who gave informed consent after a full
explanation of this study were enrolled!1? Of these partici-
pants, 381 were excluded lor the following reasons: 146 had
a history of transient ischemic attack, siroke. angina pectoris,
or myocardial infarction: and 235 were outside the age range
of 30 to 79. We thus had 2,014 participants (759 men, 1,255
womnen). The study was approved by the Institutional Re-
view Board of Shiga University of Medical Science (No.
11-15. 1999).

Anthroponieiric and Blood Pressure (BP) Meusuremenis
The waist and hip circumferences were measured with a
standard tape measure while the subject was standing. WC
was measured over the unclothed abdomen at the level of
the umbilicus. and hip circumference was measured over a
Heht undergarment ar the level of the widest diameter
around the buttocks. Both measurements were taken by the
sume person, each measurement was performed in triplicate
and the average value was used to calculate the waist and
hip circumferences. Systolic BP (SBP) and diastolic BP
(DBP) were ineasured twice by a well-trained nurse using a
standard sphygmomunometer on the right arm while the
subject was seated after having rested for at least Smin,
Korotokov's st and Sth points were regarded as the SBP

Ciwuiation Journai Vol 71 May 2007

— 260 —



Obesity Measures and Mewbolic Risk Factors

Table 1 Characteristics of the Men and Women, in 1999, at
Shigaraki Town, Shiga, Japan

Men (n=759) Women (n=1.255)
Age (vears) 59.0£12.8 567134
Height (cm) 165.846.6 152.8+6.7
Weight (kg) 62.7%9.5 53.048.2
BMI (kg/m?) 22.8£2.9 22.743.2
WC (cm) 81.9£8.6 72.9+8.2
Hip (cm) 92.0+5.3 92.1+5.8
WHR 0.880.07 0.79+0.06
SBP (mmHg) 133£18 128+19
DBP (mmHg) 79+11 7611
Smoking (%) S50 6.2
Drinking (%) 58 7.8
Alcohol (g/d) 23%22 3.247.1
HTN Rx (%) 18.7 20.7
DM Rx (%) 6.6 3.2
HDL-C (mg/dl) 53x14 60+ 14
TG (mg/dl) 154£105 121471
HbAlc (%) 52209 5.1x0.7

BMI, body mass index; WC. waist circumference; WHR. waist-to-hip ratio;
SBP systolic blood pressure; DBP. diastolic blood pressure; HIN Rx. per-
centage of participants on antihypertensive medication; DM Rx, percentage
of participants on antidiabetic medication; HDL-C. high-density lipopro-
tein-cholesterol; TG. triglvcerides; Hb, hemoglobin.

and DBP, respectively. The mean of the 2 measurements
from each subject was used for the data analysis. BMI was
calculated as weight (kg) divided by the square of the
height (m).

Assessment of Lifesrvle Faciors

Daily alcohol intake and number of cigarettes smoked
per day was assessed by face-to-face interview. Current
smoking was defined as smoking cigarettes during the past
month. Alcohol drinkers were defined as those drinking
alcohol on 2 days per week or more. Ethanol consumption
per day was estimated assuming that concenrations of
alcohol were 5% for beer, 12% for wine, 40% for liquor,
16% for sake (Japanese rice wine) and 25% for shochu
(Japanese spirits made from barley, sweet potato, or rice or
any combination of these)="!

Biochemistry

Non-fasting blood was drawn and hemoglobin Alc
(HbA1¢), and serum total cholesterol, high-density lipopro-
tein-cholesterol (HDI.-C), wriglycerides (TG) and glucose
concentrations were determined at a single laboratory
{(Medic, Shiga). The measurement precision and accuracy
ol the serum lipids were certificated through a lipid stan-
dardization program by Osaka Medical Center for Cancer
and Cardiovascular Diseases, which is @ member of the
Cholesterol  Reference Method Laboratory  Network
(CRMLN) controlled by the Centers for Disease Control
and Prevention (Adanta)?! HbAlc¢ was measured by the
latex particle agglutination method.

Metaholic Risk Factors

Besides obesity. we detined 4 metabolic risk factors in
the present study as follows: high BP was detined as SBP
>130mmHg. or DBP 285 munHg. or the use of amihyper-
tensive agents. Impaired glucose tolerance was defined as
HbA I¢ 25.6% or on medication for diabetes?? High TG was
delined as non-fasling seruin concentration 2170 mg/d1£
Low HDL-C was defined as serum concentration <40 mg/dl

Circadation_Jonrnad Vol 71 May 2007
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Figl. The correlation between body mass index (BMI) and waist
circumference (WC) was good in both men (n=759. r=0.871) and
women (correlation coefficient 0.871 and 0.874. respectively).

for men and women. The risk _sum was defined as the sum
of these 4 metabolic risk factors for each participant (0-4).

Statistical Analvsis

SAS version 9.1 for Windows (SAS Institute, Cary, NC.
USA) was used for all analyses. The Pearson correlation
coefficient was used to test the correlation between BMI
and WC in men and women, separately. The participants
were divided into 4 groups according to BMI-WHR at the
median of each variable for men or women. Male and
female data were combined for the analyses. The partici-
pants were also divided into 4 groups according to WC-
WHR and BMI-WC at the median of each variable for men
and women. The t-test was used o compare the means of
continuous variables in 2 groups and the chi-square test was
used to compare dichotomous variables. To compare the
means of risk _sum among the 4 groups, one-way analysis
of variance adjusted for age and sex followed by the
Tukey's multiple comparison test was used. Partial correla-
tion coefticients were calculated for BMI WC or WHR and
the 4 metabolic risk factors, as well as the risk _sum after
adjustment for age and sex. The relative ability of the 3
measures of obesity to predict the risk _sum 22 was evalu-
ated in men and women separately by calculating the area
under the receiver-operating characteristic (ROC) curves
using SAS logistic procedure. Area under the ROC curve
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Table 2 Characteristics and Risk Factors According to BMI-WHR Categories

WHR < Median WHR2 Median p value
BMI < Median
n 764 242
Men (%) 39.5 31.8 0.031
Age (vears] 53.9+14.2 64.1%10.5 <0.0001
BMI tkg/m?) 20.1£1.5 21011 <0.0001
WC(cm) 68.9+6.1 75.1£5.7 <0.0001
WHR 0.77+0.05 0.85£0.05 <0.0001
High blood pressure (%) 37.3 59.1 <0.0001
HighTG (%) 117 17.8 0.014
Low HDL-C (%) 4.8 9.1 0.014
IGT (%) 6.8 16.5 <0.0001
Risk_sum 0.61+0.74 1.02+0.83 <0.0001%
BMI > Median

n 272 736
Men (%) 37.5 37.8 0.937
Age (vears) 52.6£12.7 61.0£11.1 <0.0001
BMI (kg/m?) 24.011.3 25.0£2.4 <0.0001
WC(cm) 75.946.1 84.547.6 <0.0001
WHR 0.800.05 0.88%0.06 <0.0001
High blood pressure (%} 48.2 73.6 <0.0001
HighTG (%) 23.6 35.7 0.0002
Low HDL-C (%) 9.6 15.1 0.0231
IGT (%) 27.2 L 0.2 <0.0001
Risk_sum 0.9040.92 1.44£0.95 <0.0001*

*Tukey test.

IGT. impaired glucose tolerance; risk_sum. sum of risk factors. Other abbreviations see in Table |.

*The mean risk_sum of BMI < Median & WHR < Median group vs BMI> Median & WHR < Median group, p<0.0001; the mean
risk_sum of BMI < Median & WHR > Median group vs BMI2Median & WHR 2 Median group, all p<0.0001.

Table 3 Characteristics and Risk Factors According to WC-WHR Categories

WHR < Median WHR 2 Median p value
WC < Median -
n 841 150
Men (%) 37.7 39.3 0.721
Age (years) 5344141 62.3+]1.1 <0.0001
BMI (kg/m?) 20.5¢1.9 20.9t1.5 0.0054
WC (cm) 69.0+5.8 73.14£5.1 <0.0001
WHR 0.7710.03 0.8440.05 <0.0001
High blood pressure (%) 36.5 60.7 <0.0001
HighTG (%) 12.5 17.3 0.103
Low HDL-C (%) 5.1 10.0 0.018
IGT (%) 6.3 14.0 0.0009
Risk_sum 0.60%0.75 1.0240.86 <0.0001*
WC 2 Median

n 172 851
Men (%) 37.2 37.5 0.946
Age (vears) 53.4%12.7 61.7+11.0 <0.0001
BMI (kg/m?) 23.9£1.9 25.042.7 <0.0001
WC(cm) 78.1t5.6 83.74¢7.5 <0.0001
WHR 0.80+0.05 0.88+0.06 <0.0001
High blood pressure (%) 52.9 71.9 <0.0001
HighTG (%) 215 3.1 0.0013
Low HDL-C (%} 9.3 14.3 0.078
IGT (%) 11.6 19.3 0.017
Risk_sum 0.95+0.88 1.40+0.94 <0.0001*

*Tukey test.

Abbreviations see in Tables 1.2.

*The mean risk_sum of WC < Median & WHR < Median group vs WC2Median & WHR < Median group. p<0.0001; the mean
risk_sum of WC < Median & WHR 2 Median group vs WC 2 Median & WHR > Median group, all p<0.0001.

of 0.5 represents chance performance: 1.0 indicates perfect 200mg/dl, and by changing the cut-off value of HbAlc for

predictive ability. the definition of impaired glucose tolerance from 5.6% to
Sensitivity analyses were performed for the above 6.0% .

Tukey’s multiple comparison test. ROC analysis and partial All p values were 2-tailed. and p<0.05 wus considered

correlation coefficients analysis by changing the cut-off signiticant.

vilue for the detinition of high TG from 170 to 150, and to

Circadation Joarnal  Foi 710 May 2007

— 262 —



Obesity Measures and Metabolic Risk Factors

Table 4 Characteristics and Risk Factors According to BMI-WC Categories

779

WC < Median WC2 Median p value
BMI < Median
n 792 118
Men (%) 397 36.4 0.51
Age (vears) 55.0214.3 63.7+10.7 <0.0001
BMI ikg/m?) 19.9+1.4 21.2209 <0.0001
WC (cm) 68.9+6.0 77.7¢4.9 <0.0001
WHR 0.78+0.06 0.85+0.05 <0.0001
High blood pressure (%) 39.0 58.5 <0.0001
HighTG (%) 11.6 15.3 0.26
Low HDL-C (%) 54 85 0.19
IGT (%) 7.8 44 0.018
Risk_sum 0.64£0.75 0.97+0.72 <0.0001*
BMI 2= Median

n 199 905
Men (%) 31.2 37.6 0.09
Age (vears) 53.8+13.2 59.8£11.8 <0.0001
BMI (kg/m?} 23.1£0.8 253424 <0.0001
WC (cm) 72.3+4.8 83.4£7.6 <0.0001
WHR 0.78£0.05 0.87+0.07 <0.0001
High blood pressure (%) 44.7 70.1 <0.0001
HighTG (%) 19.6 34.1 <0.0001
Low HDL-C (%) 7.5 4.1 0.012
IGT (%) 6.0 18.5 <0.0001
Risk_sum 0.78+0.89 1.37+0.96 <0.0001*

*Tukey tesl.
Abbreviations see in Tables 1.2.

*The mean risk_sum of BMI < Median & WC < Median group vs BMI 2 Median & WC < Median group. p<0.0001; the mean risk_sum
of BMI < Median & WC 2 Median group vs BMI 2 Median & WC < Median group. all p<0.0001.

Table § Partial Correlation Coefficients for BM1, WC or WHR and the 4 Metabolic Risk Factors as Well as the Sum of
Risk Factors After Adjustment for Age and Sex, in 759 Men and 1,255 Women in 1999, at Shigaraki Town, Shiga, Japan
BMI wC WHR
r p value r p value r p value
High blood pressure (%) 0.26 . <0.0001 0.26 <0.0001 0.23 <0.0001
HighTG (%) 0.24 <0.0001 0.26 <0.0001 0.25 <0.0001
Low HDL-C (%) 0.11 <0.0001 0.15 <0.0001 0.18 <0.0001
IGT (%) 0.13 <0.0001 0.15 <0.0001 0.14 <0.0001
Risk_sum 0.34 <0.0001 0.37 <0.0001 0.36 <0.0001

Abbreviations see in Tables 1.2.

Results

Table 1 shows the characteristics of the male and temale
participants. Among the 3 obesity measures, the mean BMI
was similar in both sexes: however, the mean WC and WHR
were larger in men than in women. The medians of BMI,
WC and WHR were 22.56kg/m?, 82.0c¢m, and 0.882, re-
spectively, for men and 22.33kg/m?. 72.0¢m. and 0.7%7,
respectively, for women. Half of the male participants were
current smokers compared with 6.2% of the female partici-
pants. More than half of the male participants had drank
alcohol compared with 7.8% of the female participants.
Approximately 209 of the participants were taking antihy-
pertensive medications.

Fig 1 shows the correlation between BMI and W( in the
men and women, which was good in both sexes.

Table 2 shows the combined characteristics of the men
and women and the risk factors according to BMIand WHR
categories divided into 4 groups at the median of cach varia-
ble. Regardless of whether a participant’s BMI was above
or less than the median, the mean age and the frequencies

of risk components were higher in those with a WHR larger

than or equal to the median than in those with a WIHR less

Circdation Joirnai - Vol 710 May 2007

than the median. One-way analysis of variance adjusted for
age and sex followed by the Tukey's multiple comparison
test showed statistically signiticant (p<0.0001) ditlerences
between the mean risk _sum of the BMI<median & WHR
<median group and that of the BMI<median & WIHR 2
median group. between the mean risk _sum of the BMI<
Median & WHR <median group and the BMIZmedian &
WHR <median group, and between the mean risk _sum of
the BMI<median& WHR >median group and the BMI2
median & WHR 2median group.

Tuble 3 shows the combined characteristics of the men
and women and the risk lactors according to WC and WHR
categories divided into 4 groups at the median of cach varia-
ble for the men or women. Regardless of whether a partici-
pant’s WC was above or less than the median. the mean age
and the frequencies of risk components were higher in
those with a WHR larger than or equal 1o the median than
in those with less than the median WHR. One-way analysis
of variance adjusted for age and sex followed by the
Tukey's multiple comparison test showed statistically sig-
niticant (p<0.0001) differences between the mean risk _sum
of the WC <median & WHR <median group and that of the
WC <median & WHR 2median group. between the mean
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risk _sum of the WC <Median & WHR <median group and
the WC2>median'& WHR <median group. and between
the mean risk _sum of the WC < median& WHR 2median
group and the WC2median & WHR 2median group.

Table4 shows the combined characteristics of the men
and women and the risk factors according to BMI and WC
categories divided into 4 groups at the median of each varia-
ble for the men or women. The results were essentially
similar to those in Tables2 and 3. Table 5 shows the results
of the partial correlation coefticients anatyses. All 3 mea-
sures of obesity correlated significantly and very well with
the 4 metabolic risk factors and (he risk _sum.

‘The area under the ROC curve for BMI, W and WHR
to predict the risk _sum for men was 0.683, 0.709, and
0.700, respectively: and 0.715, 0.739, and 0.746, respec-
tively. for women.

Sensitivity analyses by changing the cut-off value of TG
for the definition of high TG from 170 to 150 and 10
200 mg/dl. and by changing the cut-oftf value of HbAlc for
the definition of impaired glucose tolerance from 5.6% to
6.0%, on the Tukey's multiple comparison test. ROC
analysis and the partial correlation analyses yielded results
generally similar to those for the main analyses.

Discussion

The present study has shown that BMI and WC corre-
lated well in men and women. and all 3 obesity measures
(ie. BMIL. WC and WHR) related to metabolic risk factors
fairly well by multiple comparison test. However, accord-
ing to the ROC analyses WHR may predict the risk _sum
22 better than the other 2 measures, especially in women.

The merits of using BMI as an obesity measure are that
it can be obtained easily from weight and height data, even
from data taken many years ago when WC was not rou-
tinely obtained. Measurement errors in BMI appear to be
smaller than for WC. However, WC has become the pre-
ferred measure for abdominal obesity, because it is the best
surrogate measure for VA or mass, as estimated from
computer tomography!!-2 Several cross-sectional studies
have related WC to the prevalence of diabetesS and cardio-
vascular risk factors!t 1226 However, prospective studies
regarding the association between each obesity measure and
cardiovascular hard endpoints are needed to know which is
the hest measure of obesity. Several previous studies have
examined the association of BMIE, WIR, or WC, with car-
diovascular disease! 17 but their results have been conflict-
ing. Some suggest that BMI is better than or at least as
2oad as abdominal obesity®1+15 As 1o those who have a
low BMI. some studies report they had excess cardiovascu-
tar mortality. especially if elderly or malel1¥ whereas
others deny this association regardless of age?3

Recently. in their case—comrol study involving 27.000
participants from 52 countries. Yusuf et al showed that
among the obesity measures. WHR had a graded and
strongest association with myocardial infarction risk in men
and women. across all age and ethnic groups. in those with
and without other cardiovascular risk factors? The impor-
tance of WHR was observed in the present study. too. The

reasons for WHR being better than WC as a measure of

risk may be as follows. First, the adjustiment effect of mea-
sures of WC for pelvic girth. Second. and more importani-
Iy, the fuct that WC und hip circumterence have indepen-
dent and opposite effects on cardiovascular risk. Namely. it
has been noted in previous studies-that hip circumterence

NAKAMURA Y etal.

has an inverse association with cardiovascular risk factors
or risk of myocardial infarction®!3 Therefore, the division
of WC by hip circumterence should result in a stronger
indicator for risk. Several factors have been postulated to
account for the opposing effects of abdominal and lower-
body fa1 on cardiovascular risk: humoral factors??-38 difter-

- ent biochemical characteristics of fat in the 2 regions?®-3

and larger hips possibly reflecting increased gluteal muscle
or an increased overall skeletal muscle mass.

The main strength of the present study is its population-
based samples. The study is limited by (1) its cross-section-
al design. which meant we could not evaluate prognostic
significance of the obesity measures, and (2) not having
fasting blood samples. However, the cut-off values for non-
fasting HbA ¢ and TG used in the present study are cvi-
dence-based. In their study on the utility of HbAlc in pre-
dicting diabetes risk, Edelman et al tound that the annual
incidence of diabetes signiticantly increased in patients
with baseline HbA 1¢ 25.6% 22 Iso et al found an association
between non-fasting TG and the risk of coronary heart dis-
ease at TG concentrations >171 mg/d1#3 Furthermore, in the
present study sensitivity analyses by changing the cut-off
value of TG and HbA1¢ for the definition of high triglycer-
ides and impaired glucose tolerance yielded resulis gener-
ally similar to those for the main analyses.

In conclusion, because BMI and WC correlated very well
in men and women, BMI may be used instead of WC when
the latter is not available, such as in a cohort study. When
WC is measured. hip circumference also should be mea-
sured because based on the ROC analyses in the present
study WHR may be the most valuable measure of obesity.
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CUNICAL INVESTIGATIONS

Effect of Combined Cardiovascular Risk Factors on
Individual and Population Medical Expenditures

—— A 10-Year Cohort Study of National Health
Insurance in a Japanese Population —

Tomonori Okamura. MD: Koshi Nakamura, MD: Hideyuki Kanda, MD*;
Takehito Hayakawa, PhD**; Atsushi Hozawa, MD: Yoshitaka Murakami. PhD;
Takashi Kadowaki, MD: Yoshikuni Kita, PhD: Akira Okayama, MD?,
Hirotsugu Ueshima, MD for the Health Promotion Research Committee
of the Shiga National Health Insurance Organizations™

Background  Although obesity is required for some criteria detining metabolic syndrome, clustering of other
risk factors also indicates an increased risk of cardiovascular disease. Whether the relationship between cardio-
vascular risk factor clustering and medical expenditures differs with body mass index (BMI) requires investiga-
tion, especially in a population with a low prevalence of obesity such as that in Japan.

Methods and Results A 10-year cohort study of 4,478 Japanese National Health Insurance beneticiaries aged
40-6Y years in a community between 1990 and 2001 was carried out in the present study. The clustering of car-
diovascular risk factors showed a positive and graded relationship to personal medical expenditures in partici-
pants who are overweight (BMI 225.0) and normal weight (BMI <25.0). The individual medical expenditures
per month were 1.7-fold higher for participants with 2 or 3 risk factors and overweight than for those without
these factors (26,782 vs 15,377 Japanese yen). Differences in the geometric means were similarly significant
after adjustment for other confounding factors. However, the excess medical expenditures by risk clustering of
normal weight categories within the total medical expenditures were higher than those of overweight categories
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because more participants were of normal weight.

Conclusions  Cardiovascular risk factor clustering and being overweight can be a useful predictor of medical
expenditures in a Japanese population,  (Cire J 2007. 71: 807-813)
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ypertension, dyslipidemia, diabetes and obesity are
cardiovascular risk factors that are difficult to
control, but which are widespread in many devel-
oped countries! These factors are often clustered; ¢ which
has resulted in a high incidence of cardiovascular discase
accounted for by metabolic syndrome, recognized as vis-

ceral fat accumulation? 7 The individual components of

metabolic syndrome impose a major economic burden on
the health-care system®-12 However, few studies have
examined the combined effects of multiple cardiovascular
risk factors on medical expendituresi® 14

Furthermore. the National Cholesterol Education Program
considers each risk factor 1o have a similar effect on athero-
sclerosis?s On the contrary. the International Diabetes
Federation defines waist circuinference as a requirement
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for a diagnosis of metabolic syndromel!® However, other
studies have shown that high-risk individuals with meta-
bolic risk factors often go undetected if obesily is a required
criterion!?1® Thus, whether the relationship between car-
diovascular risk factor clustering and medical expenditures
differs with body mass index (BMI) should be determined.,
especially in a population with a low prevalence of obesity
such as the Japanese.

The present study examines the influence of cardiovas-
cular risk factor clustering on medical expenditures in indi-
viduals who are overweight and of normal weight detined
by BML. Our a priori hypothesis is that clustering ot cardio-
vascular risk factors has a positive, graded association with
medical expenditures. Furthermore, we investigated whether
overweight participants with risk factor clustering actually
have high medical expenditures and il so. the proportion of
the excess medical expenditures in the total medical expen-
ditures consumed by these participants.

Methods

Medical Expendintres in Japan

Medical expenditures in Japan are based on a public
medical insurance institution'-2' that comprises 2 systens.
Evervone living in Japan is required to enrol in either of the
2 insurance systems, and this is called “health-insurance for
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all’. One is for employees and their dependants and the
other is for self-employed individuals, such as farmers and
fishermen, retirees and their dependanis. The 2 systems
respectively cover 65.3% and 34.7% of the overall popula-
tion. All prices are strictly controlled by a fee schedule that
is set by the Natdonal Government, and calculated on the
basis of ‘fee-for-service’. The fee schedule is constant,
regardless of insurance system. Furthermore. the same fee
schedule applies o all clinics and hospitals that are
approved to provide medical services under the public
medical insurance system.

Study Population

Our study cohort comprised 4,535 Japanese beneficiaries
of the National Tlealth Insurance (NHD. Details of the
cohort study have been reported elsewhere?1-22 Briefly,
the 40—69-year-old participants lived in 7 rural towns and a
village in Shiga Prefecture. West Japan, and had undergone
a bascline survey between 1989 and 1991, In 1990, the
study area had 82,155 residents. including 31,564 individu-
als aged 40-69 years, of whom 11,900 were NHI benetici-
aries. Therefore, the participants in the present study repre-
sented approximately 38% of all NHI beneficiaries in this
age group within this community. Monthly NHI claim tiles
for over 10 years within the Shiga NHI Organizations were
linked with the baseline survey data. Deleting the names
of the participants from the linked data protected their
privacy. We excluded 57 participants as a result of infor-
mation missing from the baseline survey. Accordingly,
4478 participants (1,921 men and 2,557 women) were
included in the analysis. The Institutional Review Board of
Shiga University of Medical Science for ethical issues
approved the present study (No.16-15).

Buseline Survev and Follow-up

The baseline survey was performed by standardized
methods in accordance with the Manual for Health Check-
ups under the Medical Service Law for the Aged, issued by
the Japan Public Health Association in 198723 Public health
nurses measured blood pressure with a standard mercury
sphygmomanometer in individuals who had rested for at
least Smin. Hypertension was defined as systolic blood
pressure 2140 mmllg, diastolic blood pressure 290 mmHg
or taking anti-hypertensive medication. Diabetes was
detined as a history of diabetes or glucosuria detected by a
spot urine test with a dipstick containing a color pad.
Serum high-density lipoprotein (HDL)-cholesterol and tri-
alycerides as a marker of dyslipidemia were not measured
at the baseline examination. Accordingly. dyslipidemia
was detined as hypercholesterolemia with a total cholester-
ol fevel 25.69 mmol/L. (220 mg/dD).

All participants were classitied into the following cate-
gories on the basis of clustering of cardiovascular risk
factors (hypertension. diabetes and hypercholesterolemia):
none. 1. and 2-3. Because visceral fat accumulation was
not measured at the baseline survey and the prevalence of
obesity (BMI>30ke/m™) was very low (1.3%). we used a
BMI of 25kg/n< or greater as an indicator of being over-
weight in the present studys* Smoking and alcohol con-
sumption habits were determined from interviews adminis-
tered by the public health nurses.

Information on medical expenditures tor each participant
was obtained trom the monthly NHI claim files, starting
from April in the year tollowing their initial health check-
up until March 2001, Medical expenditures are expressed

OKAMURA T et al

in Japanese yen and US dollars (ie, 100 Japanese yen=
SUS 0.848, at the exchange rates published on November
7th, 2006). Data regarding medical expenditures for each
individual differed depending on the period of subscription
to the NHI. The medical expenditures for each pariicipant
were therefore divided by the period of subscription, and
are expressed as expenditures per month of tollow-up. If a
beneficiary withdrew from the NHI or died. follow-up was
stopped at that point. Follow-up was restarted for bencticia-
ries who withdrew and then re-enrolled in the NHI.

Duata Analvsis

We evaluated medical expenditures per person per
month in each of 3 categories according 1o the number of
cardiovascular risk factors. Because the distribution of real
medical expenditures was positively skewed. the data were
logarithmically transformed (o normalize the distribution
and the results are expressed as geometric means. For par-
ticipants with expenditures ot O yen per month, logarithmic
transtormations were achieved by replacing 0 yen with 1
yen. Fifteen participants had total medical expenditures of
) yen and 16 had outpatient medical expenditures of O yen.
To compare total and outpatient medical expenditures per
person in each category we pertormed an analysis of covari-
ance after adjusting for age. sex, BMIL, smoking (non-
smoker or current smoker) and alcohol consumption (none,
occasional or daily consumption) with the Bonferroni cor-
rection for multiple post-hoc comparisons. A similar analy-
sis was also performed after stratifying by BMI at 25 kg/in“.
The significance of multiplicative interaction between risk
factor clustering and being overweight for medical expen-
ditures was examined by cross-product terms in the model.
Because 2.604 participants had inpatient medical expendi-
wres of 0 yen, logarithmic transformations were not per-
formed, and we applied the Kruskal - Wallis test to compare
inpatient medical expenditures among the 3 categories.

Furthermore, we compared the medical expenditures per
person between overweight and normal weight participants
with individual cardiovascular risk factors.

Finally, we calculated excess medical expenditures at-
tributable 1o the number of metabolic risk factors. The
excess medical expenditures were estimated as follows: 2
[(the arithmetic mean of total medical expenditures in each
of the 5 groups except for normal weight and no risk factor
group, ie. (1) normal weight with 1 risk factor, (2) normal
weight with 2 or 3 risk factors, (3) overweight alone, (4)
overweight with 1 other risk factor, and (5) overweight
with 2 or 3 other risk factors—the arithmetic mean of total
medical expenditures in normal weight and no risk factor
group)x(the number of individuals in each of the § cate-
cories.)]. We also examined the ratio of excess medical
expenditure to the entire total medical expenditures of the
population. .

The statistical package SPSS 14.0J for Windows per-
formed these analyses. All probability values were 2-tailed
and the significance level was established at p<0.05.

Results

The prevalence of being overweight was 21.0% (men.
18.1%  women. 23.3%) of the entire study population.
Table T summarizes the baseline risk characteristics of the
4,478 participants grouped according to risk factor cluster-
ing. Among them. 12.9% (men, 10.7%: women. 14.5%)
had 2 or 3 risk factors. and 39.5% (men. 40.8%: women.

Circidation Joarmal Vol 71 fune 2007
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Table 1 Bascline Risk Characteristics in 1989-1991 of 4,478 National Health Insurance Beneficiaries in Shiga, Japan,

Grouped by Sex and Risk Status

Risk statits category

Risk chuaracteristics . — — pvalue
None 1 risk factor 2 or 3 risk fuctors
Men
No_of purticipants i % 931 (8.5 782¢41.7) 2080718
Agetvearsy” 324883 3524840 35680 <10l
Body mass index tkg/nr 221425 22.9+2.7 240429 <001
Smioking habir*
Current smoker (%) nlo 587 39.1 .61
Drinking habit’
Non-drizker 1% ) 213 19.4 221
Qccasional drivker (% 224 19.3 24.0 .18
Datly drinker (%) 36.3 61.3 338
Ihpertension t % ) 67.4 94.7 <00
Hypercholesterolemia 1% 10 23.0 76.9 <101
Diabetes (% (1.0 9.6 151 <0.0]
Women
No. of purticipanis 1'% 1.204 1461 U84(38.5) J09114.4)
Age tvearsy* AR&/ NW) So.R7.3 582465 <iL0]
Body mass index thg/m’ r* 223%27 23431 24,4129 <.
Smoking habir*
Current smoker 1% ) 3.6 Rt 2.7 071
Drinking habir*
Noti-drinker (7 79.9 79.6 S0.8
Occasional drinker (7% 16.5 16.2 134 .92
Daily drinker 1% 3.0 4.3 3.8
Hypertension (%) 0.0 34.2 97.6 <01
Hypercholesterolemia 1% .0 43.0 9.8 <(.01
Diubetes (%) [1x7} 2.2 12.5 <.01

“Ore way undlvsis of variunce.
“Chi-square test.
Vulues located after the mark. £, indicute stunduid deviation.

Table 2 Medical Expenditures (Total, Outpatient and Inpatient) per Person Grouped by Number of Cardiovascular
Risk Factors, After 10-Year Follow-up From 1999 1o 2001, in National Health Insurance in Shiga, Japan

Medical costs per persan per month

. . . tora! Qutpatient Inpatient
Risk stans No. of ! !
~alegory articipants . . Adjusted . . Adjusted . .
cateser paricipants Arithmetic yisted Avithmetic yustea Arithmetic

ceomelne Leometne
mean S mean ‘ mean
meuan

None 2133 16,400 ven 7.361 ven 8.5 ven S A2 ven 7.872 ven
(139 dollursy (62 dollars) (72 dollars) 146 dollars) 167 dollars)
1 risk fuctor 1.766 23.002 ven 9.382 ven* 12,470 ven 7.034 ven® 10.338 ven
(195 dollars) 180 dollurs) o106 dollarsy (60 dollars) 189 dollurs)
2 or 3 risk fuctors 577 25.090 yen 10.3602 ven? 13,494 ven 7.929 ven® 9.397 ven
(213 dollars) (90 dollarsy (131 dollarsy 167 dollars) (S1 dollurs)y

ptiil* p<tiii* p<O.01?

100 Jupanese yen=0.848 US dollars. at the foreign exchange rate on November 7th. 2000.
*Analvsis of covariance adjusted for age. sex. body mass index. smoking hubit und drinking habir.
‘Significance. vs none, for multiple posi-hoc compurisons with Bonferroni correction, p<i.03.

R puskal Wallis 1est.

38.6%) had 1 risk factor. In both groups with 1 or more risk
factors. the prevalence of hypertension was highest fol-
lowed by hypercholesterolemia. Smoking and alcohol con-
sumption did not signiticantly ditfer between the 3 groups
in both men and women. The mean BMI values were
higher in participants with more risk factors.

Total person-vears were 40.815 and the mean tollow-up
was 9.0 years. Sex-specilic analyses of the medical expen-
ditures among the 3 categories showed similar results tor
men and women. Therefore. we reported our findings for
men and women combined. Table 2 shows that during fol-
low-up. the total medical expenditures per person per
month with 2-3 risk factors (25.090 ven or SUS 213) and

Cireudation Journai - Vol 71, June 2007

with 1 risk factor (23,002 yen or SUS 195) were higher
than those in the group with no risk factors (16,400 yen or
SUS 139). The geometric means of total medical expendi-
tures after adjusting for other confounding factors showed
significant difterences in personal medical expenditures
between the 3 cutegories.

Table 3 shows the medical expenditures per person in
normal weight and overweight groups siratitied by a BMI
of 25.0kg/m?. The wial medical expenditures were highes
in overweight mdividuals with 2—3 risk factors (26,782 yen
or SUS 227). On the contrary, the wtal medical expendi-
tures were lowest in the normal weight group with no risk
factors (15.377 yen or SUS 130). The relationship between
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Table 3 Total Medical Expenditures per Person Grouped by Number of Cardiovascular Risk Factors, Stratified by Having
Overweight (BMI 225.0) or Not After 10-Year Follow-up From 1990 to 2001, in National Health Insurance in Shiga, Japan

Risk staius calegory No. of puarticipurils

Total medical cosis per person per month

Arithmetic mean

Adjusied geometric mean

None
BMi<250 1.849
BMI225.0 286
I visk fuctor
BMI<25.0 1.336
BMIZ25.0 430
2 or 3 risk fuciory
BMI<25.0 33
BMI223.0 226

13377 yen
(130 dollarsy
23.011 ven
(193 dollursj

0,985 ven
139 dollurs)
9.168 yen®
(78 dollars;

24.243ven
(206 dollurs)

19.143 ven
1162 dollursy

9.091 yen”
(77 dollarsy
10,703 ven'
191 dollurs;

10,263 yen’
190 dollurs)
12,048 yen’
(102 dollurs)
p<O.0]*

24,002 ven
1203 dollurs)
26,782 ven
(227 dollars)

1o Japarese ven=0.848 US dollurs. at the foreign exchange rate on November 7th. 2000,
*Analvsis of covariance udjusted for age. sex. smoking habit and drinking habit.
Significance. vs none without overweight. for multiple post-hoc comparisens with Bonferroni correction. p<(.03.

BMI. body muss index.

Table 4 Total Medical Expenditures per Person Grouped by Type of Cardiovascular Risk Factors, Stratitied by Having
Overweight (BMI 225.0) or Not After 10-Year Follow-up From 1990 to 2001, in National Health Insurance in Shiga, Japan

Risk stutus category No. of participanty

Total medicul costs per person per month

Adjusted geometric mean

Adjusted geometric mean

t Model 1%  Model 2 p%*

Hypertension
BMI<25.0 1.098
BMI225.0 519
Hypercholesterolenia
BMI<25.0 803
BMI225.0 312
Diabetes
BMI<235.0 133
BMI225.0 603

9,043 yen 11.407 ven

(77 dollars) 197 dollars)
11.026 yen* 12.991 yen
194 dollurs) (110 dollars)

9.252 ven 9.210 ven

(78 dollars) (78 dollursi
10420 ven® 10331 yen
(88 dollars) 189 dollars)

13,308 ven
(130 dollars)
18,974 ven
(161 dollars)

15139 yen
(128 dollurs)
19.497 ven
(163 dollars)

100 Japanese xen=0.848 US dollars. at the foreign exchange rate on November 7th, 2000.

=“Model 1. unalvsis of covariunce adjusted for age. sex. smoking habit and drinking habit.

“Model 2, anulvsis of covariance adjusted for age. sex. smoking habit. drinking habit und other risk fuciors except for categorized
risk fuctor; for example. in hypertension. hvpercholesterolemia and diabetes were udjusted.

Significance. benween normal weight and overweight. p<0.03.

Abbreviation see in Tuble 3.

the number of risk factors and adjusted geometric means of
medical expenditures in both the normal weight and over-
weight groups was positively graded. The increase in the
rate of medical expenditures according to the number of
risk factors was not parallel: however, the interaction term
between the number of cardiovascular risk factors and
overweight criteria did not reach statistical signiticance
(p=0.35D. Individual medical expenditures per month
were higher in overweight individuals. than in the normal
weight group when the number ot other cardiovascular risk
factors was consistent.

Table4 shows the medical expenditures between over-
weight and normal weight participants with hypertension.
hypercholesterolemia and diabetes. The medical expendi-

tures per person in all 3 groups were higher in the over-
weight group than in the normal weight group. The differ-
ence in medical expenditures between overweight and
normal weight were largest in diabetics.

The calculated excess medical expenditures attributable
to normal weight individuats with 1 risk factor, those who
were of normal weight with 2-3 risk factors, only over-
weight. overweight with 1 other risk factor and overweight
with 2-3 other risk factors were 11.847.648 yen, 3.027.375
yen. 2,183.324 yen. 1.619.380 yen and 2.577.530 yen, re-
spectively. Fig 1 shows the share of each excessive medical
cost of the total medical expenditures of the entire popula-
tion. The excess medical expenditures of the 2 normal
weight categories combined (16.5%) were higher than

Cigcadation_Jourial - Vol 71, June 2007
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Normal weight with 1 N
other risk factor (13.1% ) .
Normal weight
. . (16.5%)

Normal weight with 2 or

3 other risk factors (3.4% ) .

Overweight alone (2.4%) N

Overweight with 1 other Overweight
risk factor (1.8% ) (7.1%)

Overweight with 2 or 3
other risk factors (2.9%)

Entire total medical expenditures for the study
population (1007 ) = 90.113.463 yen (764.162 LS Dollars)

Fig 1. Ratio (%) of excess medical expenditures related to number of cardiovascular risk factors stratified by body mass
index (25 kg/m?) in whole population after 10-year follow-up. from 1990 to 2001. in National Health Insurance in Shiga.
Japan (men and women combined). White area represents predicted medical expenditures if all participants were of nor-

mal weight without risk factors.

those of 3 overweight categories combined (7.1%).

Discussion

We performed a follow-up study of a Japanese commu-
nity between 1990 and 2001 and found a positive graded
relationship between clustering of cardiovascular risk

factors and personal medical expenditures irrespective of

being overweight. The mean personal medical cost was
higher in overweight. than in normal weight individuals
when the number of other risk factors was consistent. Fur-
thermore, the total medical expenditures were the highest
in overweight individuals with 2-3 risk factors. Neverthe-
less, the excess medical expenditures in these participants
in entire population were only a few percent and the excess
expenditures observed in normal weight categories were
rather higher than those in overweight categories.

Findings from the Framingham study have already
shown that the risk of atherosclerotic disease increases with
combinations of risk factors, such as hypertension, glucose
intolerance and hypercholesterolemiaZ® Japanese epidemio-
logical studies have also found similar results in communi-
1y and occupational®® settings. However, few studics to
our knowledge have investigated the association between
cardiovascular risk clustering or metabolic syndrome and
medical expenditures!3 14 Most other studies have focused
on the effect of hypertension combined with diabetes on
medical economics?27.28

The continuous increase in medical expenditures is an
important concern in most developed countriess? Lurther-
more, the effect of cardiovascular diseases on medical
economics is a major concern. For example, the medical
expenditures for cardiovascular disease including hyper-
tension was 20.4% of the total national medical expendi-
tures in the Japanese population aged 45-69 vears. which
was larger than any other disease groups during 20013% The
effective way to control medical expenditures incurred by
cardiovascular diseases is to detect those at high risk and

Cirealation Jowrnai Vo[ 71, June 2007

provide intensive health and lifestyle guidance or opportu-
nities tor early clinical visits for primary care. The present
findings showed that overweight people with cardiovascular
risk clustering should be detected as priority targets for a
high-risk strategy®! and that overweight people with car-
diovascular risk tactors such as hypertension, hypercholes-
terolemia and diabetes can also be potential targets for
high-risk strategies that could significantly atfect individual
medical expenditures. If an individual has accumulated
visceral fat or impaired glucose tolerance, which is now
classitied as a metabolic syndrome, then their medical ex-
penditures should be reduced by implementing appropriate
dietary measures and by increasing physical activity.

By contrast, irrespective of high individual medical ex-
penditures, the proportion of excess medical expenditures
in the normal weight categories with 1 or more other risk
factors was higher than those of all overweight categorics
combined. The low proportion of excess medical expen-
ditures incurred by overweight individuals is a result of
relatively small number of overweight participants identi-
fied in the present study. The 1989 (o 1991 baseline survey
defined only 21% of participants as being overweight
(25kg/m? or more). Accordingly. from the viewpoint of an
entire population and a population strategy?! regardless of
being overweight, the presence of other cardiovascular risk
factors such as hypertension, diabetes and hypercholester-
olemia significantly effects medical expenditures. Normal
weight people with other risk factors, especially in non-
Western populations with a low prevalence ol obesity.
should be carefully considered.

The present study has several limitations. First. the
public medical insurance system in Japan ditfers from that
in other countries. Therefore, absolute values of medical
expenditures for the participants in the present study might
not be directly relevant 10 other populations. Second. we
clustered risk factors from a single measurement at the
baseline survey, which generated a regression ditution bias.
Third, we did not have values tor fasting blood glucose.
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triglycerides or HDL-cholesterol, which are important
components of metabolic syndrome!s We used BMI as an
indicator of being overweight. One report indicates that
waist circumference predicts visceral fat accumulation
{which plays a major role on atherosclerosis) better than
BMI?? Accordingly, we might have underestimated or
misclassified obesity or being overweight by the BMI
method. Finally. details of medical diagnoses, medical
treatment status (eg, prescriptions), clinical condition and
cause of mortality were not available. Thus. further studies
are required to clarify the etfects of these variables.

In conclusion, cardiovascular risk clustering and being
overweight can be a useful predictor of medical expendi-
tures. On the contrary, the sum of excess medical expendi-
tures because of risk factor clustering in normal weight
individuals is larger than that in overweight individuals be-
cause of the relatively small ratio of overweight individuals
in Japan. However, the obesity epidemic is not restricted to
Western countries. Furthermore. mean BMI is rapidly in-
creasing in Asian countries such as Japan. Accordingly.
being overweight might increase population medical expen-
ditures in the future.
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Reduction of Visceral Fat Is Associated
With Decrease in the Number of Metabolic

Risk Factors in Japanese Men
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isceral fat accumulation is associ-

ated with the development of met-

aholic disorders such as glucose
intolerance. dyslipidemia. hypertension,
and atherosclerotic cardiovascular dis-
cuses (1=8). However. the relationship
hetween reduction of visceral fat and de-
crease in the number of metabolic risk
factors has not been detined in the general
population. Recently. we developed a
new technigue. the abdominal bioelectri-
cal impedance analysis (BIA). to evaluate
visceral fat area (VEAY (9). The aim of this
study was 1o investigate whether reduc-
tion of visceral fat. t.\llmzu‘ed by the BIA.is
associated with a decrease in the number
of metaholic risk factors.

RESEARCH DESIGN AND

METHODS — The study group com-
prised 2.336 Japanese men (aged mean =
S 480 £ 105 years. BML 242 £ 2.9
kg/m?). who were employees of Ama-
gasaki City Oftice. an urban area. and had
undergone annual health check-ups in
hoth 2004 and 2003, After the health
check-up. the medical stalf provided risk
factor=oriented. rather than obesity-
oriented. health promotion programs to
select individuals with visceral fat accu-
mulation and multiple risk factors. with
the aim of encouraging a scientilic under-
standing ol the spectrum: of metabolic
syndrome from visceral fat accumulation

o atherosclerotic cardiovascular discases.
In this study. we used VFA estimated by
the BIA, which was shown o correlate
significantly with VFA determined
computed tomography (9). The measure-
ment of VFA by BIA complied with the
Guidelines of the Ethical Committees of
Osaka University. Informed consent was
obtained from all subjects.

Overall ohesity was defined as BM] of
>25 ky/m? (10). We investigated the
presence of three metaholic risk Tactors:
elevated blood pressure (systolic blood
pressure =130 mmHbg and/or diastolic
blood pressure =835 mmHg), dyslipide-
mia. and dysbl)Lcm}a/lmpancd glucose
wlerance. Dyslipidemia represented hy-
pertriglyceridemia (fasting or postpran-
dial triglyceride of =1.69 or 2.27 mmol/
[11.12}, respectively, and/or low DL
cholesterol [HDL cholesterol <1.04
mmol/1]). Dysglycemia/impaired glucose
tolerance represented hyperglycemia
(fasting or postprandial serum glucose
concentration ol =6.1 or >7.77 mmol/l
[13]. respectively). Subjects who received
specihic treatment(s) for each of the met-
abolic risk factors were considered posi-
tive for that lactor.

Statistical analysis

Fischer's protected least signiticant difler-
ence test and Kruskal-W dlll.s were used to
analyze the relationship between the
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number of metabolic risk factors and

hady [at distribution and hetween change
in lhe number of metabolic risk Ll\.lnl’.s
and change in VEA, respectively. Signifi-
cance level was set at P < 005,

RESULTS — BMland VIA varicd con-
siderably among individuals. We divided
subjects into two groups according to
BMI and into two groups according to
VFA (Fig. 1A). Visceral fat L\uumulalion
was de hnul as VEA of = 100 em? (10.14).
Among 1,497 nonobese subjects (M
<25 }\L_/mz\ 401 (26.8%) had visceral Tat
accumulation. The mean number of met-
abolic risk factors in subjects with VEA
=100 ¢m? was SI"mhLdnll\ higher than
in those with VEA <100Lm irrespective
ol BMIL Importantly. the mean number of
metabolic risks was slﬂmhmﬂll) higher in
subjects with VEA =100 ¢m? |>qu BM1
\2 3 l\"/m than in those with VFA <100
em? plus BMI =25 l\ym (P < 0.000D)
(Fig. 14A). These results suggest that as-
sessment of visceral fat accumulation is
important in identifying subjects with
multiple risk factors.

Next. we investigated the correlation
between a 1-year Lhan&g in VFA (AVFA)
and change in the number of metabolic
risk factors (An) within the same period in
the 2.336 subjects. VFA decreased within
1 year in 53.19% (1,241 of 2.336) of par-

ticipants. increased in 33.2% (776 of
2.336). and did not change in 13.7% (319
Dl 2.3364).

We divided these suh]ccls into six
bins ol AVEA (every 15 em 2 AVEA corre-
lated significantly with An (P < Q.0001)
(Fig. IB). When the s subjects who received
new treatment alter 2004 were excluded
from the analysis. reduction of visceral fat
was akso associated with a signifhcant de-
crease in the numher of mcmbolu risk tac-
tors (P < 0.0001) (data not shown).

CONCLUSIONS — W demon-
strated that DY irrespective of BMI (< or
=25 kg/m?). subjects with visceral fat ae-
cumulation estimated by BEA had a clus-
ter of metaholic risk tactors and 2) falls in
VEA within | year were associated with a
signiicant decrease in the number of met-
aholic risk tactors.
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Figure 1—A: Relationship bevween number of metabolic risk fuctors and body fat distvibution.
Subjects were divided according to theiv BMI (cutoff value 25 lzg/nﬁ) and VEA (cutoff value 100
e ), measured in 2004, Data are means = SE. B Correlation between changes in VEA and
changes in the mumber of mctabolic visk factors. Anwinber of metabolic visk factors yepresents
changesin the namber of mctabolic visk factors from 2004 t0 2005. AVEA indicates change in VFA
from 2004 10 2005. Subjects were divided into six 15-cnr bins of AVFA. Data are means = SE.

Importantly. our results also demon-
strated that subjects with visceral fat ac-
cumulation but without overall ohesity

OVEA =100 cm? plus BME <25 kym?)
exhibited signiticantly more metabolic
risk tactors than overall obese subjects

Ohauchi and Associates

without visceral fat accumulation (VEA
<100 em? plus BMI =25 kg/m?). There is
ample evidence for the role of visceral fat
accumulation in the development of met-
abolic disorders {(4-8,13). Collectively,
the above results indicate that assessment
ol visceral fat accumulation using VFA es-
tmated by BIA is useful for identifying
high-risk groups tor atherosclerotic car-
diovascular discases.

Qur results also demonstrated in a
farge population sample that changes in
VFA within 1 year correlated significantly
with An. Several reports demonstrated in
obese suhjects that reduction of visceral
fat correlated with improvement in glu-
cose and lipid metabolism (16-19).
However, there islittle information on the
clfect of reduction of visceral {at on the
number of metabolicrisk factors in alarge
general population sample. Here. we
showed in 2,336 subjects that changes in
VEA within 1 year correlated significantly
with changes in the number of metabolic
risk factors. These results suggest that in-
tervention strategies directed toward re-
duction of visceral fat could result in the
recuction or disappearance of risks lor
atheroscleratic cardiovascular diseases.
Since BIA is quite simple and noninvasive
for evaluation of visceral fat amount, it
could be used in routine clinical practice
and large-scale studies for assessment of
visceral tat accumulation.

In conclusion, we demonstrated that
recduction of visceral fat was closely asso-
ciated with a decrease in the number of
metabolic risk factors in Japanese men.
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