Table 2. Adjusted mean air conduction pure tone thresholds (dB) and standard error (SE) for age (with the control of 60 years of
age), income and education in BE and WE by occupational noise exposure and smoking habits, Parenthesized data indicate 95%
confidence interval. Asterisk shows statistically significant difference (p <0.05)

BE 0.5 kHz 1 kHz 2 kHz 4 kHz 8 kHz
Mean SE Mean SE Mean SE Mean SE Mean SE
Noise (—) Smoking (—) 11.9 07 115 08 16.6 . 1.0 245 1.3 370 1.4
(10.5-13.2) (10.0-13.1) - (14.6-18.5) (21.8-27.1)| *  (34.2-39.8)
Smoking (+) 129 04 122 05 17.5 0.6 275 0.8 379 0.8
Male (12.1-13.7) (11.3-13.2) (16.4~18.7) (25.9-29.0) (36.3-39.6)
Noise (+) Smoking (-) 15.1 1.7 162 2.1 223 2.5 347 3.1 417 3.1
(11.7-18.5) (12.0-20.4) (17.4-27.2) (28.7-40.8) (35.6-47.7)
Smoking(+) 15.9 1.1 171 13 244 1.6 378 19 462 1.9
(13.8-18.1) (14.4-19.7) (21.3-27.5) (33.9-41.6) (42.4-50.00)
Noise (~) Smoking (—) 13.8 04 105 04 153 0.5 171 0.6 342 0.8
(13.0-14.7) (9.7-11.49) (14.3-16.3) (15.9-18.3) (32.6-35.8)
Smoking (+) 143 1.2 121 1.2 164 1.3 19.6 1.7- 349 2.2
.0-16. 7-14. .8-19, 3-22. .6-39.
Fernale (12.0-16.6) (9.7-14.5) (13.8-19.1) (16.3-22.8) (30.6-39.2)
Noise (+) Smoking (—) 18.0 1.2 139 13 17.9 1.3 213 18 381 2.3
(15.7-20.4) (11.4-16.4) (15.2~-20.5) (17.6-24.9) "(33.5-42.7)
Smoking (+) 16.7 2.9 151 3.2 174 33 245 4.6 443 5.8
(10.9-22.6) (8.8-21.4) (10.7-24.0) (15.3-33.8) (32.7-55.8)
WE 0.5 kHz 1 kHz 2 kHz 4 kHz 8 kHz
Mean SE Mean SE Mean SE Méan ' SE Mean SE
Noise (~) Smoking (—) 15.3 0.8 151 1.0 21.9 1.1 305 1.4 399 1.6
(13.7-17.0) (13.2-17.0) (19.8-24.1) (27.8-33.2)| *  (36.9-43.0)
Smoking (+) 15.5 0.5 158 0.6 21.7 0.6 339 0.8 42.0 0.9
Mal (14.5-16.4) (14.7-16.9) (20.4-23.0) (32.3-35.5) (40.3-43.8)
€
Noise (+) Smoking (—) 19.4 20 20.1 2.2 29.8 25 413 28 477 3.2
(15.4-23.4) (15.8-24.5) (24.9-34.6) (35.7-46.8) (41.4-54.1)
Smoking (+) 19.6 1.3 21.0 1.4 304 1.6 429 1.8 50.4 2.0
(17.1-22.1) (18.2-23.7) (27.3-33.4) (39.4-46.8) (46.4—54.4)
Noise (—) Smoking (—) 17.5 0.6 145 0.5 203 0.6 233 0.7 38.5 0.9
(16.4~18.6) (13.5-15.6) (19.2-21.5) (21.9-24.7) (36.8-40.3)
Smoking (+) 19.7 1.5 16.5 1.4 19.8 1.6 24.8 1.9 3938 2.4
(16.7-22.6) (13.6-19.3) (16.7-22.9) (21.0-28.5) (35.1-44.5)
Female
Noise (+) Smoking (=) 20.0 1.5 17.5 1.5 249 1.6 279 2.1 428 2.4
(17.1-23.0) (14.5-20.5) (21.7-28.1) (23.8-32.0) (38.2-47.5)
Smoking (+) 18.7 3.8 16.6 3.8 217 4.1 34.5 52 490 5.9
(11.2-26.1) 9.1-24.1) (13.7-29.8) (24.2-44.8) (37.3-60.8)

exposure on hearing was significantly observed without regard
to smoking habits, excepting the female Smoking (+) group
after adjustment for age, income, and education. The female
Smoking (+) group was in need of further data accumulation for
effectual assessment. Smoking alone significantly affected hear-
ing deterioration at 4000 Hz in male subjects without noise
exposure. Since smoking habits were likely to be influenced by
socio-economic status (Green & Potvin, 2002), the present
analysis was performed with adjustment for income and educa-
tion. An interactive effect of noise exposure and smoking on
hearing was not statistically demonstrated as shown in Figure 1.
The joint effects of noise exposure and smoking on hearing were

Is there a relevant effect of noise and
smoking on hearing? A population-based
aging study

additive as found in the study of Mizoue et al (2003). In their
study, however, smoking was associated with increased odds of
having hearing loss at 4000 Hz in both noise-unexposed and
noise-exposed males. The trend association that odds ratio
increased with higher numbers of cigarettes smoked per day
was mmore evident among those who had worked in noisy
environments. In the present study, there was no statistically
significant difference between groups of Smoking (+) and
Smoking ( —) in noise-exposed subjects and a dose-response
relation was not observed between smoking and hearing thresh-
olds in noise-exposed subjects. The great effect of noise may
control the development of hearing loss, regardless of smoking
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Figure 1. Mean air conduction pure tone thresholds (dB)
for BE at 4 kHz in the male group by smoking habits and
noise exposure. Asterisk shows statistically significant difference
(p <0.05).

habits. Previous studies have suggested that the effects of noise
are so large as to overwhelm the effects of smoking (Siegelaub et
al, 1974; Drettner et al, 1975). In addition, there is a limitation in
classification based on self-reported examination regarding
intended variables. Although there were various characteristics
of the noise that workers were exposed to, depending on their

occupation or working environments, noise levels at the work-
places were unknown in the present study. Toppila et al (2001)
have found in their investigation of paper mill workers, forest
workers, and shipyard workers, that for subjects with less than
two confounders, the extent of lifetime noise exposure deter-
mined the development of noise-induced hearing loss. They have
classified 706 male workers (mean age: 40+9) by lifetime
occupational noise exposure with the confounders in noise-
induced hearing loss, such as smoking habits, serum cholesterol,
systolic or diastolic blood pressure, and the use of analgesics.
Virokannas and Anttonen (1995) found a dose-response rela-
tionship between smoking and the impairment of hearing acuity
in workers exposed to occupational noiss when the exposure
time to noise was used as a covariance. Since the current study
was a population-based sample, the target occupation was not
specified and we were therefore unable to classify or adjust for an

. absolute quantity of noise exposure. Imbalance in the noise

levels that respective groups were exposed to may possibly make
the target effects obtuse. :

A weak but statistically significant positive correlation be-
tween the amount of smoking and hearing threshold was
observed only in middle-aged subjects without hoise exposure
in the present study. A dose-response effect of smoking on
hearing loss has been indicated in previous studies (Rosenhall et
al, 1993; Virokannas & Anttonen, 1995; Cruickshanks et al,
1998; Mizoue et al, 2003). A marked increase in hearing
impairment prevalence in the subjects who smoked more than
20 pack-years was found in a previohs study (Noorhassim &
Rampal, 1998). Regarding the likely affected frequencies, one
study reported 3000 and 4000 Hz were mostly affected rather
than 6000 Hz (Virokannas & Anttonen, 1995). Another study
demonstrated the prevalence of hearing impairment was highest
at 6000 Hz among 500, 1000, 2000, 3000, 4000, and 6000 Hz

Table 3. Correlation coefficients between pack year and air conduction pure tone thresholds for BE and WE in male subjects after
adjustment for income and education. Asterisk shows statistically significant correlation (p <0.05)

BE _ 0.5 kHz 1kHz 2 kHz 4 kHz 8 kHz
40-49 yr 0.07 0.28 * 0.22 * 0.16 0.01
Noise (—) 50-59 yr 0.19% 0.07 0.05 —0.07 0.03
n=>557 60-69 yr 0.10 0.05 0.09 0.06 0.10
70-79 yr 0.01 0.03 —0.02 0.09 0.03
40-49 yr 0.03 —0.22 -~0.17 —0.08 —0.15
Noise (+) 50-59 yr 0.10 0.19 0.03 0.04 0.07
n =201 60—69 yr 0.04 0.01 —0.08 0.13 0.05
70-79 yr —0.03 —0.20 —0.11 —0.01 0.01
WE 0.5 kHz 1 kHz 2 kHz 4 kHz 8 kHz
4049 yr 0.06 030 % 0.23* 0.16 0.11
Noise (—) 50-59 yr 0.02 0.00 —0.06 —0.02 —0.13
n=>557 6069 yr —0.05 0.06 0.01 0.12 0.17
70-79 yr 0.01 —0.01 —0.03 —0.01 0.00
40-49 yr —0.14 —0.08 —-0.17 -0.03 -0.19
Noise (+) 50-59 yr 0.11 0.10 0.10 0.03 0.11
n=201 60-69 yr 0.06 0.00 —0.10 —0.03 —0.07
70-79 yr -0.09 —-0.22 —0.22 -0.13 —0.05
90 International Journal of Audiology, Volume 44 Number 2
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(Noorhassim & Rampal, 1998). A third study (Rosenhall et al,
1993) indicated significant correlation at any of 250, 500, 1000,
2000, 4000, and 8000 Hz in different age cohorts. In the current
study, a dose-response relationship between smoking and
hearing deterioration was observed at 500, 1000, and 2000 Hz,
while a statistically significant difference between smokers and
non-smokers was found at 4000 Hz.

Toppila et al (2001) have reported in the above-mentioned
investigation, that as the number of confounders increased, the
noise exposure was overruled by the other confounding factors
in the development of hearing loss. Since many of influential
confounders in the development of hearing loss were age-related
in statistical analysis, elderly subjects could have more numbers
of confounders unadjusted here than young subjects. The reason
that a dose-response effect of smoking on hearing loss was
observed only in middle-aged subjects in the present study was
speculative. Further research using many potential variables not
discussed here, should be our next assignment for modulation of
presbycusis. However, even in middle-aged subjects without
noise exposure, it is surely worthwhile to note for the preserva-
tion of good hearing, that a dose-response effect of smoking on
hearing loss was found in the current study.

The interaction between smoking and noise on hearing has
remained obscure. An experimental study has demonstrated that
smokers evidenced significantly less temporary threshold shift
following noise exposure than did non-smokers (Dengerink et al,
1992). Carbon monoxide, which is one of the major ingredients
in cigarette smoke, appeared to play a large role in the long-term
effects of smoking on the reduction of the temporary threshold
shift. Smoking may have some beneficial effect on the temporary
threshold shift. It appears, however, that the longer term effécts
of smoking on permanent hearing loss shown by the research
mentioned previously (Rosenhall et al, 1993; Virokannas &
Anttonen, 1995; Cruickshanks et al, 1998) is harmful rather than
beneficial. The carbon monoxide in the smoke forms carbox-
yhemoglobin, which in turn, reduces the blood’s oxygen-carrying
capacity (Glantz & Parmley, 1991). Nicotine increases platelet
aggregation (Saba & Mason, 1975), which plays an important
role in the development of atherosclerosis. Although the
vasoconstrictory effects of nicotine in the blood vessels are
typical, vessels of the central nervous system and coronary
arteries are known to dilate in response to nicotine (Matschke,
1991). It remains to be investigated whether the longer term
effects of smoking are associated with the effect of noise
exposure on permanent hearing loss.

Conclusions

In the present study, smoking and noise exposure were
associated with hearing loss respectively. The deleterious effect
of noise exposure on hearing was significantly observed in both
genders at many frequencies after adjustment for age, income,
and education. The smoking habit alone significantly affected
hearing deterioration at 4000 Hz in male subjects without noise
exposure. The combined effect of noise exposure and smoking
on hearing was not interactive but additive. A dose-response
* effect of smoking on hearing loss was observed at 500, 1000, and
2000 Hz in middle-aged males without noise exposure. This

Is there a relevant effect of noise and
smoking on hearing? A population-based
aging study

result is noteworthy for the preservatién of good hearing
especially at the beginning of aging. :
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Differences in the relationship between lipid CHD
risk factors and body composition in Caucasians
and Japanese
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!Gerontology Research Center/National Institutes for Health/National Institute on Aging, Baltimore, MD, USA; 2Department
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and Psychosocial Medicine, Institute for Medical Science of Aging, Aichi Medical University School of Medicine, Yasago,
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OBJECTIVES: To examine differences in the relationship between fat distribution and lipid coronary risk factors in Caucasian and
Japanese population and further to determine whether the cut-points for body mass index (BMI) and waist circumference (WC)
proposed by WHO and NHLBI are applicable to Japanese population as a predictor of a lipid risk factor abnormality or not.
RESEARCH METHODS AND PROCEDURES: Subjects were 895 participants of the Baltimore Longitudinal Study of Aging in the
US (BLSA) and 1705 participants of the Longitudinal Study of Aging by the National Institutes for Longevity Science in Japan
(NILS-LSA). Subjects were divided into four demographic groups as younger (age<65y) men and women, and older
(agez65y) men and women. Blood total cholesterol, triglycerides, LDL- and HDL-cholesterol and anthropometry were
measured. Regression coefficients of BMI and WC on risk factors, sensitivity and specificity of the BMI and WC cut-points for
blood lipid abnormality, and mean values of blood lipids at BMI or WC cut-points were computed in both populations.
RESULTS: Height, weight, WC and BMI were significantly greater in the BLSA than those in the NILS-LSA subjects. Total
cholesterol, HDL- and LDL-cholesterol were significantly greater in the NILS-LSA than in the BLSA subjects. Sensitivities of BMI
and WC cut-points were much iower in the NILS-LSA than in the BLSA subjects. Specificities of BMI and WC cut-points were
higher in the NILS-LSA than in the BLSA subjects. Mean values of triglycerides, total cholesterol, HDL- and LDL-cholesterol at
BMI = 25 were significantly greater in the NILS-LSA than in the BLSA subjects. At the WC cut-point (94 cm for men, 80 cm for
women), mean values of all lipids were significantly greater in the NILS-LSA than in the BLSA subjects with the exception of
triglycerides in younger women.

CONCLUSIONS: The Japanese subjects have smaller BMI and WC, worse total and LDL-cholestero! levels and better HDL-
cholesterol ievels compared to Caucasians. Sensitivities of BMI and WC for predicting lipid risk factor abnormality are much
lower in Japanese. The cut-points for BMI and WC proposed by WHO and NHLBI may be too high for predicting an abnormality
in triglycerides, total and LDL-cholesterol in Japanese. For detecting an abnormai HDL-cholesterol level, the BMI and WC cut-
points may not be as beneficial for the Japanese population as for Caucasians.
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Introduction
The prediction and prevention of coronary heart disease
(CHD) are of great importance, especially in industrial
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countries. The National Cholesterol Education Program
(NCEP)! recommended that a fasting lipoprotein profile
(total cholesterol, LDL-cholesterol, HDL-cholesterol and
triglyceride) should be obtained once every 5y in all adults
aged 20y or older. LDL-cholesterol was defined as the
primary target of cholesterol-lowering therapy. Therefore,
detecting an abnormality in blood lipids and initiating early
treatment is essential to decrease the incidence of CHD.



It has been established that obesity, especially central
distribution of body fat, is associated with many chronic
diseases.”® Although imaging techniques such as magnetic
resonance imaging (MRI) and computerized tomography
(CT) have been the ‘gold standard’ methods for quantifica-
tion of visceral fat, these methods are inconvenient and
costly for routine clinical use. Therefore, several surrogates of
intra-abdominal fat measurement have been examined.””
The body mass index (BMI) has long been used as a
convenient, useful index of overweight and obesity. Studies
have shown that waist circumference (WC) could be used to
predict risk factor abnormalities as a surrogate of body fat
distribution.’ ! Han et al*? indicated the linear relationship
between WC and intra-abdominal fat. The World Health
Organization (WHO)6 and the National Heart, Lung, and
Blood Institute (NHLBI)® issued comprehensive recommen-
dations for classifying abnormalities in body weight and
body fat distribution. Both reports recommended the BMI
and the WC as measures of obesity and fat distribution, and
concluded that risk of disease increases at a BMI of 25 kg/m?
in both men and women; the WHO report noted increased
risk at a WC of 94cm for men and 80 cm for women.

It has been well known that obesity and fat distribution are
influenced by complex factors including social, behavioral,
cultural, physiological, metabolic and genetic factors. Differ-
ences in the relationships among BMI, WC and waist-hip
ratio (WHR) in 19 populations, including Beijing Chinese,
were reported by Molarius et al.!® They concluded that the

Table 1 Characteristics of BLSA and NILS subjects

Racial differences in risk factors and fat distribution
N Iwao et al

optimal screening cutoff point of WC and BMI may be
population specific. Also, Hu et al'* showed that a rural
Chinese population in developing countries has a different
relationship between BMI and CHD from Western popula-
tions. However, NHLBI and WHO reports did not propose
population-specific cut-points for either BMI or WC.
Although it was shown that the cut-points proposed by
WHO and NHLBI for BMI and WC were useful predictors for
coronary risk factors in Caucasian younger and older men
and women in our previous studies,'¢ it is still not clear
whether or not these cut-points are applicable to relatively
short stature and lighter weight populations in an industrial
country such as Japan.

The purposes of the present study are (1) to examine the
relationship between plasma lipid coronary risk factors and
indices of body composition (BMI and WC) in Caucasian and
Japanese populations; (2) to test whether recently proposed
cut-points of BMI and WC can be applied to the younger and
older Japanese population as well as to Caucasians.

Methods

Subjects

The subjects of this study consisted of 566 men and 329
women who participated in the Baltimore Longitudinal
Study of Aging (BLSA) in USA, and 868 men and 837 women
who participated in the National Longevity Sciences-Longi-
tudinal Study of Aging (NILS-LSA) in Japan. Subjects of both

Younger (40-64y) Older (65-80y)
BLSA NILS BLSA NILS

N Mean N Mean N Mean N Mean
Men
Height (cm) 318 178.6 598 166.8** 248 174.3 270 160.9**
Weight (kg) 318 84.7 598 64.0%* 248 77.1 270 57.5%*
BMI (kg/m?) 318 26.5 598 23.0%* 248 25.3 270 22.2%*
WC (cm) 318 93.8 598 81.9% 248 92.8 270 80.6**
Total cholesterol (mg/dl) 316 191.7 594 212.8%* 248 188.4 268 2111
Triglycerides (mg/dl) 316 135.8 587 133.5 248 115.0 259 122.0
HDL-cholesterol (mg/d!) 316 41.1 596 57.9% 248 44.0 269 57.3**
LDL-cholesterol (mg/dl) 316 123.3 582 128.6* 248 121.3 257 130.5**
Women
Height (cm) 183 163.6 620 153.7% 146 159.4 217 147.3**
Weight (kg) 183 65.9 620 53.4* 146 64.2 217 49.4*
BMI (kg/m?) 183 24,6 620 22.6** 146 25.2 217 22.6**
WC (cm) 183 76.3 620 73.4% 146 79.9 217 75.6**
Total cholesterol (mg/dl) 180 188.5 615 221.9** 145 204.0 216 234.6™
Triglycerides (mg/di) 180 98.6 596 98.0 145 112.8 211 118.8
HDL-cholesterof (mg/dl) 180 52.9 616 67.9%* 145 55.4 217 64.4%
LDL-cholesteral (mg/dl) 179 115.8 595 135.1% 145 126.0 210 147.3%*

**p.<0.01, significant difference in mean values between BLSA and NILS-LSA subjects. *P<0.05, significant difference in mean values between BLSA and NILS-LSA

subjects.
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Table 2 Regression coefficient and trend analysis for BMI and WC

Men Women
Younger Older Younger Older
BLSA NILS BLSA NILS BLSA NILS BLSA NILS

(a) BMI

Total cholesterof 1.33 1.39 —0.44 0.36 1.98 0.68 0.01 0.07
Triglycerides 7.14 8.74 8.05 4.47 4.04 5.25 3.3 4.47
HDL-cholesterol —-0.61 ~1.75% -1.33 —1.49 -0.40 -1.65** -1.02 -1.72
LDL-cholesterol 0.51 1.39 —0.75 0.93 1.58 1.21 0.40 1.09
(b) WC

Total cholesterol 0.43 0.42 -0.03 0.28 1.30 0.49* -0.01 0.24
Triglycerides 271 3.65 2.44 1.77 2.53 2.40 1.46 2.08
HDL-cholestero! ~0.24 —0.74** -0.45 -0.49 -0.30 -0.72** -0.42 -0.74*
LDL-cholesterol 0.08 0.42 -0.16 0.39* 1.10 0.69 0.12 0.56

**P<0.01, significant difference in the coefficient between BLSA and NILS-LSA subjects. *P<0.05, significant difference in the coefficient between BLSA and NILS-

LSA subjects.

cohorts were aged between 40 and 80y old. The populations
were dichotomized at age 65y into younger and older age
groups for each sex. The BLSA subjects were Caucasian and
the NILS-LSA subjects were Japanese. Details of the selection
process and procedures of the baseline examination in the
BLSA and the NILS-LSA have been published previously,”-'8
The subjects in the NILS-LSA were randomly selected from
resident registrations in cooperation with the local govern-
ment. The subjects in the BLSA were self-recruited, commu-
nity-dwelling volunteers. Table 1 shows some descriptive
statistics of the population.

Subjects who were being treated for hyperlipidemia that
could influence the level of the risk factors were excluded.
Measurements from women who were pregnant at the visit
or who had had a baby less than 1y prior to the visit were
also excluded from these analyses.

Anthropometry

Height and weight were measured after an overnight fast
with subjects wearing a light-weight hospital gown and
without shoes. As an index of obesity, BMI was calculated as
weight (kg) divided by the square of the height (m).

WC was used as the index of the body fat distribution. The
waist was defined as the minimal abdominal circumference
between the lower edge of the rib cage and the iliac crests in
the BLSA, and as the circumference at the middle point
between the lower edge of the rib cage and the iliac crests in
the NILS-LSA. The circumferences were obtained with a
flexible, metal tape measure, while maintaining close
contact with skin and without compressing the underlying
tissues. Subjects were in a standing position and breathing
normally. The same small group of trained personnel made
these measurements for the entire study in both the BLSA
and the NILS-LSA.
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Plasma lipids

After an overnight fast, an antecubital venous blood
sample was drawn. The concentrations of plasma triglycer-
ides and total cholesterol were determined by enzymatic
method (Abbott Laboratories ABA-200 ATC Biochromatic
Analyzer, Irving, TX 75015 for BLSA; Hitachi 7145 Automatic
Analyzer, Hitachi Co., Ltd Japan for NILS-LSA). HDL-
cholesterol was determined by dextran sulfate-magnesium
precipitation procedure’® in the BLSA and enzymatic
methods in NILS-LSA (Hitachi 7145 Automatic Analyzer,
Hitachi Co., Ltd Japan). LDL-cholesterol concentrations were
estimated by the Friedewald formula®® in both BLSA and
NILS-LSA.

Cut-points for abnormalities of BMI, WC and risk
factors

Cut-points for BMI and WC abnormalities were determined
according to NHLBI® and WHOS® guidelines. The BMI and
WC categories were dichotomized at the lower recom-
mended cut-points due to the small number of subjects in
the obese and high WC groups. In addition, the designation
of the risk factor cut-points that define an abnormal level
was derived from the 1994 recommendations of the National
Cholesterol Education Program.?!

BMI 25kg/m?

wcC 80 cm for women, 94 cm for men
Total cholesterol 240 mg/d|

Triglyceride 200 mg/dl

HDL-cholesterol 35mg/dl

LDL-cholesterol 160 mg/di

Sensitivity and specificity of WC and BMI cut-points
for risk factor abnormality

To examine the applicability of cut-points for WC and BMI
proposed by WHO and NHLBI, the sensitivities and specifi-
cities of WC or BMI cut-points were calculated in the BLSA



and NILS-LSA subjects. By using cut-points both for risk
factors and for BMI (or WC), subjects were divided into four
groups as shown.

Normal ) Abnormal
Normal BMI (or WC) A B
Abnormal BMI {or WC) C D

Sensitivity is defined as D over the sum of B and D, and
specificity is defined as A over the sum of A and C according
to the general definition of these terms.'3

Statistical methods

All data were analyzed using Statistical Analysis System (SAS)
version 6. Standard methods were used to compute means
and standard errors of the mean. P-values below 0.05 were
regarded as indicating statistical significance. ANOVA was
used to test for the presence of statistically significant
differences in BMI, WC and risk factors between the BLSA
and the NILS subjects. A test of whether or not the regression
coefficients (slopes) of BMI (or WC) and the risk factors are
consistent between the two populations was performed using
general linear models. y* analysis was performed for analyz-
ing effects of population in the percentage of subjects with
abnormal levels of BMI, WC and risk factors. Adjusted mean
lipid values were computed using ANCOVA by setting the
covariates (BMI or WC) to the appropriate cut-point value.

Results

Differences in BMI, WC and risk factors between the
BLSA and NILS-LSA subjects

Height, weight, WC and BMI were significantly higher in the
BLSA than those in the NILS-LSA subjects, regardless of the
sex/age group (Table 1). The subjects in the NILS-LSA had
significantly greater total and LDL-cholesterol in younger
and older men and women. HDL-cholesterol was signifi-
cantly greater in the NILS-LSA than that in the BLSA subjects
for all demographic groups (younger and older men and
women). There was no significant difference in triglycerides
between BLSA and NILS-LSA.

Associations between BMI, WC and risk factors
The only lipid/anthropometric association that was consis-
tently different between the two populations was that of
HDL-cholesterol with both BMI and WC. In all cases, the
regressions were negative, but the impact of the body
composition variables was greater in the NILS population;
in five of the eight regressions, these differences were
statistically significant. These population differences were
especially striking in the younger men and women.

There was also a consistent very large effect of both BMI
and WC on the triglyceride levels, but there were no
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Table 3 Percentage of subjects with an abnormal level in BMI, WC and fipid
risk factors

Men Women

Younger Older Younger Older

BLSA NILS BLSA NILS BLSA NILS BLSA NILS

BMI 63.9 23.2** 48.8 17.9** 35.6 17.6* 44.1 21.8**
wC 49.4 5.2* 452 7.8** 31.7 19.0* 45.5 28.7**

Total cholesterol 8.2 20.5** 7.7 17.5* 122 30.9** 15.2 43.5*
Triglyceride 17.1 136 101 8.6 44 52 62 7.9

HDL-cholesterol 31.0 2.7** 234 22* 5.0 0.3* 62 00
LDL-cholesterol 11.7 15.8* 10.1 11.2 117 20.8* 152 29.6**

**p<0.01, significant difference between BLSA and NILS by x? analysis.
*P<0.05, significant difference between BLSA and NILS by x* analysis.

significant differences in the slope between the two popula-
tions. The only other statistically significant slope differ-
ences were WC—total cholesterol in the younger women and
WC-LDL-cholesterol in the older men, but these population
differences were inconsistent in the other three demographic
(age/sex) groups (Table 2).

Percentage of subjects with an abnormal risk factor
status

Table 3 shows the percentages of subjects with an abnormal
level of BMI, WC or risk factors for each age/sex group in the
BLSA and NILS-LSA subjects. The percentage of subjects with
an abnormal BMI as well as an abnormal WC was
significantly greater in the BLSA than that in the NILS-LSA
subjects in younger and older men and women. Consistent
with these population differences, there was a significantly
higher percentage of subjects with an abnormal HDL-
cholesterol level in the BLSA than that in the NILS subjects
in all age/sex groups. The percentage of subjects with an
abnormal level of total and of LDL-cholesterol was signifi-
cantly higher in NILS-LSA subjects than those in BLSA
subjects with the exception of LDL-cholesterol in younger
men. Abnormal triglyceride levels were similar in the two
populations.

Sensitivity of BMI and WC

Table 4a shows the sensitivity of BMI cut-points proposed by
WHO and NHLBI (BMI <25 kg/m?) for predicting risk factor
abnormality. Sensitivities of BMI were very much lower in
the NILS-LSA than in the BLSA. Also, sensitivities of WC
(Table 4b) were lower in the NILS-LSA than those in the BLSA
subjects.

Specificity of BMI and WC
Specificity of BMI and WC is shown in Table 5a and b. Higher
specificities of BMI were found in younger and older men
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Table 4 Sensitivity of BMI and WC cut-point for lipid risk factor abnormality
Women
Younger Older Younger Older

BLSA NILS BLSA NILS BLSA NILS BLSA NILS
(a) BMI
Total cholesterol 69.2 27.1%* 63.2 17.0** 45.5 17.7* 31.8 20.7
Triglycerides 88.9 37.4% 84.0 29.2%* 62.5 50.0 77.8 23,5+
HDL-cholesterol 78.4 12.5% 70.7 16.7** 75.0 — 75.0 —
LDL-cholesterol 70.3 33.0** 44.0 20.0** 42.9 16.4** 40.9 21.9
Mean 76.7 27.5 65.5 20.7 56.5 28.0 56.4 22.0
(b) WC
Total cholesterol 50.0 8.2+ 47.4 10.6** 45.5 24+ 36.4 26.1
Triglycerides 75.9 14.5%* 72.0 20.8** 62.5 59.4 66.7 41.2
HDL-cholesterol 65.0 6.3** 67.2 16.7** 75.0 50.0 75.0 —
LDL-cholesterol 46.0 9.6** 40.0 10.0%* 42.9 23.4 (0.06) 40.9 31.6
Mean 59.2 9.6 56.7 14.5 56.5 39.2 54.7 33.0

**P<0.01, significant difference in sensitivity between BLSA and NILS-LSA subjects. *P<0.05, significant difference in sensitivity between BLSA and NILS-LSA

subjects. —: there was no NIL-LSA subject in some categories that were used for calculation of sensitivity.

Table 5 Specificity of BMI and WC cut-point for lipid risk factor abnormality

Men Women
Younger Older Younger Older

BLSA NILS BLSA NILS BLSA NILS BLSA NILS
(a) BMI
Total cholesterol 36.6 77.8* 52.4 81.9** 65.8 82.4* 53.7 76.3*
Triglycerides 41.2 79.2% 55.2 83.4% 65.7 84.2** 58.1 77.7**
HDL-cholesterol 42.5 76.6** 57.9 82.1* 66.3 82.3** 57.3 77.6**
LDL-cholesterol 36.9 78.7* 50.7 82.4%* 65.4 82.0** 55.3 77.4*
Mean 39.3 78.1 54.0 82.5 65.8 82.7 56.1 77.3
(b) WC
Total cholesterol 50.7 95.6** 55.0 92.8** 70.3 82.8** 529 67.8*
Triglycerides 56.1 96.2** 57.9 93.2** 69.8 83.0%* 55.9 71.5%
HDL-cholesterol 58.0 94.8** 61.6 92.4** 70.4 80.8** 55.8 70.5%*
LDL-cholesterol 50.5 95.5%* 54.3 92.1** 69.8 81.8** 53.7 71.2*
Mean 53.8 95.5 57.2 92.6 70.0 82.1 54.5 70.3

**P<0.01, significant difference in sensitivity between BLSA and NILS-LSA subjects. *P<0.05, significant difference in sensitivity between BLSA and NILS-LSA

subjects.

and women in the NILS-LSA subjects compared to the BLSA
subjects. Specificities of WC were also higher in the NILS-LSA
subjects than those in the BLSA subjects, especially in men.

Mean values of risk factors at cut-points of BMI and WC
At the cut-point of BMI, mean values of triglycerides, total
and LDL-cholesterol were significantly greater (worse) in the
NILS-LSA than those in the BLSA subjects regardless of
demographic groups (Table 6a). Mean values of HDL-
cholesterol in the NILS-LSA subjects were significantly
higher (better) than in the BLSA subjects.
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At the cut-points of WC, mean values of triglycerides, total
and LDL-cholesterol were significantly greater (worse) in the
NILS-LSA than those in the BLSA subjects in all groups with
the exception of triglycerides in younger women (Table 6b).
The mean values of HDL-cholesterol in younger and older
men and women were greater (better) in the NILS-LSA than
in the BLSA subjects.

Discussion

Our previous reports on a Caucasian population showed
that BMI and WC independently were significant predictors
of coronary risk factors in the blood pressure, glucose-
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Table 6 Mean lipid values
Men Women
Younger Older Younger Older

BLSA NILS BLSA NILS BLSA NILS BLSA NILS
(@) BMI (25 kg/m?)
Total cholesterol (mg/dl) 189.6 215.6** 188.5 212,01 189.2 223.5% 204.0 234.8*
Triglyceride (mg/dl) 124.8 151.3* 112.4 134.7* 100.0 110.4* 112.1 129.1*
HDL-cholesterol (mg/di) 42.0 54,3 44.4 53.2% 52.7 63.9* 55.6 60.4**
LDL-cholesterol (mg/di) 122.5 131.4* 121.5 133.1% 116.4 138.0** 125.9 149.9**
(b) WC (94 cm for men, 80 cm for women)
Total cholesterol (mg/dl) 191.8 217.9* 188.3 214.9** 193.3 225.1% 204.0 235.7%
Triglyceride (mg/dt) 136.4 177.8% 117.9 145.7** 108.0 113.7 112.9 127.7*
HDL-cholesterol (mg/dl} 41.0 49.0** 43.4 50.8** 51.8 63.1% 55.4 61.2**
LDL-cholesterol (mg/dl) 123.3 133.7* 121.2 135.7% 119.9 139.6** 126.0 149.7%*

**P<0.01, significant difference between the BLSA and NILS-LSA subjects. *P<0.05, significant difference between the BLSA and NILS-LSA subjects.

insulin and plasma lipid domains. Furthermore, the grada-
tion of BMI into normal, overweight and obese zones
according to NHLBI® and WHO® recommendations was
supported. Also, the sex-specific WHO cut-points for WC
that provided three zones (NHLBI standards provided two
zones) were also found to be applicable to the risk factors in
the four age-sex categories in Caucasians. However, it was
pointed out that the BMI and/or WC in Asian populations
are much lower than those in Caucasians.?* Therefore, the
important questions that remain are whether BMI and/or
WC associated with coronary risk factors in relatively short
and light-weight Asian populations as well as in Caucasians,
and whether the BMI and WC cut-points proposed by NHLBI
and WHO are applicable to Asian populations as a predictor
of risk factor abnormality.

In the present study, in order to examine these questions,
the relationship between BMI, WC and lipid risk factors
(regression) and the applicability (sensitivity, specificity) of
the BMI and WC cut-points for these risk factors were
compared between the BLSA (Caucasian) and the NILS-LSA
subjects (Japanese).

Height, weight and BMI were lower in the NILS-LSA than
in the BLSA subjects regardless of the age/sex groups. There
was a methodological difference in the measurement of WC
between BLSA and NILS-LSA (see the Methods section).
Although the minimal circumferences between the lower
edge of the rib cage and the iliac crests were measured as WC
in the BLSA subjects, the circumference at the middle point
between the lower edge of the rib cage and the iliac crests
was measured in the NILS-LSA subjects. Therefore, the
measured WC in the NILS-LSA subjects may not be minimal
as was the BLSA measurement. Despite this, WC in the NILS-
LSA is still much smaller than that in the BLSA. In addition,
WC of the NILS-LSA subjects was as highly correlated to BMI
and to lipids as WC of the BLSA subjects (data not shown).
Therefore, we compared the data of WC between the BLSA
and the NILS-LSA directly.

It is well known that greater BMI or WC results in higher
lipid risk factor levels. However, Japanese subjects (NILS-LSA)
had higher levels in total cholesterol and LDL-cholesterol
with smaller weight, BMI and WC, compared to Caucasians
(BLSA). This result may indicate that associations between
BMI, WC and lipid levels in Japanese differ from those in
Caucasians. In the present study, the relationship (slope of
regression) between BMI, WC and total cholesterol, trigly-
cerides and LDL-cholesterol was similar, with the exception
of the relationship between WC and LDL-cholesterol in older
men, and between WC and total cholesterol in younger
women. However, relationships between BMI, WC and HDL-
cholesterol in most demographic groups were different in
the two populations. Although relationships between BMI,
WC and risk factors (triglycerides, total and LDL-cholesterol)
were similar in the two populations, the mean values of total
and LDL-cholesterol, and the percentages of subjects with an
abnormal level of total and LDL-cholesterol in the NILS-LSA
were higher than the levels of these variables in the BLSA
subjects. In addition, the mean values at the BMI and WC
cut-points in triglycerides, total and LDL-cholesterol were
also higher (worse) in the NILS-LSA than those in the BLSA
subjects. The mean plasma lipids are different between
Japanese and Caucasians, although Japanese and Caucasians
have similar relationships between BMI, WC and triglycer-
ides, total and LDL-cholesterol. Because Japanese have
higher levels of plasma lipids (excepting HDL-cholesterol)
with a smaller BMI and WC, a normal BMI and WC defined
by WHO and NHLBI does not indicate a lower risk in
triglycerides, total and LDL-cholesterol in the Japanese
population. The BMI and WC cutoff points seem to be too
high as a predictor of risk abnormality to detect an
abnormality in triglycerides, total and LDL-cholesterol for
the Japanese population. Present data of very low sensitiv-
ities of the BMI and WC cut-points in the NILS-LSA support
these results. For example, 83% of older men in the NILS-LSA
who had an abnormal total cholesterol level had a normal
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BMI, and 89.4% older men in the NILS-LSA with an
abnormal total cholesterol had a normal WC.

Thus, the cut-points for BMI and WC proposed by WHO
and NHLBI may not be ideal or even useful predictors of risk
abnormality in the Japanese population. If these cutoff
points of abnormality for BMI and WC are defined at lower
levels, they may become a useful index for the Japanese
population because BMI and WC still correlate with lipid risk
factors in the Japanese subjects (data not shown). Further
examinations are needed for the selection of the specific
cutoff points for BMI and WC in the Japanese population.

In the present study, different relationships between BMI,
WC and HDL-cholesterol in the two populations were found
in most demographic groups. Although the magnitudes of
the decrease in HDL-cholesterol with the increases of BMI
and WC were greater in the NILS-LSA than in the BLSA
subjects, mean values of HDL-cholesterol at the BMI and WC
cut-points were still greater (better) in the NILS-LSA subjects.
In the present study, there was a difference in the lipid
methodologies between the two populations (see the
Methods section). However, accuracy of both methods has
been certified by the Center for Disease Control and
Prevention (CDC). In addition, mean HDL-cholesterol levels
were very similar in the BLSA and NHANES III,?3 and also in
NILS-LSA and the National Nutrition Survey (Japan).%*
Therefore, we do not believe that these significant differ-
ences in HDL-cholesterol between BLSA and NILS-LSA
subjects were caused by the methodological difference in
HDL-cholesterol measurement. Thus, we compared HDL-
cholesterol levels between BLSA and NILS-LSA subjects
directly. Our result shows that the Japanese population with
a normal BMI or WC has a remarkably higher level of HDL-
cholesterol. NCEP noted that a high HDL-cholesterol level
appears to be protective against CHD, and a level of >60mg/
dl can even be called ‘a negative risk factor’. The mean values
of HDL-cholesterol at the BMI cut-point in the Japanese
population were 54, 53, 64 and 60mg/dl in younger men,
older men, younger women and older women, respectively.
And the mean values of HDL-cholesterol at the WC cut-point
were 49, 51, 63 and 61mg/dl in these groups. Mean HDL-
cholesterol levels in Japanese women were close to being ‘a
negative risk factor’, even if their BMI levels exceeded 25 kg/
m? or their WC levels exceeded 80 cm.

From our results, it may seem that the BMI and WC cut-
points proposed by WHO and NHLBI are at levels too low for
detecting HDL-cholesterol abnormality in the NILS-LSA
subjects. However, it should be taken into account that most
Japanese have relatively small BMI and WC (percentage of
subjects with an abnormal BMI and WC in the four age/sex
groups are only 5-29). If cut-points of BMI and WC are set at
higher levels, almost no Japanese will have an ‘abnormal’
WC or BML In this Japanese population, lowering the cut-
points for BMI or WC will provide very low specificity and
rising the cut-points will yield very low sensitivity. The
only other solution would be to redefine the level of HDL-
cholesterol abnormality for the Japanese population.
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Accumulation of intra-abdominal fat has been shown to be
associated with risk factor abnormalities.>2%26 Although we
did not quantify intra-abdominal fat using CT scans in the
present study, the distribution of intra-abdominal fat might
well be different in the two populations. This may underlie
the fact that the BMI and WC cut-points do not have the
same level of applicability for predicting risk abnormality in
Caucasian and Japanese populations. Therefore, further
study is needed to better understand the relation between
abdominal fat distribution (CT scan) and risk factor abnorm-
ality; it should however be noted that Takami et al?’ reported
that BMI and WHR are better predictors of metabolic
abnormalities than abdominal fat measured by CT.

Also, the reason for the differences in blood lipids between
the Japanese and Caucasian populations was beyond the
scope of the present study. Diet, exercise, body composition
or genetics might be expected to contribute to these
differences.28-32

In the present study, there was an interesting finding that
correlations between BMI, WC and lipids (total and LDL-
cholesterol) in older people were weak or not significant
regardless of populations, although BMI and WC were still
highly correlated with triglycerides and HDL-cholesterol in
older people. We have previously reported the effects of age
on the relationship between body composition and risk
factors in Caucasians**'633 and these effects are also seen in
the Japanese population.

In conclusion, the Japanese subjects have higher total and
LDL-cholesterol levels with smaller mean BMI and WC
measurements compared to Caucasians. Although mean
values in triglycerides, total and LDL-cholesterol at the
recommended cut-points of BMI and WC (BMI =25kg/m?,
WC=94cm for men 80cm for women) are obviously high
(worse) in the Japanese, the mean HDL-cholesterol level at the
cut-point is higher (ie, better) in Japanese. Thus, these cut-
points for BMI and WC proposed by WHO and NHLBI may be
too high for predicting an abnormality in triglycerides, total
and LDL-cholesterol in Japanese. Predicting an abnormal HDL-
cholesterol level using the cut-points for BMI and WC may not
be as beneficial for the Japanese population as for Caucasians.

It must be noted that direct analyses of the predictive
power of the cut-points for BMI and WC on the development
of CHD itself in Japanese and Caucasian populations would
be instructive, since the variables examined are risk factors
for CHD in the present study. We must also note that direct
examinations of the relationship among the characteristics
in plasma lipids, nutrition intake, and morbidity and
mortality of CHD in the Japanese and Caucasians are
desirable in future studies.
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Aim: The purpose of the present study is to assess the relationships of muscle strength
and power with recent leisure-time physical activity and exercise during adolescence in
middle-aged and elderly Japanese women.

Methods: The subjects consisted of 1128 community-dwelling women aged 40-
79 years. They were interviewed about their physical activity habits during leisure time in
the past 12 months and exercise they engaged in during adolescence. Muscle function was
measured as grip strength, knee extension strength and leg extension power. Subjects were
grouped into three intensity levels for leisure-time physical activity and as to whether or
not they engaged in adolescent exercise. The relationships of muscle strength and power
with leisure-time physical activity and adolescent exercise were assessed using analysis of
covariance controlled for age, smoking status, annual income and education level.

Results: The proportion of subjects that participated in leisure-time physical activity was
67.1% (light, 33.7%; moderate or heavy, 33.4%). The subjects that engaged in adolescent
exercise represented 41.9% of the total. There was a significant relationship between lei- -
sure-time physical activity and adolescent exercise. In the analysis of covariance controlled
for age, smoking status, annual income and education level, leisure-time physical activity
and adolescent exercise had significant main effects on all muscle strength and power mea-
surements. However, there was no interaction effect between leisure-time physical activity
and adolescent exercise.

Conclusion: The results suggest that current leisure-time physical activity and adoles-
cent exercise benefit muscle function in middle-aged and elderly women.

Keywords: adolescent exercise, leisure-time physical activity, middle-aged and elderly,
muscle power, muscle strength.
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associated with muscle strength and power,'? and some
longitudinal studies showed that elderly women who
were very physically active maintained their knee exten-
sor strength at a higher level.>* Intervention studies also
documented the effects of strength training on the
improvement of muscle strength.>"" The stimuli of
physical activity or exercise on skeletal muscle may help
maintain or improve muscle function.

On the other hand, since muscle function develops
rapidly during childhood and adolescence, reaching a
peak during adulthood, the beneficial effects of exercise
on muscle development seem to be greater during this
period. Moreover, Malina noted that tracking of physi-
cal activity in youth was associated with physical per-
formance in later life.!? Therefore, it is important to pay
attention not only to current physical activity but also to
adolescent physical activity to prevent a decline of mus-
cle strength and power in the elderly. However, little is
known about the contribution of both current and ado-
lescent physical activity on muscle function in middle-
aged and elderly people.

The purpose of the present study was to assess the
relationships of muscle strength and power with cur-
rent leisure-time physical activity (CTPA) and past ado-
lescent exercise (AEX) in middle-aged and elderly
Japanese women. Although the age-associated changes
in muscle strength and power were similar by gender,
women are generally weaker than men across the adult
life span.®" Since women have a longer period of
dependency than men, in spite of women’s longer life
expectancy,”? poor muscle strength and power may be
a more serious physical problem for elderly women,
resulting in disability or difficulty in performing basic
daily tasks. For these reasons, we focused on women in

this study.

Methods

Subjects

The data for the present study were derived from base-
line data collected as part of the initial survey of the
National Institute for Longevity Sciences-Longitudinal
Study of Aging (NILS-LSA). In this project, the normal
aging process has been assessed using detailed
questionnaires and examinations including clinical
evaluations, blood chemistries, anthropometrical mea-
surements, physical fitness tests, nutritional analysis,
and psychological tests. Details of the study are reported
elsewhere.”? The initial survey of NILS-LSA involved
2267 men and women aged 40-79 years. They were
gender- and decade age-stratified random samples liv-
ing in Obu city and Higashiura-cho Aichi Prefecture,
Japan. Written informed consent was obtained from all
the participants. Out of these 2267 participants, 1128
women were used as subjects in this study.
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Muscle function

Grip strength (GS): a handgrip dynamometer (Takei
Co., Japan) was used to assess grip strength in kilo-
grams. The subjects stood holding a handgrip dyna-
mometer with their hands by their sides while squeezing

. with maximum force alternating the left and right

hands. The average of two readings from each hand was
used as the measurement result.

Knee extension strength (KES): the subjects were
seated in an adjustable straight-back chair (Takei Co.,
Japan) with the pelvis, knee and ankle fixed at 90°. A
strain gauge was attached to the distal leg by a strap just
above the ankle. The subjects tried to extend their legs
using maximum isometric force with the knee flexed at
90° while the amplified output from the strain gauge
was recorded. The average of the maximum force that
each leg attained after three attempts was used as the
measurement result in kilograms.

Leg extension power (LEP): leg extension power was
measured with the help of a sledge ergometer in a sitting
position (Takei Co., Japan). The acceleration of the
sledge was 0.73 m/s and the sledge stroke was 0.79 m.
The subjects were fastened by a seat belt to the chair. In
the starting position, the feet were placed on a footplate
attached perpendicularly to a rail, and the knee angle
was adjusted to 90°. The subjects were asked to extend
their legs as quickly and powerfully as possible, so that
the footplate started sliding horizontally on the rail. The
highest result of eight attempts was taken as the mea-
surement result in watts.

A medical doctor asked the subjects about their
health condition before the muscle function tests. Sub-
jects with serious pains, physical injuries or illness of the
orthopedic or cardiovascular systems were excluded. All
muscle function tests were performed on the same day.

Physical activity

Leisure-time physical activity (LTPA): trained interview-
ers using a questionnaire developed by the Japanese Lif-
estyle Monitoring Study Group asked subjects about
the frequency and duration of their physical activity
habits during leisure time for the past 12 months.” This
questionnaire was modified from the Minnesota Lei-
sure-time Physical Activity Questionnaire, one of the
most widely used physical activity questionnaires®
Activities that were performed at least once a week and
for 10 min were defined as LTPA, and classified into
three levels: light (approximate physical intensity; 2.5
METs [metabolic equivalents]); moderate (4.5 METs);
heavy (>6.5 METs) (Table 1). Sedentary activities in
LTPA, for example, bonsai, were excluded.

Adolescent exercise (AEX): subjects were also inter-
viewed in the same questionnaire about the frequency
and duration of their participation in physical exercise
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Table 1 The classification of leisure-time physical activity

Level Approximate Description Examples
intensity (METs) ‘
Light 2.5 Activity such as walking Walking, gymnastic exercise, gardening, etc.
Moderate 4.5 Sweating activity that one Brisk walking, dancing, swimming for
can do comfortably pleasure, etc.
Heavy 26.5 Vigorous exercise with Several sports activities (swimming, tennis,

heavy breathing badminton etc.)
METsS, metabolic equivalents.
Table 2 Characteristics of the subjects Table 3 The participation rates in leisure-time
physical activity (LTPA) and adolescent exercise (AEX)
n Mean = SD
Age (years) 1128 59.3+10.9 Levels n (%)
Height (cm) 1128 151.3%6.1 LTPA None 371 (32.9)
Weight (kg) 1128 52.4+82 Light 380 (33.7)
Body mass index (kg/m? 1128 22.9+3.3 Moderate or heavy 377 (33.4)
Body fat (%) 1120 31.5+£5.2 AEX 473 (41.9)
Grip strengt h (kg) 1106 23.845.1 TTotal number of the subjects who participated in AEX.
Knee extension strength (kg) 780 25.2+6.8
Leg extension power (w) 1048 301.4+107.1
Smoking status (%; currently) 1126 7.3
Annual income (%; 1055 54.7 subjects who participated in heavy LTPA, we combined
2 ¥6 500 000) the subjects who engaged in moderate LTPA and heavy
Education level (%; 1123  23.1 LTPA together as LTPA (H). They were also divided

> high school)

or sports, such as club activities, in addition to compul-
sory physical exercise at school from 12 to 20 years of
age. Activities that were engaged in at least once a week
over 1 year were defined as AEX.

Other parameters

Height and weight were measured using a digital scale.
Body mass index was calculated by weight divided by
height squared (BMIL kg/m?. Body fat mass was
assessed by dual X-ray absorptiometry (DXA; QDR-
4500A, Hologic, USA). Lifestyle factors including
smoking status, annual income and education level
were also determined by questionnaire.

Statistical analysis

The participation rate in physical activity was calculated
as the percentage of subjects who reported such activi-
ties in a multiple response format. The subjects were
divided into three groups according to the intensity of
LTPA: no LTPA, LTPA (N); participation in only light
activities, LTPA (L); participation in moderate or heavy
activities, LTPA (H). Because there were only a few
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into those who engaged in adolescent exercise, AEX
(+), and those that did not, AEX (). The Cochran—
Mantel-Haenszel method was used to examine the
relationship between LTPA and AEX. The relationship
of muscle function with LTPA and AEX was analyzed
using the analysis of covariance controlled for age,
smoking status, annual income and education level.
Statistical testing was performed using the Statistical
Analysis System release.8.2 (SAS Institute Inc. NC,
USA).** Significant probability levels were considered
to be less than 0.05.

Results

The characteristics of the subjects are summarized in
Table 2. The mean and standard deviation (SD) of age
was 59.3 £ 10.9 years. The averages of the anthropo-
metric parameters, height, weight, BMI and. percent
body fat, were 151.3%6.1cm, 52.4+8.2Kkg,
22.9+3.3 kg/m? and 31.5+5.2%, respectively. The
averages for muscle strength and power, GS, KES
and LEP, were 23.8+5.1kg, 25.2+6.8kg and
301.4 +107.1 w, respectively. The proportions of people
who currently smoked, had an annual income of over
6500 000 yen, and had an education beyond high
school were 7.3, 54.7 and 23.1%, respectively.

Table 3 shows the participation rates in LTPA and
AEX. Subjects who did not participated in leisure-time
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Table 4 The relationship between leisure~-time physical activity (LTPA) and adolescent exercise (AEX)

LTPA (N) LTPA (L) LTPA (H) P-value
AEX (=) 228 (34.8) 242 (37.0) 185 (28.2) <0.001
AEX (4 143 (30.2) 138 (29.2) 192 (40.6)

Numbers (%) are shown for those who participated in LTPA or-AEX.

Cochran-Mantel-Haenszel test, df = 1.

Table 5 Covariance models for muscle functions

Grip strength

Knee extension strength Leg extension power

df F-value df F-value df F-value
LTPA 2 5.6% 2 11.8% 2 13.8%
AEX 1 28.8% 1 17.3% 1 8.6%
LTPA x AEX 2 0.2 2 0.1 2 0.9
Error _ 1023 718 972
72 0.32 0.23 0.26
*P < 0.05.

Covariance models were controlled for age, smoking status, annual income and education level.

LTPA, leisure-time physical activity; AEX, adolescence exercise.

physical activity in the past 12 months accounted for
32.9%. Subjects who participated in light activities and
in moderate or heavy activities were 33.7% and 33.4%,
respectively. About 42% reported that they had partic-
ipated in AEX. The most popular sports in adolescence
were volleyball, table tennis and softball.

There is a significant difference in the participation
rates of LTPA relative to the level of AEX (Table 4). The
AEX (+) subjects were more likely to participate in
higher levels of LTPA than the AEX (-) subjects
(P <0.001).

The relationships of muscle strength and power to
both LTPA and AEX are shown in Table 5. As a result of
analysis of covariance controlled for age, smoking sta-
tus; annual income and education level, LTPA and AEX
had significant main effects on GS, KES and LEP
(P <0.05). However, there was no interaction effect
between LTPA and AEX, which indicated the subjects
who participated in higher levels of LTPA or the sub-
jects who participated in AEX independently have
stronger muscle strength and power than those who did
not participate (see Fig. 1).

Discussion

The aim of the present study was to examine the rela-
tionships of muscle strength and power with current
leisure-time physical activity and past adolescent exer-
cise in middle-aged and elderly women. We found
that people who participated in higher levels of cur-
rent leisure-time physical activity or adolescent exer-
cise had stronger grip strength, knee extension
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strength and leg extension power than those who did
not participate.

Our result that current leisure-time physical activity
was associated with positive muscle functions is sup-
ported by previous studies. In a cross-sectional study,
Hunter et al. reported that women who participated in
recreational activity or exercise had stronger hand-grips
and greater knee extensor strength across age groups
(from the 20s through 80s) than those who did not par-
ticipate in those activities.®® Van Heuvelen et al. also
reported that leisure-time physical activity is positively
and age-independently associated with grip strength
among a community-based sample aged 57 years and
older.! As for muscle power, it was shown that current
physical and sporting activities could contribute to
muscular strength and power improvement among
healthy subjects over 60 years old.? Current leisure-
time physical activity may help preserve muscle strength
and power. Improvements in muscle function due to
training adaptation have been observed in several inter-
vention studies.”" Although strength training may
increase muscle function, the results of our study sug-
gest that stimuli from leisure-time physical activity,
which does not necessarily include strength training,
may also affect the development of muscle function.

Furthermore, although the data were not shown, we
also analyzed the data excepted for the subjects who
participated in heavy leisure-time physical activity from
LTPA (H), and attained results similar to those we have
presented here. Accordingly, the physical activity
required to maintain or develop muscle function seems
to be only moderate activity.
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Figure 1 The relationships of leisure-time physical activity
and adolescent exercise with grip strength, knee extension
strength and leg extension power controlled for age, smoking
status, annual income and education level. (AEX(-), without
adolescent exercise; AEX(+), with adolescent exercise;
LTPA(N), no leisure-time physical activity; LTPA(L), light
leisure-time physical activity; LTPA(H), moderate and heavy
leisure-time physical activity.)
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The most interesting finding in our investigation was
that adolescent exercise related positively to muscle
function in middle-aged and elderly women.

It seems to contribute to strong muscle strength and
power partly because the beneficial training effect of
adolescent exercise remains in later life and partly
because the continuation of physical activity from ado-
lescence affects muscle function.

It is well known that resistance training increases
muscle strength and power.””"! Therefore, training dur-
ing adolescence may influence the build-up of muscle
strength and power during the same period, although
the positive benefit of training on muscle function
decreases during a detraining period.??° Moreover,
Connelly etal. suggested that long-term detraining
effects on muscle function increased in elderly women
because of aging and illness,*® which makes it difficult to
conclude that the adolescent training effect on muscle
strength or power persisted for more than 20 years. It is
unclear whether the effects of exercise or sport partici-
pation for longer than one year during adolescence are
actually retained until middle and old age. Further stud-
ies are needed.

Since it has been suggested that past participation in
regular exercise is highly predictive of exercise partici-
pation in -current exercise in later life,*"*? which means
that people who have participated in regular exercise
tend to continue exercising, the continuation of physi-
cal activity may be the factor associated with positive
muscle function. Hiraoka et al. reported that individuals
examined at centers for health promotion who main-
tained the habit of regular exercise from school days to
the present had a higher level of physical fitness than
those who did not.® Although there were only 40 sam-
ples, Gauchard et al. also showed, that among the eld-
erly aged over 60 years, individuals who participated in
regular exercise for more than 40 years had stronger
muscle strength and power compared to those who
stopped physical activity at least 30 years before.?® Frin-
din et al. reported that there was no association between
activity level during the teenage years and muscle
strength at age 76, but they also reported that the activ-
ity level throughout life was associated with walking
speed among elderly women.?* These results suggest
that the continuation of exercise from early in life is
associated with the prevention of declining muscle
function in later life. Actually, our data indicated a rela-
tionship between current leisure-time physical activity
and adolescent exercise as regards participation rates. It
is possible that adolescent exercise is a predictor of par-
ticipation in leisure-time physical activity later in life
and the subjects who engaged in adolescent exercise
continued exercising afterward.

It may be presumed that physical exercise or sports
in youth are essential for the establishment of an
exercise habit and the preference for an active lifestyle.
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Participation in adolescent exercise may have not only
direct effect on muscle functions but also indirect effect
through increment of participation in leisure-time
physical activity in later life.

There are some limitations in our study. First,
because it was a cross-sectional study, cause and effect
cannot be distinguished. For example, leisure-time
physical activity can increase muscle function, but the
level of muscle function may also contribute to partic-
ipation in leisure-time physical activity. Secondly, the
objective reliability of the results may be somewhat lim-~
ited because the physical activity was based on self-
rating, although previous study has already confirmed
the reliability of the method,”? and trained interviewers
conducted the questioning in order to maintain the
validity of our data.

Finally, the criterion for acceptance of physical activ-
ity in the study was lower than the recommended cri-
terion of exercise for improving physical fitness (i.e. two
or more times per week). In addition, we assessed only
the intensity of physical activity so that the effect of
physical activity duration on muscle function could not
be identified. Furthermore, it should be remembered
that the habit of engaging in physical activity often
includes a motivation to participate in a healthy and
active lifestyle, which, in itself, might affect muscle
function. Nevertheless, the results of this study afford
some perspective for preventing the decline of muscle
strength and power, and thus, maintaining the quality
of life in the elderly.

In conclusion, women who participated in a higher
level of leisure-time physical activity or those who par-
ticipated in adolescent exercise have significantly stron-
ger muscle strength and power than those who did not.
These results suggest that current leisure-time physical
activity and adolescent exercise are beneficial for main-
taining muscle strength and power in middle-aged and
elderly women.

Acknowledgments

The authors would like to thank the participants and
colleagues in the NILS-LSA. This study was supported
by a Grant-in-Aid for Comprehensive Research on
Aging and Health from the Ministry of Health, Labour
and Welfare of Japan

References

1 Van Heuvelen MJ, Kempen GI, Ormel J, Rispens P. Phys-
ical fitness related to age and physical activity in older per-
sons. Med Sci Sports Exec 1998; 30: 434-441.

2 Kostka T, Rahmani A, Berthouze SE, Lacour JR, Bonnefoy
M. Quadriceps muscle function in relation to habitual
physical activity and VO2max in men and women aged
more than 65 years. J Gerontol A Biol Sci Med Sci 2000; 55:
B481-B488.

205

3 Rantanen T, Era P, Heikkinen E. Physical activity and the
changes in maximal isometric strength in men and
women from the age of 75-80 years. JAGS 1997; 45:
1439-1445.

4 Rantanen T, Heikkinen E. The role of habitual physical
activity in preserving muscle strength from age 80-85
years. JAPA 1998; 6: 121-132.

5 Miszko TA, Cress ME, Slade JM, Covey CJ, Agrawal SK,
Doerr CE. Effect of strength and power training on phys-
ical function in community-dwelling older adults. J Geron-
tol A Biol Sci Med Sci 2003; 58: 171-175.

6 Fiantarone MA, O'Neill EF, Ryan ND ef al. Exercise train-
ing and nutritional supplementation for physical frailty in
very elderly. N Eng J Med 1994; 23: 1769-1775.

7 Bishop D, Jenkins DG, Mackinnon LT, McEniery M,
Carey MF. The effects of strength training on endurance
performance and muscle characteristics. Med Sa Sports
Exerc 1999; 31: 886-891.

8 Jozsi AC, Campbell WW, Joseph L, Davey SL, Evans W].
Changes in power with resistance training in older and
younger men and women. J Gerontol A Biol Sci Med Sci
1999; 54: M591-M596.

9 Humphries B, Newton RU, Bronks R er al Effect of
exercise intensity on bone density, strength, and calcium
turnover in older women. Med Sci Sports Exerc 2000; 32:
1043-1050.

10 Bemben DA, Fetters NL, Bemben MG, Nabavi N, Koh

ET. Muscloskeletal responses to high- and low-intensity
resistance training in early postmenopausal women. Aed
Sci Sports Exerc 2000; 32: 1949-1957.

11 Rhea MR, Alvar BA, Burkett LN, Ball SD. A meta-analysis

to determine the dose-response for strength development.
Med Sci Sports Exerc 2003; 35: 456—464.

12 Malina RM. Tracking of physical activity and physical fit-

ness across the lifespan. RQES 1996; 67: S48-557.

13 Metter EJ, Conwit R, Tobin ], Fozard JL. Age-associated

loss of power and strength in the upper extremities in
women and men. J Gerontol A Biol Sci Med Sci 1997; 52:
B267-B276.

14 Samson MM, Meeuwsen IB, Crowe A, Dessens JA,

Duursma SA, Verhaar HJ. Relationships between physical
performance measures, age, height and body weight in
healthy adults. Age Ageing 2000; 29: 235-242.

15 Demura S, Minami M, Nagasawa Y, Tada N, Matsuzawa J,

Sato S. Physical-fitness declines in older Japanese adults.
JAPA 2003; 11: 112-122.

16 Lindle RS, Metter EJ, Lynch NA et al. Age and gender

comparisons of muscle strength in 654 women and men
aged 20~93 year. J Appl Physiol 1997; 83: 1581-1587.

17 Lynch NA, Metter EJ, Lindle RS et al. Muscle quality. L

Age-associated differences between arm and leg muscle
groups. J Appl Physiol 1999; 86: 188-194.

18 Akima H, Kano Y, Enomoto Y et al. Muscle function in

164 men and women aged 20-84 year. Med Sci Sporis Exerc
2001; 33: 220-226. :

19 Katz S, Branch LG, Branson MH, Papsidero JA, Beck JC,

Greer DS. Active life expectancy. N Eng J Med 1983; 309:
1218-1224.

20 Ministry of Health, Labour and Welfare. (Annual Reports on

Health and Welfare.) Tokyo: Gyosei, 2000. [In Japanese.]

21 Shimokata H, Ando F, Niino N. A new comprehensive

study on aging — the National Institute for Longevity Sci-
ence, Longitudinal Study of Aging (NILS-LSA). J Epidemiol
2000; 10: 51-S9.

22 Iwai N, Yoshiike N, Saitoh S et al. Leisure-time physical

activity and related lifestyle characteristics among middle-
aged Japanese. J Epidemiol 2000; 10: 226-233.

| 187



23

24

25

26

27

28

29

R Kozakai et al.

Taylor HL, Jacobs DR Jr, Schucker B, Knudsen J, Leon
AS, Debacker G. A questionnaire for the assessment of
leisure time physical activities. J Chron Dis 1978; 31: 741-
753.

SAS Procedures Guide. Release 8.2 Edition. NC, USA: SAS
Institute Inc, 2001.

Hunter SK, Thompson MW, Adams RD. Relationships
among age-associated strength changes and physical activ-
ity level, limb dominance, and muscle group in women. J
Gerontol A Biol Sci Med Sci 2000; §5: B264-B273.
Gauchard GC, Tessier A, Jeandel C, Perrin PP. Improved
muscle strength and power in elderly exercising regularly.
Int ] Sports Med 2003; 24: 71-74.

Mujika I, Padilla S. Muscular characteristics of detraining
in humans. Med Sci Sports Exerc 2001; 33: 1297-1303.
Winters KM, Snow CM. Detraining reverses positive
effects of exercise on the musculoskeletal system in pre-
menopausal women. J Bone Miner Res 2000; 1S5: 2495-
2503.

Ivey FM, Tracy BL, Lemmer JT e al. Effects of strength
training and detraining on muscle quality: age and gender

188 |

~

30

31

32

33

34

206

comparisons. J Gerontol A Biol Sci Med Sci 2000; 55: B152~
B157.

Connelly DM, Vandervoort AA. Effects of detraining on
knee extensor strength and functional mobility in a group
of elderly women. J Orthop Sporis Phys Ther 1997, 26: 340~
346.

Evenson KR, Wilcox S, Pettinger M, Brunner R, King AC,
McTiernan A. Vigorous leisure activity through women's
adult life: the Women's Health Initiative Observational
Cohort Study. Am J Epidemiol 2002; 156: 945-953.
Hirvensalo M, Lintunen T, Rantanen T. The continuity of
physical activity — a retrospective and prospective study
among older people. Scand-J Med Sci Sports 2000; 10: 37~
41

Hiraoka J, Ojima T, Nakamura Y, Yanagawa H. A com-
parative epidemiological study of the effects of regular
exercise on health level. J Epidemiol 1998; 8: 15-23.
Frindin K, Mellstrdm D, Sundh V, Grimby G. A life span
perspective on patterns of physical activity and functional
performance at the age of 76. Gerontology 1995; 41: 109~
120.



J Hum Genet (2006) 51:31-37
DOI 10.1007/s10038-005-0318-9

ORIGINAL ARTICLE

Yoshihiko Suzuki - Fujike Ando - Tkuroh Ohsawa
Hiroshi Shimokata - Shigeo Ohta

Association of alcohol dehydrogenase 2*1 allele with liver damage
and insulin concentration in the Japanese

Received: 11 July 2005/ Accepted: 13 September 2005/ Published online: 24 November 2005

© The Japan Society of Human Genetics and Springer-Verlag 2005

Abstract The Japanese have a polymorphism in the
alcohol dehydrogenase 2 gene (ADH?2). The alleles of
ADH?2 (ADH2*I and ADH2*2) encode more active and
less active forms for ethanol metabolism, respectively.
We examined whether liver damage and the insulin—
glucose axis vary according to ADH2 genotype in the
Japanese. The 2,232 subjects (1,126 men and 1,106
women) were recruited from a population-based pro-
spective cohort study. Clinical evaluations including
alcohol consumption, percentage of alcohol drinkers,
plasma glucose, HbAlc, insulin, AST, ALT, y-GTP, and
prevalence of diabetes were compared among the ADH?2
genotypes. The percentage of drinkers, alcohol con-
sumption, AST, ALT, and y-GTP were higher in group
ADH2*]/1 than in group ADH2*1/2 or ADH2*2/2 (all
P<0.05). Hence, ADH2*1/1 is associated with excess
alcohol intake and liver disorders. However, the preva-
lence of diabetes did not differ among the three groups.
For the glucose-insulin axis, we examined subjects who
did not receive insulin therapy or oral anti-diabetes
medication. While amounts of alcohol consumed and
glucose levels were nearly the same between ADH*1/2
and ADH2%*2/2, insulin concentrations were lower in
ADH2*2/1 than in ADH2*2/2 (P<0.05 in men). This
finding suggests that the ADH2*] allele is associated
with a lower insulin concentration when alcohol intake
is light or moderate. It also suggests that the genetic

Y. Suzuki (&<) - I. Ohsawa - S. Ohta

Department of Biochemistry and Cell Biology,
Institute of Development and Aging Sciences,
Graduate School of Medicine, Nippon Medical School,
1-396 Kosugi-cho, Nakahara-ku,

Kawasaki, Kanagawa 211-8533, Japan

E-mail: dr-suzuki@nifty.com

Y. Suzuki
Hokendohjin Medical Foundation,
Tokyo, Japan

F. Ando ‘- H. Shimokata

Department of Epidemiology,

National Institute for Longevity Sciences,
Obu, Aichi 474-8522, Japan

effect of ADH2*I plays an important role in alcohol
drinking behavior and in the occurrence of liver injury,
but the effect is so mild that it does not influence the
glucose—insulin axis or prevalence of diabetes.
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Diabetes - Insulin resistance - Liver dysfunction -
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introduction

A reduced incidence of type 2 diabetes has been
observed among drinkers in several large prospective
studies. Conigrave et al (2001) reported a 12-year pro-
spective study in a cohort of 46,892 US male health
professionals, in which 1,571 new cases of type 2 dia-
betes were reported. The frequency of alcohol con-
sumption was inversely associated with diabetes. Hu
et al (2001) reported a large cohort study of 84,941 fe-
male nurses from 1980 to 1996, in which abstinence from
alcohol use was associated with a significantly increased
risk of diabetes. In contrast, other studies (Holbrook
et al 1990) have shown an increased risk of diabetes
among a proportion of subjects in the top alcohol con-
sumption category. In Japanese men, Tsumura et al
(1999) reported that heavy drinking is associated with an
increased risk of type 2 diabetes, while moderate
drinking is associated with a decreased risk of type 2
diabetes, showing a U-shaped relationship.

The genotypes involved in ethanol metabolism are
now known to be associated not only with drinking, but
also with longevity and oxidative stress parameters
(Ohsawa et al 2003). In Japanese, the pharmacokinetics
of alcohol metabolism have been well studied. Alcohol
dehydrogenase (ADH) is one of the key enzymes in
alcohol metabolism. Class I ADH isoenzymes, encoded
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by ADHI, ADH2 and ADH3, form dimers among the
isoenzymes and oxidize ethanol and other small ali-
phatic alcohols (Borson et al 1988). About 85% of the
Japanese population are carriers of the f2-subunit en-
coded by the ADH2*2 allele, while isoenzymes with the
f2-subunit have been found in only 5% or less of
Europeans and white Americans. The S1- and fS2-su-
bunits differ by only one amino acid residue: Arg-47 in
the NAD(H) pyrophosphate-binding site is substituted
with His-47 in the f2-subunit. ADH2 functions as a
dimer and the 252 dimer exhibits about 100 times more
catalytic activity for ethanol oxidation than the S1j1
dimer at physiological pH (Borson et al 1988), whereas
the 12 heterodimer exhibits nearly the same activity as
the f181 homodimer. Thus, relative enzymatic activities
of ADH2*1/1:ADH2*1/2:ADH2*2/2 can be estimated as
1:26:100 if a dimer were to form between the subunits of
ADH2*1 and ADH2*2 (Borson et al 1988; Yoshida et al
1681).

Several studies (Higuchi et al 1996; Yamauchi et al
2001) havereported that the ADH?2 genotype is associated
with excess alcohol intake and alcohol-related disorders in
the Japanese population. We have previously reported
that the ADH?2 genotype affected LDL-cholesterol levels
and the occurrence of cerebral infarction in a community-
dwelling Japanese population (Suzuki et al 2004). We
therefore examined whether the glucose-insulin axis or
prevalence of diabetes is associated with the ADH2
genotype in the same Japanese population.

Research design and methods

The National Institute for Longevity Sciences—Longi-
tudinal Study of Aging (NILS-LSA), a population-
based prospective cohort study of aging and age-related
diseases, was begun in 1997 (Ohsawa et al 2003; Shim-
okata et al 2000; Yamada et al 2002). All participants
were independent residents of the Aichi prefecture in
Japan. Residents aged 40-79 years old were randomly
selected from the register in co-operation with the local
government.

The area of study is located in the south of Nagoya
City. It is a commuter town and contains an industrial
area belonging to the Toyota group, but it has many
orchards and farms, so it has both urban and rural char-
acteristics. This area is geographically located in the cen-
ter of Japan, and its climate is average for Japan. We
examined a representative sample of the area’s population
via a national postal questionnaire of prefecture-stratified
random samples of 3,000 households from all prefectures
in Japan, and previously showed that the lifestyle of
people in this area was the most typical of all areas in
Japan.

The sample consisted of 2,232 subjects (1,126 men
and 1,106 women) who were randomly recruited. We
refer to them as “subjects-1.” Subjects-1 was stratified
by both age and sex. Randomly selected men and
women were invited, by mail, to attend an explanatory

meeting. At the meeting, the procedures for each
examination and follow-up schedule were fully
explained. Written informed consent to the entire pro-
cedure was obtained from each participant. Participants
in the present study were recruited from subjects
examined in 1997-1999. The study protocol was
approved by the Committee on the Ethics of Human
Research of National Chubu Hospital and the National
Institute for Longevity Sciences.

Descriptions of the physical examinations performed
have been published before (Ohsawa et al 2003;
Shimokata et al 2000; Yamada et al 2002). In brief,
lifestyle, medical history and prescribed drugs were
examined by questionnaire. Anthropometric measure-
ments were taken by a physician. A drinker is defined
as a subject who has drunk more than 5 g of alcohol
on average per day during the past year. Amounts of
alcohol consumed were carefully examined by taking
pictures before and after drinking as well as with
questionnaires. The percentage of non-smokers to
smokers was also noted.

Venous blood was collected early in the morning
after at least 12 h fasting. The mean of two determi-
nations of blood chemistry data was obtained for each
participant. Clinical evaluations included gender, age,
height, body-mass index, smoker status, alcohol con-
sumption, percentage of alcohol drinkers, and blood
chemistry (fasting plasma glucose (FPG), HbAlc,
insulin, AST, ALT, and y-GTP levels). Diagnosis of
diabetes was based on medical records, or it was
defined as a FPG concentration greater than 126 mg/dl
or an HbAlc of more than 6.5%, and/or if medication
was taken to lower the blood glucose level. Namely,
not all subjects whose FPG level was greater than
110 mg/d]l did not receive the 75 g oral glucose toler-
ance test according to the criteria of the Japan Diabetes
Society. In the analysis of glucose—insulin associated
parameters, to exclude the effect of medications, the
diabetic patients who received insulin therapy or oral
medications for diabetes were excluded from subjects-1,
and the remaining subjects were defined as the
“subjects-2” group.

Genotyping of ADH?2

Samples of DNA were isolated from peripheral blood
cells. Genotypes were determined with a fluorescence-
based allele-specific DNA primer-probe assay system
(Toyobo Gene Analysis, Tsuruga, Japan). To determine
the genotype with the G214A substitution (Arg-47-His),
the polymorphic region of ADH2 was amplified by
polymerase chain reaction (PCR) with an antisense
primer labeled at the 5’ end with biotin (5-GAT-
GGTGGCTGTAGGAATCTG-3") and a G allele-spe-
cific sense primer labeled with FITC (5-CCACGTGGT-
CATCTGTNCG-3") or A allele-specific sense primer
labeled with Texas red (5-AACCACGTGGTCATCT-
GTNTG-3).
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