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Smoking and Pancreatic Cancer With inactive ALDH2

TABLE 2. Distribution of ALDH2 Gene Genotypes in Patients
With Pancreatic Cancer and Control Subjects

Male Pancreatic Control
Cancer Subjects
(n=700n{%) (n=1050)n (%)
Genotype
ALDH2*1/2*1 (active ALDH) 26 (37.1)* 544 (51.8)
ALDH2*1/2*2 (inactive ALDH) 36 (51.49) 413 (39.3)
ALDH2*2/2*2 (inactive ALDH) 8(1l.4) 93 (8.9
Female Pancreatic Contro!
Cancer Subjects
(n =44y n (%)} (n=1020) n (%)
Genotype
ALDH24*1/2%] (active ALDH) 22 (50.0) 513 (50.3)
ALDH2#*1/2*2 (inactive ALDH) 19 (43.2) 414 (40.6)
ALDH2*2/2*2 (inactive ALDH) 3(6.8) 93 (9.1)

*The frequency was significantly lower compared with that in control subjects o=
5.65,df = 1, P=0.018).

The difference between the wild-type genotype and the mutations (the sum of the
inactive form) was tested by 2 X 2 x° test.

DISCUSSION

The present study showed that a smoking habit with or
without a drinking habit is a risk factor for pancreatic cancer in
male subjects as previously reported.” In contrast, alcohol
drinking has no relation to pancreatic cancer. When the effect
of drinking with or without smoking was investigated, the
frequency of drinking habits did not differ between pancreatic
cancer patients and control subjects, regardless of ALDH2
genotype (P = 0.53).

On the other hand, in spite of no relation between
drinking and pancreatic cancer, the frequency of subjects with
inactive ALDH2 was significantly higher in male pancreatic
cancer patients than in control subjects. ALDH2 is responsible
for metabolizing the acetaldehyde produced from ethanol into
acetate. The inactive form of ALDH2 is considered to produce

high levels of acetaldehyde to be accumulated in the blood,
which has been known to be an animal carcinogen. We did not
measure the blood concentration of acetaldehyde in the present
study. In the previous report by Harada et al,'® the acetal-
dehyde concentrations in the blood were significantly higher
in subjects with inactive ALDH2 than those with active
ALDH2 after 0.5 g/kg ethanol was administered orally (35.3 *
12.8 pmol/L in 19 subjects with inactive ALDH2 vs. 2.1 X
1.7 pmol/L in 25 subjects with active ALDH2), while the
ethanol concentrations were comparable (10 mmol/L).

When the effect of smoking with or without drinking
was investigated, the frequency of a smoking habit was sig-
nificantly higher in pancreatic cancer patients than in control
subjects, The frequency of male subjects who had both smok-
ing and drinking habits was similar between subjects with
ALDH2*}/2*1 and ALDH2*1/2*2 in both pancreatic cancer
patients and controls (Table 3). In subjects with ALDH2*1/2*2,
the frequency of smokers in pancreatic cancer (80%) was 2
times that of control (40%) (Table 3), and more subjects with
pancreatic cancer had both smoking and drinking habits than
control subjects. The odds ratio in the subjects with ALDH2*
1/2*1 was 2.14 and 6.1 in the subjects with ALDH2*1/2%2,
No subjects with ALDH2*1/2*1 had a smoking habit alone;
however, 10 of the ALDH2*1/2*2 subjects had a smoking
habit alone (Table 3). In contrast, only 2 patients (ALDH2*
1/2*2) had a drinking habit alone. Therefore, a smoking habit
would mask the contribution of acetaldehyde. Insofar as sub-
jects with ALDH2*2/2*2 can hardly drink alcohol because of
an inability to eliminate acetaldehyde, which causes an ad-
verse reaction, known as the flushing response, after ethanol
ingestion. Indeed, none of the 8 pancreatic cancer patients with
ALDH2*2/2*2 had a drinking habit, Four of the ALDH2*2
/2*2 subjects had a smoking habit (Table 3), although the
difference between the pancreatic cancer paticnts and the
controls was not significant (P = 0.44) (Table 3). It is suggested
that the subjects with inactive ALDH2 might prefer to or be
forced to smoke rather than drink during social intercourse.
We did not determine how much ethanol or how much tobacco
were consumed; thus, we could not further stratify these groups.

TABLE 3. Smoking and/or Drinking Habits and ALDH2 Gene Polymorphism in Male Pancreatic

Cancer Patients and Control Subjects

Both Smoking and Smoking Habit Drinking Habit Neither Total
Genotype Drinking Habits Alone Alone Habit n (%)

Pancreatic cancer patients

ALDH2*1/2*1 16 {61.5)* 0 (0} 8 (30.8) 2010 26 (100)

ALDH2*1/2*2 19 (52.8)t 10 (27.8)¢ 2 (5.6) 5(13.9) 36 (£00.1)

ALDH2*2/2%2 0 (0) 4 (50) 0(0) 4 (50.0) 8 (100)
Control subjects

ALDH2*1/2*1 184 (33.8) 18 (3.3) 291 (53.5) 54 (9.4) 544 (100)

ALDH2*1/2*2 109 (26.4) 58 (14.0) 25 (30.3) 121 (29.3) 413 (100)

ALDH2*%2/2%2 1(L.1) 31 (33 3(3.9) 58 (17.4) 93 (100)

*df = 1, P = 0.006, odds ratio = 3.13.
tdf = 1, P = 0.002, odds ratio = 3.12.
tdf = 1, P = 0.048, odds ratio = 2.35,
The difference was tested by the Fisher direct test.

© 2005 Lippincott Williams & Wilkins
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TABLE 4. Smoking and/or Drinking Habits, and ALDHZ Gene Polymorphism in Female Subjects

Both Smoking &and Smoking Habit Drinking Habit No Total |
Genotype Drinking Habits Alone Alone Habit n (%)
Pancreatic cancer patients
ALDH2*{/2*1 1(4.5) 3(13.6) 2(9.1) 16 (72.7) 22 (100)
" ALDH2%172%2 o 1(5.2) 1(5.2) 17 (89.5) 19 (100)
ALDH2*2/2%2 0 (0) 1(33.3) 0 (0) 2 (66.7) 3 (100)
Control subjects
ALDH2*1/2%1 19(3.7) 11 2.1} 168 (32.7) 315(61.4) 513 (180)
ALDH2*1/2%2 5(1.y 207 56 (13.5) 321 (71.5) 414 (100)
ALDH2*2/242 1(L.D 3(3.9) 3(3.2) 86 (92.5) 93 (1009
There were no significant differences.
Because few Japanese women have smoking and/or 6. Lowenfels AB, Maisonneuve P, Cavallini G, et al. Pancreatitis and the risk

drinking habits, a relationship between stmoking and pancre-
atic cancer was not significant. Howevet, tendencies of higher
frequency of subjects who had a smoking habit (13.6% for
pancreatic cancer vs. 7% for controls) and of lower frequency
of subjects who had a drinking habit (9% for pancreatic cancer
vs. 24.8% for controls) in pancreatic cancer patients were
observed in female subjects as well as in male subjects, The
sex difference in habits might be one reason why the incidence
of pancreatic cancer is higher in Japanese men than in women.

In conclusion, a smoking habit increased the risk of pan-
creatic cancer regardless of the presence or absence of a
drinking habit, and smoking enhanced the risk of pancreatic
cancer in male subjects having inactive ALDH2,
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The Contribution of Cardiorespiratory Fitness and Visceral Fat to
Risk Factors in Japanese Patients With Impaired Glucose
Tolerance and Type 2 Diabetes Mellitus

M. Nagano, Y. Kai, B. 2Zou, T. Hatayama, M. Suwa, H. Sasaki, and S. Kumagai

It is still unclear as to how cardiorespiratory fitness and visceral fat accumulation contribute to coronary heart disease (CHD)
risk factors in patients with diabetes mellitus. The purpose of the present study was to investigate whether cardiorespiratory
fitness contributes to such risk factors independently of visceral fat accumulation. Two hundred Japanese patients (137 men
and 63 women, aged 22 to 81 years) with impaired glucose tolerance [IGT) and type 2 diabetes mellitus {type 2 DM) without
any intervention and pharmacological therapy participated in a cross-sectional study. The levels of fasting insulin, triglyceride
{TG), total cholesterol (TC), high-density lipoprotein cholesterol {HDL-C}, and resting blood pressure were assessed. Maximal
oxygen uptake (VOpma). an index of cardiorespiratory fitness, was predicted by a graded exercise test using a cycle
ergometer, Visceral fat area (VFA] was measured by computed tomography scan. The criteria for abnormalities of the risk
factors were determined according to tha standard values for Japanese. All subjects were divided equally into the following
3 groups according to their fitness level: low-fit (Vo,,.,, < 32 mL/kg/min in men, Vo, < 26 mL/kg/min in women), mid-fit
(32 = Vo,,,., < 36 in men, 26 < V0., < 30 in women), and high-fit (VO,.., = 36 in men, Vo,,.,, = 30 in women). The
association between fitness level and the prevalence of abnormal values for these parameters was analyzed by a multiple
logistic regression model adjusted for age and VFA. The odds ratio (OR) and 95% confidence interval {Cl} for the prevalence
of hyperinsulinemia were significantly lower in the mid-fit (OR = 0.35, 95% CI, 0.16 to 0.78) and in the high-fit groups (OR =
0.40, 95% Cl, 0.15 to 0.98} compared with the low-fit group. In addition, ORs for the prevalence of low HDL-C in the mid-fit and
high-fit groups were significantly lower {OR = 0.35, 95% Cl, 0.14 to 0.86; and OR = 0.19; 95% CI, 0.08 to 0.60, respectively) than
in the low-fit group. These results suggested that cardiorespiratory fitness might be one of the predictors of metabolic
abnormalities, especially in patients with hyperinsulinemia and low HDL-C, independent of visceral fat accumulation in

Japanese patients with IGT and type 2 DM.
© 2004 Elsevier Inc. All rights reserved.

HE ASSOCIATION of visceral fat accumulation and met-
abolic impairment is widely known.i-3 Nagaretani et al*
reported that Japanese patients with impaired glucose tolerance
(IGT) had a greater visceral fat arca (VFA) and more unfavor-
able profile of risk factors than controls. They simultaneously
pointed out that VFA was an independent factor of clustering of
metabolic abnormalities such as hyperinsulinemia, dyslipide-
mia, and hypertension regardless of the presence/absence of
glucose intolerance. The clustering of these risk factors has
previously been described as “syndrome X4 and “the deadly
quartet.” In 1989, the World Health Organization proposed a
definition for the clustering of these risk factors and called it the
“metabolic syndrome.”® They are considered to be the result of
an aggravation of insulin resistance, which is also strongly
related to visceral fat accumulation.”-!1¢
On the other hand, several studies have demonstrated the
contribution of cardiorespiratory fitness and/or physical activity
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to such risk factors. A recent cross-sectional study'! reported
that fitness level evaluated by maximal exercise time during a
treadmill test was inversely associated with a clustering of risk
factors (elevated systolic blood pressure, hypertriglyceridemia,
hyperglycemia, and elevated central adiposity) in a large sam-
ple (N = 19,437). Another cross-sectional study in middle-
aged men also indicated the contribution of cardiorespiratory
fitness and physical activity to the lipid metabolism profile and
fasting blood glucose level after adjusting for age and body
mass index (BMI).!2 In addition, prospective studies by Wei et
al'3-t3 reported that low cardiorespiratory fitness was an inde-
pendent predictor to increase the risk of cardiovascular diseases
and all-cause mortality after adjusting for other risk factors.
Both visceral fat accumulation and cardiorespiratory fitness
are therefore considered to be significant predictors for meta-
bolic abnormalities. However, it has yet to be confirmed which
is an independent predictor of metabolic abnormality. Until
now, few studies investigated the contribution of visceral fat
accumulation and cardiorespiratory fitness to coronary heart
disease (CHD) risk factors.'s-!8 Kumagai et al'é reported that
cardiorespiratory fitness, defined as oxygen uptake at the onset
of blood lactate accumulation, was independently related to
triglyceride (TG), high-density lipoprotein cholesterol (HDL.-
C)total cholesterol (TC), and insulin area, while the waist-to-
hip ratio (WHR), an indirect index of abdominal fat accumu-
lation, was only related to TG independently in obese
individuals. In obese postmenopausal women with normal met-
abolic profiles, cardiorespiratory fitness was the strongest pre-
dictor of HDL-C, while visceral fat accumulation was the
strongest predictor of insulin sensitivity and TG.t7 The avail-
able evidence concerning this matter remains insufficient, Es-
pecially regarding patients with IGT and type 2 DM who tend
to demonstrate clusters of metabolic abnormalities,? no report

Matabolism, Vol 53, No 5 (May), 2004: pp 644-849
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has so far investigated which facters may be independent
predictors for each CHD risk factor. According to a prospective
study by Batty et al,'® physical activity evaluated by walking
pace and level of leisure-time activity may play a beneficial
role in reducing the CHD risk in men with IGT and type 2 DM.
If so, a favorable level of cardiovascular fitness might effec-
tively reduce the CHD risk even in the patients who have large
amounts of visceral fat. Therefore, the present study attempted
to investigate the independent contribution of visceral fat ac-
cumulation and cardiorespiratory fitness to hyperinsulinemia,
dyslipidemia, and hypertension in patients with IGT and type 2
DM.

MATERIALS AND METHODS
Subjects

Two hundred Japanese patients (137 men and 63 women, aged 22 to
81 years} who had been diagnosed as having IGT and type 2 DM by
75-g oral glucose tolerance test (OGTT) participated in this study. The
pathological state was classified by the diagnostic criteria of the Com-
mittee of Japan Diabetes Society.?® Although 2 to 24 months passed
from the time that the patients were determined to have an elevated
blood glucose level at a group medical checkup, none had received any
pharmacological therapy or intervention. The present study was con-
ducted with the approval of the Ethics Committee of the Institute of
Heaith Science, Kyushu University, and informed consent for all pro-
cedures was obtained from all patients.

Measurement of Metabolic Parameters

The values of metabolic parameters were obtained from the diag-
nostic test for diabetes mellitus. The subjects visited the hospital early
in the morning after an overnight fasting of at least 12 hours. After
taking fasting blood samples, a 75-g OGTT was performed. Blood
samples were obtained at 30, 60, 120, and 180 minutes. Fasting insulin
and fasting blood glucose concentrations were measured by a radioim-
munoassay and an enzymatic method, respectively. Levels of fasting
TG, TC, and HDL-C were assessed by the enzymatic method. The area
under the curve for insulin (AUC,) and blood glucose (AUCyg)
during the 75-g OGTT were also calculated by the trapezoidal rule
using absolute values. Resting systolic (SBP) and diastolic blood pres-
sure (DBP) were determined 3 times following a 30-minute rest period
using a mercury sphygmomanometer, and the lowest values were used
as the resting blood pressure. The subjects newly diagnosed to have
IGT or type 2 DM were told to undergo an anthropometric evaluation
and a fitness test as soon as possible. All of the subjects took the second
assessment within 2 to 3 weeks from the diagnostic test.

Assessment of Lifestyle

The patients answered a questionnaire to assess their alcohol use,
smoking habit, and weekly exercise habit. Concerning alcohol use and
smoking habit, we regarded cases with no history of alcohol use and
smoking as an “absence™ of each habit. Regarding exercise, the fre-
quency within | week, subjective intensity, duration, and period of the
exercise were assessed.

Anthropometric Evaluation

BMI was calculated as weight (kilograms) divided by height
(meters) squared. Body fat percentage (%Fat) was estimated based on
the sum of the triceps and subscapular skinfolds measured with a
skinfold caliper using Brozek's formula.2® Waist circumference was
measured at the level of the umbilicus. Both visceral (VFA) and
subcutaneous fat area (SFA) were automatically calculated by a com-

645

puter system connected to a computed tomography scan (Vigor Lau
Dator, Toshiba, Japan) as described by Tokunaga et al,?

Evaluation of Cardiorespiratory Fitness

Graded exercise tests using a cycle ergometer (Monark, Stockhoim,
Sweden) were performed to evaluate cardiorespiratory fitness by the
same skilled examiner, Heart rate, electrocardiograms, and blood pres-
sure were monitored and recorded during the test. Exercise intensity
was increased 3 or 4 times every 4 minutes until the heart rate reached
70% of maximum or above. Maximal oxygen uptake (V0,,,..) was
predicted by the nomogram of Astrand and Rhyming,2* a modality that
is generally used to predict the Vo, which is regarded as an index
of cardiovascular fitness.

Criteria for Abnormality of Risk Factors

We defined the abnormalities in these risk factors using the follow-
ing standard values for the Japanese population: high TC: TC = 220
mg/dL,2* high TG: TG = 150 mg/dL,* low HDL-C; HDL-C < 40
mg/dL2* hypertension: SBP = 140 mm Hg and/or DBP = 90 mm
Hg.*> Regarding hyperinsulinemia, there is no standard diagnostic
value for Japanese at present. We therefore adopted fasting insulin =
7 pU/mL, a 75th percentile value of fasting insulin of Japanese male
workers reported by Tamakoshi et al,% as the basic criteria for hyper-
insulinemia in this study.

Classification of Cardiovascular Fitness

The subjects were divided equally into 3 groups according to their
fitness level for each sex. The lower class, the middle class, and the
higher class were regarded as (1) low-fit group: VO, < 32 mLr/kg/
min in men and V0,,,,, < 26 mL/kg/min in women; (2) mid-fit group:
32 = V03, < 36 in men and 26 = Vo,,,, < 30 in women: and (3)
high-fit group: VO, = 36 in men and Vo,,,, 2 30 in women,
respectively.

Statistical Analysis

An analysis of variance (ANOVA) and the Tukey-Kramer post-hoc
test were used to compare the physical and metabolic characteristics of
the IGT and type 2 DM groups in each sex. TG, fasting insulin, and
AUC g, had skewed distributions and were analyzed afier log-transfor-
mation (Table 1). Comparisons of the characteristics among the 3
different fitness groups were performed using a chi-square analysis and
ANOVA (Table 2), The odds ratio (OR) and 95% confidence interval
(CD) for the prevalence of any abnormality in the risk factors were
calculated using a multivariate logistic regression mode! based on the
presence/absence of an abnormality for each risk factor as a dependent
variable (Table 3), Stat View version 5.0 software (SAS Institute,
Chicago, IL) was used for the analysis. Statistical significance was
accepted at a value of P < .05.

RESULTS
Characteristics of Subjects

Table 1 shows the physical and merabolic characteristics of
the patients with IGT and type 2 DM in both sexes. Significant
differences among the 4 groups were observed in age, %Fat,
VO SFA, fasting blood glucose, AUCy g, AUC gy, TG, and
HDL-C by ANOVA., Sigrificant pathology-related differences
were recognized in age, fasting blood glucose, AUCy, and
AUC, in men, and were recognized in age, fasting blood
glucose, AUC, and AUC,,; in women by the Tukey-Kramer
post-hoc test. In addition, significant sex differences were rec-
ognized in %Fat, VO, and SFA in the patients with IGT,
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Table 1. Characteristics of the Subjects
Sex
Male Female Difference
Valuables iGT (n = 31} Typa 2 DM [n = 106) IGT (n = 17} Type 2 DM {n = 46) IGT DM

Age {yr) 49,2 + 9.9 54.2 £ 10.0t 474+ 1.9 56.1 * 9.1t
B8MI (kg/m?) 249 +438 24627 266 = 5.8 25.6 * 4.1
% Fat 208 =83 200*+54 34.2*124 353+95 * *
VOamax [Mkg/min) 349 £ 6.2 33946 276+73 28.8 £ 5.3 * .
VFA {cm?) 1527 £ 56.5 170.8 = 574 141.2 * 43.9 183.7 = 54.2
SFA (cm?) 150.8 = 85.7 1365 = 674 2405 = 124.9 227.0 *+ 84.2 * *
Fasting blood gfucose {mg/dL) 108.8 + 9.9 152.4 = 33,01 106.8 £ 12.5 144.8 * 29,11
Fasting insulin (pU/mL) 58 * 3.1 693+54 9.6 = 6.0 6.8 * 4.2
AUCgyq (mag/dL) 460.2 = 48.9 728.6 = 155,81 461.3 * 40.6 708.6 £ 145.01
AUC g {pll/mL) 1439 = 177.7 87.3 + 76.8t 197.3 = 130.8 110.1 = 9.4t .
TC (mg/dL) 2083 £ 37.0 219.2 = 364 2215 * 387 230.7 = 37.7
TG {mg/dL) 1360+ 756 166.8 * 108.6 100.5 + 41.2 134.4 £ 89.2
HDL-C (mg/dL) 50.7 = 13.9 489 £ 12.3 56.9 * 15.2 56.8 £ 145 »
SBP (mm Hg) 1524 +17.3 131.4 £ 15.8 124.5 * 145 136.8 + 22.8
DBP {mm Hg) 84.7 = 10.3 828109 771 %292 84.4 =125

NOTE. Values are means *= SD.
*Significant sex difference {P < .05) in IGT and type 2 DM patients by the post-hoc test.
tSignificant ditference (P < .05) between IGT and type 2 DM patients in sach sex by the post-hoc test.

and were recognized in %Fat, VOynu. SFA, AUCg;, and
HDL- C in the patients with type 2 DM by the post-hoc test.

The subjects were divided into 3 groups according their
fitness level as presented in Table 2. No significant differences
were observed in the petcentage of male/female, 1GT/type 2
DM, presence/absence of aleohol use, and smoking habit by the
chi-square analysis. A significant difference was observed in

Table 2. Characteristics of Subjects Classified

percentage of presence/absence of exercise habit at least once
per week among the 3 groups. In addition, significant differ-
ences were recognized in age, BMI, Voo, Waist girth, VFA,
SFA, fasting insulin, TG, HDL-C, SBP, and DBP among the 3
groups. No significant difference was observed in TC. Further,
significant differences were observed in the prevalence of hy-
perinsulinemia, low HDL-C, and hypertension among the 3

Into Three Cardiovascular Fitness Levels

Fitness Category

Valuables Low {n = 65} Moderate (n = 70) High {n = €5) P
Malefemale {%]" 72.3/127.7 65.7/34.3 67.7/32.3
IGThype 2 DM {%]* 24.6/75.4 22,9771 24.6/75.4
Alcohol use {nofyes, %" 26.6/73.4 34.8/85.2 38.1/61.9
Smoking habit {nofyes, %) 44,4/55.6 59.4/40.6 53.2/46.8
Regular exercise (nofyes, %} 57.7/42.3 39.0/61.0 33.3/66.7 *
Age {yr) 48.7 = 138 555+ 89 51.9*12.0 -
BMI (kg/m?) 287 £ 5.4 244+25 23127 *
VOymax iMLkgimin} 27340 31.7 2341 38.2+49 *
Waist girth {cm} 95.8 = 11.7 86.7 5.8 833175 *
VFA (tm?) 197.8 £ 60.1 160.1 = 52.7 125.6 + 42.9 *
SFA {cm?} 2295*1274 151.2 = 63.6 137.2 = 806 *
Fasting insulin {uU/mL) 10.7 = 8.4 6.1 % 3.1 52=+28 -
TC (mg/dl} 2222389 222.6 * 358 216.2 > 36.0
TG (mg/dL} 172.7 £ 119 151.2 + 90.8 123.8 + 65.6 .
HOL-C {mg/dL} 47.1 £ 14.0 54.0 = 14.8 53.7 £ 10.7 *
SBP (mm Hg} 134.5 £ 16.0 134.4 = 19.6 1265 * 16.7 *
DBP [mm Hg} 85.6 £ 10.7 241111 78.5 108 *
Prevalenca of hyperinsulinemia (nofyes, %)* 43.1/56.9 77.1/22.2 80.0/20.0 -
Prevalence of high TC (nofyes, %' 52.3/47.7 41.4/58.6 53.8/46.2
Prevalence of high TG {nofyes, %}" 55.4/44.6 62.9/37.1 73.8/26.2
Pravalence of low HOL-C {nofyes, %* 67.2/32.8 B85.7/14.3 92.317.7 *
Prevalence of hypertension (nofyes, %}* 48.4/51.6 §9.4/40.5 73.4/26.6 *

NOTE. Values are means = SD.
*Significant difference {P < .05) among the 3 groups.
1The chi-squara analysis was used.
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Table 3. Odds Ratios of Prevalence of Abnormal Values for the
Metabolic Parametars Classified by Fitness Level

Mid-Fit High-Fit
Variable Low-Fit OR 95% CI OR 95% C}

Hyperinsulinemia

Model t1 0.26 0.12-0.54* 0.20 0.09-0.44*
Reference

Model 2% 0.35 ©.16-0.78* 0.40 0.16-0.98*

High TC

Model 1 142 0.71-2.84 0.8% 0.44-1.79
Referenca

Modet 2 130 0.63-2.70 0.76 - 0.34-1.70

High TG

Modei 1 083 0.41-1.68 047 0.22-0.99*
Reference

Model 2 1.34 062290 1.10 0.46-2.62

Low HDL-C

Madel 1 0.32 0.14-077* Q.17 0.06-0.48*
Reference

Maodel 2 0.35 ©,14-0.86* 0.1 0.08-0.60*

Hypertansion

Model 1 0.56 0.28-1.14 0.31 0.,15-0.66*
Reference

Modei 2 079 037169 0.56 0.24-1.34

NOTE. Vatues were derived from logistic regression model.
*P< .06

tMadel 1 was adjusted for age.

tModel 2 was adjusted for age and VFA.

groups. However, no significant differences were recognized in
the prevalence of high TC and high TG among these groups.

Analysis for the Prevalence of Metabolic Abnormalities in
Different Fitness Groups

In order to investigate the association between fitness level
and the prevalence of any abnormality in the risk factors, either
including or excluding the effect of VFA, multivariate logistic
regression analysis using the following 2 models were per-
formed: model 1 was adjusted for age, and model 2 was
adjusted for age and VFA (Table 3).

The ORs for the prevalence of hyperinsulinemia calculated
by model 1 were significantly lower both in the mid-fit group
(OR = 0.26, 95% CI, 0.12 to 0.54) and in the high-fit group
(OR = 0.20, 95% CI, 0.09 to 0.44) than in the low-fit group.
After performing calculations using model 2, the ORs were also
significantly lower in the mid-fit group (OR = 0.35, 95% CI,
0.16 to 0.78) and in the high-fit group (OR = 0.40, 95% CI,
0.16 to 0.98) than in the low-fit group. Regarding the preva-
lence of low HDL-C level, the ORs obtained from model 1
were significantly lower in the mid-fit group (OR = 0.32, 95%
Cl, 0.14 to 0.77) and in the high-fit group (OR = 0.17,95% CI,
0.06 to 0.48) than in the low-fit group. The ORs obtained from
model 2 were still significantly lower in the mid-fit group
(OR = 0.35, 95% CI, 0.14 to 0.86} and in the high-fit group
(OR = 0.19, 95% CI, 0.08 to 0.60) compared with that in the
low-fit group. Regarding the prevalence of high TG and hyper-
tension, the ORs obtained by model | were significantly lower
(OR = 0.47, 95% CI, 0.22 10 0.99; OR = 0.31, 95% (I, 0.15
to 0.66, respectively) in the high-fit group compared with the
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low-fit group, whereas these significances disappeared after
analyzing by model 2 (OR = 1.10, 95% CI, 0.46 to 2.62; OR =
0.56, 95% CI, 0.24 to 1.34, respectively). In contrast, ORs for
the prevalence of high TC obtained by both models showed no
significance in any groups.

A significant difference was observed in the rate of the
patients with regular exercise among the 3 groups (Table 2}, we
therefore calculated the ORs for the prevalence of metabolic
abnormality both in the exercise- and non-exercise groups
using the same models. However, no significant difference was
recognized in the ORs in the exercise group compared with that
in the non-exercise group.

DISCUSSION

It has remained unclear whether cardiorespiratory fitness
contributes to the risk factors independent of visceral fat, be-
cause most such studies tend to discuss these 2 predictors
separately. Even in recent prospective studies investigating the
effect of cardiorespiratory fitness to the risk factors and mor-
tality,’¥'5 neither VFA nor waist circumference was deter-
mined. Therefore, the first original point in the present sindy
was that the cardiorespiratory fitness and VFA were simulta-
neously evaluated, and the contribution of cardiovascular fit-
ness independent of VFA was investigated in each risk factor.
The second original point in this study was that the investiga-
tion described above was performed in IGT and type 2 DM
patients with a higher level of VFA, without any pharmacolog-
ical therapy and any intervention. The mean VFA of the pa-
tients in this study was 161.9 = 55.4 cm?, which is 60% higher
than the criteria for abdominal obesity (VFA = 100 cm®) used
by the Japan Society for the Study of Obesity.2” According to
this criteria, 86.5% of the patients were diagnosed to have
abdominal obesity. It is therefore of interest to clarify whether
or not cardiorespiratory fitness is independent of VFA for the
prevalence of metabolic abnormalities in such patients.

A middle and high level of fitness was found to be signifi-
cantly associated with a low prevalence of hyperinsulinemia
and low HDL-C without adjusting for VFA. A low prevalence
of high TG and hypertension was also significantly associated
with a high level of fitness. In addition, a remarkably low
prevalence of hyperinsulinemia was still associated with the
middle and high levels of fitness after adjusting for VFA.
Especially in the prevalence of low HDL-C, the OR was
linearly decreased as the fitness level increased. These results
suggest that having more than a moderate level of fitness might
be associated with a lower risk of both hyperinsulinemia and
low HDL-C independent of VFA even in patients with a
relatively higher VFA. However, it was speculated that the
prevalence of hypertension might depend on VFA.

It should be pointed out that the subjects in this study had
different pathological states such as IGT and type 2 DM. We
confirmed the pathology-related difference in age and some
metabolic variables between IGT and type 2 DM groups in
each sex. However, as indicated in Table 2, the percentage of
IGT/type 2 DM was not significantly different among the 3
groups classified by fitness level; we then interpreted that an
adjustment for pathological state in the logistic regression
meodel was not necessary.
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Several reports support our results. Helmrich et al?® con-
firmed in a prospective study that physical activity had a
protective effect on the occurrence of type 2 DM adjusted for
obesity, hypertension, and a parental history of diabetes. In
addition, Lynch et al*® indicated that moderately intense phys-
ical activities (5.5 metabolic units or greater) and cardiorespi-
ratory fitness levels of greater than 31.0 mL/kg/min had a
protective effect against type 2 DM in middle-aged men. These
prospective studies similarly concluded that the effect of car-
diorespiratory fitness was particularly strong in men who were
at high risk for developing the disease.

Regarding the prevalence of hyperinsulinemia, some reports
agree with our results. According to a prospective community
study,3° physical activity and cardiovascular fitness level were
inversely assoctated with fasting insulin concentrations ad-
justed for waist circumference and the other confounders in
nondiabetic men. In addition, an interventional study conducted
by Poehlman et al®! demonstrated that endurance training sig-
nificantly enhanced glucose uptake without any change in VFA
in non-obese women. Sirnilar results in Japanese patients with
type 2 DM were obtained in a study of aerobic and resistant
programs, which found an improvement in insulin sensitivity
without any significant change in BMI.3? Considering these
previous reports and our results, a strong association between
fasting insulin level and cardiorespiratory fitness might thus
exist independent of VFA,

However, the lipid profile results are more complicated. In
cross-sectional studies, Hunter et al3*-*4 showed that lipid pro-
file was mainly associated with VFA, and slightly with physical
activity. However, they did not determine cardiorespiratory
fitness. Dvorak et al?5 indicated a significant association be-
tween lipid profile {TC, TG, TC to HDL-C ratio, and low-

NAGANO ET AL

density lipoprotein cholesterol) and cardiorespiratory fitness.
rather than physical activity determined by a doubly labeled
water method. Because this result was not adjusted for waist
circumference, it might have included the effect of visceral fat
or other factors. In interventional studies for obese subjects,
Tremblay et al*¢ reported that although the subjects remained
obese after the intervention, cardiovascular exercise training
caused favorable changes in their lipid profiles. Our results thus
seem to be partially supported by the study because a signifi- .
cant contribution of fitness independent of VFA was only seen
in the prevalence of low HDL-C among the lipid metabolism-
related parameters. As the present study was cross-sectional
study, a larger sample size and prospective and interventional
studies are needed to confirm the effects of cardiovascular
fitness on lipid metabolism independent of VFA,

We should mention some of the limitations of the present
study. As cardiorespiratory fitness was indirectly determined,
some errors in VO, could not be avoided. In addition,
because the distribution of Vo, Was relatively narrow in the
patients, the range of classification in this study became narrow
and slightly shifted to a lower fitness level when compared to
Japanese standard values.

In summary, it was suggested that a favorable cardiorespi-
ratory fitness profile might be one of the predictors for a low
prevalence of metabolic abnormalities (especially in hyperin-
sulinemia and low HDL-C) independent of VFA in Japanese
patients with IGT and type 2 DM.
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ABSTRACT

Sex steroid hormones are known to be important regulators of the lipid and glucose metabo-
lism. Lower levels of testosterone (T) or sex hormone-binding globulin (SHBG) have been re-
ported in men with type 2 diabetes. On the other hand, the relationship between relative
hypogonadism and metabolic syndrome has not yet to be thoroughly studied. Ninety-eight
Japanese adult (age 20-64) male patients with impaired glucose tolerance (IGT) or type 2 dia-
betes mellitus were divided into either an metabolic syndrome group (n = 42) or a non-
metabolic syndrome (n = 56) group according to the definition of metabolic syndrome from
WHO, or into three tertiles according to their sex hormone index level. The metabolic syn-
drome group had a significantly lower T/estradiol (E,} and SHBG level (p < 0.01). The age and
subcutaneous fat surface area (SFA) were significantly different within the tertiles in SHBG
and T/E,. Logistic regression analyses were performed to investigate the association between
the sex steroid hormone index level and the incidence of metabolic syndrome. Regarding the
highest tertiles as a criterion, lower SHBG, T/E, or free T/E, had a higher odds ratio of preva-
lence of metabolic syndrome even after adjusting for age and SFA. Relative hypogonadism
was strongly associated with the prevalence of metabolic syndrome in Japanese adult men
who were newly diagnosed to have IGT or type 2 diabetes.

INTRODUCTION mia and a low level of high-density lipoprotein-

cholesterol (HDL-c),” or the clustering of these

VISCERAL FAT ACCUMULATION,!Z a low level of
cardiorespiratory fitness ¢ and hypogo-
nadismS6 have all been recognized as risk fac-
tors for males with coronary heart disease
(CHD) and/or type 2 diabetes mellitus. We re-
cently reported cardiorespiratory fitness to be
associated with such factors as hyperinsuline-

risk factors® in a group of newly diagnosed
Japanese patients with impaired glucose toler-
ance (IGT) or type 2 diabetes independent of
visceral fat accumulation. In the current study,
we furthermore investigated the contribution
of sex steroid hormones together with visceral
fat and cardiorespiratory fitness in the same

1Graduate School of Human-Environment Studies and 2Institute of Health Science, Kyushu University, and 3Sec-
ond Division of Internal Medicine, Chikushi Hospital, Fukuoka University, Fukuoka, Japan.
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cohort but using only patients ranging in age
from 20 to 64 years old.

These risk factors of metabolic impairment—
such as “syndrome X”? and “the deadly quar-
tet"1—have been described in numerous
studies. In 1998, the World Health Organization
(WHO) defined metabolic syndrome (MS)!* as a
concurrence of disturbed glucose and insulin
metabolism, overweight and abdominal fat dis-
tribution, mild dyslipidemia, and hypertension,
in order to promote the research and clinical
application of this important syndrome. This
syndrome also used to be called insulin resis-
tance syndrome because insulin resistance was
believed to be the most important pathogenesis
and this syndrome is also associated with the
subsequent development of type 2 diabetes mel-
litus as well as cardiovascular disease (CVD),1213
which has been reported to be the primary
cause of mortality and morbidity in patients
with type 2 diabetes.l* We used the MS defini-
tion established by WHO in this study.

In addition to hypertension, hyperlipi-
demia, and smoking,516 male sex is also an in-
dependent risk factor for CVD.17 Sex steroid
hormones were important regulators of the
lipid and glucose metabolism and lower levels
of testosterone (T) or sex hormone-binding
globulin (SHBG), the major serum carrier pro-
tein for T, have been reported in men with type 2
diabetes.1¥21 In addition, a population-based
prospective study of subjects above the age of 55
with an 8% prevalence of diabetes found an in-
dependent inverse association between the
levels of T and aortic atherosclerosis in men.22
Hyperinsulinemia, which is induced by in-
sulin resistance and is a risk factor for CVD,2
is associated with low concentrations of free
and total T in men.2425 For any given level of
generalized or regional adiposity, men with
type 2 diabetes have a significantly higher de-
gree of insulin resistance than non-diabetics.2
Low plasma levels of free testosterone (FT) are
also observed in obesity, particularly in ab-
dominal obesity, a condition that is itself inde-
pendently accompanied by insulin resistance
and heightened risk for type 2 diabetes.?”:28
Compared to men with normal concentrations
of T, men with low concentrations of T have a
significantly higher body mass index (BMI),
waist-to-hip ratio (W/H), as well as systolic
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blood pressure (SBP), fasting and postpran-
dial plasma glucose concentrations, and fast-
ing serum insulin and total cholesterol (TC)
concentrations.2* Furthermore, the adminis-
tration of T to hypogonadal rats® or humans3
has resulted in reductions of both abdominal
obesity and insulin resistance.

Although the mechanisms underlying the
association between hypogonadism and type 2
diabetes are still not entirely understood, it has
been postulated that low plasma levels of both
SHBG and T contribute to the development of
obesity, which, in turn, predisposes such indi-
viduals to develop insulin resistance?531-37 and,
through this effect, to the development of com-
plex metabolic abnormalities that lead to type 2
diabetes in men.?® On the other hand, the rela-
tionship between relative hypogonadism and
MS, the cluster of abdominal obesity, glucose
and lipid abnormalities, and hypertension, has
yet to be thoroughly studied. To our knowl-
edge, only Laaksonen et al.?? recently reported
lower T and SHBG levels in subjects with
MS from a population-based study. The com-
parison of non-diabetic MS versus non-MS
subjects in that study is thought to be an ap-
propriate method to study the relationship
between relative hypogonadism and MS.
However, non-diabetics seldom meet the diag-
nostic criteria of MS. In addition, the relation-
ship between relative hypogonadism and MS
in subjects with abnormal glucose tolerance re-
mains to be unclear. In view of these findings,
in the current study, we cross-sectionally in-
vestigated 98 Japanese adult men who were
newly diagnosed to have IGT or type 2 dia-
betes mellitus and had not previously received
either any pharmaceutical treatment or behav-
ior modifying intervention, in order to assess
the contribution of relative hypogonadism on
the prevalence of MS.

MATERIALS AND METHODS

Ninety-eight Japanese men, aged 20-64,
who were newly diagnosed to have IGT or
type 2 diabetes mellitus and had not pre-
viously received either any pharmaceutical
treatment or behavior modifying intervention,
were enrolled in this study, which was ap-
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proved by the Ethics Committee at Kyushu
University (Fukuoka, Japan). All of the pa-
tients were diagnosed as having IGT (n = 27)
or type 2 diabetes mellitus (n = 71) by a 75-g
oral glucose tolerance test (OGTT) in Chikushi
Hospital, Fukuoka University (Fukuoka, Japan).
None of them were taking any medications at
the entry point to the study.

After giving their written informed consent
to participate, all subjects were examined for
OGTT, sex steroid hormones, lipid metabolic
indices, abdominal visceral (VFA) and subcu-
taneous fat surface areas (SFA) which were au-
tomatically calculated by a computer system
connected to a computerized tomography (CT)
scan (VIGOR LAU DATOR, Toshiba, Japan) as
described by Tokunaga et al.,*0 and also under-
went anthropometric measurements as well as
a cardiorespiratory fitness test by a cycle er-
gometer. Weight to the nearest 0.1 kg, height
to the nearest 0.1 cm, and waist and hip circum-
ferences were measured at the umbilical level
and the greatest protruberance of the but-
tocks, respectively. The resting SBP and diastolic
blood pressure (DBP) were determined three
times following a 30-min rest period using a
mercury sphygmomanometer, and the lowest
values were used as their resting blood pres-
sure. Graded exercise tests using a cycle ergo-
meter (Monark Co. Ltd., Stockholm, Sweden)
were performed to evaluate the cardiorespira-
tory fitness by a skilled-identical examiner.
The heart rate, electro-cardiograms and blood
pressure were all monitored and recorded dur-
ing the test. The exercise intensity increased
three or four times every 4-min until their
heart rate reached 70% of the heart rate max or
above. The maximal oxygen uptake (VO,max)
was predicted by an Kstrand and Rhyming
nomogram,* a modality that is generally used
to predict the VO,max, which is regarded as an
index of cardiovascular fitness. The sex steroid
hormones measured included T, FT, estradiol
(E,), dehydroepiandrosterone-sulfate (DHEA-5),
and SHBG. Lipid profile was measured in TC,
HDL-c, and triglyceride (TG). The concentra-
tions of TC and TG were determined by the
enzyme method. The HDL-c was quantitated
using the heparinmanganese precipitation
method. Fasting insulin (FIRI) was measured
by a radicimmunoassay using IRI kits (Phar-
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masia, Uppsala, Sweden). E,, T, FT, and DHEA-S
were measured by a radicimmunoassay tech-
nique using commercial kits (DPC, Los An-
geles, CA). SHBG was measured by an
immunoradiometric assay technique using a
SHBG [12]] assay kit (Farmous Daiagnostica,
Qulunsalo, Finland). HOMA-IR, the index
for insulin resistance, was calculated from
the fasting blood glucose and insulin concen-
trations by the formula: HOMA-IR = FIRI
(nU/mL) X fasting blood glucose (FBG)
(mmol/L)/22.5.42.43

Using the WHO diagnosis criterion! (FBG
= 110 mg/dL and at least two of the following:
waist-hip ratio (W/H) > 0.90; TG = 150 mg/dL
or HDLc < 35 mg/dL; blood pressure =
140/90 mm Hg) for MS, the participators were
divided into an MS group and a non-MS
group. The difference between MS group and
non-MS group was compared by the unpaired
t-test. Differences in anthropometry, glucose or
lipid metabolism, blood pressure, cardiores-
piratory fitness were assessed by one-way
ANOVA with post hoc comparisons made
using Fisher’s PLSD test, in equally divided
three tertiles of each sex steroid hormone
index. Regarding the MS diagnosis as the de-
pendent variable, logistic regression was per-
formed to assess the odds ratios (ORs) and
confidence interval (CI) of every level in every
sex steroid hormone index. Age and SFA—the
parameters that show difference in ANOVA
tests in most indices—were added into the
model as adjustment factors.

As the calculated FT (CFT) using T and
SHBG values was recently reported to be more
accurate than a radioimmunoassay-measured
FT, we duplicated the analyses concerning FT
using the CFT.

All data are presented as the mean + SE and
all statistical analyses were performed using
StatView 5.0 software (SAS Institute, Cary,
NC). All p values were two-tailed, and statisti-
cal significance was defined as p < 0.05.

RESULTS
The subjects ranged in age from 20 to 64

years old. Teenagers and elderly men older
than 64 were not enrolled in this study. The
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anthropometric and metabolic characteristics
of the 98 men are summarized in Table 1. Ac-
cording to the diagnosis criterion, 42 subjects
were classified into the MS group, and 56 sub-
jects were classified as non-MS. Compared
with the non-MS group, the MS group had a
significantly higher waist-to-hip ratio, resting
blood pressure (both SBP and DBP), TC, TG,
FBG, FIRT, HOMA-IR, VFA and SFA, but a sig-
nificantly lower VOzmax, HDL-C, SHBG, and
T/E,. The radioimmunoassay-measured FT
(MS vs. non-M5:16.23 £ 0.99 pg/mL vs.16.10 =
0.69 pg/mL) demonstrated different values
than the CFT (MS vs. non-MS: 10.36 + 0.43ng/dL
vs. 9.91 + 0.38 ng/dL} in value. No significant
difference was found in indices concerning FT
or CFT between the two groups. Compared
with the IGT group, the type 2 diabetes group
had a significantly higher blood glucose in-
dices, HOMA-IR, and the clustering of MS risk
factors. No significant difference was found in
age, W/H, blood pressure, VO,max, TC, HDL-
C, TG, FIRI, VFA, SFA, or any sex steroid hor-
mone indices.

Among sex steroid hormone indices, only E,
(r = 0.353, p = 0.0003) and T/E, (r = —0.241,
p = 0.0165), but not T (r = —0.028, p = 0.7861),
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FT (r = 0.089, p = 0.3839), CFT (r = 0.154, p =
0.1305), DHEA-S (r = 0.082, p = 0.4226), SHBG
(r=—0.188, p = 0.0636), FT/E, (r = —0.188,p =
0.0639), or CFT/E, (r = —0.196, p = 0.0533),
were significantly correlated with BMI.

Within each sex steroid hormone index,
98 patients were consecutively divided into
three tertiles, high, medium or low, 31-34 pa-
tients in each tertile. Differences in anthro-
pometry, glucose or lipid metabolism, blood
pressure and cardiorespiratory fitness among
tertiles of each index were assessed using
one-way ANOVA tests. When ANOVA tests
showed a significant difference, post hoc com-
parisons using Fisher’s PLSD tests were addi-
tionally conducted. The comparison results are
shown in Table 2. Age was significantly differ-
ent among tertiles of SHBG or T/E,. FIRI was
different among tertiles of T/E,. SFA was sig-
nificantly different among tertiles of SHBG,
T/E, or FI/E,. No difference was found among
tertiles of E, or T, and within FT and DHEA-S,
only age showed a difference among the three
tertiles (data not show).

In order to investigate the association be-
tween the sex steroid hormone index level and
the prevalence of MS, multivariate logistic re-

TaBLE1l. ANTHROPOMETRIC AND METABOLIC CHARACTERISTICS IN THE METABOLIC SYNDROME {MS)
AND NON-METABOLIC SYNDROME (NON-MS) GROUPS

MS (n=42) non-MS (n = 56) p

Age (years) 49.21+1.23 51.14+1.13 0.2545
W/H 0.96 £ 0.01 093 +0.01 0.01012
VO,max (mL/kg/min) 32.14 + 0.69 3592+ 0.68 0.0002-
SBP (mm Hg) 135.31+£2.82 126.36 + 1.89 0.00752
DBP (mm Hg) 8750+ 1.82 80.04+1.11 0.0004=
TC {mg/dL) 22419+ 5.52 209.16 + 4.69 0.0401=
HDL-C (mg/dL) 45.19 + 1.83 52.68 + 1.70 0.0038=
TG (mg/dL) 200.86 = 12.95 122.38 + 10.18 <0.00012
FBG (mg/dL) 151.81 £ 545 131.50 + 4.33 0.0040=
FIRI (nU/mL) 819+ 1.09 5.29+0.35 0.00562
HOMA-IR 321051 1.67 £ 0.10 0.0011a
VFA (cm?) 185.68 + 7.07 143.898 + 6.863 <0.00012
SFA (cm?) 158.94 + 10.93 132.27 + 8.95 0.0600
E,(pg/mL) 26.33 £ 1.51 22.55 £ 1.47 0.0810
T (ng/dL) 437.88 + 17.95 471.50 £ 17.40 0.1889
FT (pg/mL); CFT(ng/dL) 16.23 + 0.99; 10.36 + 0.43 16.10 + 0.69; 9.91 + (.38 0.9126; 0.4314
DHEA-S {ng/mL) 1914.31 + 14213 1905.41 = 117.13 0.9613
SHBG (rumol/L) 26.62 +1.78 3420+ 1.98 0.0071a
T/E, 18.78 +1.25 2592+191 0.00452
FT/E,; CFT/E, 0.69 +0.06; 0.45 + 0.03 0.88+0.07;0.54 £ 0.04 0.0562; 0.0959

Values are the mean x SE.

aSignificantly different between MS and non-MS, p < 0.05.
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gression analyses using the following two
models were performed: model 1, adjusted for
age; and model 2, adjusted for age and SFA,
the two parameters that showed differences in
more than two sex steroid hormone indices
based on the ANOVA tests.

The odds-ratios for the prevalence of MS
calculated by the model 1 were significantly
higher both in the low tertile of SHBG (OR,
4.59; 95% CI, 1.44-14.63), T/E, (OR, 3.29; 95%
CI, 1.13-957), FT/E, (OR, 3.10; 95%, CI,
1.07-8.97) and in the medium tertile of FT/E,
(OR, 3.69; 95% CI, 1.29-10.61) than that in the
high tertile of each index. After additionally
adjusting for SFA in the model 2 (Fig. 1), the
odds-ratios continued to be significantly higher
in the low tertile of SHBG (OR, 4.60; 95% (I,
1.43-14.86) and in the medium tertile of FT/E,
(OR, 3.28; 95% CI, 1.10-9.73) than that in the
high tertile of each index. The odds-ratios of
the low tertiles of T/E, (OR, 2.94; 95% (I,
0.98-8.75; p = 0.053) and FI/E, (OR, 2.82;
95% CI, 0.95-8.32; p = 0.061) had a borderline
significance. The 90% CI of odds-ratios for the
prevalence of MS calculated by model 2
showed significantly for low tertiles of T/E,

(OR, 2.94; 90% CI, 1.17-7.34) and FT/E, (OR, -

2.82; 90% CI, 1.13-6.99). No similar results
were observed in T, FT, E,, or DHEA-S. The

ZOUET AL.

percentage of IGT/type 2 DM was not signifi-
cantly different among the three groups classi-
fied by SHBG (high, medium, low—11/22,
8/23,8/23), T/E, (high, medium, low—10/24,
8/24, 9/23), or FT/E, (high, medium, low—
11/22,7/26,9/23) level.

DISCUSSION

In this epidemiological study, the relative
hypogonadism seen in Japanese adult men
who were newly diagnosed with IGT or type 2
diabetes mellitus, which had not yet been
treated by either any pharmaceutical therapy
or behavior modifying intervention, was
found to be strongly associated with the
prevalence of MS. We have reported that re-
gardless of visceral fat accumulation, car-
diorespiratory fitness was associated with
such individual factors as hyperinsulinemia
and low HDL-¢c,7 or the clustering of MS risk
factors® in the same cohort. Among three ter-
tiles of different sex hormone indices, visceral
adiposity and cardiorespiratory fitness were
not different from each other. Relative hypo-
gonadism was found to be associated with the
prevalence of MS independent of age and
SFA. MS has been reported to be associated

(1.426-14.862)
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FIG. 1. Model 2. Odds-ratios of the prevalence of metabolic syndrome for each sex hormone tertile after adjusting

for age and SFA. [#]; 95% CI; <#>: 90% CL

938



HYPOGONADISM AND METABOLIC SYNDROME IN TYPE 2 DIABETES

with the development of type 2 diabetes!!3
and relative hypogonadism was found in pa-
tients with type 2 diabetes.18-21 The character-
istic cohort here is ideal for verifying the
contribution of the sex hormone index level
to MS, and it also made it easier for us to in-
vestigate such interrelationships with less
confounding. The subjects in this study had
different pathological states such as IGT and
type 2 diabetes. Compared with the IGT
group, the type 2 diabetes group had a signifi-
cantly higher blood glucose indices, HOMA-
IR, and the clustering of MS risk factors. No
significant difference was found in age, W/H,
blood pressure, VO,max, TC, HDL-C, TG, FIR,
VFA, SFA, or any sex steroid hormone indices.
The ratio of IGT/type 2 diabetes was not sig-
nificantly different among the three groups
classified by SHBG, T/E,, or FT/E, level. We
then interpreted that an adjustment for patho-
logical state in the logistic regression model
was not necessary.

Regarding the highest tertiles as criterion,
lower SHBG, T/E, or FT/E, had a higher OR
of prevalence of MS even after adjusting for
age and SFA.

Sex steroid hormones have been reported to
be important regulators of glucose and lipid
metabolism. Lower levels of T or SHBG have
been reported in men with type 2 diabetes.18-21
Several prospective studies have shown that
low levels of T and SHBG predict the devel-
opment of type 2 diabetes in middle-aged
men.#45 Hyperinsulinemia is associated with
low concentrations of free and total T in
men.2425

Sex steroids modulate the action of insulin
and influence body fat distribution by their ef-
fects on lipoprotein lipase (LPL) activity. The
fasting adipose tissue LPL activity was found
to correlate inversely with the plasma E, lev-
els, consistent with E, being a negative regula-
tor of adipose tissue LPL activity.4 Such action
of E, on the lipid metabolism therefore op-
poses that of insulin, whose effects on adipose
tissue are anabolic, thus promoting energy
storage. Androgens also play a role in the reg-
ulation of LPL activity. In a study by Iverius et
al.,% the adipose tissue LPL activity positively
correlated with the plasma FT levels, thus sug-
gesting that T action is opposite that of E,. A
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study of T substitution in hypogonadal male
subjects showed a marked increase in LPL and-
the hepatic lipase activities.#” This suggests
that androgens play a physiological role in the
regulation of triacylglycerol metabolism by
maintaining the LPL activity and, like insulin,
thus promoting anabolism.

Compared with lean controls, obesity in
male patients is associated with relative hypo-
gonadism.? Visceral obesity is believed to be
associated more closely with insulin resistance
than subcutaneous obesity does and abdomi-
nal obesity has been listed into the diagnosis
criterion of MS. Visceral obesity is well recog-
nized to be the characteristic for men as well as
subcutaneous obesity for women. The admin-
istration of T in men reduced W/H?* or visceral
adiposity,#5° while it decreases the blood glu-
cose level and improves insulin resistance,44-30
thus suggesting that T plays a role in maintain-
ing normal insulin resistance at physiological
levels.5! T replacement in men (or E, therapy in
postmenopausal women) is known to decrease
the visceral adipose tissue LPL activity.50=2

Relatively little is known regarding the in-
fluence of sex steroids on blood pressure. Both
SBP and DBP significantly increase following
the onset of menopause,*-55 and the adminis-
tration of E, to normotensive postmenopausal
women tended to reduce the 24-h ambula-
torily monitored blood pressure.5-£3 A lower
level of circulating T has been reported in
hypertensive men.64% According to the data
from Marin et al.#%50 DBP decreased after T
treatment in men. In view of the specific
decrease of visceral fat mass in these studies,
visceral adipose may mediate within the regu-
lation of T on blood pressure. On the other
hand, it was reported that T may elevate the
blood pressure by altering the levels of en-
dothelin-167 or catecholamines.6®

MS is a syndrome consisting of a disturbed
glucose and insulin metabolism, abdominal
obesity, dyslipidemia, and hypertension. How-
ever, in the current study, rather than E,, T or
FT, which showed a relationship with individ-
ual component of MS, T/E, and FT/E,, as well
as SHBG, all showed a strong correlation with
the incidence of MS, even after adjusting for
age and SFA. Considering the fact that MS is a
syndrome based on a disturbed glucose -and
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nsulin metabolism, the results in this study are
in line with the finding that T/E, is associated
with insulin in normal .7 ghese adult men,3s
or adult male patients with myocardial infarc-
tion® or coronary artery disease.” T/E, has
also been reported to correlate more strongly
than T with the insulin area, glucose area, and
the ratio of insulin area-to-glucose area in the
glucose tolerance test in non-obese men.32 We
duplicated the same statistical analyses used in
the current study in a male cohort with normal
glucose tolerance, SHBG but not FT/E, pre-
dicted the clustering of the MS risk factors
(unpublished data). Therefore, in addition to
SHBG, the balance of androgen and estrogen,
rather than any individual sex hormones, plays
an important role in the prevalence of abnor-
mal glucose tolerance or MS in adult men.

There are some limitations in the current
study. First, a part of the findings concerning
FT in present study were based on the mea-
surement of FT using a radioimmunoassay
technique. This assay method of FT is still
widely used in the worldwide” but has re-
cently been reported to be inaccurate.”275 In
view of this, we duplicated the same analysis
using the CFT, an index calculated from T and
SHBG concentrations which was reported to be
reliable.” We duplicated the logistic regression
analysis concerning FT/E, using the CFT. Un-
fortunately, although the CFT significantly cor-
related with the FT measured by direct assay
(r =0.522, p < 0.0001), and the odds-ratios cal-
culated by the CFT showed a similar tendency
(medium, 2.058; low, 1.456), the confidence
interval of these odds-ratios (medium, 0.875-
4.842; low, 0.614-3.454, 90%CI) were not statis-
tically significant. Secondly, as cardiorespira-
tory fitness was indirectly determined, the
accuracy of the determination might affect the
result even in study made on such a scale.
Thirdly, a cross-sectional model is not a power-
ful enough model to investigate the relation-
ship between relative hypogonadism and the
development of MS. We carried out a 1-year-
last interventional to study the same relation-
ship from a dynamic state. The results of the
interventional study are expected to strengthen
the findings reported herein.

In conclusion, in Japanese adult men who
were newly diagnosed to have IGT or type 2 di-

ZOUET AL.

abetes mellitus and had not accepted any phar-
maceutical treatment or behavior rectifying in-
tervention, lower T/E, FI/E, or SHBG, a
relative hypogonadism status was found to be
strongly associated with the prevalence of MS.
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APROSPECTIVE STUDY OF THE RELATIONSHIP BETWEEN PHYSICAL
DIFFICULTIES AND MENTAL PROBLEMS AND FALLS IN
COMMUNITY-DWELLING ELDERLY.

Tomoko HATAYAMA' Hiroshi UNE* Yutaka YOSHITAKE® Yasuo KIMURA*
Yuko (OHARA) HIRANO®* Masataka SUWA® and Shuzo KUMAGAT®

Abstract

The purposes of this prospective study were to investigate the incidence of falls or recurrent falls (more than 2
falls) and the falls-related risk factors, and to clarify the relationship between physical difficulties and mental
problems and falls or recurrent falls in the elderly persons living independently in a local community in Japan. The
participants were 775 elderly persons aged 60—79 years who participated in baseline assessment in 2002 by the
questionnaire concerning the falls with injury during the past 5 years, and they had no injurious fall for 5 years
before this survey. During prospective monitoring for 1 year, 173 falls were reported by 122 persons (15.7%), and
recurrent falls were reported by 35 persons (4.5%). Significant gender difference was observed in falls for 1 year
(Falls; men 11.3% vs female 20.0%, Recurrent falls; men 2.6% vs female 6.4%, p<0.05). Relationship between falls
or recurrent falls and potential risk factors were identified in multiple logistic regression models. Physical
difficulties (difficulties with standing from chair without their arms, balance on the one leg, and/or walking easily)
was not associated with either falls. Mental problems (stressful, gloomy, less willingness, poor sleep, and/or
forgetful) increased the risk of recurrent falls (Relative Ratio (RR) =3.50, 95% Confidence Interval (95%CI) =1.05-
1.49). However, when physical difficulties were analyzed as a continuous variable, with each physical difficulty
added, an relative ratio for recurrent falls increased by 1.5 times (95%CI=1.07-2.11} while mental problems did not
show significant relation. When physical difficulties and mental problems were simultanecusly analyzed, the risk
of recurrent falls significantly increased in the category that had both physical difficulties and mental problems
(RR=5.82, 95%CI= 1.25-27.04). These results suggest that mental treatments can be useful as a strategy for falls
prevention in the elderly, as well as physical treatments.

Key Words: Falls, Elderly, Physical difficulties, Mental problems, Prospective study
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All the 60 years or
older living in
Tsuyazaki (2002)
n= 4,206 Exclusion n= 422
1. Hospitalization/institutionalization
» | 2. Unable to understand/answer the
questionnaire
3. Need care
Baseline assessment 4, Unable to walk independently
n= 3874
Responders
n= 2,469 (637%) Exclusion
1. Participants of measurement for
another cohort  n= 534
2. Fallen n=327
3, Over 80 years n= 2313
Follow—up 4. Died, moved, came to need care
n= 1,255 n= 40

Responders
n= 829 (B6.0%)

Fig.1 The flow chart of selection for participants in this study.
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