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phospholipid surfaces (12). Polymorphisms of MTP have
been associated with the serum concentration of low density
lipoprotein-cholesterol (13,14) as well as with the susceptibility
to coronary heart disease (18) and with longevity (19). We
have now examined the relation of the -493G:T polymorphism
of MTP to blood pressure and the prevalence of hypertension
in community-dwelling Japanese men and women. Our results
show that the T allele of this polymorphism is associated
with low blood pressure in Japanese women and that the 7T

" genotype is protective against hypertension in postmenopausal
women.

We failed to detect an association of the -493G-T poly-
morphism of MTP with blood pressure in Japanese men.
The reason for this gender difference in the relation of MTP
genotype to blood pressure remains unclear. It might be
attributable, however, at least in part, to the difference in the
serum concentration of estrogen between men and women,
given that estrogen exerts various favorable effects on vaso-
motor- function, including stimulation of the production of
nitric oxide and prostaglandin I, as well as inhibition of the
release of endothelin-1 by vascular endothelial cells (30).

Given that selection bias can influence the results of
association studies, it is important that study populations be
genetically and ethnically homogeneous. Our study subjects
were recruited randomly from individuals resident in the city
of Obu and town of Higashiura in central Japan, where the
population is thought to share the same ethnic ancestry and to
possess a homogeneous genetic background. We also showed
that the genotype distribution of the -493G:T polymorphism
of MTP was in Hardy-Weinberg equilibrium both for men
and for women in our study population. We thus appeared to
avoid admixture and selection bias.

Although the -493G.T polymorphism of MTP has
previously been associated with the serum concentration of
low density lipoprotein-cholesterol (13,14), another study
failed to detect such an association (15). In the present study,
among men, serum concentrations of apolipoprotein A2 were
greater in individuals with the T allele than in those with the
GG genotype. Serum concentrations of apolipoprotein C2
were also greater in men with the GT genotype than in those
with the GG genotype. Apolipoprotein A2 is a component
of high density lipoprotein-cholesterol, and apolipoprotein
C2 is a component of triglyceride-rich lipoproteins and high
density lipoprotein-cholesterol. Although MTP has important
roles in the assembly of apolipoprotein B-containing lipo-
proteins and their secretion from the liver and intestine
(11), the effects of the -493G:T polymorphism of MTP on
apolipoprotein A2 or C2 metabolism remain unclear. This
polymorphism was also not associated with the serum
concentrations of total cholesterol, high density lipoprotein-
cholesterol, low density lipoprotein-cholesterol, triglycerides,
or apolipoprotein Al, A2, B, C2, C3, or E in women. It is
thus unlikely that the association of this polymorphism with
blood pressure for women in the present study was attributable
to an effect on serum lipid concentrations. The mechanism
by which the -493G>T polymorphism of MTP affects blood
pressure thus remains unclear.

The T variant of the -493G.T polymorphism was
previously found to confer an excess risk of coronary heart
disease in men that was independent of plasma lipids and

eliminated by treatment with pravastatin (18). The effect of
the T allele on blood pressure in the present study was also
independent of serum lipid concentrations. The mechanism
responsible for the association of the T variant with both an
increased risk of coronary heart disease in men (18) and a
reduced risk of hypertension in postmenopausal women
(our study) remains to be elucidated. It is possible that the
-493GT polymorphism of MTP is in linkage disequilibrium
with other polymorphisms of nearby genes that are actually
responsible for the development of coronary heart disease
and hypertension. Our present results, however, suggest that
MTP genotype is a determinant of blood pressure in Japanese
women.
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Inactive Aldehyde Dehydrogenase-2 Increased the
Risk of Pancreatic Cancer Among Smokers in a
Japanese Male Population
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Objectives: Most of the acetaldehyde, a recognized animal carci-
nogen, generated during alcohol metabolism is eliminated by liver
mitochondrial aldehyde dehydrogenase 2 (ALDH2). More than 40%
of Japanese have the inactive form of ALDH2, and inactive ALDH2
is a risk factor for multiple cancers of the esophagus as well as head
and neck cancer. Possible associations between pancreatic cancer and
ALDH2 gene polymorphism, in conjunction with smoking and/or
drinking habits, were examined in a Japanese population.

Methods: We investigated 114 patients (70 male and 44 female)
with pancreatic cancer and compared them with 2070 control subjects
(1050 male and 1020 female). The drinking (5 g ethanol consump-
tion/d) and/or smoking habits as well as ALDH2 gene polymorphism
were examined.

Results: In male subjects, the frequency of the active form of
ALDH2 (2*1/2*1) was lower in pancreatic cancer patients than in
control subjects (P = 0.018). The frequency of subjects with both
smoking and drinking habits was significantly higher in pancreatic
cancer patients than in control subjects having ALDH2*1/2*1 and
ALDH2*1/2*2. The frequency of smoking habit alone was signifi-
cantly higher in pancreatic cancer patients compared with control
subjects having inactive ALDH2. Drinking habit had no relation to
pancreatic cancer. In female subjects, neither habit had a relation to
pancreatic cancer.

Conclusions: Smoking habit did increase the risk of pancreatic
cancer, and this risk was further enhanced in subjects with inactive
ALDH2 in a male population but not in a female population. There
was no relationship between drinking habit and pancreatic cancer in
either sex population.

Key Words: pancreatic cancer, alcohol, smoking, ALDH2, genotype
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I n Japan, pancreatic cancer ranks as the fifth most common
cause of cancer death, and the 5-year survival rate of its
victims is less than 10%.! Smoking is a well-documented risk
factor for the development of pancreatic adenocarcinoma.? In
contrast, alcohol intake has not been firmly established as
causally related or unrelated to pancreatic cancer.* Heavy
alcohol intake may cause chronic pancreatitis. Alcoholic pan-
creatitis, which accounts for 55.5% of pancreatitis cases, is the
most common type in Japanese men (68.5%).” Chronic pan-
creatitis has been indicated as a risk factor for pancreatic
cancer.*”®

" In the body, alcohol is processed as follows. Orally in-
gested ethanol is metabolized by alcohol dehydrogenase, and
the first metabolite is acetaldehyde. Most of the acetaldehyde
generated during alcohol metabolism is eliminated by liver
mitochondrial aldehyde dehydrogenase 2 (ALDH2) by con-
verting the acetaldehyde into acetic acid. The Japanese popu-
lation is deficient in ALLDH2 because of the high frequency
of a mutant allele in the ALDH2 gene (ALDH2*2). The
ALDH2*2 allele encodes a Glu-to-Lys amino acid substitution
at the 14th and last codon. More than 40% of Japanese have
the inactive form of ALDH2, encoded as either heterozygous
ALDH2%1/2*2 or homozygous ALDH2*2,'° while the major-
ity of whites possess the active form of ALDH2 (2¥1/2*1).

Acetaldehyde is a recognized animal carcinogen.'' A
recent report'? showed that inactive ALDH?2 is a risk factor for
multiple carcinomas of the esophagus in alcoholics and that
acetaldéhyde appears to play a critical role in field cancer-
ization. More recently, there has been an association between
ALDIgZ gene polymorphisms and cancers of the head and
neck.

In this study, we investigated 114 Japanese patients
with pancreatic cancer to determine whether it is associated
with ALDH2 gene polymorphism, particularly in conjunc-
tion with smoking and/or drinking habits.

MATERIALS AND METHODS

Subjects

This study was approved by the Ethics Committees of
the National Kyushu Cancer Center, of the National Institute
of Longevity Sciences (NILS), and of the Tokyo Metropolitan
Institute of Gerontology. Written informed consent was ob-
tained from each subject.
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The 70 male subjects (mean age 62 years; range, 41-80)
and 44 female subjects (mean age, 66 years; range, 43—93) had
been consecutively hospitalized at the National Kyushu Can-
cer Center. Pancreatic cancer was diagnosed clinically by imag-
ing techniques including ultrasound, CT scanning, and mag-
netic resonance tomography and was proved by histologic
examination.

The age-matched control subjects consisted of 1050
male participants (mean age, 59 years; range, 40~79) and 1020
female participants (mean age, 58 years; range, 40-79) in the
NILS Longitudinal Study of Aging (LSA)."

Subjects who consumed more than 5 g of ethanol per
day were judged as having a drinking habit. The smoking
status classifications were current smoker, ex-smoker, and
never smoked. Only current smokers were judged as having
a smoking habit.

Genotyping Procedures

The genotype of the ALDH2 gene was determined by
a mismatched PCR-restriction fragment length polymorphism
(RFLP) method reported previously.'®

Statistical Analysis

Statistical differences between pancreatic cancer sub-
jects and control subjects were assessed using the x? test or
Fisher direct test. Probability differences of P < 0.05 were
considered statistically significant.

RESULTS

Smoking and/or Drinking Habits

The frequency of male subjects who had both smoking
and drinking habits was significantly higher in the pancreatic
cancer patients than in control subjects (Table 1). The fre-
quency of male subjects who had a smoking habit with or
without a drinking habit was significantly higher in pancreatic
cancer patients than in control subjects (70% for pancreatic
cancer patients vs. 37.5% for controls), whereas a drinking
habit with or without a smoking habit was not different be-
tween the 2 groups (64.5% for pancreatic cancer patients vs.
66.7% for controls) (Table 1).

In contrast, more than 70% of female subjects had
neither habit (Table 1). Although the frequency of subjects

who had a smoking habit alone tended to be higher and the
frequency of subjects who had a drinking habit alone tended to
be lower in pancreatic cancer patients than control subjects
regardless of sex, but the differences were not statistically
significant.

Distribution of ALDH2 Genotype Between
Pancreatic Cancer Patients and Control Subjects

The distribution of the ALDH2 genotype in the contro}
subjects of both sexes was similar to those in previous
reports'® (Table 2). In male subjects, the frequency of the
active form of ALDH?2 was significantly lower in pancreatic
cancer patients than in control subjects (P < 0.02), whereas no
difference was observed in female subjects in pancreatic
cancer patients and control subjects (Table 2).

Smoking and Drinking Habits, and ALDH2 Gene
Polymorphism Between Pancreatic Cancer Patients
and Control Subjects

In male subjects, the frequency of subjects who had both
smoking and drinking habits was significantly higher among
the pancreatic cancer patients than among control subjects
with either ALDH2*1/2*1 or ALDH2*1/2*2 (Table 3). The
odds ratio was 3.13 for the subjects with ALDH2*1/2*1 and
3.12 for those with ALDH2*1/2%2, The frequency of subjects
with ALDH2*1/2*2 who had a smoking habit alone was
significantly higher in pancreatic cancer patients than in con-
trol subjects (P = 0.048) (Table 2). On the other hand, 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), but the difference between the
pancreatic cancer patients and the controls was not significant
(P = 0.44) because the absolute number of subjects with
ALDH2*/2* was small. However, among the subjects with
inactive ALDH2 (including ALDH2*1/2*2 and ALDH2%*2/2%2),
the frequency of the smoking habit alone was again signifi-
cantly higher in pancreatic cancer patients than in control
subjects (P < 0.03).

In contrast, in female subjects because few subjects had
smoking and/or drinking habits, there were no significant dif-
ferences between pancreatic cancer patients and control sub-
jects in terms of habits and/or ALDH2 genotypes (Table 4).

TABLE 1. Smoking and/or Drinking Habits in Pancreatic Cancer Patients and Control Subjects

Both Smoking

and Drinking Smoking Habit Drinking Habit Neither Total
Habits n (%) Alone n (%) Alene n (%) Habit n (%) n (%)
Male
Pancreatic cancer 35 (50.0)* 14 (20.0) 10 (14.3) 11 (15.7) 70 (100)
Control subjects 294 (27.5) 107 (10.0) 419 (39.2) 233 (21.8) 1050 (100)
Female
Pancreatic cancer 12.2) 5(11.49) 3 (6.8) 35(79.5) 44 (100)
Control subjects 25 (2.5) 46 (4.5) 227 (22.3) 722 (70.8) 1020 (100)

*The frequency was significantly lower compared with that in control subjects O = 23.01, df = I, P = 0.000).
The difference between pancreatic cancer patients and control subjects was tested by 2 X 2 X2 test.
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Smoking and Pancreatic Cancer With Inactive ALDHZ2

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

Male Pancreatic Control
Cancer Subjects
m=70)n (%) (n=1050)n (%)
Genotype
ALDH2%*1/2*] (active ALDH) 26 (37.1)* 544 (51.8)
ALDH2*1/2*2 (inactive ALDH) 36 (51.4) 413 (39.3)
ALDH2*2/2*2 (inactive ALDH) 8 (11.4) 93 (8.9)
Female Pancreatic Control
Cancer Subjects
m=44)n (%) (n=1020)n (%)
Genotype
ALDH2*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 (x =
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. ALDH?2 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 =
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*1/2*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, afier 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 patients 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*] 16 (61.5)* 0(0) 8 (30.8) 2(1.7) 26 (100)

ALDH2*1/2*2 19 (52.8)% 10 27.8)F 2(5.6) 5(13.9) 36 (100.1)

ALDH2%2/2%2 0 (0) 4 (50) 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) 125 (30.3) 121 (29.3) 413 (100)

ALDH2*2/2*2 1(1.1) 31 (33.3) 332 58 (77.4) 93 (100)

*df = 1, P = 0.006, odds ratio = 3.13.
tdf = 1, P = 0.002, odds ratio = 3.12.
idf = 1, P = 0.048, odds ratio = 2.35.
The difference was tested by the Fisher direct test.
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TABLE 4. Smoking and/or Drinking Habits, and ALDH2 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*1/2*1 1 (4.5) 3(13.6) 2(9.1) 16 (72.7) 22 (100)
ALDH2*1/2%2 0 (0) 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 (100)
ALDH2*1/2*2 5(1.2) 32(1.7) 56 (13.5) 321 (71.5) 414 (100)
ALDH2%2/2*2 1(1.1) 3(3.2) 3(3.2) 86 (92.5) 93 (100)
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 smoking and pancre-
atic cancer was not significant. However, 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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Cholecystokinin A Receptor Gene Promoter Polymorphism

and Intelligence

HIROSHI SHIMOKATA, MD, PuD, FUJIKO ANDO, MD, PuD, NAOAKIRA NIINO, MD, PuD,
KYOKO MIYASAKA, MD, PuD, AND AKIHIRO FUNAKOSHI, MD, PuD

PURPOSE: To study the association between Cholecystokinin A receptor (CCKAR) genotypes and

intelligence in community-living men and women.

METHOD: Subjects were 2251 community-dwelling Japanese men and women aged 40 to 79 years. The
CCKAR gene promoter polymorphisms A-81G and G-128T were determined. Intelligence was assessed by
Japanese Wechsler Adult Intelligence Scales — Revised Short Forms (JWAIS-R SF). The difference in
intelligence between wild type and mutation was tested.

RESULTS: There were no subjects with AA/GT, AA/TT, or AG/TT genotypic combinations. Both A-
81G and G-128T genotypes were related to intelligence quotient (IQ) estimated by JWAIS-R SF. The
mean and SE of IQ levels of subjects with the wild-type allele and the mutation allele at nucleotide -128
were 103.4 + 0.3 and 101.6 & 0.6, respectively. There was a significant difference in IQ for G-128T
(p = 0.008). The difference in IQ for A-81G was also significant (p = 0.011). The IQ level was 103.6 +
0.4 in the subjects with the wild-type allele and 102.0 £ 0.5 in the subjects with the mutation. Differences
in IQQ levels by haplotypes for combinations of A-81G/G-128T were examined. IQ significantly decreased
with an increasing number of mutation alleles (p = 0.018).

CONCLUSION: There were statistically significant differences in 1Q for CCKAR gene promoter
polymorphisms A-81G and G-128T in community-living Japanese.

Ann Epidemiol 2005;15:196-201. © 2004 Elsevier Inc.  All rights reserved.

KEY WORDS: Cholecystokinin, Intelligence, Genotype, Epidemiology.

INTRODUCTION

It is suspected that various genes influence intelligence, but
the association between gene polymorphism and intelli-
gence is still unclear. Cholecystokinin (CCK) is one of the
major physiologic substances of gallbladder contraction and
pancreatic enzyme secretion. CCK also plays an important
role in the central nervous system (CNS) by interacting
with dopamine and other neurotransmitters (1). CCK
receptors have been classified into two subtypes, CCK
type-A receptor (CCKARY) and type-B receptor (CCKBR).
CCKAR has been found in the CNS (2). Associations with
feeding disorders (3), anxiety (4), and schizophrenia (5)
have been reported. It was also reported that learning and
memory functions were impaired in CCKAR gene-knock-

From the Department of Epidemiology, National Institute for Longevity
Sciences, Obu Aichi, Japan (H.S., F.A., N.N.); Department of Clinical
Physiology, Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan
(K.M.); and Department of Gastroenterology, National Kyushu Cancer
Center, Fukuoka, Japan (A.F.).

Address correspondence to: Hiroshi Shimokata, M.D., Ph.D., Depart-
ment of Epidemiology, National Institute for Longevity Sciences, 36-3
Gengo, Morioka-cho, Obu Aichi 474-8522, Japan. Tel.: +81-562-46-
2311, ext. 815; Fax: +81-562-44-6593. E-mail: hiroshi@nils.go.jp

This work was supported in part by Research Grants for Longevity
Sciences (12C-01) from the Ministry of Health and Welfare of Japan to
Drs. H. Shimokata and A. Funakoshi.

Received June 6, 2004; accepted June 14, 2004.

© 2004 Elsevier Inc.  All rights reserved.
360 Park Avenue South, New York, NY 10010

180

out (OLETF) rats (6, 7). The CCKAR gene may be related
to intelligence in humans. We examined the association
between CCKAR gene promoter polymorphisms and intel-
ligence in a group of 2251 community-dwelling Japanese
men and women.

METHODS
Subject Selection

The subjects in this study were participants in the National
Institute for Longevity Sciences — Longitudinal Study of
Aging (NILS-LSA) (8). The NILS-LSA started in Novem-
ber 1997. The first phase of examinations was finished
by the end of March 2000, and followed-up every 2 years.
Participants in the NILS-LSA were independent residents
in Obu city and Higashiura town in Aichi prefecture,
central Japan. Data on all residents in the area are
maintained in a Resident Registration System by local
governments. Residents aged 40 to 79 years old were
selected using Resident Registration. Samples of 7790 males
and females were selected by age and gender stratified
random sampling and invited to an explanatory meeting by
mail. The number of replies was 3434. Of these, 881 refused
to attend the meeting, 2553 agreed to attend, and 2513
actually attended. After the meeting, 2267 participated in
the first phase examination. At the meeting, the procedures

1047-2797/05/$—see front matter
doi:10.1016/j.annepidem.2004.06.007
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Selected Abbreviations and Acronyms

BMI = body mass index

CCK = cholecystokinin

CCKAR = cholecystokinin A receptor

CNS = central nervous system

DNA = deoxyribonucleic acid

GLM = general linear model

IQ = intelligence quotient

JWAIS-R-SF = Japanese Wechsler Adult Intelligence Scales — Revised
Short Forms

NILS-LSA = National Institute for Longevity Sciences ~ Longitudinal
Study of Aging

PCR-RFLP = polymerase chain reaction — restriction fragment length
polymorphism

OLETF = Otsuka Long-Evans Tokushima Fatty

SE = standard error

WAIS-R = Wechsler Adult Intelligence Scales — Revised

for each examination and follow-up schedule were fully
explained. Written informed consent to participate in all
procedures was obtained from each subject. All persons in
the Resident Registration list had Japanese nationality, and
there were no persons who had a foreign name among the
subjects. The subjects in this study were supposed to be
ethnically homogenous Japanese.

Among the 2267 participants in the first phase
examination, 2251 men and women were evaluated for
CCKAR genotypes and intelligence. These subjects were
analyzed for cross-sectional associations between genotype
and intelligence. The number of the subjects by gender and
age was almost equal (Table 1). The mean and standard
deviation for age was 59.2 + 10.9 years. Among the
subjects, 26.7% had an educational background of college or
greater. The Ethical Committee of Chubu National
Hospital approved all procedures of the NILS-LSA.

Evaluation of Intelligence and Other Variables

The Wechsler Adult Intelligence Scales ~ Revised (WAIS-
R) is one of the most popular tools used to assess intelligence
(9). A Japanese version of the WAIS-R (JWAIS-R) has
been developed and is widely used in Japan (10). In this
study, intelligence was assessed by the Japanese Wechsler
Adult Intelligence Scales - Revised - Short Forms (JWAIS-
R-SF) (11). The JWAIS-R-SF consists of the following four

subtests: Information, Similarities, Picture Completion, and

TABLE 1. Distribution of the subjects by gender and age

Age (years)
Gender 40-49 50-59 60-69 70-79 Total

Males 291 282 281 280 1134
Females 278 278 283 278 1117
Total 569 560 564 558 2251
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Digit Symbol. Scaled scores of subtests were used in the
analysis. The intelligence quotient (IQQ) was estimated from
the combination of these four subtests. Psychologists
conducted the interviews and JWAIS-R-SF tests. Height
and weight were measured while wearing lightweight
clothes, and body mass index (BMI) was calculated as
weight (kg) divided by height (m) squared. Life-style and
medical history including annual income, education, and
smoking status were checked by questionnaires. The
questionnaires were checked by a physician at the medical
examination. All drugs used during the previous 2 years were
to be documented by participants; the physician confirmed
them at an interview and coded the drugs used during the
last 2 weeks. Among the 2251 subjects in the study, 213 had
used drugs acting on the CNS, that is, hypnotic sedative
agents, antianxiety agents, antiepileptic agents, stimulant
drugs, antihypnotic drugs, anti-Parkinson drugs, and anti-
psychotic drugs during the previous 2 weeks. The IQQ was less
than 70 in 11 subjects, and only one of them used drugs
acting on the CNS.

CCKAR Genotype Analysis

Genomic DNA was extracted from peripheral blood
lymphocytes by a standard procedure. A mismatch PCR-
RFLP method was used to analyze polymorphisms in the
upstream region of the CCKAR gene [GenBank Accession
No. U23427 (5)]. One pair of primers, sense primer = 5
GCATATGTACACATGTGTGTAAAAAGCAGCCA
GAC-3', anti-sense primer = 5-GCCCTTTCCTGGGC
CAGACT-3) was designed to amplify a 103-base pair
product, digested with restriction enzyme Hinf I, and
analyzed by 3% agarose gel electrophoresis. Two sequence
changes were detected: a G to T change at nucleotide -128,
and an A to G change at nucleotide -81 (12).

Statistical Analysis

All values were expressed as the mean + SE, if not specified.
Both polymorphisms at nucleotides -128 and -81 were
divided into two groups; as wild-type and mutation. Hetero
groups were classified as mutation. The difference between
wild-type and mutation groups was tested by the t-test for
continuous variables and the 2 X 2 chi-square test for
categorical variables. The difference in IQJ and JWAIS-R
subtests score by genotype was also tested by the t-test
excluding subjects who had used drugs acting on the CNS or
subjects with IQ less than 70. The trend among the three
groups was tested by the general linear model (GLM) and
the probability for trend (p for trend) was shown. Statistical
analyses were performed using the SAS system (SAS
Institute Inc., Cary, NC). All p-values were two-tailed.
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RESULTS
Distribution of CCKAR Promoter Genotypes

The distributions of CCKAR promoter single nucleotide
polymorphisms A-81G and G-128T were both in Hardy-
Weinberg equilibrium. The distribution of genotype com-
bination was examined (Table 2). These polymorphisms
were in linkage disequilibrium. There were no subjects with
AAJGT, AA/TT, or AG/TT genotypic combinations. Thus,
subjects with a mutation at -128 always had a mutation
at -81.

Background Characteristics and CCKAR Genotype

Figure 1 shows the IQQ distribution. The distribution was
slightly skewed to the left (lower IQ) and close to a normal
distribution. The mean value of the IQ of the all subjects was
103.0, and the median was also 103. The difference between
the mean and median was very small. The lowest IQ was 43
and the highest I was 142 among the subjects. The number
of subjects with IQ less than 70 was 11, and those with IQ
135 or over was 13. Background characteristics were
compared by CCKAR G-128T and A-81G genotypes
(Table 3). Age, body weight, body mass index, annual
income, education, and smoking status did not differ
between wild-type (GG) and mutation (GT or TT) for
the CCKAR G-128T genotype. These variables also did not
differ for the CCKAR A-81G genotype except for education
status. Education status in the wild-type (AA) group was
significantly higher than that in the mutation-type (AG or
GG) group (p = 0.009). The IQ was significantly different
by education status (p < 0.001). The IQ for the low
education group was 100.3 + 0.3 and that for the high
education group was 110.6 + 0.5.

Intelligence and CCKAR Genotype

The 1Q levels in subjects with wild-type and mutation
alleles at nucleotide -128 were 103.4 + 0.3 and 101.6 + 0.6,
respectively, There was a significant difference in IQ for the
G-128T genotype (p = 0.008). The score of Digit Symbol
was lower in subjects with a mutation (p = 0.003). There

TABLE 2. Distribution of CCKAR G-81T and A-128G
genotypes

CCKAR A-81G
CCKAR
G-128T AA AG GG Total
GG 1317(58.5%) 307 (13.6%) 26 (1.2%) 1650 (73.3%)
GT 0(0.0%) 491 (21.8%) 61(2.7%) 552 (24.5%)
T 0 (0.0%) 0 (0.0%) 49 (2.2%) 49 (2.2%)

Total 1317 (58.5%) 798 (35.5%) 136 (6.0%) 2251 (100.0%)
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FIGURE 1. Distribution of IQ levels in the subjects.

was no difference in the scores of Information, Picture
Completion, and Similarities subtests for polymorphism
G-128T. The IQ level was 103.6 + 0.4 in subjects with
wild-type (AA) and 102.0 £ 0.5 in subjects with mutation
(AG or GG) at nucleotide -81. The difference in IQ for the
A-81G polymorphism was significant (p = 0.011). The
Picture Completion and Digit Symbol subtest scores were
significantly lower in subjects with the mutation (p = 0.043
and p = 0.008, respectively). The Similarities subtest score
was marginally lower for a mutation at nucleotide -81
(p = 0.051).

In the low education group, IQQ was 100.5 + 0.4 in the -
128 wild-type group and 99.5 % 0.6 in the -128 mutation-
type group. There was no significant difference in IQ
between the wild- and mutation-type of G-128T genotype.
However, the IQ for the -81 wild-type group was 100.8 +
0.4, which was significantly higher than that for the
mutation group (99.4 + 04) (p = 0.038). In the high
education group, the IQ was 111.5 + 0.6 in the -128 wild-
type group and 107.9 4 1.1 in the -128 mutation-type
group. There was a significant difference between the wild
and mutation groups (p = 0.004). The IQ in the -81 wild-
type group (111.1 £ 0.7) did not differ from that in the
mutation group (109.8 + 0.9).

Intelligence was compared excluding subjects who had
used drugs acting on the CNS and subjects with IQQ less than
70 (Table 4). The number of excluded subjects was 223.
Differences in IQ between in the wild-type and mutation
groups were still significant both for A-81G and G-128T
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TABLE 3, Comparison of variables between wild-type and mutation alleles in CCKAR G-81T and A-128G genotypes
CCKAR G-128T CCKAR A-81G
Wild type GG Mutation GT or TT p* Wild type AA Mutation AG or GG P
n 1650 601 1317 333
Age (years) 59.2 £ 0.3t 593 + 04 Nst 59.1 £ 03 59.5 £ 04 NS
Weight (kg) 575 £ 02 57.0 4+ 04 NS 576 £03 57104+ 03 NS
BMI (kg/m?) 229 + 0.1 229 £ 0.1 NS 229 £ 0.1 229+ 0.1 NS
Annual income (%; 54,000 US$ or over) 57.5 58.3 NS 58.3 57.0 NS
Education (%; college or over) 26.9 26.0 NS 274 25.6 0.009
Smoking (%; smoker) 22.8 22.8 NS 23.6 21.8 NS
JWAIS-R-SF
I 103.4 £ 03 101.6 &+ 0.6 0.008 103.6 £ 04 102.0 £ 0.5 0.011
Information 99 £ 0.1 9.7 £ 0.1 NS 99 £ 0.1 9.8 +0.1 NS
Picture Completion 102 £ 0.1 10.0 £ 0.1 NS 102 £ 0.1 10.0 £ 0.1 0.043
Similarities 103 + 0.1 10.1 £ 0.1 NS 103 +£ 0.1 10.1 £ 0.1 0.051
Digit Symbol 11.7 £ 0.1 113 + 0.1 0.003 1.7+ 0.1 114 + 0.1 0.008
!Mean + SE.

INS = not significant.
*p-value tested by the t-test or % test.

genotypes. The 1Q levels of subjects with wild-type and
mutation alleles at nucleotide -128 were 104.1 + 0.4 and
102.0 £ 0.6, respectively. There was a significant difference
in IQ (p =0.002). The scores of Information and Digit
Symbol were significantly lower in subjects with a mutation
(p = 0.012 and p = 0.003, respectively). There were no
differences in the scores of Picture Completion and
Similarities subtests for polymorphism G-128T. The IQ
level was 104.2 + 0.4 in the subjects with wild-type and
102.6 + 0.5 in the subjects with mutation at nucleotide -81.
Difference in IQ by A-81G polymorphism was significant
(p = 0.008). Similarities and Digit Symbol subtest scores
were significantly lower in subjects with the mutation
(p = 0.033 and p = 0.013, respectively). The Information
subtest score was marginally lower with mutation of nucle-
otide -81 (p = 0.078). However, there was no significant
difference in the score of Picture Completion subtest.

Haplotype Analysis

Possible haplotypes in the combinations of polymorphism
A-81G/G-128T were GA, GG, TG, and TA. However,
there were no subjects with AA/GT, AA/TT, or AG/TT
genotypic combinations (Table 2). The common haplotype
of AAJGT, AA/TT, or AG/TT genotypic combinations was
TA. It was considered that no subject had a TA haplotype.
The distribution of haplotypes GA, GG, and TG is shown in
Table 5. The number of GA haplotypes was 3432; GG was
420; and TG was 650. There was a significant difference in
IQ among haplotypes GA, GG, and TG. The IQ for
haplotype GA was the highest and the IQQ for haplotype TG
was the lowest. With an increase in the number of mutation
alleles, the IQ level decreased (p = 0.018). Digit Symbol
scores also significantly decreased with an increasing
number of mutation alleles (p = 0.012).

TABLE 4. Comparison of intelligences between wild-type and mutation alleles in CCKAR G-81T and A-128G genotypes. Subjects
who had used drugs acting on the CNS or subjects with IQ less than 70 were excluded

CCKAR G-128T CCKAR A-81G
Wild type GG Mutation GT or TT p* Wild type AA Mutation AG or GG P
n 1489 539 1178 850
JWAIS-R-SF
IQ 104.1 + 04 102.0 £ 0.6 0.002 104.2 £ 04 102.6 £ 0.5 0.008
Information 100 £ 0.1 9.6 £ 01 0.012 100 £ 0.1 9.8 + 0.1 0.078
Picture Completion 102 £ 0.1 101+ 01 NSt 103+ 01 10.1 £ 0.1 NS
Similarities 104 + 0.1 102 £ 0.1 NS 104 £ 0.1 102 £ 0.1 0.033
Digit Symbol 11.8 £ 0.1 114+ 01 0.003 118+ 0.1 115 £ 0.1 0.013
Mean + SE.

NS = not significant.
*p-value tested by the t-test.
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TABLE 5. Comparison of intelligences between wild-type and
mutation alleles in CCKAR G-81T and A-128G genotypes

Haplotype
GA GG TG p for
. trend”™
n 3432 420 650
JWAIS-R-SF
1Q 103.2 + 0.2Y 103.0+0.7 1017 +£0.6 0.018
Information 100 + 0.1 9.8 + 0.1 97+ 01 NS
Picture 102 £ 0.1 10.1 £ 0.1 100 £ 0.1 NS
Completion
Similarities 103 + 0.1 101 £ 0.1 101 £ 0.1 NS
Digit symbol 11.6 + 0.1 11.6 £ 0.1 113+ 0.1 0.012
fMean + SE.

NS = not significant.
*Trend of the three groups was tested by the general linear model.

DISCUSSION

Accumulating data support the involvement of the
dopaminergic system in cognitive processing. It is known
that CCKAR modulates CCK-stimulated dopamine release
in the brain, and mutations in the CCKAR gene may
influence the dopaminergic system (5). Considerable pre-
clinical and clinical evidence indicate that inhibitory effects
on dopaminergic systems by antipsychotic medications may
account for cognitive impairment. A report showed
sustained activation of the human mesolimbic dopaminer-
gic system during the performance of cognitive tasks {13). It
was also reported that systemic administration of the
CCKAR selective antagonist, devazepide, impaired the
development of conditioned incentive learning in rats (14).
From these data, it is suspected that mutation in the
CCKAR gene may influence intelligence.

The CCKAR promoter genotypes were significantly
related to IQ. The IQ levels of subjects with the mutant
allele were significantly lower than those of subjects with the
wild-type allele both for G-128T and A-81G genotypes. A
difference in IQ by CCKAR promoter gene polymorphisms
was seen in both middle-aged and elderly people. In analyses
excluding the subjects who had used drugs acting on the
CNS and subjects with IQ less than 70, there was also
a significant difference in IQQ between the wild and mutation
genotypes. We carried out association studies of quantitative
traits with haplotypes, and found that the I became lower
with an increase in the number of mutation alleles.

The CCKAR gene polymorphisms of G-128T and A-81G
are located in the promoter region of the gene. It is suspected
that mutation of these genotypes is related to the amount of
CCKAR production. However, it is still unclear whether
these CCKAR polymorphisms are functional or if they are in
linkage disequilibrium with other as yet unknown poly-
morphisms in the CCKAR gene or in a neighboring gene.
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In the studies on intelligence in the general population,
investigation of genetic factors is an important issue (15).
However, at the present time, gene polymorphism has
infrequently been reported to be associated with cognition
(16). It is suspected that there are many genes associated
with individual differences in intelligence, and intelligence
is determined from interactions of these gene polymor-
phisms. However, the contribution of each gene to intelli-
gence may be small as indicated by the results of this study.
Testing of thousands of subjects is required to detect small
but significant differences. A detailed assessment of IQ
requires interviews by psychologists. Assessment of 1Q in
a large-scale community-dwelling population is generally
difficult. It is also difficult to obtain DNA specimens from
community-dwelling populations. Because of this, studies
on the association between genotype and intelligence have
not progressed. In the present study, we showed the
relationship between intelligence and CCKAR promoter
mutations G-128T and A-81G in community-living mid-
dle-aged and elderly Japanese. CCKAR-promoter genotyp-
ing may provide useful information for assessing intelligence
and preventing cognitive impairment.
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Is there a relevant effect of noise and smoking
on hearing? A population-based aging study

ZExiste un efecto relevante del ruido y el tabaquismo
en la audicion? Un estudio de envejecimiento de base

poblacional

Abstract

The objectives of the present study were to evaluate both
the respective and combined effects of occupational noise
exposure and smoking on hearing, taking age into
consideration. The evaluation was conducted using 1478
subjects without a history of ear disease out of
a population-based sample of 2267 adults, aged 40—
79 years. Pure-tone audiometry and a questionnaire
were administered. A 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 noise-unexposed
males. The combined effect of noise and smoking was
not interactive but additive. A dose-response effect of
smoking on hearing loss was observed in middle-aged
males without noise exposure. Smoking and noise ex-
posure were associated with hearing loss respectively.. This
result is noteworthy for the preservation of good hearing
especially at the beginning of aging.

Sumario

El propésito de este estudio fue evaluar los efectos
aislados o combinados en la audicién de la exposicién a
ruido ocupacional y el tabaquismo, tomando en cuenta la
edad. La evaluacién se efectué en 1478 sujetos sin
historia de enfermedad otoldgica, a partir de una muestra
de poblacién de 2267 adultos con edades entre 40 y 79
afios. Se realizé una audiometria de tonos puros y se
administré un cuestionario. Se observé un efecto sig-
nificativo de deterioro en la audicién por la exposicién a
ruido en ambos géneros y en muchas frecuencias, después
de hacer ajustes por la edad, ingresos y educacién. El
hébito de tabaquismo aislado afect6 significativamente el
deterioro auditivo en 4000 Hz, en varones no expuestos a
ruido. El efecto combinado de ruido y tabaquismo no fue
interactivo sino de sumacidn. Se observé un efecto de
respuesta de acuerdo con la magnitud del tabaguismo
sobre la pérdida auditiva, en varones de edades medias
sin exposicién a ruido. Se asocid el tabaquismo y la
exposicion al ruido, con la hipoacusia. El resultado es de

mucho interés para la preservacién de una buena audi-
cién, especialmente al principio del periodo de envejeci-
miento.

‘Whether it is possible to modulate presbycusis has been debated
from various aspects. Noise exposure is one of the major
etiologies of sensorineural hearing loss. Cigarette smoking has
also been investigated as a factor associated with hearing loss.
Other contributing variables such as ototoxic drugs,and medical
conditions (e.g. cardiovascular disease, hypercholesterolemia,
and diabetes mellitus) have been researched. Each of these
potential risk factors, might contribute to age-related changes in
hearing. It has not been clarified whether, excluding all extra-
neous causes, presbycusis will still occur, and theére are numerous
hurdles to discovering all extraneous causes which contribute to
this type of hearing loss. Conducting a population-based study
which compares subjects, matched for age and gender in the
presence and absence of given factors , would help identify which
factors contribute to hearing loss.

Cigarette smoking is known to be injurious to health. Over
2000 chemical compounds have been identified in tobacco leaves,
some of which are released through smoking. Tobacco products
contain more than 50 established or identifiec carcinogens
(Kuper et al, 2002). Tobacco smoking is considered to increase
the risk of many diseases, such as heart dissase, chronic

obstructive pulmonary disease, stroke, peripheral vascular dis-
ease, peptic ulcers, and osteoporosis. Many epidemiological
studies have been performed to investigate the effect of smoking
on hearing. Several studies have suggested a positive association
between smoking and hearing loss (Siegelaub et al, 1974;
Rosenhall et al, 1993; Cruickshanks et al, 1998; Itoh et al,
2001). Cruickshanks et al (1998) reported on a study of
3753 subjects aged 48 to 92 years seen in Beaver Dam,
Wisconsin. After adjustment for other factors (age, history of
cardiovascular disease, alcohol consumption, occupational noise
exposure, and education), current smokers had an increased risk
of hearing loss compared with nonsmokers (odds ratio [OR],
1.69; 95% confidence interval [CI}, 1.31-2.17). Itoh et al (2001)
found in an epidemiological study of health screening partici-
pants in Japan, that current smokers had a significantly
increased risk of hearing loss compared with nonsmokers (OR,
2.10; 95% CI, 1.53-2.89) after adjustment for sex, age, and eight
other potential confounders, such as body mass index and% vital
capacity. On the other hand, some studies have not found a
significant relationship between cigarette smoking and hearing
loss (Gates et al, 1993; Brant et al, 1996). Gates et al (1993)
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reported that there was no association between cigarette
smoking and hearing loss in 1662 elderly men and women in
the Framingham Study. There continues to be debate on the
dose-response relationship between smoking and hearing loss,
active or passive smoke exposure, and reciprocal action with the
other confounders in sensorineural hearing loss.

The objectives of the present study were to evaluate both

the respective and combined effects of occupational noise
exposure and smoking on hearing, taking age into consideration;
and to find out whether there is a dose-response relationship
between the amount of smoking and the hearing threshold in
subjects with and without a history of occupational noise
exposure.

Methods

The present study was conducted as part of the baseline
examination in the ‘Longitudinal Study of Aging (NILS-LSAY
conducted by the National Institute for Longevity Sciences;
which consists of measurements of visual and auditory function,
blood chemical analysis, body composition and anthropometry,
physical function, nutritional analysis, and psychological tests.
This cohort study looked at 2267 subjects aged 40 to 79 years old
with a 2-year follow-up. Individuals in resident registrations of
Ohbu-city (population 70,000) and Higashiura-town (popula-
tion 40,000) in Aichi prefecture were stratified by both age and
gender in cooperation with their local governments, and then
randomly selected for participation. The residents selected were
invited to an explanatory meeting at which the study design and
detailed procedures of examinations of the NILS-LSA were
fully described. Only those persons who understood and
accepted this project participated. All procedures for the study
were reviewed by the Ethjcal Committee of the Chubu National
Hospital, and written informed consent was obtained from all
participants. The baseline examinations were performed between
November, 1997, and April, 2000. In the present study,
579 subjects who reported suffering from any ear disease at
any time in their life, and 105 subjects who were uncertain
whether they were suffering or not were excluded. Participants
who refused to or did not complete the hearing test and those
who responded invalidly to the necessary questions for the
present analysis were excluded. Data on 1478 subjects with no
missing data out of 1583 subjects without a history of ear disease
were analyzed.

Participants filled out detailed questionnaires in advance
of the examination visit. The questionnaires consisted of over
130 question items designed to obtain demographic character-
istics, personal history, family history, lifestyle habits, and
various medical problems. Occupational noise exposure and
smoking history were obtained. Occupational noise was defined
in our questionnaires as background noise in a work environ-
ment over which the worker could not hold a conversation in a
normal voice. Former and current noise exposure were put
together into & Noise (+) group. In addition, ex-smokers
and current smokers were put together into a Smoking (+)
group. The subjects were divided into four groups by gender to
analyze the effects of noise exposure and smoking habits: 1.
Noise ( —) Smoking (—), 2. Noise ( —) Smoking (+), 3. Noise
(+) Smoking (—), 4. Noise (+) Smoking (+). Regarding the
amount of smoking, the number of pack-years was calculated.

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

Pack-years of smoking were defined as the number of packs (one
pack is equal to 20 cigarettes) smoked per day, multiplied by the
duration of smoking in years.

Air-conduction pure-tone thresholds at octave intervals from
S00 to 8000 Hz for the right and left ears were obtained
employing a test method recommended by the Japan Audio-
logical Society (Audiology Japan, 1990), which uses a diagnostic
andiometer (AA-73A, RION, Tokyo) calibrated according to
JIS (Japanese Industrial Standards T 1201). The thresholds over
the maximum output level of this audiometer were treated as
a level plus an additional 5 dB; that is to say, 105 dB at 500 to
4000 kHz and 100 dB at 8000 Hz. The threshold of both the
better and the worse ear were analyzed in order not to overlook
subjects with at least one affected ear. For each subject, the ears
were classified as the better ear (BE) and the worse ear (WE),
respectively, depending on a pure-tone average of thresholds at
500, 1000, 2000, and 4000 Hz.

Statistical analyses were conducted using the Statistical
Analysis System (SAS) version 6.12 software (SAS Institute
Inc., 1997). Differences in the mean pure-tone thresholds at each
frequency between groups of Noise () and Noise (—) by
gender and smoking habits were compared using the GLM
Procedure. Adjustments were made for age, income, and
education. Age was adjusted to the control of 60 years of age.
Income level was defined as family income and was divided into
two categories: yearly income <6.5 million yen and >6.5
million yen. Educational level was divided into two categories:
less than or equal to high-school graduates, and more than high
school. Differences in the mean pure-tone thresholds at each
frequency between groups of Smoking (+) and Smoking (—) by
gender and the existence of noise exposure were also compared
using the GLM Procedure, with adjustment for age with the
control of 60 years of age, income and education. The interac-
tion of noise and smoking was analyzed by a two-way analysis of
variance (ANOVA) using the GLM Procedure with adjustment
for age, income, and education. Correlation analysis between the
pack-years and pure-tone thresholds by age groups and the
existence of noise exposure was performed using the Pearson
correlation analysis with adjustment for income and education.
The level of significance was set at p <0.05. Since there were not
enough female smokers for the correlation analysis, it was
investigated only in males.

Results

The gender and age distribution of the subjects by smoking
habits and occupational noise exposure are shown in Table 1.
The subjects were 758 males and 720 females, and the number of
subjects in each decade (40s, 50s, 60s, 70s) was approximately
the same. There were 588 male smokers (77.6% of the male
subjects) and 68 females (9.4% of the female subjects). There
were 201 male occupationally noise-exposed subjects (26.5% of
the male subjects) and 104 females (14.4% of the female
subjects).

The mean air conduction thresholds were compared between
the Noise (—) and Noise (+) groups by gender and smoking
habits. In the male Smoking (+) group, statistically significant
deterioration in hearing was found in the Noise (+) group
compared with the Noise (—) group at all frequencies in both
BE and WE. In the female Smoking (+) group, no significant
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Table 1. The distribution of respondents for the questions about smoking habit and occupational noise exposure by age groups and -

gender
Male Female
Age Group 40-49yr  50-39yr . 60—69yr  70-79yr 40-49yr  50-59yr  60-69yr 70-79yr  Total
Smoking (—), Noise (—) 24 (13) 34 (18) 41 (21) 27(14) 112(69) 143 (78) 156 (84) 148 (78) 685 (46)
Smoking. (—), Noise (+) 10 (6) 11 (6) 14 (D 9(5) 18 (1)  25(14) 19310 317 1379
Smoking (+), Noise (—) 112 (62) 103 (55) 104 (83) 112(58) 28 (17) 12(6) 9 (5 8(4) 488 (33)
Smoking (+), Noise (+) 35(19) 38(20) 39(19) 45(23) 5(3) 3(2) 1) 2()  168(12)
181 (100) 186 (100) 198 (100) 193 (100) 163 (100) 183 (100) 185 (100) 189 (100) 1478 (100)

The column percentages are indicated in parenthesis.

difference was observed between the Noise (—) and Noise (+)
groups at any frequency in both ears. In the male Smoking (—)
group, the deleterious effect of noise exposure was found
significantly excepting at 500 and 8000 Hz in BE and at
500 Hz in WE. In the female Smoking ( —) group, the significant
adverse effect of noise exposure was shown excepting at 2000 Hz
in BE and at 500, 4000 and 8000 Hz in WE. A comparative
display of the effect of smoking, classified by gender and noise
exposure with regard to frequencies, is presented in Table 2.
A statistically significant deterioration in hearing was found in
the Smoking (+) group compared to the Smoking (—) group
at 4000 Hz in noise-unexposed males. No statistically significant
difference was observed at the other frequencies in noise-
unexposed males, and at any frequency in noise-exposed
males and in any females. Focusing on BE at 4000 Hz in the
male group, the joint effects of smoking habits and noise
exposure are graphically presented in Figure 1. As mentioned
above, statistically significant deterioration in hearing was
found in the Smoking (+) group compared to the Smoking
( —) group in noise-unexposed group and statistically significant
deterioration in hearing was found in the Noise (+) group
compared with the Noise (—) group regardless of smoking
habits. The results for WE show a similar tendency to those
for BE.

In the analysis by two-way ANOVA after adjustment for age,
income, and education, a significant main effect of noise was
observed at all frequencies in males and females. A significant
main effect of smoking was found at 4000 Hz in males. No
interaction between noise and smoking was observed in either
gender.

‘Correlation analysis between the amount of smoking and
hearing thfesholds by age groups and the existerice of noise
exposure was performed to evaluate the further effect of
smoking on hearing in each age population. The results of the
analysis are shown in Table 3. There was weak but significant
positive correlation between pack-years and air conduction
pure-tone thresholds for the better ear in males in their forties

-and fifties without noise exposure at several frequencies. As
smoking increased, the pure-tone thresholds significantly ele-
vated. For the worse ear, significant positive correlation between
pack-years and air conduction pure-tone thresholds was
observed in their forties without noise exposure at some
frequencies. No significant correlation between pack-years and
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hearing thresholds was found in male subjects with noise
eXposure.

Discussion

Whether there is an interrelated effect on sensorineural hearing
loss between noise and smoking has been argued, especially
in investigations for workers exposed to occupational noise
(Barone et al, 1987; Virokannas & Anttonen, 1995; Toppila et al,
2001; Mizoue et al, 2003). Groups of workers exposed to
occupational noise are likely to consist of younger males with
a mean age between 30 and 49. The participants of the current
study were sampled equally from middle-aged to elderly
populations. The additional geographical feature of the district
investigated in the present study was its location in the
midsection of the main island of Japan, where employment by
secondary industries such as construction and manufacturing is
relatively higher than in other parts of Japan. According to a
Labour Force Survey conducted in 1999, the ratio of secondary
industries in the employment structure was 56.4% in the district
included in this study, while it was 31.1% in the entire country,
40.8% in Aichi prefecture, and 76.8% in Toyota city in Aichi
prefecture, where the Toyota car company is located. It was
considered advantageous in the investigation of whether noise
and smoking affect hearing to use a population-based stratifica-
tion of age and gender of subjects from this particular district
(Statistical Handbook of Japan 2001).

Barone et al (1987) have demonstrated, on the basis of a study
of 2348 male employees of a large aerospace company, who were
between the ages of 18 and 59 years (mean age: 35.3 in hearing
loss group, 35.5 in control) that smoking contributes to noise-
induced hearing loss. Statistically significant trends in risk were
also reported for the number of pack-years of smoking, and the
current packs per day consumption in present smokers. Mizoue
et al (2003) assessed the intetaction between smoking and noise
exposure on hearing loss, using data from worker healih
examinations in a Japanese steel company. A dose-response
relation was observed between smoking and high frequency
hearing loss. The combined effect of smoking and occupational
exposure to noise on hearing loss was additive. In other words,
smoking did not enhance the effect of noise on hearing. In the
present study smoking and noise exposure were associated
with hearing loss respectively. The deleterious effect of noise
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