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In this validation study, the section of the questionnaire
concerned with dental health was mailed to 288 dentists
randomly selected from 953 members of the Fukuoka City
Dental Association from April through August 2008. One of
the authors (TN) conducted all oral examinations, including
CPI measurement, at the clinics of dentists who consented to
undergo an examination.

Follow-up

The study participants are currently under observation for
mortality and morbidity by their affiliated prefectural dental
associations. They are to be followed until at least March
2009 (March 2010 in some late-starting prefectures) and,
if permitted, the follow-up period will be extended. The
prefectural dental associations operate their own fraternal
insurance programs, When a JDA member dies or suffers a
disease, the member or his/her proxy submits a death or
medical certificate to claim the insurance benefit through the
office of his/her prefectural dental association. Most events
requiring hospital admission are recorded as part of this claims
process. Mortal and morbid events in study patticipants are
reported to the study office and coded according to the
International Statistical Classification of Diseases and Related
Health Problems, 10th revision (ICD-10). The cause of death
is determined based on the death certificate. If a study
participant resigns from their dental association, it is reported
and treated as a loss to follow-up.

Ethical issues

All eligible respondents, ie, those who consented to
participation in the study and the use of their insurance data,
submitted consent forms to their prefectural dental association
office. To assure strict confidentiality, the questionnaire was
anonymized with an ID number identical to that used on the
consent form. The outcome data of participants are also
anonymized at the prefectural dental association offices using
the same ID number and forwarded to the study office. The
ethics committees of Nagoya University School of Medicine
and Aichi Cancer Center (former affiliation of the principal
investigator, [KW]) both approved the protocol of this cohort
study (Nos. 33 and 8-21, respectively). All participants in the
validation study of self-reported periodontal status provided
written informed consent. The protocol of this validation
study was approved by the ethics committee of Fukuoka
Dental College (No. 77), where the study was conducted.

Statistical analysis

We tabulated the proportions, means, and/ or medians of
respondents for selected baseline characteristics by sex and
10-year age subgroup. Body mass index (BMI) was calculated
by dividing self-reported body weight (kg) by the square of
the participant’s height (m?). Those who consumed alcohol at
least once a month were classified as drinkers. Hypertension
was defined as a self-reported systolic blood pressure of
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>140 mmHg, a diastolic blood pressure of 290mmHg, or a
prescription for medication to treat hypertension. Stroke
referred to cerebral infarction, cerebral hemorrhage, and
subarachnoid hemorrhage, and coronary heart disease
referred to myocardial infarction and angina pectoris. The
GOHAI questions were asked in 20 of the 46 prefectural
dental associations.

In the validation study of self-reported periodontal status,
the CPI score reported on the questionnaire was compared to
that measured at an oral examination. We evaluated the
consistency between the two sets of assessment of periodontal
status by calculating the kappa statistic. In addition, we
categorized the participants as those with or without a CPI
score of >3, and computed sensitivity and specificity. A CP1
score of >3 on an oral examination by one of the authors (TN)
was defined as the reference, or “gold standard.” The exact
95% confidence interval (CI) for sensitivity and specificity
was estimated based on the binomial distribution. All the
analyses were performed with the Statistical Analysis System
version 9.1 (SAS Iastitute Inc., Cary, NC, USA).22

RESULTS

The questionnaire was delivered to 58792 JDA members,
22415 of whom returned it to the study office. We excluded
1074 respondents who did not submit the consent form to the
prefectural dental association offices and 69 with missing
information on age or sex, leaving 21 272 participants (36.2%
of those receiving the questionnaire). The age distribution of
the cohort peaked at 40 to 49 years (Table 1), with a mean
age = SD of 52.3 £ 12.3 years (range, 26-98 years). Women
were 8.0% of the population (n = 1700). As of June 2007, 154
participants have resigned from their dental associations.

The proportion of participants without a spouse at baseline
was higher among women than men (Table 2). More than
90% of men and 75% of women were independent operators
of their dental offices. The mean length of career as a dentist
was 26.4 years (SD, 12.2) in men and 26.5 years (SD, 13.3) in
woren,

The proportion of current smokers was higher among
younger men as compared with elderly men: 39.0% of men in

Table 1. Sex and age distribution of study participants at

baseline
Men Women
Age
n % n %

20-29 41 0.2 18 1.1
30-39 2455 12.5 210 12.4
40-49 6713 343 599 35.2
50-59 5695 29.1 467 275
60-69 2524 12.9 149 8.8
70-79 1572 8.0 178 10.5

280 572 29 79 4.6
Total 19 572 100.0 1700 100.0

-236-



Wakai K, et al. 75

Table 2. Selected baseline demographic, lifestyle, and medical characteristics of participants by sex and age

Age at baseline

Tot
20-29 30-39 4049 50-59 60-69 70-79 280 otal
Men
Marital status
Unmarried (%) 61.0 14.1 33 1.3 0.4 0.1 0.2 3.5
Married (%) 39.0 83.8 94.4 96.1 96.9 924 82.6 93.2
Widowed or divorced (%) 0.0 2.0 23 2.7 2.8 7.5 17.3 3.3
Employment
Independent (%) 63.4 86.2 94.5 96.9 94.3 82.0 57.9 92.0
Employed by relatives (%) 26.8 10.5 4.0 1.7 2.1 6.4 7.0 4.2
Employed by others (%) 9.8 2.9 1.2 0.9 0.8 0.5 0.2 1.2
Not at work as a dentist (%) 0.0 0.0 0.0 0.1 22 9.6 33.7 24
Others (%) 0.0 04 0.3 0.3 0.6 1.6 1.3 0.5

Years practicing as a dentist

41+14 108428 190+36 273141 374146 483154 56767 264122

(mean £ SD)
Smoking ‘

Current smokers (%) 39.0 39.8 32.3 29.7 25.1 213 14.5 30.2

Ex-smokers (%) 4.9 224 32.7 40.5 43.0 52.6 56.6 37.2
Alcohol drinking

Current drinkers (%) 70.7 73.0 77.2 76.6 71.6 59.7 45.1 73.5

Ex-drinkers (%) 2.4 21 2.3 2.6 5.3 9.7 12.3 3.6
Body mass index 225.0 (%) 34.2 33.6 33.2 31.2 24.8 20.9 14.1 30.1
Hypertension (%)" 24.3 23.8 31.3 43.7 56.6 66.3 66.8 41.1
History of

Stroke (%) 24 0.5 1.0 1.8 5.1 11.1 12.6 2.9

Coronary heart disease (%) 0.0 0.5 1.2 3.1 7.5 13.2 15.4 3.8

Diabetes (%) 0.0 1.4 3.8 9.3 15.5 17.5 13.8 8.0

Cancer {%) 0.0 0.3 1.0 2.6 6.9 13.7 17.0 3.6

GHQ-12t score [median

(interquartile range)] - 1(0-4) 2 (1-4) 2 (0-4) 1(0-3) 1(0-3) 1 (0-3) 1(0-3) 1(04)

()t 41) (2408) (6591) (5548) (2417) (1427) (468) (18 900)
Women

Marital status
Unmarried (%) 72.2 341 224 14.4 8.1 14.1 5.1 19.2
Married (%) 27.8 55.8 62.8 67.1 67.1 452 29.1 59.7
Widowed or divorced (%) 0.0 10.1 14.8 18.5 24.8 40.7 65.8 214

Employment
Independent (%) 444 75.2 80.4 80.3 78.5 67.2 57.7 76.8
Employed by relatives (%) 33.3 21.4 16.6 16.2 15.4 13.6 10.3 16.3
Employed by others (%) 16.7 2.9 1.7 1.7 0.7 0.0 0.0 1.7
Not at work as a dentist (%) 0.0 0.5 0.5 15 4.0 18.6 32.1 4.4
Others (%) 5.6 0.0 0.8 1.3 13 0.6 0.0 0.9

Years pracicing as a dentist 46408 115+27 102+38 267+50 371+51 498+59 55779 265%133

(mean t SD)
Smoking .
Current smokers (%) 16.7 12.0 13.7 10.0 8.1 5.2 3.9 10.7
Ex-smokers (%) 5.6 9.1 10.0 10.0 4.7 9.2 6.2 9.1
Alcohol drinking
Current drinkers (%) ) 55.6 51.4 53.9 45.8 34.7 244 13.2 448
Ex-drinkers (%) 0.0 4.8 3.5 1.7 2.0 1.1 1.3 2.7
Body mass index 225.0 (%) 11.1 3.9 10.3 15.7 18.2 19.1 19.5 131
Hypertension (%)" 5.9 6.3 12.5 26.9 38.3 60.0 77.3 26.1
History of
Stroke (%) 0.0 0.0 0.3 1.3 0.7 6.2 7.6 1.5
Coronary heart disease (%) 0.0 0.0 0.5 0.6 4.7 11.8 7.6 24
Diabetes (%) 0.0 0.0 1.2 1.7 7.4 7.3 6.3 2.6
Cancer (%) 0.0 0.5 4.2 5.1 7.4 11.8 7.6 5.2
GHQ-12f score [median
(interquartile range)] 3.5 (1-6) 2(0-4) 2 (04) 2 (0H4) 1 (0-4) 1 (0-3) 1 (0-3) 1.5 (04)
(n)t (18) (209) (579) (455) (146) (160) 61) (1628)

*Self-reported systolic blood pressure 2140 mm Hg, diastolic blood pressure 280 mm Hg, or taking medication for hypertension.
TGHQ-12: 12-item General Health Questionnaire.
INumber of participants with complete data.
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their third decade of life smoked, as did 39.8% in their fourth
decade and 14.5% in their ninth or tenth decade. However,
male ex-smokers were more common in older age groups
(Table 2). Approximately 10% of women smoked at baseline,
and the trend decreased with age. At baseline, more than 70%
of men and more than 40% of women were alcohol drinkers,
but the prevalence of former drinkers was higher among the
elderly in men. Obesity, defined as BMI >25.0kg/m?, was
inversely associated with age among men; however, the
association was positive among women. The prevalence
of hypertension was clearly age-dependent in both sexes.
Histories of stroke, coronary heart disease, diabetes, and
cancer were also more prevalent among elderly participants
and, with the exception of cancer, were more common in men
than in women.

With regard to oral health indicators (Table 3), more than
half of men brushed their teeth at least 3 times per day, except
for elderly men; women brushed their teeth more frequently.
Tooth loss markedly increased with age, and the mean
numbers of lost teeth were very similar between men and
women in the same age categories. Interestingly, inter-
individual variations, as shown in the SD values, were very
large. The proportions of men and women with at least 20
teeth were greater than 95% for those under the age of 60
years, but dropped quickly as age increased, reaching 22.6%
and 21.5% in men and women aged at least 80 years,
respectively. The age-specific percentages of those with >20
present teeth differed little between sexes. The prevalence of
periodontal disease with a CPI score of >3 also increased with
age in men and women, and was approximately 10% overall.
A history of periodontal diseases with pockets >4 mm was
more common in older participants. Some inconsistency was
observed between the proportion of participants with a CPI
score of >3 and the percentage of those with a history of
periodontal disease with pockets >4 mm: the former was higher
than the latter in men and women aged 20 to 29 years. The
proportions, based on the response to the questionnaire, are
shown in Table 3 without correction. An inverse correlation
was found between age and GOHAI score, which implies that
oral health QOL is poorer in elderly participants.

Validity of self-reported periodontal status
Of the 288 dentists who received the dental part of the
questionnaire, 61 returned it and 50 (17.4% of the selected
dentists) consented to undergo an oral examination. The mean
age = SD of the 50 participants was 53.3 £9.7 years (range,
33-73 years), and women accounted for 8.0% (n=4) of
participants. The mean interval + SD between the reply to the
questionnaire and the oral examination was 56 + 36 days.
Table 4 shows the joint classification of CPI score as
determined by oral examination and reported on the self-
administered questionnaire. The consistency between the two
sets of CPI scores was not high: the kappa coefficient was
0.53 (95% CI, 0.36-0.70). However, when the participants
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were dichotomized into those with or without a CPI score of
>3 (Table 4), the kappa coefficient was 0.73 (95% CI,
0.53-0.93), with 87.5% sensitivity (95% CI, 61.7%—98.5%)
and 88.2% specificity (95% CI, 72.6%-96.7%). Responses
to the questionnaire indicated that periodontal status was
assessed by a dental hygienist, another dentist, the respondent,
or another person in 22 (44.0%), 14 (28.0%), 8 (16.0%), and 6
(12.0%) of the 50 participants, respectively. Even when the
analysis was limited to assessments by the respondents
themselves or another person, the kappa coefficient (0.85;
95% CI, 0.57-1.00) was not lower than that for assessments
by a dental hygienist or another dentist (0.68; 95% CI,
0.43-0.93).

DISCUSSION

‘We have described the design of our nationwide prospective
study of dentists and briefly presented the baseline lifestyle,
clinical, and oral health characteristics of the participants. In
addition, we validated the self-administered questionnaire on
periodontal status by means of oral examinations. To our
knowledge, this is the largest cohort study of dentists in Japan,
a nation with relatively high mortality and incidence rates,
among developed countries, for stroke and gastric cancer.?»
Much attention has recently been paid to the relations between
oral health and the risks of both stroke? and gastric
cancer?®?’; information from the present study may increase
our understanding of these relations.

To further characterize the cohort at baseline, we compared
selected health-related characteristics of the cohort with those
of the Japanese population by sex and age using data from
available nationwide surveys, including The National Health
and Nutrition Survey in Japan, 2004,% The Survey of Dental
Diseases, 2005 (data available on the Internet at http://
www.mhlw.go.jp/topics/2007/01/tp0129-1.html), and the
nationwide survey of GOHAI, which establishes national
norms for Japanese (available at http://www.i-hope.jp/2007/
09/qol_06.htm!) (Appendix). In men in the present cohort, the
proportion of current smokers was lower than in the general
population, but the proportion of ex-smokers was higher. In
particular, the percentage of male, current smokers younger
than 60 years was more than 10 points lower than that of the
general population. In women, however, smoking status
among the cohort and general population was very similar,
and the proportions of current drinkers were comparable, with
the exception of middle-aged women. Obesity was similarly
or less prevalent in the cohort, as compared with the general
population, in middle-aged and elderly men and women.
Hypertension was substantially more common in the younger
age subgroups of the cohort, as compared with the general
population.

The cohort members generally had better oral health than
the general population: they had a more diligent hygienic
routine, fewer lost tecth, fewer periodontal diseases, and
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Table 4. (a) Joint classification of CPl score as assessed by
oral examination and reported on self-administered
questionnaire among 50 participants in a validation
study. (b) Categorization of participants with or

without a CPIl score of 23.

(a)

CPI score assessed

CPl score reported by oral examination Total
on questionnaire
0 1 2 3 4
0 8 0 2 1 0 11
1 4 4 ¢} 0 0 8
2 4 0 8 1 0 13
3 3 0 1 10 2 16
4 0 0 0 0 2 2
Total 19 4 11 12 4 50

(b)

CPI score assessed
CP! score reported

by oral examination
on questionnaire y Total
0-2 23
0-2 30 2 30
23 4 14 18
Total 34 16 50

higher oral health-related QOL. In men, differences between
the two populations in the mean number of teeth lost and the
proportion of those with a sufficient number of teeth increased
with age, but diminished in the very old. Thus, lifelong oral
health was not easily attained, even among dentists with good
oral hygiene.

Some methodological issues in the present study warrant
consideration. First, the validity of self-reported oral health
status needs to be confirmed. To address this concern, we
conducted a validation study focusing on periodontal status
that compared the responses on the questionnaire with the
findings of dental examinations. The study demonstrated
that the participants could be classified, with satisfactory
validity, into those with or without periodontal pockets
>4mm in any of the index teeth used for CPI measurement
(kappa coefficient, 0.73; sensitivity, 87.5% and specificity,
88.2%). The information coliected with the self-administered
questionnaire, therefore, should be useful when classifying
respondents according to the presence of deep periodontal
pockets. In the present baseline survey, periodontal status was
not always assessed by a dental professional other than the
participant: it was determined by a dental hygienist, another
dentist, the respondent, or another person in 38.6%, 20.1%,
32.6%, and 8.6% of the participants, respectively. Although
the respondents themselves and non-dental professionals
cannot accurately measure CPI, they assessed periodontal
status and classified it according to the criteria for periodontal
status used for CPI scoring (score 0-4) in the present study.
In terms of the assessment of periodontal condition, the
validation study did not show lower validity for persons other
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than dental hygienists or other dentists when classifying
individuals as those with or without a CPI score of >3.
Nevertheless, in analyses of the cohort data, subgroup
analyses that account for the profession of the assessors
may prove informative.

Second, our cohort was comprised of oral health
professionals, and findings from such a highly specific
population cannot be straightforwardly generalized. Although
the participants were in better oral health than the general
population, there was still considerable inter-individual
variation in the indices; some respondents scored poorly on
the indices (eg, many lost teeth, high CPI score). Therefore, we
expect to be able to compare subsequent mortality and
morbidity between those with better and worse scores on
indices. In addition, the cohort is relatively homogeneous in
terms of sociceconomic status, so the effect of this potential
confounder?*®—a concern in other studies®®?’—will be
minimized. Third, lack of direct measurement of blood
pressure, blood lipids, and glucose levels may be a limitation
when attempting to determine the association between oral
health and cardiovascular disease. Fourth, we have not
analyzed some potential occupational risks, such as
infections and exposures to asbestos and mercury, because of
the difficulty in doing so with a self-administered questionnaire
comprising a limited number of pages. We therefore must
consider the extent to which residual or unadjusted
confounding by cardiovascular risk factors or occupational
risk affects the association between oral health and systemic
diseases.

Finally, because the response rate was not high (36.2%), the
respondents are not a representative sample of JDA members.
This fact should be kept in mind when interpreting the
baseline profiles in this article. In addition, in generalizing the
findings from this study to a designated target population,
differences in the background characteristics of the cohort and
the target population must be identified, and the relevance of
such differences should be carefully considered from the
perspective of the underlying biological mechanisms.’!
Although dental status differed somewhat between the
dentists and the general public, the relevant biological
mechanisms are essentially identical among humans, and the
associations between oral health and general health, as
observed in dentists, should be applicable to the general
population.

As of December 2007, the cohort members have been under
observation for an average of 4 years. We expect the study to
provide strong evidence for the link between oral health and
general well-being.
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Appendix. Selected heaith-related characteristics of the Japanese general population, by sex and age (summarized data from

nationwide surveys)

Age
20-29 30-39 4049 50-59 60-69 70-79 280
Men
Current smokers (%)" 513 57.3 514 47.7 33.3 24.0
Ex-smokers (%) 6.9 11.3 19.3 27.2 322 38.1
Current drinkers (%) 64.6 72.0 75.8 76.5 73.0 57.2
Ex-drinkers (%)’ 0.5 1.1 21 0.6 23 4.9
Body mass index 225.0 (%) 19.9 28.9 327 30.8 29.7 25.5
Hypertension (%)™ 7.3 16.4 44.0 53.7 67.7 72.9
Brushing 23 times/day (%)} 9.4 9.0 10.7 10.8 15.2 18.4 18.7
Tooth loss (mean number)¥ 0.2 0.5 2.0 46 8.1 14.2 18.4
Number of present teeth 220 (%) 100.0 99.4 959 85.2 65.3 37.9 247
CPI score 23 (%)% 20.3 294 36.3 63.8 55.5 46.6 34.4
GOHAI score (mean) "t 54.3 53.8 53.6 53.1 52.8 50.4 NAl
Women

Current smokers (%)" 18.0 18.0 13.7 13.7 7.6 4.5
Ex-smokers (%) 5.2 7.8 6.0 2.7 3.8 4.0
Current drinkers (%)™ 51.0 49.6 47.2 38.3 29.4 17.9
Ex-drinkers (%)" 1.9 2.8 1.0 0.5 14 1.7
Body mass index 225.0 (%)’ 54 8.3 17.9 241 29.9 26.7
Hypertensicn (%)™ 1.1 6.5 21.9 38.8 55.9 75.2
Brushing 23 times/day (%) 30.8 28.9 271 26.0 275 26.8 17.9
Tooth loss (mean number)3l 0.3 0.7 1.7 4.2 8.9 15.4 21.0
Number of present teeth 220 (%)} 100.0 99.6 96.7 85.0 61.7 344 12.7
CPI score 23 (%)% 11.2 20.8 35.8 40.6 46.1 44.6 27.3
GOHAI score (mean)' ™1t 52.3 54.8 53.7 51.3 52.4 51.2 NAH

*National Health and Nutrition Survey in Japan, 2004.
fCurrent drinkers were defined as individuals who consume alcohol at least once a month.

1Systolic blood pressure 2140 mm Hg, diastolic blood pressure 290 mm Hg, or taking medication for hypertension.
SSurvey of Dental Diseases, 2005.
lIMaximum number of teeth was adjusted to 28 for comparison with figures from present study.
ICPI: Community Periodontal index.

**GOHAL General Oral Health Assessment index.
*National norm for Japanese (mean).

HNA: not available.
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Abstract ~ Objectives: To clarify the association of tooth loss with

dietary intakes among dentists, for whom sufficient dental care is

available. Methods: We analyzed the data from 20 366 Japanese dentists (mean
age = 5D, 52.2 + 12.1 years; women 8.0%) who participated in a nationwide
cohort study from 2001 to 2006. The baseline questionnaire included a validated
food-frequency questionnaire to estimate intakes of foods and nutrients.

We computed the geometric means of daily intakes by the number of teeth,
adjusting for age, sex, smoking, physical activity, and history of

diabetes. Results; The mean intakes of some key nutrients and food groups,
such as carotene, vitamins A and C, milk and dairy products, and vegetables
including green-yellow vegetables, decreased with the increasing number of
teeth lost (P for trend <0.05). On the contrary, mean intakes of carbohydrate,
rice, and confectioneries were increased among those with fewer teeth (P for
trend <0.05). The difference in the geometric mean (%) between totally
edentulous subjects and those with 225 teeth, that is [(Geometric mean for 225
teeth) — (Geometric mean for 0 teeth)l/(Geometric mean for 225 teeth) x 100,
was 14.3%, 8.6%, 6.1%, and —6.1% for carotene, vitamin C, vitamin A, and
carbohydrate, respectively. For food groups, it was 26.3%, 11.9%, 5.6%, -9.5%,
and ~29.6% for milk and dairy products, green-yellow vegetables, total
vegetables, rice, and confectioneries, respectively. Conclusions: Tooth loss was
linked with poorer nutrition even among dentists. '
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Attention has recently been paid to oral health in
relation to overall well-being (1). Since the primary
function of teeth is mastication, their loss will reduce
masticatory ability (2, 3). Some authors (1, 4) have
suggested that there are detrimental changes in
dietary intakes that are due to impaired dentition,
which they believe possibly to mediate the risk of
systemic diseases. Evenif the increase in health risks
due to tooth loss may be small, the impact could be
great because of the high prevalence of such losses.
According to the National Dental Health Survey in
2005, 60.1% of Japanese aged 65 years or more were
estimated to have <20 teeth (5).

doi: 10.1111/1.1600-0528.2009.06512.x
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Several studies (4, 6-9) have found an inverse
association between the number of teeth and
intakes of several nutrients as well as fruits and
vegetables, which are potentially important to
reducing the risk of cardiovascular disease, cancer,
and other systemic conditions (10, 11). The lower
blood levels of some key nutrients such as retinol,
p-carotene, folate, and ascorbic acid were report-
edly associated with edentulousness (7, 12).

However, what if high standards of dental
treatment are available? Is the association between
tooth loss and dietary intake considerably weak-
ened? Populations of dentists will be suitable to

1
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address this question. Dentists are expected to have
more teeth than the general population (13). In
addition, they have ready access to sufficient dental
treatment that may result in better dietary intake
despite tooth loss. On the contrary, if tooth loss is
correlated with poor dietary intake even among
dentists, it may imply that the deteriorated food
intake due to tooth loss cannot be adequately
recovered by dental treatment and will indicate the
importance of preserving teeth for nutrition.

Because both diet (14) and tooth loss (15) are
influenced by socio-economic status (SES) and
educational attainment, SES may confound the
association between tooth loss and dietary intake.
If the association is examined in a population
uniform for SES, such confounding will be well-
controlled. Joshipura etal. (6) reported more
pronounced differences in diet between edentulous
participants and those with 25 or more teeth among
non-dentists than among dentists in the Health
Professionals Follow-up Study.

The aim of the present study was to further
clarify the association of tooth loss with dietary
intakes among a population homogeneous for SES,
for which sufficient dental care is available. For this
purpose, we analyzed the data from an ongoing
cohort study among members of a dental associa-
tion; the study was named LEMONADE (Longitu-
dinal Evaluation of Multi-phasic, Odontological
and Nutritional Associations in Dentists).

Participants and methods

Participants and baseline survey

The protocol of the LEMONADE study has been
described in detail elsewhere (13). In brief, dentists
joining the Japan Dental Association (JDA) were
invited to participate in the study. A self-adminis-
tered, paper-based questionnaire was mailed to all
JDA members except those working in one prefec-
ture at one time during the study period from 2001
to 2006. The survey covered self-reported oral
health factors including oral hygiene habits, peri-
odontal status, and the number of lost teeth
(excluding third molars). The participants were
also asked about their personal history of chronic
diseases and lifestyle factors such as diet and
smoking and drinking habits.

The dietary part of the questionnaire inquired as
to the intake frequency of 97 modern Japanese
foods or dishes consumed during 1 month just
before the baseline survey. This food-frequency

2

questionnaire (FFQ) was designed to estimate daily
amounts of food-group consumption and nutrient
intakes (16, 17). In the FFQ, we asked the partic-
ipants about their intake frequencies of the 97 food
items. The consumption of a food item was
estimated by multiplying the standard portion size
(i.e., average quantity of food per intake) by its
intake frequency. For rice and beverages, questions
on usual portion sizes were also included because
they may greatly vary among respondents. Nutri-
ent intakes can also be assessed by establishing a
database on composition of the food items for
target nutrients. The intake of a nutrient is calcu-
lated using the following formula for each item:
(reported intake frequency per day) x (portion size
in grams) x (nutrient content per 100 g)/100. The
intake is then summed for all the 97 listed food
items to obtain the intake per day. This food-
frequency method has widely been applied to
large-scale epidemiological studies and has proved
to be quite useful (18).

Our FFQ was validated by referring to dietary
records (16, 19). The de-attenuated correlation
coefficients for energy-adjusted intakes between
the FFQ and 16-day dietary records ranged from
0.42 to 0.83 for nutrients (median, 0.61) and 0.36—
0.83 for food groups (median, 0.58) in this study.
The correlation coefficients for nutrients and food
groups of potential importance were as follows:
054 for vitamin A, 045 for carotene, 0.61 for
vitamin C, 0.63 for dietary fiber, 0.50 for vegetables,
and 0.80 for fruits. Consumption of fruit juice was
not included in that of fruit in the FFQ. All the
eligible respondents provided written informed
consent for participation in the LEMONADE study.

- The ethics commiittees of Nagoya University School

of Medicine and Aichi Cancer Center (the former
affiliation of the principal investigator [KW])
approved the protocol of this study.

Statistical analysis

Body mass index (BMI) was computed by dividing
self-reported body weight (kg) by the square of
height (m?®). The subjects were a priori categorized
into five groups according to the number of
remaining teeth (calculated as 28 minus the num-
ber of lost teeth), that is, 0, 1-9, 10-19, 20-24, and
25-28 teeth (4, 6, 7, 9), irrespective of use of
dentures. Background characteristics were com-
pared between the groups after adjustment for age
(10-year age group) and sex by the direct method
for proportions and by the general linear model for
means. The decreasing or increasing trend in
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proportion with the increasing number of remain-
ing teeth was statistically tested with the Mantel
extension test, as was such a trend in means with
the general linear model. The categories of 0, 1-9,
10-19, 20-24, and 25-28 teeth were scored as 0, 1, 2,
3, and 4, respectively, and the score was included
in the linear model as a. single independent
variable.

To examine the association of tooth loss with
nutrient intakes (excluding those from supple-
ments) and food-group consumption, we com-
puted the means of intakes by the number of
remaining teeth. The means were adjusted for age
(10-year age group), sex, smoking (never, former,
or current smokers), moderate to heavy physical
activity (hours/day: five categories from the lowest
quintile to the highest one), and history of diabetes
(yes or no) by the general linear model. In the
present analysis, SES was not considered because
the population comprised of dental association
members seems to be reasonably homogeneous for
SHES. Intakes of nutrients, energy, and food groups
were log.-transformed to improve the normality in
their distribution. The geometric means of intake
were then calculated. Their 95% confidence inter-
vals were estimated based on the standard errors
derived from the linear models. The difference in
the geometric means (%) between edentulous
subjects and those with 25-28 teeth was defined
as follows: [(Geometric mean for 25-28 teeth) —
(Geometric mean for 0 teeth)]/(Geometric mean for
25-28 teeth) x 100.

The linear trend in the geometric means across the
categories of the number of remaining teeth was
assessed by incorporating the same score as the one
used in the test for trend in means in background
characteristics into a linear model. All P values
were two-sided, and all the analyses were done
using the Statistical Analysis System version 9.1 (20).

Tooth loss and dietary intake among dentists

Results

The questionnaire was delivered to 58 792 mem-
bers of JDA, 21 341 of whom returned it to the
central office of the study. At the same time, each
member submitted the consent form to the office of
the prefectural dental association with which he or
she was affiliated. We excluded 69 with missing
data on age and/or sex, leaving 21 272 (36.2% of the
dispatched questionnaires). For the present analy-
sis, 411 participants with missing information on
rice consumption were omitted since rice is still the
essential staple among Japanese. In addition, we
excluded 243 with implausibly high or low esti-
mates of energy intake (participants with log.-
transformed energy intake values beyond three SD
from the sex-specific mean (21)), 90 lacking data on
their number of missing teeth, and 162 without
data on the covariates. The age distribution of the
remaining 20 366 participants for our analyses
peaked at 40 to 49 years and a mean age = SD of
522 +12.1 (range, 26-98) years, with women
accounting for 8.0% of them. A total of 5050
(24.8%) dentists reported that they had lost four
or more teeth. Female participants, current smok-
ers, and those with a history of diabetes were more
common in those with fewer teeth (Table 1). The
mean age decreased while physical activity in-
creased with an increasing number of remaining
teeth.

The mean intakes of carotene and vitamins A
and C declined with the increasing number of teeth
lost to constitute a significant trend (P for trend
<0.05) (Table 2). On the contrary, mean intake of
carbohydrate was increased among those with
fewer teeth. The difference in the geometric mean
(%) between totally edentulous subjects and those
with 225 teeth ranged from —6.1% to 14.3%. It was
greatest for carotene (14.3%) and vitamin C (8.6%)

Table 1. Background characteristics of study subjects by number of present teeth (n = 20 366)

Number of present teeth

P for
0 1-9 10-19 20-24 25-28 trend
n 554 627 959 2910 15 316
Women (%) 105 8.0 8.1 10.5 7.5 <0.001
Age (years, mean = SD) 752102 72999 681+x99 559+11.4 48895 <0.001
Current smokers (%)? 39.1 43.8 48.7 31.8 25.8 <0.001
Ex-smokers (%)* 30.0 30.4 34.0 34.8 35.2 0.41
History of diabetes (%)? 12.1 95 10.3 7.8 6.9 <0.001
Body mass index (kg/mz, mean + SE)* 221+ 0.2 21.8+01 22001 222 + 0.1 22201 017
Moderate to heavy physical activity 5503 55%03 59x02 60+02 61+02 0.004
(h/week, mean + SE)*
*Adjusted for age and sex.
3
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and smallest for carbohydrate (-6.1%). Total energy
intake was higher among the participants with
fewer remaining teeth than among those with more
teeth (P for trend =0.029). This trend appeared only
after the adjustment for physical activity.

The mean consumption of noodles, milk and
dairy products, and vegetables including green-
yellow vegetables also decreased with the increas-
ing number of teeth lost (Table 3). The consump-
tion of rice and confectioneries, however, was
lower in those with more remaining teeth; the
difference in the geometric mean (%) between
totally edentulous participants and those with 225
teeth was -9.5% and -29.6%, respectively. In
contrast, the gap exceeded 10% for milk and dairy
products (26.3%) and green-yellow vegetables
(11.9%).

Discussion

In this cross-sectional analysis, even among den-
tists we found a decreasing trend in intakes of
carotene and vitamins A and C with the increasing
number of teeth lost. Similar trends were detected
for the consumption of milk and dairy products
and green-yellow vegetables, whereas the con-
sumption of rice and confectioneries was inversely
correlated with the number of remaining teeth. The
associations of tooth loss with dietary intake were
independent of age, sex, smoking habits, physical
activity, or history of diabetes.

Although dentists have ready access to a high-
quality dental care, the odontopathy-induced,
compromised dietary intakes may not be suffi-
ciently restored by such treatment. It has been
indicated that loss of natural teeth causes reduced
masticatory efficiency even after the replacement
with dentures (22-24).

Many investigations have suggested a protective
role for vegetable consumption against cardiovas-
cular disease (25, 26), and to a lesser degree, against
cancer (27). The lower intake of vegetables associ-
ated with tooth loss detected in our study may, in
turn, lead to an increase in the risk of these
diseases.

Our finding that the intakes of key foods and
nutrients are positively associated with the number
of teeth remaining is generally in line with those of
previous studies. The association with intakes of
carotene, fiber, and vegetables has been stressed
4, 6, 7, 12). In contrast, we found the intake
of carbohydrate and consumption of rice and

4

confectioneries to be higher among subjects with
fewer teeth, which is not surprising since these
foods would be relatively easy to chew. The higher
intake of confectioneries in those with tooth loss,
however, might not be the consequence but rather
the cause of their tooth loss.

In our dataset, the number of teeth lost was
correlated with the self-reported frequency of
difficulty in chewing; the Spearman correlation
coefficient was 0.30 (P < 0.001) after adjustment for
age, sex, smoking, physical activity, and history of
diabetes. The difficulty in chewing was, in turn,
associated with higher consumption of rice and
confectioneries. Those who sometimes or more
frequently experienced this difficulty consumed
rice and confectioneries, on average, 334.7 and
8.3 g/day, respectively, but so did those who never
or seldom encountered the difficulty 325.5 and
7.3 g/day (adjusted for age, sex, smoking, physical
activity, and history of diabetes; P for difference,
0.021 for rice and <0.001 for confectioneries).

The large sample size enabled us to include a
sufficient number of subjects with many teeth lost
even in a population of dentists. Although the
validity of responses to the number of missing
teeth in our questionnaire was not evaluated in the
participants, Buhlin et al. reported a good correla-
tion between the self-reported number of teeth and
the number detected at clinical examinations in a
general population (28); the mean difference
between the two numbers was 1.4 teeth. We may
expect an even higher level of validity among
dentists. Some other methodological issues, how-
ever, warrant consideration.

First, since our study population is comprised
exclusively of dentists, it may differ considerably
from more heterogeneous general populations.
This, however, provided us a unique opportunity
to examine the association between tooth loss and
dietary intakes among subjects with ready access to
sufficient dental treatment. In addition, the cohort
appears to be relatively homogeneous in terms of
SES. The potential confounding by SES (15), there-
fore, would be minimal.

The response rate of the present study was
relatively low (36.2%). Accordingly, the non-
responders may differ from the responders. To
characterize the non-responders, we compared the
21 272 participants with all the JDA members (as of
March 2005) in terms of age, sex, and geographical
area and found that the age and sex distributions
were very comparable except for the very old.
Those aged 20-29, 30-39, 40-49, 50-59, 60-69,
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There are no reports that hypothalamus can directly affect the expression of neuron-related genes and
immune-related genes in liver. We identified genes of which expression profiles showed significant modu-
lation in rat liver after ventromedial hypothalamic (VMH) lesions. Total RNA was extracted, and differences
in the gene expression profiles between rats at day 3 after VMH lesioning and sham-VMH lesioned rats
were investigated using DNA microarray analysis. The result revealed that VMH lesions regulated the
genes that were involved in functions related to neuronal development and immunofunction in the liver.
Real-time PCR also confirmed that gene expression of SULT4A1 was upregulated, but expression of ACSL1
and CISH were downregulated at day 3 after VMH lesions. VMH lesions may change the expression of
neuron-related genes and immune-related genes in rat liver.

© 2009 Elsevier Ireland Ltd. All rights reserved.

A focus of attention among researchers has been the pathways
that connect the nervous system and the gastrointestinal organs
[4,5]. Liver is one of the autonomic nerve-enriched organs [4,5]. The
hypothalamus plays a vital role in the integration of neurohumoral
information and possesses autonomic centers that are connected
to the viscera via the autonomic nervous system {4,5}.

DNA microarray analysis is a powerful tool for detecting the
characterization of mRNA expression pattern of a large number
of genes. In the present study, we used DNA microarray analysis
to identify genes for which expression profiles showed significant
modulation and to investigate the cellular mechanisms of gene reg-
ulation in the ratliver at day 3 after VMH lesions, because ithas been
reported that cell proliferation in the liver increases and reaches
a maximum at day 3 [7], and hyperphagia and the weight gains
are induced obviously at day 3 [8], and real-time polymerase chain
reaction (PCR) also confirmed a part of the results obtained by DNA
microarray analysis.

Female Sprague-Dawley rats weighing 230-250 g were used in
this study. They were maintained in a constant-temperature envi-
ronment {23 + 2 °C)in light-controlled cages with a 12-h light-dark

Abbreviations: ASCL, achaete-scute complex homolog; BAFF, B cell-activating
factor; CISH, cytokine inducible SH2-containing protein; SULT4A1, sulfotransferase
family 4A, member 1; MUSK, muscie, skeletal, receptor tyrosine kinase; TNFRSF,
tumor necrosis factor receptor superfamily; VMH, ventromedial hypothalamus.

% The accession numbers for information regarding the microarray are:
1368303 _at; 1369388.at; 1369765.at; 1375800._at; 1378586.at; 1397271 at.
* Corresponding author, Tel.: +81 3 3237 2477, fax: +81 3 3237 2477
E-mail address: takkiba@hotmail.com (S. Inoue).

0304-3940/$ — see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.neulet.2009.03.062

cycle (lights on 7:00 AM) and were given free access to food and
water. Tissue samples were taken from the liver of VMH lesioned
rats and sham-VMH lesioned rats at day 3 after the operation (n=2
in each group for DNA chips and n=3 in each group for Real-Time
Polymerase Chain Reaction).

VMH lesions or simulated operations were performed as previ-
ously described {6,7,9]. The stereotaxic coordinates were at bregma
anteriorly, 0.75 mm lateral to the midsagittal line, and 1.0mm
upwards from the base of the skull, according to the atlas of De
Groot [2]. Sham operations were performed in an identical man-
ner except that no current was applied. After the operations, the
rats were returned to their cages and given free access to food and
water. Localization of the VMH lesions was verified by microscopic
examination of the brain at the end of the experiment.

In two individual rats at day 3 after VMH lesioning and two
sham-VMH lesioned rats, in order to circumvent RNA lysis by
RNases that may be released in the rat liver when the animal
is stressed, all procedures were conducted as swiftly as possible
after each rat was sacrificed. The abdominal and chest cavities
were opened. The samples of liver were quickly placed in 10
volumes of RNAlater® (Ambion, Inc., Austin, TX) at recom temper-
ature. The distance between the tissue surface, which is exposed
to preservative, and the innermost regions of the fragment was
minimized. We did this by cutting the tissues into 2mm thick
slices, thereby reducing the diffusion distance to 1mm or less.
RNA was isolated from the rat liver, using a commercially avail-
able kit (RNA easy Mini Kit, QIAGEN GmbH, Hilden, Germany).
The RNA was quantified spectrophotometrically at 260/280 nm,
and the quality of the isolated total RNA was determined by
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Table 1

Upregulated and downregulated neuron-related genes identified by DNA microarray analysis at 3 days after VMH lesioning.

Accession no. Gene name Fold change Functions

(1) Upregulated genes

1368562.at SULT4A1 20.94 Sulfotransferase family: a brain-specific sulfotransferase involved in the metabolism of neurotransmitters

(2) Downregulated genes

1369765.at ASCLY -2,76 Achaete-scute complex homolog 1. This gene encodes a member of the basic helix-loop-helix (BHLH) family of
transcription factors. The protein activates transcription by binding to the E box (5'-CANNTG-3'). Dimerization
with other BHLH proteins is required for efficient DNA binding. This protein plays a role in the neuronal
commitment and differentiation and in the generation of autonomic neurons.

1369388.at MUSK -2.19 Muscle, skeletal, receptor tysosine kinase. Members of the neural-specific TRK family that recognize nerve

growth factor are absolutely required for the survival and development of discrete neuronal subpopulations,
and the receptor tyrosine kinases play a critical role in the development of normal blood vessels.

Note: Fold changes in average difference values were calculated using Ingenuity Pathway Analysis.

electrophoretic separation on ethidium bromide-containing 1%
agarose-gel. Regarding DNA microarray analysis, the preparation
of cRNA was carried out by Ambion’s MessageAmp® II-Biotin
Enhanced and the target hybridization was performed according
to the instructions provided in the Affymetrix GeneChip® tech-
nical manual. The double-stranded ¢cDNA was synthesized from
5 g of total RNA and hybridized Affymetrix CeneChip® arrays (Rat
Genome 230 2.0, Affymetrix Japan Co., Tokyo, Japan)for 16 hat45 C
in GeneChip® Hybridization Oven 640. After washing and staining
in GeneChip® Fluidics Station 450, hybridized cRNA was detected
by GeneChip® scanner 3000. The digitized image data were pro-
cessed using the GeneChip® Operating Software 1.4. The amount
of probe-specific transcripts was determined based on the aver-
age of the differences between the perfectmatch and mismatch
intensities. As replicate assays were not performed, a very stringent
cutoff point was selected for the detection of significant upregula-
tion or downregulation of the genes in the mRNA amount between
the arrays. Using the signal intensity of selected genes that were
up or downregulated compared to the sham-VMH lesioned contiol
group, the analysis was performed using GeneSpring GX 7.3.1 (Agi-
lent Technologies, Santa Clara, CA) and Ingenuity Pathway Analysis
(http:/fwww.ingenucity.com/) (Redwood City, CA).

Regarding the real-time PCR analysis, RNA was stored at —-70°C
until this analysis was performed. An aliquot (1 pg) of extracted
RNA was reverse-transcribed into first-strand complementary DNA
(cDNA) at 42°C for 15min, using 200 U/l reverse-transcriptase
(Takara Biochemicals, Shiga, Japan)and 10 mM of oligo (dT)-adapter
primer (Takara Biochemicals) in a 2.0-p.l reaction mixture.

Real-time PCR was carried out with a Terminal Cycle Dice TP800
(Takara Biochemicals) using the DNA-binding dye SYBR Green 1

Table 2

for the detection of PCR products. The reaction mixture (RT-PCR
kit, Code RRO43A, Takara Biochemicals) contained 12.5 ul SYBR
Premix Ex Taq (2x) (Code RRO41A, Takara Biochemicals), 10 uM
PCR Forward Primer (0.5 1), 10 uM PCR Reverse Primer (0.5 ),
and cDNA (2.0 l) to give a final reaction volume of 25 pl. The
sequences were obtained using Perfect Real-Time support sys-
tem (http://www.takara-bio.co.jp/prt/imtro.htm). The PCR settings
were as follows: the initial denaturation for 10s at 95°C was fol-
lowed by 40 cycles of amplification for 5s at 95°Cand 305 at 60°C,
with the subsequent melting curve analysis increasing the temper-
ature from 60 to 95 °C. Relative quantification of gene expression
with real-time PCR data was calculated relative to GAPDH.

In the present study, three representative genes related to
neuron and immune function were investigated by real-time
PCR: (1) SULT4A1 (sulfotransferase family 4A, member 1) that
be involved in the metabolism of neurotransmitters {10]; (2)
ACSL1 (achaete-scute complex homolog 1) that plays a role in
the neuronal commitment and differentiation and in the gen-
eration of autonomic neurons [1]; (3) CISH (cytokine inducible
SH2-containing protein), one of cytokine-inducible negative reg-
ulators of cytokine signaling [11].

Results are expressed as the mean 4+ SEM. The mRNA levels were
analyzed by the Mann-Whitney U test. Statistical analysis was con-
ducted with SPSS version 11.0 statistical software. The differences
between the groups were considered significant if the p value was
<0.05 (two-tailed).

Among 31,099 probes, the expression of 203 probes (0.7%)
showed at least a 2-fold upregulation (127 probes) or downreg-
ulation (76 probes) at day 3 after VMH lesioning as compared with
sham-VMH lesioning. Table 1 shows the upregulated and downreg-

Upregulated and downregulated immune-related genes identified by DNA microarray analysis at 3 days after VMH lesioning.

Accession no. Gene name Fold change Functions

(1) Upregulated genes
1375900.at TNFRSF9 2.96

‘Tumor necrosis factor receptor superfamily, member 9. This receptor contributes to the clonal expansion,

survival, and development of T cells. It can also induce proliferation in peripheral monocytes, enhance T cell
apoptosis induced by TCR/CD3 triggered activation, and regulate CD28 co-stimulation to promote Th1 cell
responses. The expression of this receptor is induced by lymphocyte activation,

(2) Downregulated genes
1397271.at TNFRSF13C —4.42

Tumor necrosis factor receptor superfamily, member 13C. B cell-activating factor (BAFF) enhances B-cell

survival in vitro and is a regulator of the peripheral B-cell population. The protein encoded by this gene is a
receptor for BAFF and is a type lll transmembrane protein containing a single extracellular cysteine-rich
domain. it is thought that this receptor is the principal receptor required for BAFF-mediated mature B-cell

survival.

1378586.at CISH -3.00

Cytokine inducible SH2-containing protein. The protein encoded by this gene contains a SH2 domain and a

SOCS box demain. The protein thus belongs to the cytokine-induced STAT inhibitor {CIS), also known as
suppressor of cytakine signaling (SOCS) or STAT-induced STAT inhibitor (SS}), protein family. CIS family
members are known to be cytokine-inducible negative regulators of cytokine signating. The expression of this
gene can be induced by IL2 and IL3

Note: Fold changes in average difference values were calculated using Ingenuity Pathway Analysis.
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Fig. 1. VMH lesion-induced gene expression in real-time PCR analysis. Real-time
PCR analysis of total RNA extracts was described in text. {A) SULT4A1 {sulfotrans-
ferase family 4A, member 1); (B) ACSL1 (achaete-scute complex homolog 1}; (C)
CISH (cytokine inducible SH2-containing protein). Values are the means SE of 3
different experiments. "<0.05 compared with sham-VMH lesioned rats.

ulated neuron-related genes identified by DNA microarray analysis.
VMH lesions upregulated sulfotransferase family 4A., member 1
(SULT4A1), and downregulated achaete-scute complex homolog
1 (ACSL1) and muscle, skeletal, receptor tyrosine kinase (MUSK).
Table 2 shows the upregulated and downregulated immune-
related genes identified by DNA microarray analysis. VMH lesions
upregulated tumor necrosis factor receptor superfamily, member
9 (TNFRSF9), and downregulated tumor necrosis factor receptor
superfamily, member 13 (TNFRSF13C) and cytokine inducible SH2-
containing protein (CISH). The expression of SULT4A1, ACSL1 and
CISH were also examined by real-time quantitative analysis (Fig. 1).
The gene expression of SULT4A1 was upregulated (p<0.05), but
expression of ACSL1 and CISH were downregulated at day 3 after
VMH lesions (p<0.05 and p < 0.05, respectively).

In the present study, we used the DNA microarray technique
for mRNA expression profiling of mixture of rat liver cells to inves-
tigate cellular responses in response to VMH lesions. The present
study showed that VMH lesions changed the neuron-related genes
and immune-related genes in liver. Consistent with this, there are
no reports that hypothalamus can directly affect the expression of
neuron-related genes and immune-related genes in liver. There is
a possibility that these changes may be based on the hyperphagia
by VMH lesions, although there have been no reports describing
that hyperphagia directly change the expression of neuron-related
genes and immune-related genes in liver. Further investigations are
needed to clarify whether VMH lesions itself or the hyperphagia by
VMH lesions change these genes expressions.

As to the expressions of neuron-related genes, VMH lesions
upregulated SULT4A1 gene, and downregulated ACSL1 gene. The
encoded protein of SULT4A1 is a brain-specific sulfotransferase
believed to be involved in the metabolism of neurotransmitters|10].
SULT4AT1 is the only member of the SULT4 family. The fact that it is
highly conserved and expressed primary in the brain suggests an
important function has been identified for SULT4A1 gene [3]. Mean-
while, the protein of ACSL1 plays arole in the neuronal commitment
and differentiation and in the generation of autonomic neurons
[1]. Therefore, there is a possibility that VMH lesions may directly
change the expression of the neuron-related gene families in liver.
As to the expression of immune-related genes, VMH lesions upregu-
lated CISH gene. CISH protein belongs to the cytokine-induced STAT
inhibitor, and is known to be one of cytokine-inducible negative
regulators of cytokine signaling [11]. Therefore, there is also a pos-
sibility that VMH lesions may directly change the expression of the
immune-related genes families in liver.

In conclusion, although the networks of these genes involved
in this process have not yet been elucidated sufficiently, and fur-
ther investigations are needed to clarify what type of liver cells
expressed the neuron-related genes and immune-related genes,
this study is the first report to demonstrate that VMH lesions may
cause changes of expression of neuron-related genes and immune-
related genes in the liver.

Conflict of interest

All authors have stated that there is no conflict of interest to
disclose the information regarding this manuscript.

References

{1] M. Borges, R.L Linnoila, HJ. van de Velde, H. Chen, B.D. Nelkin, M. Mabry, S.8.
Baylin, D.W, Ball, An achaete-scute homologue essential for neuroendocrine
differentiation in the lung, Nature 386 (1997) 852-855.

{2] J. De Groot, The rat hypothatamus in stereotaxic coordinates, J. Comp. Neurol.
113 (1959) 389-400.

{3] C.N.Falany, X. Xie, ]. Wang, J. Ferrer, J.L. Falany, Molecular cloning and expression
of novel sulphotransferase-like cDNAs from human and rat brain, Biochem. J.
346 (2000) 857-864.

[4] T. Kiba, The role of the autonomic nervous systern in liver regeneration and
apoptosis—recent developments, Digestion 66 (2002} 79-88.

[5] T. Kiba, K. Tanaka, S. Inoue, O. Endo, Y. Takamura, Comparison ¢f DNA contents
ofvisceral organs in rats with ventromedial hypothalamic lesions and fed a high
fat diet, Neurosci. Lett. 126 (1991) 127-130.

{6] T.Kiba,S. Saito, K. Numata, Y. Kon, T. Mizutani, H. Sekihara, Expression of apopto-
sis on rat liver by hepatic vagus hyperactivity after ventromedial hypothalamic
lesioning, Am. J. Physiol. 280 (2001) G958-G967.

[7] T.Kiba, K. Tanaka, O. Endo, S. Inoue, Role of vagus nerve in increased DNA syn-
thesis after hypothalamic ventromedial lesions in rat liver, Am. J. Physiol. 262
(1992) G483-G487.

[8] T. Kiba, K. Tanaka, K. Numata, M. Hoshino, K. Misugi, S. Inoue, Ventromedial
hypothalamic lesion-induced vagal hyperactivity stimulates rat pancreatic cell
proliferation, Gastroenterology 110 (1996) 885-893.

{9] T. Kiba, K. Tanaka, K. Numata, S. Saito, H. Sekihara, Hepatocyte proliferation
in rats after ventromedial hypothalamic lesions: immunoreactivity patterns
of proliferating cell nuclear antigen (PCNA), J. Gastroenterol. 33 (1998) 523~
528.

[10] N.E. Liyou, K.M. Buller, MJ. Tresillian, C.M. Elvin, H.L. Scott, PR. Dodd, A.E. Tan-
nenberg, M.E. McManus, Localization of a brain sulfotransferase, SULT4A1, in the
hurnan and rat brain: an immunohistochemical study, J. Histochern. Cytochem.
51 (2003) 1655-1664.

[11] K. Sakamoto, B.A. Creamer, A.A. Triplett, K.U. Wagner, The Janus kinase 2 is
required for expression and nuciear accumutation of cyclin D1 in proliferating
mammary epithelial cells, Mol. Endocrinol. 21 (2007) 1877-1892.

-252-



} Mol Neurosci {2009) 38:243--249
DOI1 10.1007/s12031-009-9200-0

Effects of Gastric Vagotomy on Visceral Cell Proliferation
Induced by Ventromedial Hypothalamic Lesions: Role

of Vagal Hyperactivity

Yuri Kintaka » Toshimasa Osaka - Yoko Suzuki - Takeo Hashiguchi « Akira Niijima -
Haruaki Kageyama - Takenoya Fumiko - Seiji Shioda - Shuji Inoue

Received: 24 December 2008 / Accepted: 2 April 2009 /Published online: 20 May 2009

- Humana Press 2009

Abstract In rats, ventromedial hypothalamic (VMH)
lesions induce cell proliferation in the visceral organs
(stomach, small intestine, liver, and pancreas) due to
hyperactivity of the vagus nerve. To investigate the effects
of selective gastric vagotomy on VMH lesion-induced cell
proliferation and secretion of gastric acid, we assessed the
nitotic index (the number of proliferating cell nuclear
antigen (PCNA)-immunopositive cells per 1,000 cells in the
gastric mucosal cell layer) and measured the volume of
secreted basal gastric acid. Furthermore, to explore whether
or not ethanol-induced acute gastric mucosal lesions
(AGML) lead to ulcer formation in VMH-lesioned rats,
we assessed the ulcer index of both sham-operated and
VMH-lesioned rats after administration of ethanol. VMH
lesions resulted in an increased mitotic index and thickness
of the gastric mucosal cell layer and gave rise to the
hypersecretion of gastric acid. Selective gastric vagotomy
restored these parameters to normal without affecting cell
proliferation in other visceral organs. Ethanol-induced
AGML caused ulcers in sham VMH-lesioned rats, whereas
VMH-lesioned rats were less likely to exhibit such ulcers.
These results suggest that VMH lesion-induced vagally
mediated cell proliferation in the visceral organs is
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associated with hyperfunction in these organs, and VMH
lesion-induced resistance to ethanol may be due to
thickening of the gastric mucosal cell layer resulting from
cell proliferation in the gastric mucosa—this in turn is due
to hyperactivity of the vagus nerve.

Keywords Ventromedial hypothalamic (VMH)-lesioned
rats - Cell proliferation - Selective gastric vagotomy -
Gastric acid - PCNA staining

Introduction

Ventromedial hypothalamic (VMH)-lesioned rats are con-
sidered to be a representative model of hypothalamic
obesity (Inoue 1992). In addition to the development of
obesity, VMH-lesioned rats show physiological changes
such as hyperphagia, autonomic derangements (hyperactiv-
ity of vagus nerve and reduced sympathetic activity), and
biochemical changes including hyperlipidemia, hyperinsu-
linemia, and hyperleptinemia (Inoue et al. 1977a; Bray and
York 1979; Yoshimatsu et al. 1984; Suga et al. 1999). In
addition, we have found using the [*H] thymidine uptake
method that cell proliferation occurred in the visceral
organs (liver, stomach, small intestine, and pancreas) and
could be reversed by subdiaphragmatic vagotomy in the
VMH-lesioned rats (Kiba et al. 1992, 1993; Kiba et al.
1996). This implies that VMH lesions induce cell prolifer-
ation in the visceral organs via hyperactivity of the vagus
nerve (Inoue and Bray 1979; Yoshimatsu et al. 1984).
Hypergastric acid secretion, which is considered to be
attributed to vagal hyperactivity, was also noted in VMH-
lesioned rats (Ridley and Brooks 1965; Tominaga et al.
1993). It is interesting to ponder whether selective gastric
vagotomy would inhibit gastric cell proliferation and
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hypergastric acid secretion without affecting cell prolifera-
tion in the other visceral organs.

The integrity of gastric mucosa is maintained by an array of

defense mechanisms for protection against aggressive factors.
These defense mechanisms include HCO5™ secretion, muco-
sal blood flow, mucus secretion, antioxidants, cell junctions.
apical resistance. enhanced thickness of the mucosal layer
due to cell proliferation or cell hypertrophy, and increased
mucosal cellular turn over (Yeomans et al. 1994; Gyires
2005; Ham and Kaunitz 2007, 2008). In a previous study. we
reported that gastric DNA synthesis in VMH-lesioned rats
was increased, peaked at 3 days, and then returned to almost
normal levels 7 days after the VMH lesions (Kiba et al.
1993). On this basis, we hypothesized that the enhanced
thickness of the gastric mucosal layer due to cell prolifera-
tion inhibits or attenuates the induction of acute gastric
mucosal lesions (AGML).

In this study, we examined whether or not selective gastric
vagotonty affects cell proliferation in the stomach and other
visceral organs. We also studied basal gastric acid levels in
VMH-lesioned rats to further explore the role of vagal
hyperactivity on cell proliferation and function of the visceral
organs of these animals. Moreover, we examined whether the
enhanced thickness of the mucosal layer due to gastric cell
proliferation exerts an effect against ethanol-induced AGML in
VMH-lesioned rats.

Materials and Methods
Animals

Thirteen-week-old female Sprague-Dawley rats weighing
260~280 g were used in experiments. all of which were
performed with the aim to minimize pain and discomfort (o
animals.

Exp.1

Rats received a sham gastric vagotomy or selective gastric
vagotomy using the method of Tanaka ct al. (Tanaka et al.
1987) for sectioning of the gastric branches of the vagus
nerve. As shown in Fig. 1, the right and left branches of the
vagal nerve run downward along the esophagus to the
stomach. With the aid of a dissection microscope to help
visualize the vagus nerve, the two gastric branches were
selectively sectioned. One week after the operation, sham
gastric vagotomized rats received sham VMH lesions
(controls) or VMH lesions (VMH with sham gastric
vagoltomy), and vagotomized rats received VMH lesions
(VMH with gastric vagotomy; n=7 in each group).
Bilateral electrical VMH lesions were performed using the
coordinates of De Groot (Inoue et al. 1977b).

M
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Figure 1 Schematic diagram of the abdominal vagal nerve below the
diaphragm in rat. Double lines represent the location of sectioning of
the gastric branch of the vagus nerve

Food intake and body weight were measured 5 days after
formation of the lesions. Under pentobarbital anesthesia.
gastric juices were collected through a gastric cannula from
overnight-fasted rats 7 days after the lesion formation. and
gastric acid levels were determined (Powley and Opsahl
1974). The liver, stomach. small intestine, and pancreas
were removed from sham VMH-lesioned and VMH-
lesioned rats, and paraffin sections were prepared from
these tissues. Stomach specimens were also subjected to
combined hematoxylin-eosin and immunostaining using an
anti-PCNA antibody (1:1,000, Dako. Kyoto, Japan) as a
marker of cell proliferation (Hall et al. 1990). The mitotic
index (number of cells with PCNA-positive nuclei out of
1,000 nuclei :%0) was determined in individual specimens
(Saftoiu et al. 2003).

Exp.2

Ten days after receiving sham VMH or VMH lesions, 24 h-
fasted rats were administered 60% ethanol (3 mg/kg)
through a gastric tube, and then 90 min later, animals were
sacrificed under ether anesthesia, and the stomach was
removed (n=7, sham VMH and VMH lesioned groups,
respectively). Each stomach was opened along the greater
curvature after infusion of 10 ml of saline and fixed with
10% formalin for 10 min. With the stomach placed under a
stereoscopic microscope (x10), the gastric mucosa was
carefully examined for lesions recognized as linear breaks
at the mucosal surface of the glandular part. The extent of
the lesion (ulcer index: millimeter) is expressed as the sum
of the length of these breaks per stomach (Ohta et al. 1999).
At the end of experiment, each stomach specimen was
subjected to hematoxylin-cosin staining for measurement of
the thickness of the mucosal layer.
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Table 1 Comparisons of mitotic indices in liver. small intestine, endocrine pancreas and exocrine pancreas

Stomach Liver Small intestine Endocrine pancreas Exocrine pancreas
Control 14.2£1.3 15.6+1.5 11.9+0.6 16.4+1.9 5.5+0.3
VMH with sham gastric vagotomy 22.7+3.8%* 32.442.3%% 36.0+1.9%* 20.9+0.8% 36.4+1.2%*
VMH with gastric vagotomy 15.4+0.9 37.9+1.5%* 42.2+4.6%* 19.6+£1.3% 31.1£0.6%*

Each group consisted of seven rats. Control sham VMH-lesioned rats with sham gastric vagolomy: FMH with sham gastric vagotomyl VMH-
lesioned rats with sham gastric vagotomy: VMH with gastric vagotomy: VMH-lesioned rats with gastric vagotomy. **P<0.05, **P<0.01 vs.

Control.

Statistical Analysis

Results are expressed as mean values * standard error (SE).
One-way analysis of variance (ANOVA) was applied for
comparison of the three groups, with verification using
Tukey or Duncan multiple comparison tests. A value of p<
0.05 was considered to indicate statistical significance.

Results
Exp.1

VMH-lesioned rats with sham gasiric vagotomy or with
gastric vagotomy exhibited a significant increase in food
intake compared to controls (34.2+5 g/d, 30.8:4.1 g/d, and
13.9+1.3 g/d, respectively, both p<0.01 vs. controls} at
5 days after the lesion formation. Five days after VMH
lesion, VMH-lesioned rats with sham or gastric vagotomy
also exhibited significant increases in body weight (279.6+
2.3 to 332.8+3.2 g, and 275.1£5.0 to 338+7.38 g,
respectively, both p<0.01), but controls did not show this
increase (278.5£6.1 to 272.5+7.1 g, n.s.). VMH-lesioned

rats with sham gastric vagotomy showed significantly
elevated mitotic indices in the liver, stomach, small
intestine, and endocrine and exocrine pancreas (Table 1)
compared to VMH-lesioned rats with gastric vagotomy,
which exhibited a similar mitotic index in stomach tissue to
that of control rats, without any change to the mitotic
indices in other visceral organs (Table | and Fig. 2a).
Consistent with these results, VMH-lesioned rats with sham
gastric vagotomy had a significantly thicker gastric mucosal
layer compared to VMH-lesioned rats with gastric vagot-
omy, the mucosal layer thickness in the latter being similar
to that of control rats (Fig. 2b). The basal gastric acid levels
in VMH-lesioned rats with sham gastric vagotomy were
significantly higher than those of controls, whereas the
gastric acid levels in VMH-lesioned rats with gastric
vagotomy were similar to those of controls (Fig. 3).
Typical profiles of gastric mucosal layers in the three
groups are shown in Fig. 4. VMH-lesioned rat that
underwent a sham gastric vagotomy had a thicker mucosal
layer and a greater number of PCNA-positive cells in the
proliferative zone compared to control rat, whereas in
VMH-lesioned rat with gastric vagotomy, the thickness of
the mucosal layer and the number of PCNA-positive cells
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