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Table IV. BMD and other characteristics for postmenopausal women (n=816) according to FOXC2 genotype.?
Characteristic CcC CT TT CT+TT
Number (%) 384 (47.1) 352 (43.1) 80 (9.8) 736 (90.2)
Age (years) 64.0+04 63.8+0.5 64.1+1.0 63.9£0.3
Height (cm) 150.0£0.3 150.2+0.3 151.0+0.7 150.1+0.2
Body weight (kg) 51.9+04 519+04 52409 51.9+0.3
BMD measured with pQCT (mg/cm?)
D50 1654433 1649+34 149.1+7.2 165.2+2.3°
D100 442747 44704 .8 426.7+10.4 444 8+£3 4
P100 1079.4+7.8 1083.7+8.0 1063.0+17.2 1081.4+5.6
BMD measured with DXA (g/cm?)
Total body 0.921+0.004 0.922+0.005 0.901+0.010 0.92+0.003¢
L2-14 0.810+0.007 0.8110.007 0.795+0.014 0.810+£0.005
Femoral neck 0.646+0.004 0.645+0.004 0.629+0.009 0.646+0.003
Trochanter 0.543+0.004 0.539+0.004 0.531+0.009 0.541+0.003
~:“BMD is adjusted for age, height and body weight. Data are means =+ SE. P = 0.0342, °P = 0.0492 versus TT.
Table V. BMD and other characteristics for all men (n=1122) according to PLIN genotype.?
Characteristic CcC CT TT CC+CT
Number (%) 630 (56.1) 418 (37.3) 74 (6.6) 1048 (93.4)
Age (years) 58.9+04 59.710.5 59.0+1.3 59.2+0.3
Height (cm) 164.7+0.3 164.4+0.3 164.8+0.7 164.6+0.2
Body weight (kg) 62.6:0.4 62.5+0.4 61.1x1.1 62.6+0.3
BMD measured with pQCT (mg/cm?)
D50 2652427 2672+32 276.1x7.7 266.0+2.1
D100 537.8+3.7 542.6+4.5 554.0x10.6 539.7£2.8
P100 1178.3+5.6 1193.7+6.8 1187.7x16.1 1184.5+4.3
BMD measured with DXA (g/cm?)
Total body 1.083+0.004 1.090+0.004 1.107+0.010 1.086+0.003°
L2-14 0.975+0.006 0.988+0.007 1.017+0.017 0.980+0.005¢
Femoral neck 0.749+0.0044+ 0.752+0.005 0.790+0.011 0.750+0.003¢
Trochanter 0.663+0.004f 0.671+0.005 0.696+0.011 0.666+0.0038

3BMD is adjusted for age, height, and body weight. Data are mean + SE, "P=0.0461, P=0.0396, ¢P=0.0021, P=0.0007, P=0.0140,

8P=0.0106 versus TT; "P=0.0052 versus CT.

Because of their small number (n=17), perimenopausal
women were excluded from this analysis. The distribution of
-512C-T genotypes of FOXC2 was in Hardy-Weinberg
equilibrium in premenopausal (Table III) and postmenopausal
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(Table IV) women. Age and body weight did not differ among
genotypes for premenopausal or postmenopausal women.
Height was greater in premenopausal women with the CC
genotype that in those with the CT genotype (Table III), but it
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Table VI. BMD and other characteristics for all women (n=1112) according to PLIN genotype.?

Characteristic CcC CT TT CC+CT
Number (%) 609 (54.8) 415 (37.3) 88 (7.9) 1024 (92.1)
Age (years) 59.7£0 .4 58.8+0.5 579+1.2 59.4+0.3
Height (cm) 151.320.2 151.4+0.3 151.8+0.6 151.3x0.2
Body weight (kg) 523403 53.1£04 52.7+0.9 52.6+0.3
BMD measured with pQCT (mg/cm?)
D50 . 185.2+2.5 186.3+3.0 180.6+6.5 185.7+1.9
D100 483.4+3.6 486.5+4.4 497.949.5 484.7+£2.8
P100 11512459 1154 .4+7.1 1168.2+15.3 1152.524.5
BMD measured with DXA (g/cm?)
Total body 0.966+0.003 0.963+0.004 0.968+0.009 0.965+0.003
L2-L4 0.864+0.005 0.868+0.006 0.863+0.014 0.866:£0.004
Femoral neck 0.680+0.003 0.677+0.004 0.672+0.009 0.678+0.003
~  Trochanter 0.572+0.003 0.572+0.004 0.561+0.009 0.572+0.003
“BMD is adjusted for age, height, and body weight. Data are means + SE.
Table VII. Effects of genotypes for FOXC2 and PLIN on BMD.*
Genotype D50 D100 P100 Total L2-14 Femoral Trochanter
body neck
Men
FOXC2 0.0027 (0.0083)  0.0170 (0.0053) 0.0661 0.3055 0.0787 0.7315 0.4283
PLIN 0.2709 0.2305 0.7867 0.1800 0.2188 0.0207 (0.0048) 0.1239
All women
FOXC2 0.0780 0.0526 0.2333 0.1683 0.5003 02771 0.3362
PLIN 0.8510 0.0566 0.0919 02873 0.6016 . 0.8517 0.8361
Premenopausal women
FOXC2 0.7208 0.1008 0.2751 0.2353 0.8690 0.8614 0.4129
PLIN 0.1660 0.8853 0.8262 09462 0.6911 0.1224 0.1015
Postmenopausal women .
- FOXC2 - 0.0372 (0.0055) 0.0947 02346 0.1393 04126 0.1810 0.4181
PLIN . 0.9305 0.2306 04186 0.7807 0.8573 0.7448 0.8836

aData were analyzed by single regression analysis of genotype for FOXC2 (CC=0, CT=TT=1 for men; CC=CT=0, TT=1 for women) or
PLIN (CC=CT=0, TT=1). Data are P values (R?). P values of <0.05 are shown in bold.

did not differ among genotypes for postmenopausal women
(Table IV). For premenopausal women, BMD for D100 or
P100 was greater in individuals with the CC genotype or in the
combined group of CC and CT genotypes than in subjects
with the TT genotype (Table III). The differences in BMD for

D100 and P100 between individuals with the CC genotype
and those with the TT genotype were 6.9 and 4.3%, respect-
ively. For postmenopausal women, BMD for D50 or the total
body was greater in the combined group of CC and CT geno-
types than in individuals with the TT genotype (Table IV).
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The differences in BMD for D50 and the total body between
the combined group of CC and CT genotypes and individuals
with the TT genotype were 9.7 and 2.2%, respectively.

Relationsip between the 1243C-T polymorphism of PLIN
and BMD. The distribution of 1243C-T genotypes of PLIN
was in Hardy-Weinberg equilibrium, and age, height, and body
weight did not differ among genotypes, for all men (Table V).
Among all men, BMD for the total body or lumbar spine,
with adjustment for age, height, and body weight, was
significantly greater in individuals with the TT genotype than
in the combined group of CC and CT genotypes (Table V).
BMD for the femoral neck or trochanter was greater in
individuals with the TT genotype than in those with the CC
genotype or in the combined group of CC and CT genotypes.
BMD for the femoral neck was also greater in individuals
with the CT genotype than in those with the CC genotype. The
differences in BMD for the total body and lumbar spine
between individuals with the TT genotype and the combined
group of CC and CT genotypes were 1.9 and 3.6%,
respectively. The differences in BMD for the femoral neck
"and trochanter between individuals with the TT genotype
and those with the CC genotype were 5.2 and 4.7%,
respectively.

There was no significant relationship between PLIN
genotype and BMD for all women (Table VI). For pre-
menopausal women, BMD for D100 was greater in the
combined group of TT and CT genotypes than in individuals
with the CC genotype (data not shown). For postmenopausal
women, no relationship was detected between PLIN genotype
and BMD (data not shown).

Effects of genotypes for FOXC2 and PLIN on BMD. The
effects of -512C~T genotype for FOXC2 and 1243C-T
genotype for PLIN on BMD at various sites were evaluated by
single regression analysis (Table VII). This analysis revealed
that -512C~T genotype for FOXC2 affected BMD for D50
and D100 in men and BMD for D50 in postmenopausal
women, and that 1243C-T genotype for PLIN affected BMD
for the femoral neck in men.

Discussion

We have examined the relationship of the -512C-T poly-
morphism of FOXC2 and the 1243C-T polymorphism of PLIN
with BMD at various sites in community-dwelling Japanese
women and men. Qur results show that the T allele of FOXC2
is associated with reduced BMD in both men and women,
and that the C allele of PLIN is associated with this condition
in men.

Association of the -512C~T polymorphism of FOXC2 with
BMD. FOXC2-deficient mice show multiple defects of skeletal
tissue. In the craniofacial skeleton of these animals, for
example, the supraoccipital bone is missing and other bones are
reduced in size (31,32). FOXC?2 is expressed in the early stage
of chondrogenic differentiation both in vivo and in vitro, and
bone morphogenetic proteins regulate FOXC2 expression in
skeletal precursor cells (33). Expression of FOXC2 in mes-
enchvmal condensation and subsequently in cartilaginous
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tissue, as well as the phenotype of FOXC2-deficient mice,
indicate that FOXC2 contributes to the proliferation and
differentiation of skeletal cells.

The T allele of the -512C-T polymorphism in the 5'
untranslated region of FOXC2 was shown to be associated with
enhanced insulin sensitivity and lower plasma triglyceride
concentration in women (25). A higher level of expression of
FOXC? in visceral fat than in subcutaneous fat was also
apparent only in individuals homozygous for the T allele.
These observations suggest that increased expression of
FOXC2 may protect against insulin resistance, and that the
-512C-T polymorphism of this gene may influence insulin
sensitivity (25). We have now shown that this polymorphism
of FOXC?2 is associated with BMD in men and women, with
the T allele being related to reduced bone mass. The mech-
anism responsible for the association of the T allele both with
enhanced insulin sensitivity and lower plasma triglyceride
concentrations in women (25) and with reduced bone mass in
men and women (the present study) remains to be elucidated.
The molecular mechanism of the effect of this polymorphism
on bone remodeling also remains unclear.

Association of the 1243C~T polymorphism of PLIN with
BMD. The AA genotype of the 11,482G-A polymorphism of
PLIN (rs894160) was shown to be associated with a decreased
PLIN content and increased lipolytic activity in adipocytes of
women (34). Individuals with the 11,482A variant of PLIN
were also found to manifest both a lower baseline body weight
and resistance to weight loss in response to a low-energy diet
(35). Haplotypes of several polymorphisms of PLIN have been
related to the risk of obesity, but the extent of this relation-
ship differs between men and women (36) and among ethnic
groups (37). The 1243C-T polymorphism of PLIN was
associated with total cholesterol levels in Chinese (26). Men
with the 1243T variant (CT or TT genotype) had higher
plasma concentrations of total cholesterol, high density
lipoprotein (HDL)-cholesterol, and LDL-cholesterol than
did male CC homozygotes, suggesting that the 1243C-T
polymorphism of PLIN may affect lipid metabolism. Our
present results show that the 1243C-T polymorphism of
PLIN was associated with BMD in men, with the C allele being
related to reduced bone mass. This polymorphism was not
associated with body weight or body mass index (data not
shown) in the present study, making it unlikely that its assoc-
jation with BMD in men was attributable to an effect on these
parameters. The mechanism responsible for the association of
the C allele with both lower plasma cholesterol concentrations
in men (26) and reduced bone mass in men (the present study)
remains to be elucidated. The effects of the 1243C-T poly-
morphism of PLIN on gene expression, the function of the
encoded protein, or bone remodeling have not been determined.

Given the multiple comparisons of genotypes with BMD
at various sites in the present study, it is not possible to exclude
potential statistical errors such as false positives. It is also
possible that the polymorphisms associated with reduced BMD
in our study are in linkage disequilibrium with polymorphisms
of other nearby genes that are actually responsible for the
development of this condition. Furthermore, the relevance of
the polymorphisms to gene transcription or to protein structure
or function and their effects on bone remodeling were not
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determined in the present study. Despite these limitations,
our present results suggest that FOXC2 is a susceptibility
locus for reduced BMD in Japanese men and women and that
PLIN constitutes such a locus in Japanese men. Determination
of genotypes for these polymorphisms may prove informative
for assessment of the genetic risk for reduced BMD.
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Original Article

Diétary Supplement Use by Community-living Population in Japan: Data from the
National Institute for Longevity Sciences Longitudinal Study of Aging (NILS-LSA)

Tomoko Imai,' Mieko Nakamura,' Fujiko Ando,' and Hiroshi Shimokata.’

BACKGROUND: There are few studies about dietary supplement use and nutrient intake from these
products in Japan. The purpose of this study was to clarify (1) the prevalence of dietary supplement
use, (2) the characteristics of dietary supplement users, (3) nutrient intake from dietary supplements,
and (4) the existence of dietary supplement users who ook excessive nutrients from these products.
METHODS: To collect the information on dietary supplement use in the previous year and nutrient
intake from these products, we conducted a self-administered dietary supplement frequency question-
naire. The subjects were 2,259 people aged 40-82 years. Dietary supplements were grouped into 8
major categories. A dietary supplement database was developed to estimate nutrient intake from these
products. Excess users were defined as people who consumed more nutrient than the tolerable upper
intake level of the Dietary Reference Intakes for Japanese.

RESULTS: In the previous year, 55 % of males and 61 % of females consumed dietary supplements.
Dietary supplement use was especially prevalent in females, subjects who felt unhealthy, and subjects
who were more careful of maintaining an appropriate weight, though the association was affected by
the frequency of dietary supplement use. The most common dietary supplements were drink type in
males and vitamins in females. Some nutrient values obtained from dietary supplements were higher
than those from food. Excess users were found for intake of vitamin A, Bs, K, niacin, iron, and magne-
sium.

CONCLUSIONS: It is important to clarify dietary supplement use and to estimate nutrient intake from

these products.
J Epidemiol 2006; 16:249-260.

Key words: Dietary Supplements, Nutrition Surveys, Cohort Studies, Minerals, Vitamins.

Because sales of dietary supplements have increased in Japan,' it
is conceivable that striking growth in the use of dietary supple-
ments will occur in Japan, as it has in the USA and other devel-
oped countries. Assessing nutrient intake from dietary supple-
ments, especially micronutrient intake, is very important. Because
the levels of some micronutrients contained in these products are
much higher than those contained in food,** people can easily
consume such nutrients at toxic levels.”® To monitor nutrient
intake from dietary supplements is an important issue for public
health. Furthermore, to assess nutrient intake from dietary supple-
ments is essential for the development of nutritional epidemiolog-

ic studies. Lack of inclusion of dietary supplements in nutrient
intake could possibly cause misclassification of individuals with
regard to their total nutrient intake.>*'*"" However, there have
been very few studies on dietary supplement use in Japan. There
is still uncertainty about the prevalence of dietary supplement use,
nutrient intake from these products, and existence of users who
consume extremely high levels of nutrients. One reason for the
delay in the study of dietary supplement use in Japan might be
due to the lack of a dietary supplement database. An extensive
database that includes nutrient contents of dietary supplements is
necessary for evaluating nutrient intake from these products; how-
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ever, such a database has not been established or distributed in
Japan. In contrast, several studies have attempted to estimate
quantitatively the amount of nutrient intake from these products
in the United States and European countries.>"

Therefore, we conducted a self-administered dietary supple-
ment frequency questionnaire to collect information on dietary
supplement use in the National Institute for Longevity Sciences-
Longitudinal Study of Aging (NILS-LSA), and developed a data-
base of dietary supplements to estimate the amount of nutrient
intake from these products. The purpose of this study was to clari-
fy the following four points: (1) the prevalence of dietary supple-
ment use, (2) the characteristics of dietary supplement users, (3)
nutrient intake from dietary supplements, and (4) the existence of
dietary supplement users who took excessive nutrients from these
products.

' METHODS

Subjects
The subjects were 2,259 males and females aged 40 to 82 years
who participated in the second wave examination of the NILS-

LSA (from April 2000 through May, 2002). The NILS-LSA is a
comprehensive population-based longitudinal study of aging,
which started in 1997. The participants were stratified by both age
and sex, and were randomly selected from resident registrations in
the city of Obu and town of Higashiura in central Japan. The
numbers of males and females recruited were similar and the
baseline age was 40 to 79 years, with the similar numbers of par-
ticipants in each decade of age (40s, 50s, 60s, 70s). At the first
wave examination, we sent an invitation letter to 7,790 people and
3,434 people replied. A total of 2,267 people participated in the
first wave examination. All participants gave their informed con-
sent before they participated in the study. Details of the study pur-
pose, design, and examination procedures have been described
elsewhere.”

Definition and Categories of Dietary Supplements in the NILS-
LSA

Dietary supplements were defined as supplements to meals con-
taining any dietary ingredients from unnatural food forms such as
capsules, tablets, powders, or liquid. Dietary supplements includ-
ed vitamins, minerals, herbs, botanical products, and other sub-

Table 1. Categorization of dietary supplements by the National Institute for Longevity Sciences Longitudinal Study for Aging.

Category

Description or sub-category

1. Vitamin * 14 sub-categories

Multivitamin, Vitamin A, Vitamin D, Vitamin E, Vitamin K, Vitamin B1, Vitamin B2, Vitamin Bs, Vitamin Biz,
Niacin, Vitamin C, Folic acid, Biotin, and Pantothenic acid

2. Mineral * 4 sub-categories

Calcium, Iron, Magnesium, and Other minerals

3. Fatty acid * 6 sub-categories

Linoleic acid, Linolenic acid, Stearic acid, Docosahexaenoic acid, Eicosapentaenoic acid, and Other fatty acids

4. Amino acid
5. Dietary fiber

6. Drink type

Water soluble and water insoluble dietary fibers

Formulations containing mainly of single amino acids and some proteins

Liquid type dietary supplement for recovery from tiredness, or health promotion, etc.

The amount consumed at one time is about 30 mL to 200 mL. Includes quasi-drugs and medicinal drugs but does

not include beverages.

7. Medicine

Prescription and non-prescription medicines which contain some nutrients, except medicines which are classified

into categories 1 to 6. Example : remedies for cold which contain vitamin C.

8. Others

These formulations included compounds that do not fit into any other category. Example: flavonoids, carotenoids

other than beta-carotene, catechin, and herbal products (propolis, royal jelly, chiorella, garlic, etc.)

Dietary supplements were defined as supplements to meals including any dietary ingredients from unnatural food forms such as capsules,
tablets, powders, or liquids. Dietary supplements included prescription medicine, and non-prescription medicine, but functional foods
and modified foods were not included in the category of dietary supplement.

*: Further classified into sub-categories shown in the Table.
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stances (e.g., enzymes, organ tissues, metabolites, concentrates,
and constituent extracts of these substances). Dietary supplements
also included prescription medicine and non-prescription medi-
cine, but functional foods and modified foods were not included
in the category of dietary supplements.

Dietary supplements were grouped into eight major categories
on the basis of primary nutrient content or similarity in overall
ingredients and rationale for use." In addition, we defined "drink
type" separately, because Hakura et al” reported that "drink type”
dietary supplements were widely consumed in Japan. The major
categories of dietary supplements used in the NILS-LSA were (1)
vitamin, (2) mineral, (3) fatty acid, (4) amino acid, (5) dietary
fiber, (6) drink type (liquid type dietary supplement for recovery
from tiredness, health promotion, etc., with a serving size of about
30 mL to 200 mL. The drink type category included quasi-drugs,
but did not include beverages), (7) medicine (prescription and
non-prescription medicines which contained some nutrients,
except medicines which were classified into categories 1 to 6,e.g.
cold remedies with vitamin C), and (8) others (These formulations
included compounds that did not fit into any other category and
were not described in the Standard Tables of Food Composition
in Japan, Fifth Revised Edition," for example, flavonoids,
carotenoids expect beta-carotene, propolis, and so on) (Table 1).
In addition, vitamins, minerals, and fatty acids were further classi-
fied into sub-categories. We use the term "all" dietary supple-
ments which consisted of eight categories, when we did not con-
sider the categories of the dietary supplements.

Assessment of Dietary Supplement Intake

A self-administered questionnaire was used to assess dietary sup-
plement intake. First, it was mailed to the participants and the par-
ticipants were asked to record it by themselves at home before the
study examination. Then, the participants came to our center to
get the study examination. At the examination, the questionnaire
was reviewed by trained dietitians through an interview that took
approximately 10 minutes. In the questionnaire, participants were
asked whether they had taken any dietary supplement in the previ-
ous year. In case they had taken any dietary supplement, the name
of the product, manufacturer or distributor, serving size and fre-
quency of intake in the previous year (6 categories, i.e., less than
once per week, 1-2 times per week, 3-6 times per week, one per
day, 2 times per day, and 3 or more times per day) were also
recorded.

Definition of Dietary Supplement Users

Dietary supplement users in the present study were defined as
persons who took any dietary supplement at least once in the pre-
vious year. Users of dietary supplements were categorized into
three groups: "daily users": those who reported any dietary sup-
plement use once a day or more for the past 12 months, "weekly
users": those who reported any dietary supplement use once a
week or more but less than once a day for the past 12 months, and
"seldom users": those who reported any dietary supplement use

once a year or more but less than once a week for the past 12
months. When a participant had taken multiple dietary supple-
ments in a major category or in a sub-category, the user category
was defined based on the dietary supplement with the highest fre-
quency of use. We used the term "any users" when we did not
consider the frequency of use. "Weekly users” and "daily users"
were considered to be "regular users". "Seldom users” were
excluded when we calculated the amount of nutrient intake from
dietary supplements.

Development of Dietary Supplement Database

A new dietary supplement database was developed for the NILS-
LSA based on information obtained from the study participants
and additional intensive investigation. We asked dietary supple-
ment users to bring the products to the study visit. Then, the
labels of the products were transcribed or photocopied to get
information on the nutrient contents. In case dietary supplement
users did not bring the products or could not provide enough
information about the products at the visit, we asked them to send
the labels of the products by mail. In addition, when information
on nutrient content was not available from users, we tried to get it
directly from the manufacturer or distributor of the products. We
created a database of dietary supplements that included the names
of products, manufacturer and/or distributor and nutrient contents
in standardized units such as a tablet or a capsule.

Some products in which nutrient content was not described
were excluded when we developed the database, and we did not
calculate the nutrient intake from these products (62 products).
Finally, we succeeded in constructing a database of 902 dietary
supplement products in May 2002.

Assessment of Nutrient Intake from Dietary Supplements

Energy and nutrient intake from "all" dietary supplements among
"regular users” was estimated using the frequency, amount of
intake and nutrient contents in the dietary supplement database.
The frequency of dietary supplement intake per day was quanti-
fied during the calculation (0.2 for 1-2 per week, 0.6 for 3-6 per
week). If a participant reported uncertainty about the information '
on dietary supplement intake, that dietary supplement was exclud-
ed from the calculation of nutrient intake (7 males and 22 females
were excluded from the analysis because they reported uncertain-
ty about the information on dietary supplement intake). When a
participant had taken various kinds of dietary supplements, ener-
gy and nutrient intake were summed across all dietary supple-
ments. Nutrient intakes from "all" dietary supplements were com-
pared with those from food according to the results of the
National Nutrition Survey in Japan 2002.%

Participants who daily consumed some nutrients at more than
the tolerable upper intake level (UL) in the 6th Edition” or 2005
Edition'® of Nutrient-Based Dietary Reference Intakes (DRIs) in
Japan were defined as "excess users”. The ULs for adults in the
6th Edition of DRIs were as follows: 5,000 IU for vitamin A,
2,000 IU for vitamin D, 600 mg « -TE for vitamin E, 30,000 g
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for vitamin K, 30 mgNE for niacin, 100 mg for vitamin Bs, 2,500
mg for calcium (under 70 years old), 40 mg for iron, and 650 mg
(50 years old and over) or 700 mg (40 to 49 years old) for magne-
sium. The UL for adults in the 2005 Edition of DRIs were as fol-
lows: 3,000 #gRE (10,000 IU) for vitamin A, 50 g (2,000 IU)
for vitamin D, 600 mg (70 years old and over for females) to 800
mg (40 to 69 years old for males) for vitamin E, 300 mgNE for
niacin (the amount of mg of nicotinic acid amide was used), 60
mg for vitamin Bs, 2,300 mg for calcium, and 40 mg (40-49 and
70 years old and over for females) to 55 mg (40 to 49 years old
for males) for iron.

Other Variables

Sociodemographic and lifestyle characteristic data, such as smok- -

. ing habits, subjective health status, total family annual income,
education, marriage status, and care of maintaining appropriate
weight, were collected using a questionnaire. The body mass
index (BMI) was calculated using the formula (weight (kg)/height
(m)?). Energy intake from food, energy intake from fat, and total
alcohol intake were assessed through 3-day weighed dietary
records (3DR). 3DR was carried out on three continuous days
(two weekdays and one weekend day). The average. intakes of
nutrient per day were calculated according to the 5th Edition
Standard Tables of Foods Consumption and other resources.”

Statistical Analysis .

The prevalences of "all" dietary supplement users among males
and females were compared by the chi-squared test by user cate-
gory (any, seldom, weekly, and daily). Sociodemographic and
lifestyle characteristics of "all" dietary supplement users and
nonusers were compared by the Cocran-Mantel-Haenszel test
adjusted for sex and age by user category. The prevalences of
dietary supplement use of each major category of users and of the
main sub-categories of users among males and females were com-
pared by the chi-squared test by user category. Energy and nutri-
ent intake from "all" dietary supplements among "regular users"
(by sex), and major categories of dietary supplements, including
(1) vitamin, (2) mineral, (6) drink type, and (8) others among
"regular users” were expressed as percentiles, maximum values,
and number of "excess users”. All the statistical analyses were
performed using the Statistical Analysis System, release 8.2.%
Differences with p value less than 0.05 were considered signifi-
cant.

RESULTS

The prevalence of "all" dietary supplement users in each user cat-
egory and sociodemographic and lifestyle characteristics by user
categories are shown in Table 2. In this study, 55 % of males and
61 % of females consumed some kind of dietary supplement
("all” dietary supplements) in the previous year, Among these
subjects, females were more likely to take dietary supplements
than males (p<0.01). "Seldom users" constituted about 20 % of
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the subjects (males: 23%, females: 19%). "Regular users" consti-
tuted about 30 % of males ("weekly users": 14 %, "daily users":
18 %) and 40% of females ("weekly users": 16 %, "daily users":
26 %). "Seldom users" were predominant among males (p<0.05)
while "daily users" were predominant among females (p<0.001).
The prevalence of "all" dietary supplement users in each user cat-
egory varied depending on the age group (p<0.05, adjusted for
sex). "Seldom users" (p<0.001) and "weekly users” (p<0.05) were
prevalent among middle-aged people, while "daily users” were
prevalent among older people (p<0.001). "All" dietary supple-
ment users were subjectively less healthy than nonusers after
adjustment for sex and age ("any users": p<0.01). However, the
association was influenced by the frequency of use ("seldom
users”: not significant, "weekly users": p<0.01, and "daily users™:
p<0.05). When dietary supplement use was limited to use without
all prescription and non-prescription medicine, subjective health
status was significantly associated with the use of dietary supple-
ments in "any users” and "weekly users” ("any users": p<0.01,
"seldom users": p=0.57, "weekly users": p<0.01, "daily users":
p=0.07). "All" dietary supplement users were more careful of
maintaining appropriate weight than nonusers in the "any
users"category (p<0.05); however, the associations of "all"
dietary supplements with other characteristics were not significant
(i.e., smoking, education, marriage status, BMI, energy intake
from food, alcohol intake, etc.) in all user categories.

The prevalence of dietary supplement users by major category
and sub-category by user categories are shown in Table 3. Among
major categories of dietary supplements, the most widely con-
sumed dietary supplement was drink type (27.0%), the second
was vitamin (23.1%), the third was "others" (18.3%) and the
fourth was medicine (12.0%) in males. On the other hand, the
most widely consumed dietary supplement was vitamin (30.2%),
the second was "others" (26.9%), the third was drink type
(24.8%), and the fourth was medicine (9.7%) in females. The
prevalence of vitamin, "others", and mineral dietary supplement
use in females was significantly higher than that in males; howev-
er, drink type dietary supplement use in males was significantly
higher than that in females in "any users". The prevalence of
amino acid, fatty acid, and dietary fiber use was only about 1 %
or less in "any users".

About a half of vitamin, "others", and mineral users consumed
their respective supplements daily, whereas 60 % of drink type
dietary supplement users and most medicine users consumed
these supplements less frequently than once a week.

With regard to the prevalence in the sub-category of vitamin
users, the prevalence of multivitamin was the highest, the second
highest was vitamin C, and the third highest was vitamin E for
both sexes. Calcium was the most popular nutrient in the mineral
sub-category for both sexes.

Energy and nutrient intake from "all" dietary supplements
among "regular users” are shown in Table 4. Median values of
energy, macronutrients, minerals, and some fat-soluble vitamins
(vitamin A, vitamin D, vitamin E, and vitamin K) intake from



Table 2. Prevalence of "all" dietary supplement users in each user category and sociodemographic and lifestyle

characteristics by user categories.

Imci T, et al.

User category (%) "
n Any?* Seldom® Weekly' Daily"*
Sex Males 1,152 55 23 14 18
Females 1,107 61 19 16 267
Age (year) 40-49 534 65 33 17 14
50-59 580 55 23 15 17
60-69 562 55 17 15 24
70- 583 57 11" 13 33™
Smoking Never 1,268 61 20 15 25
Past 524 55 21 13 21
Current 462 54 22 16 17
Subjective health Excellent/Good 573 55 26 12 18
status Usual 1,433 58 19 16 23
Bad/Very bad 244 66" 20 18 28
Total sumn of family -4.49 668 57 15 14 28
annual income, 4.50-9.99 1,012 57 24 14 20
million yen 10.00- 513 61 24 18 19
Education Less than high school 671 58 15 14 28
High school or equivalent 923 57 20 16 22
More than high school 655 60 28 15 17
Marriage status Unmarried 58 50 24 14 12
Married 1,944 57 21 15 22
Separated/Divorced 51 67 31 20 16
Widowed 202 63 13 17 33
Body mass index <18.5 123 56 16 11 29
(kg/m?) 18.5-24.9 1,588 59 21 16 22
25.0- 547 56 21 14 21
Care of maintaining Yes 1,375 60 20 16 24
appropriate weight No 876 55 22 14 20
Energy intake -1500 201 58 19 13 26
(kcal/day) "7 1500-1999 926 60 19 15 26
2000-2499 759 56 22 15 20
2500- 225 58 27 16 15
Energy intake <20 203 59 15 16 28
from fat (%) 77 20-24 639 56 19 14 24
25-29 792 58 22 15 21
30- 4717 61 25 15 21
Total alcohol intake <10 1,560 60 20 16 24
(g etanol/day) '* 10-19 265 56 21 12 23
20-29 139 52 24 13 15
30- 207 51 23 12 16

Participants using any dietary supplements were defined as any dietary supplement users during the previous year.
T : Dietary supplement users were categorized into three user groups:
Seldom; seldom users those who reported any dietary supplement use once a year or more but less than once a week for
the past 12 months.
Weekly; weekly uses those who reported any dietary supplement use once a week or more but less than once a day for
the past 12 months.
Daily; daily users those who reported any dietary supplement use once a day or more for the past 12 months.
T : n=1,306 (628 males and 678 females)
§ : n=470 (260 males and 210 females)
Il : n=335 (158 males and 177 females)
9 : n=501 (210 males and 291 females)
#p<0.05, ¥*p<0.01, ***¥p<0.001: Sex distribution was tested by chi-squared test. Age distribution was tested by Cocran-
Mantel-Haenszel chi-squared test adjusted for sex. Other variables were tested by Cocran-
Mantel-Haenszel chi-squared test adjusted for sex and age ’





