withdrew from the NHI, we discontinued their follow-up. For
deaths thus identified, we investigated the causes by
reviewing the death certificates filed at Ohsaki Public Health
Center. Cause of death was coded by trained physicians
according to the International Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) (WHO,
1992). We identified deaths due to CVD as codes 100199
(including IHD as codes 120-125 and strokes as codes 160~
169), and those due to cancer as codes CO0-C97.

After exclusion of subjects who had not entered
responses for sleep duration (n=1783), and who had
reported a sleep duration of <4 h or more than 12 h
(n=214), 49 256 participants (men: 23 749, women:
25 507) remained, including 8447 participants who had
died due to all causes (CVD 2549; cancer 2764; other
causes 3134). In order to improve the reliability of our
questionnaire, we excluded participants who had reported
sleep durations of <4 h or more than 14 h, because these
durations were considered to be extremely long or short.
Also, these subjects were less likely to have answered the
question items (data not shown).

Ethical permissions

The study protocol was reviewed and approved by the ethics
commitiee of Tohoku University School of Medicine. We
considered the return of self-administered questionnaires
signed by the subjects to imply their consent to participate in
the study.

Statistical analysis

We counted person-years of follow-up for each of the
subjects from 1 January 1995 until the date of death, the
date of withdrawal from the NHI or the end of follow-up
(31 March 2008), whichever occurred first. The average
follow-up time was 10.8 years. The validity of the propor-
tional hazards assumption was verified by adding a
time-dependent variable to each model to confirm that
the HR for each covariate did not increase or decrease
over time.

We used Cox’s proportional hazard regression analysis to
estimate hazard ratios (HRs) and the 95% confidence intervals
(Cls) of mortality according to the five categories of sleep
duration (<6, 7, 8,9 and >10 h day™ '), treating 7 h as the
reference group. We chose 7 h as a reference group because
this category had been used as a reference group in most
previous studies, and we had predicted that this group would
have the lowest mortality risk (Cappuccio et al., 2010, 2011;
Gallicchio and Kalesan, 2009). In these analyses, we consid-
ered the following parameters as covariates: age (continuous
variable); sex; total caloric intake (continuous variable, calcu-
fated from the 40-item FFQ); body mass index (BM) in kg m™2
(<185, 18.5-24.9, > 25.0); marital status (married or unmar-
ried); level of education (junior high school or less, high school
or college/university or higher); job status (employed or
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unemployed); history of myocardial infarction; history of
cancer; history of stroke; history of hypertension; history of
diabetes mellitus; smoking status (never smoker, ex-smoker,
current smoker one to 19 cigareties day™', or current
smoker > 20 cigarettes day~'); alcohol drinking (never
drinkers, ex-drinkers, current drinkers < 27.8 g day ™', cur-
rent drinkers 27.8-45.59 day~', current drinkers 45.6—
68.39 day~" or current drinkers > 68.4 day™' ethanol); time
spent walking (<1 h day™", 1 h day™ or longer); perceived
mental stress (low, moderate or high); self-rated health (worse
or better); physical function (limited or unlimited). All the
covariates we selected had been suggested to show an
association with all-cause mortality or cause-specific mortality
in the previous studies. We did not use a stepwise procedure.
In addition, we conducted analyses stratified by physical
function and self-rated health. In the stratified analyses, we
excluded subjects for whom answers about health status and/
or physical function were missing. Interactions between the
five categories of sleep duration and physical function and self-
rated health were tested for using the likelihood ratio test, which
compared the models with and without cross-product interac-
tion terms.

All statistical analyses were performed using the sas
statistical software package, version 9.2 (SAS Institute Inc.,
Cary, NC, USA). All the statistical tests reported were two-
sided. Differences at P < 0.05 were accepted as statistically
significant.

RESULTS

Tabie 1 shows the baseline characteristics, according to
sleep duration, separately for both sexes. For both men and
women subjects, those who slept for 10 h or more per day
were more likely to be older, to have a lower daily total
caloric intake, to have a history of myocardial infarction,
cancer, siroke, hypertension or diabetes mellitus, to have
lower perceived mental stress, to have worse self-rated
health and more limited physical function and were less
likely to be employed or married (P-values < 0.0001). For
both men and women, subjects those who slept 6 h or less
per day were younger, less likely to have a history of
myocardial infarction, cancer, stroke and hypertension and
less limited physical function, and were more likely to have a
higher education level and perceived mental stress
(P-values < 0.0001).

Table 2 shows the age- and sex-adjusted and multivar-
iate adjusted HRs for all-cause and cause-specific mortality
according to sleep duration. Among subjects who slept
10 h or more per day, there was a significantly increased
risk of mortality due to all causes, total CVD, IHD, siroke
and other causes, respectively. Among subjects who slept
6 h or less per day, there was a significantly increased IHD
mortality, but no significant association with risk of mortality
due to all causes, total CVD, stroke or other causes. In
addition, all-cause, total CVD and IHD mortality risk were
increased significantly among subjects who slept for 8 h
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and 9 hday™'. Mortality risk due to stroke and other (Table 3, Fig. 1). The association between long sleep
causes of death was increased significantly among sub- duration and risk of stroke mortality was stronger among
jects who slept 9 h day™". " subjects who had limited physical function than among those

A significant interaction between sleep duration and who had unlimited physical function. Otherwise, there were
physical function was observed only for stroke mortality no differences in the risk of mortality due to all causes, total
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ise-specific mortality according to-
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CVD, IHD, cancer or other causes, irrespective of whether or causes, total CVD, IHD, cancer and other causes showed no
not subjects had limited physical function. differences among the subjects, irrespective of health status.
Table 4 shows the analysis stratified by self-rated health
(wor;e or better). The gssoma’uon between long gleep DISCUSSION
duration and stroke mortality was sironger among subjects
who reported worse health status than among subjects who In this study, we found that long sleep duration was
reported better health status. In addition, the HR for short associated with an increased risk of mortality due to all
sleep duration among subjects who reported worse health causes, total CVD, IHD, stroke and other causes, and that
status was higher than that for subjects who reported better short sleep duration was associated with an increased risk
health status. Otherwise, the risk of mortality due to all of IHD mortality. Significant interactions were cbserved only
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for stroke mortality, the risk of which was elevated among
subjects who had limited physical function or worse health
status. Otherwise, the risk of mortality due to all causes,
total CVD, IHD, cancer and other causes was not increased
among subjects who had limited physical function or worse
health status.

The present results are consistent with most previous
studies, including three meta-analyses of the association
between longer sleep duration and all-cause mortality, CVD
mortality or CVD incidence (Cappuccio et al., 2010, 2011;
Gallicchio and Kalesan, 2009). In this study we have
demonstrated no significant interaction between sleep dura-
tion and physical function or health status in terms of all-
cause mortality, consistent with the results of Mesas et al.,
2010, who found that long sleepers had an increased risk of
mortality irrespective of health status. We also demonstrated
that stroke mortality was increased significantly among
subjects who had limited physical function, but not among
subjects whose physical function was not restricted. We also
found that mortality due to causes other than stroke, such as
total CVD, IHD, cancer and other causes, showed no
significant interaction with sleep duration, physical function
or health status. In the present study, interactions between
long sleep duration and physical function or health status
were elevated only for stroke mortality, suggesting that the
mechanism responsible for the association between long

sleep duration and mortality differed among causes of death.
However, Mesas et al. did not conduct any analysis of
cause-specific mortality.

Several researchers have hypothesized that long sleep
duration might reflect sleep need, reflecting in tum decreased
physical strength, poor health status or accompanying
comorbidity (Chen et al., 2008; lkehara et al., 2009; Patel,
2009; Patel et al., 2004). Because long sleepers are more
likely to have low physical activity and low scores on the
Short Form-36 physical score scale (Stranges et al., 2008), it
has been hypothesized that long sleep duration might be a
consequence of unrecognized chronic comorbidity. We also
conducted analysis stratified by history of diseases (cancer,
myocardial infarction or stroke) that would provide an
objective measure of health; however, this made no appre-
ciable difference to the result (data not shown). Therefore,
with the exception of stroke mortality, our results did not
support this hypothesis in terms of mortality due to all causes,
total CVD, IHD, cancer and other causes.

The present study is the first large-scale epidemiological
study to have examined whether or not physical function or
self-rated health modifies the association between sleep
duration and all-cause and cause-specific mortality. Fuither-
more, we recruited subjects from a large general population,
allowing possible generalization of our results. We followed a
large number of participants over a 14-year period; as the

© 2012 European Sleep Research Society
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response rate was 94.6%, the subjects were highly repre-
sentative of the target population.

Our study also had several limitations. First, sleep
duration was determined on the basis of a self-reported
questionnaire, and the assessment was conducted only
once. Lauderdale et al., 2008 reported that the correlation
between self-reported sleep duration and that measured
objectively by wrist actigraphy was moderate and system-
atically biased. There is a possibility that some misclas-
sification occurred in our analysis; therefore, some
misclassification of sleep duration could have arisen, and
this might have affected its perceived association with
mortality. However, any such misclassification would have
been non-differential, and thus might have led to under-
estimation of the impact of sleep duration. Secondly, we
had no information about sleep quality, the timing of

© 2012 European Sleep Research Society

sleep, presence of sleeping disorders, the use of sleep
medication or other types of medication, such as antide-
pressants or benzodiazepines Such factors would have an
influence on sleep duration, and thereby might affect the
association between long sleep duration and mortality
(Suzuki et al., 2009). Thus, considering the influence of
such factors, our results might have been overestimated.
Finally, we had no information about rotating shift work or
night work, even though shift work might affect the
association between sleep duration and CVD (Fujino,
2007). However, as about 15% of our study subjects were
housewives, 30% were farmers and 20% were retirees,
we consider that very few would have been involved in
rotating or night shift work.

In conclusion, our study indicates that longer sleep duration
appears to be associated with mortality due to all causes, total
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Figure 1. Sleep duration and all-cause mortality. Hazard ratio and
95% confidence intervals according to sleep duration by all subjects,
subjects who had limited physical function or subjects who had
unlimited physical function.

CVD, IHD and other causes, except for stroke mortality. Such
an association was observed irrespective of physical function
or sel-rated health. The HR for stroke mortality in particular
was markedly higher in subjects whose physical function was
limited, or in those who had worse health status. Future
studies of the association between longer sleep duration and
cause-specific mortality may need to consider the effect of
physical function and self-rated health.
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Backgrourd. The longer healthy life expectancy observed in Japan may be partly attributed to the Japanese diet. The
researchers sought to examine whether serum isoflavone levels are associated with disability and death.

Methods. The researchers used a nested case-control study to compare serum isoflavones (daidzein, genistein, gly-
citein, and equol) levels between 165 participants that died or were certificated as disabled (cases) and 177 controls.
Disability was defined by certification of long-term care insurance. Conditional logistic regression models were used to
calculate the risk of isoflavones for the composite outcome.

Results. The proportion of cases was lower in the group with the highest levels of equol (34/91, 37%) compared
with equol nonproducers (84/161, 52%). The risk of disability or death among equol producers remained reduced after
adjusting for age and sex (odds ratio: 0.55, 95% confidence interval: 0.33-0.93). In a multivariate model, this risk was
also unchanged (odds ratio: 0.51, 95% confidence interval: 0.27-0.96). There were no significant associations between
daidzein, genistein, and glycitein with the composite endpoint.

Conclusions. Higher serum equol levels, but not any other isoflavones, were inversely associated with the composite
endpoint of disability and death. Although it cannot be concluded that equol per se has preventive effects on disability or
death, higher equol levels appear associated with better health.

Key Words: Isoflavone—Disability—Mortality—Nested case—control study.
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CCORDING to the Health Report published in 2004
by the World Health Organization, both healthy
life expectancy at age 0 and 60 years were the longest in
Japan compared with all other countries in the world (1).
. Therefore, it might be important to explore the determinants
of the prolonged healthy life expectancy among Japanese.
For instance, this longer healthy life expectancy may be,
in part, attributed to the Japanese diet, which is high in
foods such as fish, green tea, and soybean. In this study,
the researchers focused on the relationship between soy
isoflavones and disability-free survival.

A questionnaire survey is frequently used to estimate
food consumption. However, in Japan, soybean is fre-
quently used as a raw material in seasonings, such as miso
paste and soy sauce. Therefore, it might be difficult to esti-
mate the amount of soybean consumed from food frequency
questionnaires. Indeed, the researchers previously found
that there was a poor correlation between the assessment of
soybean consumption by dietary record and food frequency
questionnaire (2). Furthermore, studies on equol, a metab-
olite of daidzein that is produced by intestinal bacteria in
some, but not all, adults have shown that those individuals
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who possessed equol-producing intestinal bacteria were
more likely to benefit from soyfood consumption than those
who did not (3,4). Importantly, equol production can only
be assessed from blood or urine samples. Therefore, in the
present study, the researchers decided to assess serum iso-
flavone as markers of soy intake.

Isoflavones, including genistein, daidzein, and glycitein,
are found in soy and soy products (3,4). Isoflavones are
known to have estrogenic effects, and consequently, may
possess an ability to lower cholesterol and inhibit bone loss
(3,4). Furthermore, emerging evidence suggests that isofla-
vones may be associated with lower risk of various can-
cers, including lung (5-7), prostate (8,9), and breast (10),
Therefore, isoflavone levels may be associated with a lower
risk of incident disability and mortality.

In the present study, the researchers used a nested case—
control study design to investigate the relationship between
serum isoflavone levels and risk of composite outcome
of disability and death; a good indicator of healthy life
expectancy.

METHODS

Study Participants

As implemented in 2002 and 2003, the Tsurugaya Project
was a comprehensive geriatric assessment of medical sta-
tus, as well as physical and cognitive functions (11-17).
The present study is based on data collected in 2002, as
blood samples from that time period were available (16,17).

Of the 2,730 inhabitants aged 70 and older living in the
Tsurugaya area of Sendai, Japan, 1,177 provided written
informed consent to participate in the study. Because the
researchers did not obtain agreement to review information
regarding long-term care insurance (LTCI) in 2002, they
requested agreement from the participants who underwent
a comprehensive geriatric assessment in 2003. Of the 1,177
participants who underwent a comprehensive geriatric
assessment in 2002, 671 underwent another comprehen-
sive geriatric assessment in 2003, of which 657 agreed to a
review of their LTCI information. The researchers excluded
data from participants who were identified as having a disa-
bility on their LTCI certificate in 2003 (n = 55), participants
who did not agree to their blood samples being analyzed
or stored (n = 6), and participants who moved prior to
being certified as disabled (n = 6). Of the 590 remaining
participants, 208 developed a disability or died by June
30, 2009. The eligible participants were divided into eight
strata according to sex and age (every 5 years; Table 1).
Specifically, a select 178 cases (ie, participants that devel-
oped a disability or died) and 178 controls (ie, participants
who lived without disability until June 30, 2009) were
stratified. Because 14 serum samples (1 control and 13
cases) did not have sufficient serum to measure isoflavone
levels (<1 mL of serum), the researchers assessed a total of
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Table 1. Age and Sex Distribution of the Eligible Participants from
the Tsurugaya Project (2002-2009)

Condition in June 2009
No Disability and Alive Disabled or Deceased

Age in 2002 (y) Sex

70-74 Men 35 32
Women 36 33
7579 Men 27 25
Women 50 47
80-84 Men 9 9
‘Women 16 15
85-89 Men 1 1
Women 3 3

342 participants in the present study (Table 1). The Ethics
Committee of the Tohoku University Graduate School of
Medicine approved the study protocol.

Serum Isoflavone Measurements

Blood samples collected under non-fasting conditions
were immediately cooled at 4°C, centrifuged within 4
hours at 3,000g at 4°C for 10 minutes, and stored at —80°C.
Concentrations of serum isoflavones, namely genistein,
daidzein, glycitein, and equol, were measured using triple
quadrupole tandem liquid chromatography-mass spectrom-
etry (18). These measurements were determined at a clini-
cal testing laboratory (SRL, Tokyo, Japan). Serum albumin,
total cholesterol (TC), and casual glucose levels were also
measured.

Other Measurements

Information regarding smoking status, drinking status,
food intake, physical activity (PA), and history of disease
was surveyed via a questionnaire, and drug information was
confirmed by an experienced pharmacist. The participants
were instructed to fill out a brief self-administered diet history
questionnaire that included 75 food items with specified
serving sizes described by natural portions or standard weight
and volume measures of the servings commonly consumed in
the study population. The mean daily intake of nutrients was
calculated by using an ad hoc computer program developed
to analyze the questionnaire (14). Participants indicated the
mean frequency of consumption of green tea over the previous
1 month in terms of the specified serving size by selecting one
of the eight frequency categories: almost never, less than 1
cup/wk, 1 cup/wk, 2-3 cups/wk, 4-6 cups/wk, 1 cup/d, 2-3
cups/d, and greater than or equal to 4 cups/d. Subsequently, the
researchers summarized this information into three groups as
follows: greater than or equal to 4 cups/d, 2-3 cups/d, and less
than 2 cups/d (14). In terms of meat consumption, participants
indicated the mean frequency of consuming a specified serving
size of (1) chicken, (2) pork or beef, (3) ham, sausage, or bacon,
and (4) liver over the previous 1 month by selecting one of the
frequency categories: 2 times/d, 1 time/d, 4-6 times/wk, 2-3
times/wk, 1 time/wk, less than 1 time/wk, and none. These
four frequencies were summed and a total meat consumption
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frequency was calculated. According to the distribution, the
researchers classified participants into four groups of meat
consumers: greater than or equal to 6.5 times/wk, 4.5-6.4
times/wk, 2.5—4.4 times/wk, and less than 2.5 times/wk.
PA was first assessed by a self-reported single question on
whether the participant had any PA in the past year. If “yes,”
further questions were asked about the frequency and duration
of walking, brisk walking, and sports. Each PA was classified
into three categories on the basis of the frequency and duration
of participation: (i) “high” PA (23—4 times/wk for 230 minutes
each time), (ii) “low” PA (some PA in the past year, but not
enough), and (iii) “none” (no PA). In this study, the researchers
used three categories according to the distribution; participants
who did any level of sports or high frequency of brisk walking,
participants who did low frequency of brisk walking or any
level of walking, and participants who did not have PA.
Symptoms of depression were assessed via the Japanese
version of the 30-item geriatric depression scale (12,14).
The anthropometric variables (height and body weight) were
recorded according to standard protocol. Body mass index
was calculated as weight in kilograms divided by height in
meters squared. Functional reach, which measures how far an
individual can reach forward beyond their arm’s length while
standing without losing balance, was measured and used as
an indicator of physical function (13). The researchers used
average stiffness of the right and left calcaneus as an indicator
of bone mineral density. To assess stiffness, the researchers
determined quantitative ultrasound parameters, such as the
speed of sound (m/s), broadband ultrasound attenuation (dB/
MHz), and the stiffness index (Stiffness), which was derived
from speed of sound and broadband ultrasound attenuation.
These parameters were measured in the right and left
calcaneus using an Achilles Ultrasound Bone Densitometer
(A-1000, GE-Lunar Corporation, Madison, WI) (19).
Participants self-measured blood pressure at home using an
automated device (HEM747IC: Omron Life Science Co. Ltd.,
Tokyo, Japan) (12). Participants were classified into groups
based on the following categories: home hypertension, home
borderline hypertension, and home normotension, according
to the guidelines for home blood pressure (20). Participants
prescribed antihypertensive medication were classified into
the home hypertension group. The presence of diabetes
was defined as a non-fasting blood glucose greater than or
equal to 200mg/dL (11.1 mmol/L) or use of antidiabetic
drugs. Impaired blood glucose was classified as non-fasting
blood glucose between 140-199mg/dL (7.7-11.0 mmoVl/L).
Participants were categorized into four TC groups: TC greater
than or equal to 240mg/dL or use of cholesterol lowering
drug, TC between 200-239mg/dL, TC between 160-199 mg/
dL, and TC less than 160 mg/dL.

LTCI Certification
The researchers defined incident disability based on the
LTCI certification system, which was launched as a national
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insurance scheme in April 2000 (21-23), and followed up
those with certified incident disability until June 30, 2009.

Individuals aged 40-64 years and living in Japan, who
were diagnosed with aging-related diseases (eg, Alzheimer’s
disease and stroke), and those aged 65 and older, who were
certified as requiring care, are eligible for benefits under the
LTCI certification (24). To receive LTCI services, elderly
individuals or their caregivers (family or professional) must
contact the municipal government to have their care require-
ments officially certified (22). A trained local government
official visits their home to evaluate nursing care needs via a
questionnaire that assesses their current physical and mental
status, and use of medical services (21). Standardized scores
for physical and mental functioning, as well as the estimated
amount of time required for care under nine categories (ie,
grooming and/or bathing, eating, using the toilet, transferring,
eating, assistance with instrumental activities of daily living,
behavioral problems, rehabilitation, and medical services),
are then calculated using software. Based on the national aver-
age values, it is decided whether applicants should be certi-
fied to receive LTCI services, and then, the system assigns a
care needs level, which is determined by a certification board
comprising physicians, nurses, and other experts in health and
social services, who were appointed by the local mayor. The
minimum standard for LTCI was care support level 1, which
requires 25 minutes of total care/d (21,25).

Care needs are assessed according to seven levels, which
closely correlate with the Barthel Index (Spearman’s coef-
ficient: —0.86) and the Mini-Mental State Examination
(Spearman’s coefficient: —0.42) (24,26). The outcome
represents a comprehensive measure of disability among
elderly individuals (26).

The Sendai City Municipal Authority provided annual
information regarding LTCI certification, including the care
level, date of certification, relocation, and death, between
June 30, 2003 and June 30, 2009. The researchers defined
incident disability as the certification of an individual by
the LTCI to any level of care, and the date of disability as
the first date of certification. Six participants were removed
from the study due to relocation during the follow-up.
The researchers used a composite outcome of disability
and death, which can also be considered as an indicator of
disability-free survival.

Statistical Analysis

The researchers classified participants into four groups
based on quartiles of isoflavone levels. However, with
respect to equol, almost half of participants were nonpro-
ducers of equol (ie, equol level < 1.0ng/mL), and conse-
quently, the researchers used three categories, specifically,
the nonproducers, lower half of equol producers (ie, equol
level = 1.0ng/ml), and upper half of equol producers.

The characteristics of cases and controls were compared
using the ¥? test or ¢ test, as appropriate. Characteristics
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with respect to isoflavone levels were compared using the
%2 test for categorical variables or ANOVA for continuous
variables, as appropriate. A multiple logistic regression
analysis was used to determine factors that predict equol
production. This model included the following factors:
smoking, alcohol drinking, blood pressure (ie, home hyper-
tension, home borderline hypertension, and home normo-
tension), blood glucose (diabetes, impaired blood glucose,
and normal range), TC group, albumin, sex-specific quartile
of functional reach, depression (geriatric depression scale
> 11), body mass index, sex-specific quartile of stiffness
of calcaneus, history of cardiovascular disease, history of
cancer, sex-specific quartile of total energy intake, green
tea consumption, meat consumption, PA group, and serum
daidzein concentration. The researchers also determined the
factors that predict higher equol values in equol producers
via a linear regression model with log-transformed equol
and the above-mentioned factors.

A conditional logistic regression model on the age and
sex strata was used to calculate the odds ratios (ORs) and
95% confidence intervals of isoflavones and risk of disabil-
ity or death. The researchers used both crude and multiple
adjusted models. In the multivariate model, the research-
ers adjusted for the potential confounders associated with
isoflavone levels or incident disability or death mentioned
above excluding serum daidzein level.

The researchers also calculated the risk of disability only
(case = 142) or death only (case = 40). Furthermore, the
researchers calculated the relationship of daidzein, gen-
istein, and glycitein with composite outcome of disability
and death among equol producers. The level of statistical
significance was set at p < .05. All statistical analyses were
performed using SAS software, version 9.1 (SAS Institute,
Cary, NC).

REsuLTS

The baseline characteristics of control (ie, those that live
without disability) and case (ie, those that developed a dis-
ability or died by the end of the follow-up period) groups
are presented in Table 2. Due to age and sex matching, there
were no differences observed in age and proportion of sex.
TC levels, functional reach, stiffness, and PA were statisti-
cally lower among cases than controls (p < .05).

When the researchers compared the baseline
characteristics of the participants according to each
isoflavone type and their respective levels, there were no
apparent age differences across all isoflavone groups.
However, the proportions of women were generally lower
in the higher ranges of all isoflavone levels. TC levels
were also generally lower in the higher ranges of all serum
isoflavone levels. The proportion of bone mineral density
was significantly different in the glycitein group, but not
in the daidzein, genistein, or equol groups. Although the
proportion of women was lower at higher serum equol
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levels, the proportion of current smokers was also lower
at the higher serum equol levels. When a multiple logistic
regression analysis was performed to determine the
predictors of equol producers, male gender was revealed
as a significant predictor of higher equol production. Of
all equol producers, men, nonsmokers, and participants
with diabetes had higher log-transformed equol values.
A higher concentration of daidzein also predicted higher
log-transformed equol values (§ = 0.003, p = .002).

The relationship between levels of different isoflavones
and the composite endpoint of disability or death are pre-
sented in Table 3. There were no significant associations
between daidzein, genistein, and glycitein with the com-
posite outcome of disability or death after adjusting for age
and sex. However, in the equol group, the risk of compos-
ite endpoint was lower with higher levels of equol, after
control for age and sex (OR = 0.55; 95% confidence inter-
val = 0.33-0.93). These associations remained unchanged
when additional potential confounders were added to the
model (OR = 0.51; 95% confidence interval = 0.27-0.96).
Similarly, the relationship was unchanged when the
researchers excluded participants who died without disabil-
ity. Although participants with the highest isoflavone quar-
tiles consistently showed lower risk of death (OR < 0.46),
this observation did not reach statistical significant due
to the small number of deaths. The relationships between
daidzein, genistein, and glycitein levels with the composite
endpoint were also assessed among equol producers only
(Table 4). The highest quartiles of the daidzein, genistein,
and glycitein groups showed a nonsignificant trend for a
lower risk of the composite endpoint (OR < 0.86).

DiscussioN

The present nested case~control study is the first to show
that higher levels of equol are associated with lower risk
of disability or mortality. This inverse relation was also
observed when the researchers compared participants with
disability with controls. However, whether equol per se
plays a causal role in increasing healthy life expectancy
remains to be determined in future research.

There are several advantages of the present study. First,
this study assessed comprehensive geriatric parameters,
including physical function and depressive symptoms,
which have been previously associated with incident
disability or mortality. Second, the researchers used a
nested case~control design, in which the measurement
precedes the onset of the outcome, thus establishing the
temporal relationship between the putative cause and the
hypothesized effect. Third, the researchers used LTCI
certification to assess disability, which is based on strictly
established and uniform rules throughout Japan. This
methodology enabled us to achieve higher follow-up rates,
and eliminated potential selection bias in both the case and
control groups. Nevertheless, this system is not perfect, as
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Table 2. Comparison of Baseline Characteristics Between Control and Case Groups, the Tsurugaya Project 2002-2009.

Condition at June 2009
Control Case
Alive without Disability Disability or Death p Value

Numbers of participants 177 165
Age y, mean (SD) 759 (3.8) 76.5 (4.2) 14
Sex Women 59% 59%
Smoking Current 10% 13%

Past 27% 29%

Never 63% 55%
Drinking 246 g of alcohol/d 8% 8% 15

23-45.9g of alcohol/d 8% 3%

0-22.9g of alcohol/d 15% 21%

Og 69% 68%
Blood pressure Normotension 19% 16% 76

Borderline hypertension 12% 9%

Hypertension 65% 0%

Home BP not measured 5% 5%
Blood glucose Diabetes 7% 8% .09

Impaired blood glucose 4% 10%

Normoal blood glucose 89% 82%
Cholesterol TC 2 240 mg/dL or cholesterol lowering drug 34% 26% 32

TC 200-239mg/dL 36% 36%

TC 160-199 mg/dL 24% 30%

TC < 160 mg/dL 6% 8%
Albumin g/dL, mean (SD) 44(03) 4.3 (0.3) 32
Functjonal reach Could not measure 1% 1% <.01

Men 0-28.8 cm, women 0-25.6cm 15% 35%

Men 28.9-32.1cm, women 25.7-28.6 cm 21% 28%

Men 32.2-36.3cm, women 28.7-32.2 cm 31% 18%

Men 36.4 cm—, women 32.3 cm— 33% 19%
Depression GDS 2 11 point 25% 35% 0497
Body mass index kg/m? (SD) 23.7(3.0) 236 (3.6) .76
Stiffness of calcaneus Men 0%—60.4%, women 0%-49.4% 19% 30% <01

Men 60.5%—71.4%, women 49.5%-56.9% 23% 25%

Men 71.5%-81.9%, women 58.5%—65.9% 31% 20%

Men 82.0%-—, women 66.0%— 28% 25%
History of CVD Present 11% 18% .10
History of cancer Present 5% 10% 06
Total energy intake kcal/d (SD) 1616 (398) 1654 (468) A1
Green tea consumption 24 cups/d 50% 45% 43
Meat consumption 6.5 times/wk 29% 28% 1
Physical activity Sports or higher amount of brisk walking 27% 16% .02

Lower amount of brisk walking or any amount of walking 2% 56%

Notes: CVD = cardiovascular diseases; diabetes = casual blood glucose > 200mg/dL or taking antidiabetic drugs; GDS = geriatric depression
scale; home hypertensive = home systolic BP > 135 mmHg and/or home diastolic BP > 85 mmHg and/or user of antihypertensive medication; home
borderline hypertensive = not satisfied with home hypertensive critetria and home systolic BP > 125 mmHg and/or home diastolic BP 2 80 mmHg; home
normotensive = home systolic BP < 125 mmHg and home diastolic BP < 80 mmHg without antihypertensive medication; impaired blood glucose = casual blood
glucose 2 140 mg/dL. and not taking antidiabetic drugs; SD = standard deviation; TC = total cholesterol.

elderly individuals or their caregivers must initiate contact
with the municipal government to receive LTCI services,
and thus, some elderly individuals with disability may not
be certified. However, this confounder would attenuate
the relationship between equol levels and the composite
outcome of disability and death. Therefore, the researchers’
conclusion that higher serum equol was associated with
lower risk of composite endpoint of incident disability
and death, should remain true. Another limitation of this
study was that blood samples were collected in non-fasting
conditions, potentially affecting serum isoflavone levels.

Similarly, because equol production has been found to vary
over time within individuals (27), the misclassification of
equol status is a possibility. However, these limitations
would only attenuate the relationship between equol levels
and the composite outcome of disability and death.

In the present study, half of the participants were classi-
fied as equol producers, which corroborate the findings of
previous reports from Asia (4,17). In the researchers’ attempt
to determine the predictors of equol production, they were
able to only identify sex. Interestingly, among all equol pro-
ducers, men, nonsmokers, and participants with diabetes had



Table 3. Serum Isoflavone Levels in the Control and Case Groups from the Tsurugaya Project (2002-2009)

All Samples Control vs Disabled Control vs Death
Control Case OR1 (85% CI) OR2 (95% CI) Control Case OR2 (95% CI) Control Case OR2 (95% CI)
No Disability  Disabled or No Disability No Disability
Isoflavones ng/mL and Alive Deceased  Ageand Sex Only Multiple Adjusted and Alive Disabled* Multiple Adjusted and Alive Deceased  Multiple Adjusted
Daidzein ~-36 48 38 1 1 48 36 1 48 6 1
36.1-76.6 43 41 1.21(0.66-2.21) 1.42 (0.68-2.97) 43 31 1.22 (0.55-2.67) 43 15 9.31(1.50-57.94)
76.7-141.0 42 44 1.32 (0.73-2.41) 1.64 (0.77-3.50) 42 35 1.63 (0.73-3.66) 42 16 9.53(1.28-71.20)
141.1- 44 42 1.21 (0.66-2.21) 1.52 (0.73-3.19) 44 40 1.56 (0.72-3.36) 44 3 0.24 (0.02-2.95)
Genistein -63.5 47 39 1 1 47 37 1 47 7 1
63.6-145.2 41 44 1.30 (0.71-2.38) 1.42 (0.68-2.95) 41 35 1.21 (0.55-2.66) 41 13 4.89 (0.90-26.52)
145.3-269.1 41 44 1.30 (0.71-2.37) 1.31 (0.63-2.71) 41 33 1.09 (0.50-2.39) 41 15 2.04 (0.43-9.71)
269.2— 48 38 0.96 (0.52-1.75) 0.99 (0.47-2.07) 48 37 1.05 (0.49-2.28) 48 5 0.37 (0.05-2.49)
Glycitein -19 43 37 1 1 43 31 1 43 10 1
2.0-4.6 46 43 1.09 (0.60-2.01) 1.06 (0.51-2.22) 46 37 1.09 (0.49-2.43) 46 10 1.26 (0.31-5.08)
4.7-9.8 46 41 1.04 (0.57-1.91) 1.12 (0.53-2.35) 46 36 1.27 (0.57-2.84) 46 11 0.98 (0.25-3.82)
9.9~ 42 44 1.22 (0.66-2.27) 1.31(0.62-2.74) 42 38 1.52 (0.68~3.37) 42 9 0.46 (0.10-2.08)
Equol -0.9 77 84 1 1 77 75 1 77 16 1
1.0-235 43 47 1.00 (0.60-1.68) 1.10 (0.59-2.05) 43 38 1.01 (0.52-1.98) 43 14 1.90 (0.55-6.62)
23.6- 57 34 0.55 (0.33-0.93) 0.51 (0.27-0.96) 57 29 0.52 (0.27-1.02) 57 10 0.45 (0.12-1.68)

Notes: 95% CI = 95% confidence interval; diabetes = casual blood glucose > 200 mg/dL or taking antidiabetic drugs; OR = odds ratio; OR1 = stratified for age and sex; OR2 = further adjusted for smoking status,
drinking status, blood pressure category (home hypertensive, home borderline hypertensive, home normotensive), casual blood glucose (normal glucose, impaired blood glucose, diabetes), total cholesterol (total
cholesterol > 240 mg/dL or user of cholesterol lowering drugs, total cholesterol between 200239 mg/dL, total cholesterol between 160199 mg/dL, total cholesterol < 160 mg/dL), serum albumin, sex-specific quartile
of functional reach, body mass index, depressive symptom (geriatric depression scale 2 11 or user of antidepressants), sex-specific quartile of stiffness of calcaneus, history of cardiovascular diseases, history of cancer,
and sex-specific quartile of total energy intake, green tea consumption, meat consumption, and physical activity; home hypertensive = home systolic BP 2 135 mmHg and/or home diastolic BP 2 85 mmHg and/or user
of antihypertensive medication; home borderline hypertensive = does not satisfy the home hypertensive critetria, and home systolic BP 2 125 mmHg and/or home diastolic BP 2 80 mmHg; home normotensive = home
systolic BP < 125 mmHg and home diastolic BP < 80 mmHg without antihypertensive medication; impaired blood glucose = casual blood glucose 2 140mg/dL and not taking antidiabetic drugs.

*Participants died without incident disability was not included in this analysis.
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Table 4. Comparison of Serum Isoflabove Groups Between Control and Case Group Restricted to the Equol Producer, the Tsurugaya Project,

2002-2009
Equol Producer Only
Control Case OR1(95% CI) OR2 (95% CT)
Isoflavones ng/mL Alive without Disability Disability or Death Age—Sex Only Multiple Adjusted
Daidzein -36 26 20 1 1
36.1-76.6 24 23 1.20 (0.53-2.73) 2.67 (0.70-10.16)
76.7-141.0 25 23 1.17 (0.51-2.67) 2.99 (0.78-11.46)
141.1- 25 15 0.75 (0.31-1.78) 0.95 (0.26-3.47)
Genistein -63.5 22 16 1 1
63.6-145.2 26 29 1.47 (0.64-3.35) 2.53 (0.69-9.28)
145.3-269.1 23 18 1.03 (0.41-2.57) 1.46 (0.33-6.51)
269.2— 29 18 0.80 (0.34-1.93) 0.87 (0.24-3.18)
Glycitein -19 21 18 1 1
2.0-4.6 25 21 0.96 (0.41-2.25) 1.66 (0.44-6.28)
4.7-9.8 28 23 0.95 (0.41-2.21) 1.40 (0.36-5.40)
9.9~ 26 19 0.81 (0.34-1.93) 0.75 (0.20-2.76)

Notes: 95% CI = 95% confidence interval; diabetes = casual blood glucose 2= 200 mg/dL or taking antidiabetic drugs; OR = odds ratio; OR1 = age-sex
category was used as stratified variables; OR2 = further adjusted for smoking status, drinking status, blood pressure category (home hypertensive, home borderline
hypertensive, home normotensive), casual blood glucose (normal glucose, impaired blood glucose, diabetes), total cholesterol (total cholesterol 2 240 mg/dL or
user of cholesterol lowering drugs, total cholesterol between 200-239 mg/dL, total cholesterol between 160199 mg/dL, total cholesterol < 160mg/dL), serum
albumin, sex-specific quartile of functional reach, body mass index, depressive symptom (geriatric depression scale 2 11 or user of antidepressants), sex-specific
quartile of stiffness of calcaneus, history of cardiovascular diseases, history of cancer, and sex-specific quartile of total energy intake, green tea consumption, meat
consumption, and physical activity; home hypertensive = home systolic BP > 135 mmHg and/or home diastolic BP > 85 mmHg; and/or user of antihypertensive
medication; home borderline hypertensive = not satisfied with home hypertensive critetria and home systolic BP 2 125 mmHg and/or home diastolic BP >
80 mmHg; home normotensive = home systolic BP < 125 mmHg and home diastolic BP < 80 mmHg without antihypertensive medication; impaired blood

glucose = casual blood glucose = 140 mg/dL and not taking antidiabetic drugs.

higher equol values. However, previous studies in both Japan
(28) and Europe (29) failed to find a relationship between
smoking and equol levels. Additionally, a higher serum daid-
zein level predicted higher equol levels in equol producers.
Therefore, a greater consumption of soy might increase equol
level in equol producers. Thus, additional studies assessing
the factors that affect equol levels are warranted.

Higher serum equol levels were found to be associated
with a lower risk of disability and death. Initially, it was
expected that this inverse association could be explained
by superior bone mineral density (30). However, the cor-
relation between equol levels and the bone mineral density
of the calcaneus was not significant. Furthermore, adjust-
ing for bone mineral density did not alter the risk of the
composite endpoint of death and disability. Therefore,
other mechanisms may play a role and should be consid-
ered. Unfortunately, the researchers’ study did not have
any information with respect to the causes of disability or
mortality, and consequently, they were not able to clarify
the factors associated with reducing risk of the composite
endpoint in the higher equol group than the other groups.
There are, may be, several explanations for why equol was
associated with disability and death. First, as mentioned in
previous studies, the benefits of soybean consumption are
greater in equol producers (4). Equol is known to have a
stronger affinity for the estrogen receptor than any other iso-
flavone. Although statistical significance was not reached,
the other isoflavones were also inversely associated with
disability and death. Thus, this observation supports the
above hypothesis. Also, it remains possible that rather than

contributing to a better health outcome per se, equol may
enhance bacterial activity or improve intestinal conditions,
which in turn, contribute to better health. However, the
researchers were not able to confirm this scenario in their
study. Thus, to clarify whether equol per se decreases the
risk of disability or mortality, future intervention studies on
soybean intake among equol producers are warranted.

In conclusion, it was found that higher serum equol con-
cenfrations, and no other isoflavone, are independently associ-
ated with a lower risk of the composite endpoint of disability
and death. However, whether equol per se has a direct causal
effect on disability or mortality remains to be elucidated.
Further studies, including randomized controlled trials, which
clarify the role of equol in overall health, are warranted.
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MILAE/H), BRE (BEWE, BRI/ FER], KRIB),
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1 HEA N VAN Ao H O REAK

¥ ke #
HEAFLVA Dl 505 % W gy 5>0% %

poE B 4,024 14,534 2,994 3,963 15,659 4,119
SPIAERY (%) 61.4 59.2 54.6 62.7 60.9 57.2
BMI (kg/m?) 23.4 23.3 23.4 23.9 23.8 23.7
WAEEIR

e (%) 20 19 18 89 90 86
MFEE (%) 26 25 24 3

R0k KW/ B (%) 23 23 18

w04 Ll E/H (%) 31 33 41 2 2 4
FRIGIR I

ek (%) 18 16 13 60 59 58
MEHKE (%) 10 10 10 4 3 4
TV UEIR22.8 g KA/ B (%) 22 22 22 15 13 18
T —)UER22.8 ¢ BLE/H (%) 45 46 51 3 3 4
HITIRER)

EERILLE/ B (%) 19 67 14 17 65 18
30431 WEHIREG/ B (%) 18 70 12 17 67 .16
304K/ H (%) 18 66 17 17 64 19
R[]

6 BEHILAT/ 8 (%) 10 11 18 16 18 28
7-8 /B (%) 67 70 66 66 67 61
SWFHILAE/ B (%) 23 19 16 18 15 10
DS IR T

BE#S (%) 89 89 88 69 76 79
W (e /gERD (%) 7 6 6 27 20 18
K (%) 4 6 4 3 3
ZERE

B\ (%) 30 30 38 34 33 40
FA/KELE (%) 8 7 10 9 7 11
IR

wEF (%) 76 81 89 41 46 54
BEfERE

BEILE (%) 23 24 22 28 28 27
BRAE (%) 7 7 9 5 5 5
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FHIE NS — F I & 95 % B RNIC DT, BRI
B L UEKERILIC & 5L O R4 BBl
RLICHDTH B, BERIICOWT, Bt d,
BAEER Ci, TERBEBECOY AZIZAREA
FUADD I NFERFEEL LIBE, BEAMLVA
DENEE, SO TIE, FRELIEOBERRIN
7=, (BB¥ : P for trend =0.001, Z¥ : P for trend
=0.004) L2 L, FFREE L L UBERREE CI1T
BRATEOBBEIRI NPTz £TT, HEX

U R BRI OWTCOREER MRS A7
D, JEBLEEE I K UNRRELEES (3 5 B {E
EOWCKEERZRE L& 5, BHTII#HE
FERCEE TH - 7o (P for interaction =0.04),
T TCRAR b o7,

iz, KEREICOWT, BAKEE T, B
PSRBT OV A7 ZEREA NV AODIR W EEE
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SO TIE, BEERIEOREEBRIN/G (P for
trend=0.006, P for trend=0.001), L2L, JEEKE
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£2 HEAPVRCLHBERBESL, RHOTEES JCOEERTCOFERBEENT - FABIUCSEEHE N

H'—F Hh & 95 % R X

5 # % %

HEAFL R Pl BNk} % P for trend P BNl % P for trend
BEEASE 39,752 144,525 29,720 40,165 157,112 41,300
TERBRBIET

FETHK 203 667 124 162 496 99
HIET-E/1 FAE 51 46 42 40 32 24
SERTIRETR/1 FAE 33 39 51 28 22 29
FHREIE
NY—F i 1.00 1.12 1.49 0.002 1.00 0.95 1.01 0.93
95% X H (reference) (0.95-1.31) (1.19-1.87) (reference) (0.80-1.14) (0.78-1.30)
SEERIE
N — R H, 1.00 1.09 1.43 0.006 1.00 0.94 0.97 0.45
95% B X (reference) (0.93-1.28) (1.13-1.79) (reference) (0.79-1.13) (0.76-1.26)
k=g A
T 99 296 53 74 238 48
TR/ FAE 25 21 18 18 15 12
ERMTFARLTR/ HFAFE 17 18 22 16 11 13
FETIE
NY—TFH 1.00 1.02 1.3 0.22 1.00 0.99 1.03 0.90
959% B X (reference) (0.81-1.29) (0.93-1.82) (reference) (0.76-1.28) (0.72-1.49)
EEERHE
NP —F i 1.00 0.99 1.24 0.34 1.00 0.99 1.04 0.88
95% S X H (reference) (0.79-1.25) (0.88-1.75) (reference) (0.76-1.29) (0.72-1.50)
DRBIET
FETTH 89 320 58 81 240 49
HIECER/1 HAF 22 22 20 20 15 12
SERMTIRFETR/1 FAE 22 18 23 14 10 18
SEEREEIE
N —F I 1.00 1.21 1.56 0.01 1.00 0.93 1.02 0.96
95% B X (reference) (0.96-1.53) (1.12-2.18) (reference) (0.72-1.20) (0.71-1.46)
LSHERHIE
N — R 1.00 1.19 1.48 0.024 1.00 0.9 0.95 0.66
95% B KX (reference) (0.94-1.50) (1.06-2.08) (reference) (0.70-1.16) (0.66-1.36)

STERIENT— P F# (5 &), Body mass index (18.5kg/m? &Kif, 18.5-25.0 kg/m?, 25.0 kg/m? LA k), WERHA (GERZ
8, BERE, BB, 1-194/H, 20%/BHE), SKERE GEKE, BEKE, BEXRE 7L ao—ViER28gKME/H, 7
Na— ) ER22.8 g-45.6 g R/ H, 7 a—IER4S5.6gLh E/R), HITRE (1 REEILALE/B, 305-1 BERIREE/ H, 305 K%/
B), HEIRESR (6BFRILIT/B, 7-8 W/ H, 9BRMEILLE/B), BRI (BEES, HERI/FER), KB, B (hzx, &%, 8k/K
%), BREOFE (B, L), BIECERE (B, L), BRHEOERE (BY, L)

DR HAEBETER T 5728, FERBEEICKT 5tk
BRFEE B LUBAKBEZEIC DWW EERA R L
7=, BETIE b o7,

BT, BBV, BEREETH VAR
BEETHIBEDY AZICOWTKRH L b DEE
4R LT BEAFVADS VBT, PVt
HEL QT2 LR L, X DEFETIFOR#ER
FHboN, BETHo7 (P for trend<0.001)

vV & 23

HARADHEDOF LG E LTz, KEBILHIR
EaR— MR THHAPETIE, BREAFLVAE
TERBAR BT L OBEIC DWW, BT, B8

BIEOBEABEI NS, i TlRBIEI g x
Nieholc, TORRIT, 2EEFELICELED
Hizholc, LML, B b IBEREECT K
HEE CRAEELREOBEIEHEI N, IbIL, B
T BFERE » DBEREE Tl L VRVWERR
EOB#EMHE I N, 728, BARLELEERIR
DOLNI=DIL, FUHEOREFERIC OWTDOATH-
7oo

AR FROFERICEBNT, BLEBLAONEE -
LT, BHEFRANVABENED9% NEAEREE
THY, THETRUKICBE L2 L, BET
AP VABEBNEDOIBRBEAKELETHY, It
HTERKIEBEp o/l E D, BAEREES
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87

F3-1 WYEIRPLIC KA A U A LORBEER I IC T OB AEREAITIE Y — 1 I & 9526 fR IR

959% EHIX M (reference) (0.97-1.52) (1.28-2.41)

5 3 i %
HEAR LA big 525 ESR {r)efx(l)é intg’igtrion Dig\ 525 ESRN f:c‘;?(‘i img;z{ion
B2z
(e INGS 220 498 102 825 2,644 472
o 35 77 19 137 415 88
N —F It 1.00 0.78 1.35 071 0.04 1 0.98 1.16  0.54 0.49
95% fEHIXI  (reference)  (0.52-1.17) (0.75-2.43) (reference)  (0.81-1.19) (0.85-1.47)
PP S
(E=YNI 318 1,176 120 325 1,269 136
T 52 188 25 54 205 28
EZSneims
INY—F I 1.00 1.22 1.01 0.67 1 1.27 1.04 0.52
959 [EHIKR  (reference) (0.89-1.66) (0.62-1.65) (reference) (0.94-1.72) (0.65-1.67)
Bl AR
k-9 584 2,192 430 679 2,327 521
T 97 348 79 115 373 83
A EATIE
INH— [ i 1.00 1.21 1.76 0.001 t 1.12 1.61 0.004

(reference) (0.90-1.38) (1.20-2.16)

SPERARIE N — F I - 4Rl (5 38R5%), Body mass index (18.5 kg/m? 3@, 18.5-25.0 kg/m?, 25.0 kg/m? Bl L), SKHERIRHL IRk
W, S, BIEMGE, 7L a—ViER22.8 g K/ H, 7L o—IVRIR22.8 g-45.6 ¢ i/ H, 7o —) U456 g BALE/H),
BATIERT (LIRERILA B/ |, 3050 ~1 WERIERMG/ 1, 304K/ 1), MEMRIEE] (6 WeRILLF/H, 7-8 WM/ H, 9WERILL L/ H), #¥MER
oL (BN, BEM/ZED, RV, R (hAs, @A, BK/KE), BEOAE (BY, &L), WMEOBME (B9, &L), BREO

B (B, &L)

F+3-2 FKERWIC KRB HTA VA LIERBKBIEC O SZRAIE W' F L & 9526 (F BT [H

% jeg ks #
HEALVA iz 525 £ ::eicl); intfr:z:ion Dig 525 % w ipref;); inttI:rsz:ion
RS
BZEAT 218 650 78 829 2,592 422
T 36 102 13 136 417 74
A ERRIE
NP —F I 1.00 1.04 1.11 0.76 0.41 1 1 1.03 0.89 0.41
95% EHIKA  (reference) (0.71-1.53) (0.58-2.12) (reference) (0.82-1.22) (0.77-1.37)
BEKTEH
BEE A 192 689 123 245 855 176
TECTH 41 128 2 56 156 36
E2 5 v ina
NF—F I 1.00 1.1 1.31  0.33 1 1.02 1.29  0.33
95% EHEIXI  (reference) (0.77-1.60) (0.77-2.21) (reference) (0.74-1.39) (0.84-2.00)
BiAeskmEE
HEZEAF 751 2,624 459 849 3,004 528
b e 4 115 397 80 131 454 89
U BRI
NF—TF i 1.00 1.14 1.56 0.006 1 1.16 1.42 0.001

95%EMEK [ (reference) (0.92-1.40) (1.16-2.09)

(reference) (0.95-1.41) (1.08-1.87)

SEBRIENT—F I 6 BB, Body mass index (18.5 kg/m? #ifi, 18.5-25.0 kg/m?, 25.0kg/m? LA L), BWERRI (G
&, @R, B, 1-19K/8, 20k/BELE), STRH (EELLE/E, 305-1 REREG/ B, 305:K6%/8), HBIRIH (6
BEREILAUT /B, 7-8 R/ H, 9WFRILLL/H), MRV (BEME, BEFI/ZER, KIB), FE bz, &%, SX/AF), BEOFE
@By, xL), BOEDCESE (B9, L), BRHEOBEE (B0, L)



