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Astratto

Scopo

Abbiamo valutato 1'associazione tra soia totale,
prodotti a base di soia (natto, miso e tofu) e
assunzione di isoflavoni e demenza invalidante

incidente in una popolazione giapponese.

Metodi

Abbiamo condotto uno studio prospettico basato
sulla popolazione in 18.991 uomini e 22.456 donne.
L'assunzione di prodotti a base di soia e isoflavoni &
stata calcolata utilizzando un questionario

convalidato sulla frequenza alimentare quando i
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della vita quotidiana correlato alla demenza nel
programma di assicurazione per l'assistenza a lungo
termine del Giappone dal 2006 al 2016. I rapporti
di rischio multivariato (HR) e gli intervalli di
confidenza al 95% (IC) della demenza disabilitante
sono stati calcolati per quintili di soia totale,
prodotto a base di soia individuale e assunzione di
isoflavoni, utilizzando i modelli di regressione del

rischio proporzionale di Cox.

Risultati

L'assunzione totale di prodotti a base di soia non €
stata associata a un rischio invalidante di demenza
sia negli uomini che nelle donne. Per i singoli
prodotti a base di soia, 1'assunzione di natto era
marginalmente inversamente associata alla
demenza invalidante nelle donne (trend P =
0,050). Quando abbiamo stratificato per eta, questa
associazione inversa era piu chiara nelle donne di
eta inferiore a 60 anni (I'HR multivariato per il
quintile piu alto rispetto a quello piu basso era
0,78, 95% CI 0,59-1,04, trend P = 0,020 per quelle
di eta inferiore a 60 anni e 0,90, 95 % CI 0,77-
1,05, tendenza P = 0,23 per quelli di eta pari o
superiore a 60 anni, rispettivamente). Qualsiasi
prodotto a base di soia o assunzione di isoflavoni
non e stato associato a un rischio invalidante di

demenza negli uomini.

Conclusioni
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a ridurre il rischio di demenza disabilitante nelle
donne, specialmente in quelle di eta inferiore ai 60

anni.

Working on a manuscript? =

Avoid the common mistakes —

introduzione

Con l'invecchiamento mondiale della popolazione,
la demenza e un problema globale in crescita. 55
milioni di persone attualmente soffrono di demenza
e ogni anno vengono diagnosticati circa 10 milioni
di nuovi casi [ 1 ]. La demenza ¢ correlata allo stile
di vita, comprese le abitudini alimentari[ 2 ], e

quindi soggetta a prevenzione.

I prodotti a base di soia sono ampiamente
consumati in Asia [ 3 ]. Sono ricchi di isoflavoni,
che possono proteggere la funzione cognitiva [ 4 ] o
il morbo di Alzheimer (AD) [ 5 ]. Un precedente
studio di meta-analisi ha riportato che I'assunzione
di isoflavoni ha migliorato la funzione cognitiva e la
memoria in studi controllati randomizzati [ 6 ].
Pertanto, abbiamo ipotizzato che 1'assunzione di
prodotti a base di soia possa ridurre il rischio di
invalidare la demenza. Finora, diversi studi hanno
esaminato I'associazione tra I'assunzione di
prodotti a base di soia e il rischio di funzione

cognitiva. Un'elevata assunzione di prodotti a base
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trovato alcuna associazione nello studio trasversale
[9 1. Per quanto riguarda i modelli dietetici, un
modello dietetico sano che includeva prodotti a
base di soia era associato a un ridotto rischio di
demenza nei giapponesi anziani [ 10 ]. Tra i singoli
prodotti a base di soia, un'elevata assunzione di
tofu aumentava [ 11, 12 ] o diminuiva [ 13 ] il
rischio di deterioramento cognitivo, mentre
I'assunzione di prodotti a base di soia fermentata
diminuiva [ 13, 14 ] o non era associata [ 8 ] al
rischio. Per quanto riguarda i prodotti a base di soia
fermentata consumati in Giappone, il natto
contiene componenti bioattivi, come la poliammina
[ 15 ] e la nattokinasi [ 16 ]: la poliammina
(spermidina) ha dimostrato di proteggere dalla
neurodegenerazione e dal declino cognitivo [17 ], e
nattokinase protegge l'ippocampo dal danno
neuronale indotto da f-amiloide [ 18 , 19 ] negli
esperimenti sugli animali. Inoltre, il Japan Public
Health Center-Based Prospective Study (JPHC
Study) ha mostrato che 'assunzione di natto era
inversamente associata al rischio di ipertensione o
ictus [ 20, 21 ], che sono considerati fattori di
rischio di demenza. Il consumo di prodotti a base di
soia, in particolare il natto, puo quindi avere effetti
protettivi contro la demenza. L'unico studio
prospettico dal Giappone ha riportato che
I'assunzione di natto non era associata a

deterioramento cognitivo [ 8]. Tuttavia, 1'area di
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Accordingly, the association between soy product
intake and cognitive function remains inconsistent.
In addition, to our knowledge, no study has
investigated the association between soy product

intake and risk of incident dementia.

We collected a large number of disabling dementia
cases from the certification of Japan’s national
long-term care insurance (LTCI) system. We
defined the outcome of this study as dementia that
required care (disabling dementia) under the LTCI
system, which provides national compulsory
insurance for all individuals aged 40 years or older
in Japan. Disabling dementia was assessed not only
from cognitive impairment but also by a
comprehensive review of health condition,

including evaluation by a primary care physician.

Here, we used this information to evaluate the
association of total soy and individual soy product
intake and disabling dementia in a middle-aged
Japanese population, in whom consumption of soy

products is high compared to Western countries.

Materials and methods

Study population

The JPHC Study consists of two subcohorts: cohort
I [started in 1990, five public health centers (PHCs)
of Iwate, Akita, Nagano, Okinawa and Tokyo
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prefectures, and participants aged 40—69 years).
Details of the study design have been described
elsewhere [22, 23]. The JPHC study is consisted of
140,420 Japanese participants (68,722 men and
71,608 women). We conducted surveys at baseline,
5- and 10-year follow-up, in which participants
were asked to complete self-administered
questionnaires about their lifestyle and medical
history. Because the 5-year follow-up survey
included a more detailed food frequency
questionnaire (FFQ) than the baseline survey, we
included participants who responded to the 5-year
follow-up survey in this analysis. Participants were
informed of the objectives of the study, and that
completion of the survey questionnaire was
regarded as providing consent to participate. The
study was approved by the National Cancer Center
Japan institutional review board (Number: 2001-

021, 2015-085, 2015-312).

This study included 62,401 participants from eight
areas in which follow-up data on disabling
dementia were available, namely Omonogawa and
Yokote districts in Yokote city in Akita prefecture;
Tomobe district in Kasama city and Iwase district
in Sakuragawa city in Ibaraki prefecture; Usuda
district in Saku city in Nagano prefecture; Kagami

and Noichi districts in Konan city in Kochi
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Disabling dementia cases and follow-up

We defined the outcome as dementia that required
care (disabling dementia) under the LTCI system,
which is administered by the Ministry of Health,
Labor and Welfare Bureau of Japan. The LTCI
system was initiated in 2000 for residents aged

65 years and older and for those with disabilities
aged 40—64 years, and is administered by
municipalities. The municipality assesses
applications using two documents, namely a
comprehensive assessment of the applicant’s
functional health condition, and a written opinion
about the applicant’s disability status by a primary
care physician. We defined disabling dementia as
certification of any level of need for long-term care,
and a written opinion of the grade of cognitive
disability (grade IIa, IIb, IIIa, IIIb, IV or M). Grades
of cognitive disability were no dementia; some
dementia but almost independent in daily life (level
I); dementia with some difficulty in communicating
but with independence in daily living with minimal
observation (level IIa and IIb); dementia with some
difficulty in communicating and a need for partial
care (level IIIa and IIIb); severe dementia with
difficulty in communicating and a need for
complete care (level IV); and significant psychiatric
symptoms, behavioral problems or serious physical
illness and need for specialized medical care (M)

[24]. These criteria of disabling dementia were



https://link.springer.com/content/pdf/10.1007/s00394-022-02937-5.pdf?pdf=button%20sticky

\/3/0J, QLU UIT SPCULLILILY Wad LB \YU /0 L £ -
Additionally, grades of cognitive disability have
been well-correlated with the Mini-Mental State
Exam (MMSE) score (Spearman rank correlation

coefficient — 0.736) [26].

In this study, certification records in the LTCI
system were available from 1 January 2006 to 31
December 2016. Therefore, the follow-up start
point of this study was defined as January 1, 2006.
We followed eligible participants until 31 December

2016.

Soy product intake

We used the JPHC Study food frequency
questionnaire (FFQ) data from the 5-year follow-up
survey conducted in 1995-1998. The survey
included questions about the frequency and portion
size of about 138 food and beverage items [27, 28].
Standard portion sizes for each food item were
small (50% less than the standard serving size),
medium (proportional to standard serving size),
and large (50% larger than the standard serving
size). The nine frequency categories for each food
item were never, 1—3 times/month, 1—2
times/week, 3—4 times/week, 5—6 times/week, 1
time/day, 2—3 times/day, 4—6 times/day, and > 7
times/day; and for drink items were never, 1—2
times/week, 3—4 times/week, 5—6 times/week, 1
time/day, 2—3 times/day, 4—6 times/day, 7—9
times/day, and > 10 times/day. The dietary intake
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and miso: intake of soymilk and green tea was
calculated by multiplying frequency by the standard
portion, and because miso is a seasoning used in
miso soup and accounts for 8% of the amount of
miso soup, miso intake was calculated by
multiplying the amount of miso soup by 0.08. The
Spearman’s correlation coefficients between the
energy-adjusted intake of total soy products from
the FFQ and those from dietary records were 0.53
for men and 0.49 for women in cohort I [29], and
0.52 and 0.54 in cohort II [30]. The amount of total
soy products was the sum of tofu, yushidofu, koya-
dofu, abura-age, natto, miso, and soymilk items
from the FFQ. Tofu is the sum of tofu, yushidofu
and koya-dofu items from the FFQ. The amount of
total, individual soy products and isoflavones was
adjusted for total energy intake using the residual
method [31]. Because soy products are isoflavone-
rich, we also calculated total isoflavone intake,
including daidzein and genistein. Daidzein and
genistein intakes were estimated using the values
from each soy product in a specially developed food
composition table for isoflavones in Japanese foods
[32, 33]. The Spearman’s correlation coefficients
between the energy-adjusted intake of isoflavone
from the FFQ and those from dietary records were
0.65 for men and 0.56 for women in cohort I, and

0.53 and 0.45 in cohort II, respectively
(unpublished data).
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well as those with an incorrect birth date (n = 3),
duplicate registration (n = 4), refusal to follow-up
(n = 11), and those who moved out or died before
the start of follow-up (n = 11,656), leaving 50,676
participants as eligible for analysis. We further
excluded those who did not answer the 5-year
follow-up questionnaire survey (n = 6637), those
who left the frequency of soy products intake
unanswered (n = 414), and those who reported total
energy intake at the upper or lower 2.5% ends of
the range (1030 and 4169 kcal for men and 882 and
3640 kcal for women, respectively). Finally, 41,447
participants (18,991 men and 22,456 women) were

included in the analysis (Supplemental Fig. 1).

We divided participants into quintiles of intake for
total soy and individual soy products by sex, except
for natto only in men, and used the lowest quintile
group as reference. Regarding the 4,208 men who
answered that they did not eat natto, we
categorized these into the first fifth, and divided the
remaining men into quartiles. Sex-specific, mean
values and prevalence of selected factors were
calculated and compared by total soy product
intake using linear or logistic regression analyses.
Dietary intake was adjusted for energy intake using
the residual method except for total energy and

green tea, and P values were calculated from the



https://link.springer.com/content/pdf/10.1007/s00394-022-02937-5.pdf?pdf=button%20sticky

Models were adjusted for confounding factors.
Model 1 was adjusted for age (continuous) and
stratified by 8 areas. Model 2 was additionally
adjusted for body mass index (< 18.5, 18.5—24.9,
25.0—29.9, or > 30 kg/m?, missing), smoking status
(never, former, < 20 cigarettes/day, and > 20
cigarettes/day, missing), alcohol intake (0, 1—149,
150—299, or > 300 ethanol g/week, missing), total
metabolic equivalents (hours per day, quartiles,
missing), history of cancer (yes or no), history or
medication for diabetes (yes or no), medication for
hypertension or hypercholesterolemia (yes or no),
menopausal status (yes, no, missing; women only),
health checkup in the past year (yes or no), job
status (employed, no, missing), living status (living
with others, alone, missing) and dietary intakes of
total energy (quintiles), vegetables (quintiles),
fruits (quintiles), fish (quintiles), green tea
(quintiles) and sodium (quintiles). Missing values
for dietary intake excluding total energy were given
a value of 0. We created dummy variables for
covariates and missing data. Trends were calculated
by assigning median value to categories of each soy
product intake. Additionally, as participants in the
previous studies from Japan [8, 10] which reported
associations between soy products and cognitive
function or dementia were aged 60 years and older,
we stratified participants by age at the time of the

5-year questionnaire follow-up survey. As a
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stroke, following systematic stroke registration
confirmed according to the criteria of the National
Survey of Stroke [34] as well as self-reports at the
baseline, 5- and 10-year follow-up questionnaires.
The end of the follow-up period was set for the end
of 2009 for Yokote, Saku and Uruma areas, and for
the end of 2012 for Kasama, Sakuragawa and
Konan areas, with consideration to the availability
of stroke registry data. In addition, using the
dataset of a supplementary analysis, we examined
the mediating role of stroke incidence between soy
product intake and disabling dementia risk the
follow-up period (2009 or 2012). These analyses
were carried out using multistate models, an
extension of competing risk survival analysis, which
allows the analysis of various transition rates from
an initial state to intermediate events and
subsequently to final states in the same framework
[35]. In particular, these models were used to
simultaneously estimate the risk associated with
soy product intake in three transitions: (1) from
healthy state to incident dementia in those free of
incident stroke; (2) from healthy state to incident
stroke; and (3) from incident stroke to incident
dementia. Age was used as the follow-up starting
point (2006 or 2009), and the analyses were
adjusted for covariates in multivariate-adjusted

models.
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from a study area to a non-study area, date of
death, or the end of follow-up, whichever occurred
first. Cox proportional hazards models were used to
estimate hazard ratios (HRs) and 95% confidence

intervals (CIs).

We confirmed the proportional hazards assumption
according to total soy product intake x time
interactions and found that the assumption was not
violated. All probability values for the statistical
tests were 2-tailed, and probability values below
0.05 were considered significant. For each set of
analyses shown in the tables of results, multiple
comparison was accounted for by Bonferroni
correction. All statistical analyses were performed
using the SAS software, version 9.4. (SAS Institute,
Cary, NC, USA) and R software, version x 64 4.1.2;
in particular, the multistate model analyses were

performed using the “mstate” package.
Results

During a mean follow-up of 9.4 years, 4911 cases of
disabling dementia (1996 men and 2915 women,
respectively) were observed. The baseline
characteristics of participants according to total soy
product intake are shown in Table 1. Participants
who consumed soy products tended to be older,

have a higher proportion of treatment for
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Table 1 Basic characteristics of
participants among 18,991 men and
22,456 women according to quintile of
total soy product intake

We observed no association between total soy
product intake and disabling dementia in both men
and women: the multivariate HRs (95% CI) for the
highest versus lowest quintile were 1.07 (95% CI
0.92—-1.24, P for trend = 0.25) for men and 1.04
(95% CI 0.92-1.18, P for trend = 0.44) for women
(Table 2). Among individual soy products, natto
intake was marginally inversely associated with risk
of disabling dementia in women: the multivariate
HR (95% CI) for the highest versus lowest quintile
was 0.89 (95% CI 0.78-1.02, P for trend = 0.050).
The highest versus lowest quintile of miso intake
was associated with increased risk of disabling
dementia: the multivariate HR for the highest
versus lowest quintile was 1.16 (95% CI 1.02—1.33, P
for trend = 0.16). On multiple hypothesis
comparison for the interaction term of exposures,
natto intake was not significant in women. No soy
products were associated with risk of disabling
dementia in men. Isoflavone intake was not
associated with risk of disabling dementia in both
men and women. When we stratified by age,
participants aged under 60 years showed a stronger

association between natto intake and risk of
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lowest quintile of natto intake were 0.78 (0.59—
1.04, P for trend = 0.020) for women aged under
60 years and 0.90 (0.77-1.05, P for trend = 0.23)
for those aged 60 years and older. Other
associations between intake of soy products or
isoflavones and disabling dementia were similar to

the main results in both men and women.

Table 2 Multivariate hazard ratios (HRs)
and 95% confidence intervals (CIs) for
disabling dementia risk according to
quintile of total soy product, natto, miso,
tofu, and isoflavone intake in men and
women

Table 3 Multivariate hazard ratios (HRs)
and 95% confidence intervals (CIs) for
disabling dementia risk according to
quintiles of total soy product, natto, miso,
tofu and isoflavone intake in men and
women aged under 60 years

Table 4 Multivariate hazard ratios (HRs)
and 95% confidence intervals (CIs) for
disabling dementia risk according to
quintiles of total soy product, natto, miso,
tofu and isoflavone intake in men and
women aged 60 years and older
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disabling dementia with or without a history of
stroke in both men and women (Supplemental
Tables 1 and 2). The multivariate HRs for the
highest versus lowest quintile of natto intake were
0.75 (0.50-1.11, P for trend = 0.21) for cases of
disabling dementia with a history of stroke and 0.81
(0.65—1.01, P for trend = 0.017) for those without a
history of stroke in women (Supplemental Table 2).
In multistate model analyses assessing the effect of
natto intake on the transitions between the various
states, the multivariate-adjusted HRs associated
with the highest quintile of natto intake in women
were 0.78 (0.64—0.96) for dementia occurrence in
healthy individuals; 1.01 (0.69—1.47) for stroke
occurrence in healthy individuals; and 0.54 (0.23—
1.27) for dementia occurrence in individuals who
previously suffered an incident stroke event

(Supplemental Fig. 2).
Discussion

In this study, we found that intake of total soy
products and isoflavones was not associated with
the risk of disabling dementia in both men and
women. For individual soy products, natto intake
was marginal inversely associated with risk of
disabling dementia in women, whereas no soy
product was associated with this risk in men. This
is the first cohort study to reveal an association

between intake of total soy, individual soy products
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We showed a marginal inverse association between
natto intake and disabling dementia in women.
Natto contains isoflavone, whose intake has shown
protective effects on cognitive function and AD via
a reduction in the level of inflammation and
oxidative stress [4]. In addition, isoflavone intake
induced the degradation of amyloid-[3 protein via
peroxisome proliferator-activated receptor
gamma/apolipoprotein E activation, and decreased
tau phosphorylation, which causes the formation of
neurofibrillary tangles [5]. However, given the lack
of any association between other soy products and
isoflavone and disabling dementia in this study, the
mechanism likely relates to the unique components
and characteristics of natto. Nattokinase, an
enzyme contained in the sticky component of natto,
shows amyloid-degrading ability in vitro [18]. In
addition, oral administration of nattokinase in a rat
model of AD showed a significant decrease in brain
levels of apoptotic and inflammatory factors, and
an increase in brain-derived neurotrophic factor
and insulin-like growth factor-1 levels when
compared with untreated AD-induced rats [19]. In
Alzheimer disease-induced rats, a high dose of
nattokinase resulted in the disappearance of
amyloid plaques in the hippocampus [19]. Natto is
also rich in polyamine [15]. Drosophila fed with

polyamine were protected against age-induced
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21], furthermore, natto intake was associated with a
decreased risk of hypertension and stroke, and may
have prevented vascular dementia. Regarding other
reasons, participants who responded that they did
not or only rarely consumed natto may have had
poor masticatory function. Poor masticatory
function has been associated with risk of dementia
in elderly people [36]. Most soy products have a
soft texture, including tofu (soybean curd) and miso
(soybean paste), but natto is made by fermenting
steamed whole soybeans using Bacillus subtilis
[37]. A previous study reported that masticatory
function increased regional cerebral blood flow [38,
39]. Moriya et al. reported that poor self-assessed
masticatory status was associated with poor verbal
and visual immediate explicit memory function
[40]. To date, only one prospective study from
Japan reported no association between natto intake
and cognitive function in 403 men and 373 women
aged 60—81 years [8]. When we stratified by age,
natto intake was significantly inversely associated
with disabling dementia in women aged under

60 years, but not in those aged 60 years and older
(Tables 3, 4). We considered that this study design
allowed us to eliminate the effect of aging or
cognitive impairment on dietary intake, because
exposure of soy product intake was obtained in
middle-aged participants, especially for under aged

60 years. In this study, there was a higher
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12.8% for medication for hypertension; 13.9% and
5.2% for medication for hypercholesterolemia; and
5.3% and 2.6% for a history of diabetes mellitus.
Although we adjusted for these medical histories,
other risk factors affected disabling dementia risk
more strongly than these variables, and may have
attenuated the association between natto intake
and dementia risk in older participants. Although
the cause of this difference is not clear, the effect of
natto intake in reducing risk of disabling dementia

may be stronger in younger than older people.

We also found that the inverse association between
natto intake and risk of disabling dementia was
found only among women. Although the prevalence
of smokers and drinkers was higher among men
than women, we found no change in the results by
smoking and heavy drinking status when we
stratified by former/current or never smokers and
over or under 300 ethanol g/week drinkers in men.
Moreover, although we adjusted for smoking or
drinking status, we considered that other residual
confounding remained. The results of this study are
similar to those of a previous study in which soy
isoflavone intake was associated with decreased
cognitive impairment in women only, although it
was not associated with natto [8]. Accordingly, the
meaning of the sex difference in the results remains

unclear and further studies are needed.
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observed among women. The salt content of miso is
high compared to other soy products, particularly
when considered with regard to frequency of intake.
While high salt intake increases the risk of stroke
[41], considered a risk factor of dementia [42], our
previous prospective study reported that miso
intake was not associated with incidence of high
blood pressure [20] or cardiovascular disease [21].
The reason for the tendency toward a positive
association between miso intake and risk of
disabling dementia is unclear, and further studies

are needed.

A prospective study showed that intake of total soy
product or isoflavone was not associated with
cognitive function in Chinese men and women [9].
Consistent with that study, we also found no
association between intake of total soy products or
isoflavones and risk of disabling dementia in either
men or women. Two prospective studies reported
that soy product intake was associated with
decreased risk of cognitive function [7, 8]. An et al.
found that soy product intake was inversely
associated with risk of cognitive impairment in a
cognitively intact Chinese population aged 80 years
and older at baseline [7]; however, this finding
considered attributable to selection bias. Another
study from Japan reported that intake of total soy

products, soybeans and isoflavones was associated
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soy products was associated with decreased
dementia risk in participants aged 60 years and
older, but this result might have been affected by
soy and other healthy foods. Regarding isoflavone
intake, we did not include soybeans, which are
richer in isoflavones than tofu and miso [32], in
total soy product intake, nor glycitin (an isoflavone)
in isoflavone intake, despite its inclusion in a
previous study [8]. Although a previous meta-
analysis study reported that isoflavone improved
cognitive function in randomized control studies,
only two of the included studies were from Asia [6].
In addition, because the dietary intake of isoflavone
is higher in Asia than in Western countries
[43,44,45], further studies are needed to confirm its

effects on cognitive function in Asian people.

The strengths of this study include its use of
middle-aged participants at the survey point of
exposure, its large sample size, long follow-up, use
of a validated FFQ and adjustment for potentially
important confounding factors, including smoking
status, alcohol intake, and other food items. In
addition, disabling dementia was validated by a
clinical assessment for dementia. The long follow-
up period is likely to allow estimation of a robust
association between soy product intake and risk of
disabling dementia. Despite these strengths, several

limitations warrant discussion. First, disabling
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of disabling dementia criteria was confirmed by
comparison with the clinical diagnoses of
neuropsychiatrists with moderate sensitivity and
with high specificity [25], and grades of cognitive
disability were well-correlated with the MMSE
score [26]. Second, we could not classify disabling
dementia into Alzheimer's or vascular types.
Although the number of cases was relatively small,
the association of total soy, individual soy product
and isoflavone intake was similarly observed with
disabling dementia regardless of a history of stroke
in both men and women (Supplemental Tables 1
and 2). Therefore, natto intake may protect against
disabling dementia regardless of dementia type in
women. Based on the multistate model analyses, we
found no evidence to suggest that the effect of natto
intake on dementia occurrence could be partly due
to an effect of natto intake on the occurrence of
stroke in women (Supplemental Fig. 2). Third,
although participants may have changed dietary
habits during follow-up, soy product intake was
assessed only one time. Any such dietary change
might have attenuated the association shown in the
present study. However, Spearman rank correlation
coefficients of the estimated energy-adjusted intake
of soy products between two FFQs administered at
a one-year interval were moderate: 0.64 for men
and 0.67 for women in cohort I; and 0.57 and 0.44

in cohort I [30, 46]. Fourth, we did not have
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collected around 10 years before the incidence of
disabling dementia. In addition, similar results
were obtained when analysis was limited to data
collected around 5 years before the incidence of
disabling dementia, and even after the exclusion of
subjects who needed caregivers in activities of daily
living, natto intake was still inversely associated
with the risk of disabling dementia in women: the
multivariate HR (95% CI) for the highest versus
lowest quintile of natto intake was 0.84 (0.72—0.98,
P for trend = 0.031) (data not shown in Table).
Moreover, considering that the onset of disabling
dementia occurs over a long time, the first year of
registration may include participants who already
had dementia. The results did not substantially
change when cases diagnosed within the first year
of follow-up were excluded in men. The marginal
inverse association between natto intake and
disabling dementia risk was attenuated: the
multivariate HR (95% CI) for the highest versus
lowest quintile was 0.93 (0.81—1.07, P for trend =
0.19), but women aged under 60 years still showed
a marginal inverse association with risk, with a
multivariate HR (95% CI) for the highest versus
lowest quintile of 0.82 (0.62-1.10, P for trend =
0.054) in women aged under 60 years (data not
shown in Table). Furthermore, education level also
may be a confounding factor, but we did not adjust

this for all subjects, because we only had
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(Gunior high school or less, high school, and
university or higher education, missing) in cohort I
participants only, the inverse association between
natto intake and disabling dementia risk was not
changed (data not shown in Table). Fifth, the risk of
disabling dementia with the lowest quintile of natto
intake might be overestimated because some
participants were prescribed warfarin and were
prohibited from eating natto because of its high
concentration of vitamin K [47]. These participants
were likely to have had atrial fibrillation or valvular
disease which in turn likely enhanced the risk of
stroke and vascular dementia. However, when we
excluded participants with a history of
cardiovascular disease from 5-year follow-up
questionnaires (stroke, myocardial infarction or
angina, n = 460 excluded), natto intake still showed
an inverse association with the risk of disabling
dementia in women: the multivariate HR (95% CI)
for the highest versus lowest quintile was 0.86

(0.75—0.99, P for trend = 0.011).

In conclusion, although further studies are
warranted to confirm the generalization of these
results, natto intake may contribute to reducing the
risk of disabling dementia in women.
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