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ABSTRACT

OBJECTIVE

To investigate the association between several types
of soy products and all cause and cause specific
mortality.

DESIGN
Population based cohort study.

SETTING
Japan Public Health Centre-based Prospective Study,
which includes 11 public health centre areas in Japan.

PARTICIPANTS
92 915 participants (42 750 men and 50 165 women)
aged 45 to 74 years.

EXPOSURES

Intake of total soy products, fermented soy products
(natto and miso), non-fermented soy products, and
tofu from a five year survey questionnaire.

MAIN OUTCOME MEASURES

All cause and cause specific mortality (cancer,

total cardiovascular disease, heart disease,
cerebrovascular disease, respiratory disease, and
injury) obtained from residential registries and death
certificates.

RESULTS

During 14.8 years of follow-up, 13 303 deaths were
identified. In the multivariable adjusted models,
intake of total soy products was not significantly
associated with total mortality. Compared with the
lowest fifth of total soy product intake, the hazard
ratios in the highest fifth were 0.98 (95% confidence
interval 0.91 to 1.06, P, =0.43) in men and 0.98
(0.89t01.08, P, =0.46) in women. Intake of
fermented soy products was inversely associated

with all cause mortality in both sexes (highest versus
lowest fifth: 0.90 (0.83 to 0.97), P, ,=0.05 in men,
and 0.89 (0.80t0 0.98), P, =0.01 in women). Natto
showed significant and inverse associations with total

cardiovascular disease related mortality in both sexes.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Findings on the association between intake of total soy products and all cause
mortality are inconsistent

WHAT THIS STUDY ADDS

In this large prospective study conducted in Japan with a high rate of soy
consumption, no significant association was found between intake of total soy
products and all cause mortality

In contrast, a higher intake of fermented soy products (natto and miso) was
associated with a lower risk of mortality
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CONCLUSIONS

In this study a higher intake of fermented soy was
associated with a lower risk of mortality. A significant
association between intake of total soy products

and all cause mortality was not, however, observed.
The findings should be interpreted with caution
because the significant association of fermented soy
products might be attenuated by unadjusted residual
confounding.

Introduction

Diet is a determinant of non-communicable diseases,
which are responsible for more than 70% of deaths
globally.! One risk factor for such diseases is the shift
from intake of traditional, plant based food to energy
dense, high fat diets.” The intake of soy products,
which are still consumed in large amounts in Asian
countries,”> might improve the nutrient intake levels
in people with a low consumption of plant based
food.*”

Traditional Asian diets contain several types of
processed soy products. Natto (soybeans fermented
with Bacillus subtilis), miso (soybeans fermented
with Aspergillus oryzae), tofu (soybean curd), and
abura-age (fried tofu) are widely consumed in Japan
(see supplementary table 1). Recent prospective
studies have shown that intake of fermented soy
products, not total soy intake, is associated with a
lower risk of high blood pressure® and that intake
of natto (a fermented soy product) is associated
with a reduction in cardiovascular disease related
mortality.” However, few epidemiological studies
have focused on the effect of fermented soy
product intake on mortality from causes other than
cardiovascular disease. Moreover, two prospective
studies that investigated the association between
intake of total soy products and all cause mortality
presented inconsistent data.® ° Components of soy,
such as isoflavone and fibre, were shown to have
anticancer, anticardiovascular disease, cholesterol
lowering, and weight loss effects.!®!® Because
fermented soy products are made from whole soy
beans, the characteristics of fermented soy products
are a small loss of these nutrients and an abundance
of bioactive components such as polyamine,'® or
nattokinase in natto."”

We conducted a large scale prospective study on
intake of total and fermented soy products in Japan
with follow-up duration of approximately 15 years.
Our aim was to investigate the association between
intake of several types of soy products and all cause
and cause specific mortality.
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Methods

Study design

The Japan Public Health Centre-based Prospective
Study comprises two cohorts: in the first cohort
the baseline survey was initiated in 1990 and
in the second cohort it was initiated in 1993.'
We conducted follow-up surveys at five and 10
years. Since the five year follow-up food frequency
questionnaire includes more detailed information on
diet than our baseline questionnaire,'® we used data
from the five year survey as the baseline variables of
this study.

Settings

We conducted the Japan Public Health Centre-
based Prospective Study in 11 public health centres
nationwide. The first cohort concerned five public
health centre areas and the second concerned six.
The five year survey, which was set as baseline in
the present analyses, commenced in 1995 in the
first cohort and in 1998 in the second cohort. At
this point we collected questionnaires to obtain
updated information on dietary habits, lifestyle,
and health status. We followed eligible participants
from the submission date of the five year survey to
31 December 2012, except for one Tokyo area in
which participants were followed until 31 December
2009. Participants were followed until date of death,
emigration overseas, or the last day of the follow-up
period, whichever came first.

Participants

The first cohort comprised participants aged 45 to
64 years residing in five public health centre areas,
whereas the second cohort comprised participants
aged 45 to 74 years living in six public health centre
areas at the time of the five year survey. Participants
who responded to the five year questionnaires were
eligible for participation in this study (response rate
76.2%).

We followed death or migration of participants using
the residential registry of the public health centre
areas. Information on cause of death was obtained
from death certificates with permission of the Japanese
Ministry of Health, Labour, and Welfare.

Variables

Exposures were intake of total soy products, fermented
soy products (including natto and miso), and non-
fermented soy products (including tofu). The main
outcomes were all cause and cause specific mortality
from five main causes of death in Japan: cancer, total
cardiovascular diseas (including heart disease and
cerebrovascular disease), respiratory disease, and
injury. Other variables included body mass index (BMI),
smoking status, alcohol intake, leisure time physical
exercise or sport, self reported history of diabetes or
use of drugs for diabetes, use of antihypertensives,
consumption of coffee and green tea, health check-
ups, menopause status in women, exogenous female
hormone use in women, and dietary intakes such as
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total energy intake and intake of vegetables, fruit, fish,
and meat.

Data sources and measurements

The five year food frequency questionnaire included
138 foods and beverages. Participants were asked
about the frequency of intake and portion size for
each item consumed over the previous year (see
supplementary table 1).* To calculate miso intake (g/
day) we multiplied the amount of miso soup consumed
by 0.08 because this soup comprises about 92% water
and 8% miso based on its standard recipe. The validity
of the questionnaire was assessed using a dietary
record kept by a subsample of the cohort for 14 or 28
days. Assessments of the validity and reproducibility
for nutrient data acquired using the food frequency
questionnaire have been reported previously.?® 2!
Spearman’s correlation coefficients between the energy
adjusted intake of soy products from the food frequency
questionnaire and those from dietary records were 0.53
in men and 0.49 in women from the first cohort and
0.52 and 0.54, respectively, from the second cohort.?°
2! Reproducibility between the estimates for soy foods
that were one year apart were 0.64 in the first cohort
and 0.57 in the second cohort for men and 0.67 and
0.44, respectively, for women.?! 2?

We traced death or migration of participants using
the residential registry of the public health centre
areas. Information on cause of death was obtained
from death certificates with permission of the Japanese
Ministry of Health, Labour, and Welfare. ICD-10 codes
(international classification of diseases and related
health problems, 10th revision) were assigned to
causes of death. All cause mortality and five main
causes of death were assessed: cancer (codes C00-C97),
total cardiovascular disease mortality (I00-199), heart
disease (I120-152), cerebrovascular disease (160-169),
respiratory disease (J10-J18 and J40-J47), and injury
(VO1-Y09 and Y85-Y86).

Self reported anthropometric data, information
on lifestyle, and medical and smoking histories were
assessed with a self administered questionnaire as part
of the five year survey.

Quantitative variables

We used the residual method to adjust the amount
of soy products for total energy intake. The amount
of total soy products was the sum of consumed tofu,
yushidofu, koyadofu, abura-age, natto, soy milk, and
miso (calculated from miso soup). Intakes of fermented
soy products were calculated as the sum of natto and
miso, whereas non-fermented soy products included
tofu, yushidofu, koyadofu, abura-age, and soy . The
intake of total soy products, fermented soy products,
non-fermented soy products, natto, miso, and tofu
(that is, the sum of tofu, yushidofu, and koyadofu)
were incorporated into the individual statistical
model. We divided participants into fifths of intake
for each of these products, except for natto, by sex,
and the lowest category was used as the reference. As
more than 12 000 participants answered that they did
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not eat natto, the first fifth of natto intake comprised
those who did not eat natto (n=12 450 men and 12 227
women); the remaining participants were divided into
quarters.

Statistical analysis

Hazard ratios and corresponding 95% confidence
intervals were calculated for the association between
soy product intake and all cause and cause specific
mortality using Cox proportional hazards regression
models. We estimated P for trend values with regression
models in which ordinal values for each category of soy
products were used as continuous variables. Models
were adjusted for potential confounding factors. Model
1 included age at the five year survey (continuous) and
public health centre area. Model 2 was additionally
adjusted for BMI at the five year survey (<21, 21-<23,
23-25, and >25 kg/m?), smoking status (never, former,
<20 cigarettes/day, and >20 cigarettes/day), alcohol
intake (never, occasional, <150 g/week, and >150 g/
week), leisure time physical exercise or sports (almost
never, >once/month, and >3 times/week), self reported
history of diabetes or taking drugs for diabetes (yes or
no), taking antihypertensives (yes or no), consumption
of coffee and green tea (almost never, >1 cup/week, >1
cup/day, >2 cups/day, and >4 cups/day), undergoing
health check-ups (yes or no), menopause status
in women (premenopausal or postmenopausal),
exogenous female hormone use in women (yes or
no), total energy intake (fifths), and energy adjusted
amount of vegetables, fruit, fish, and meat (fifths). We
further adjusted for area deprivation index, developed
previously—this indicator reflects neighbourhood,
rather than individual, deprivation level.”®> ?* We
conducted the same analyses after the exclusion of
participants who died during the first three years.
Overall, 278 (0.3%) study participants were lost to
follow-up during the period. For them, we treated the
last confirmed date as the censoring date. We calculated
age adjusted and area adjusted cumulative mortality
rate at 10 years in each fifth of soy product intake
using the PROC PHREG BASELINE statement (SAS
Institute, Cary, NC). Multiple imputations of missing
values were performed for covariates (BMI, smoking,
alcohol intake, physical exercise, coffee intake, green
tea intake, use of exogenous female hormones (women
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only), and menopausal status (women only)) using
multivariate normal imputation. All covariates, follow-
up durations, and mortality statuses were included
in the model for imputation using the SAS PROC MI
procedure.”” We conducted 10 rounds of multiple
imputations, then combined them into final estimates
according to Rubin’s rule (SAS PROC MIANALYZE
procedure).” P values were two sided, with P<0.05
considered statistically significant. Statistical analyses
were conducted using the SAS software, version 9.4.
(SAS Institute, Cary, NC).

Patient and public involvement

Patients were not involved in the study design,
implementation, or setting the research questions
or the outcome measures directly. Participants in the
Japan Public Health Centre-based Prospective Study
are community residents and we have held regular
meetings with health practitioners in study areas to
obtain opinions on health practice since the beginning
of this study.

Results

Figure 1 shows the number of eligible participants and
participants analysed in this study. Participants with
a self reported history of cancer, stroke, or myocardial
infarction during the five year period or with a history
of these diseases were excluded (n=4634) as were 5923
participants who reported extreme energy intakes (ie,
<2.5 and >97.5 centiles). In total, 92915 participants
(42750 men and 50 165 women) were included in the
analysis. Table 1 presents the baseline characteristics
of the participants, divided into fifths of total soy
product consumption, and the number of those with
missing values. Among both sexes, those with a higher
consumption of soy products tended to be older, have
a higher BMI, and be less likely to be current smokers.
Supplementary tables 2 to 4 show the characteristics
of the participants divided into fifths of intake of
fermented soy product, natto, and miso, respectively.
Participants with a higher intake of fermented soy
products or miso were older, whereas the trend of
age according to the categories of natto consumption
was U-shaped. The percentage of current smokers
was lower in the highest category of fermented soy or
natto intake than that in the lowest category, whereas

Participants established in Japan Public Health Centre-based Prospective Study

Excluded

\_p 4634 Participants reported history of cancer,

A

y

stroke, or myocardial infarction
5923 Participants reported extreme energy
intakes (<2.5 or >97.5 centile)

42 750 men and 50 165 women, follow-up until
31 December 2012, and until 31 December 2009 in one Tokyo area

Fig 1 | Flow of participants through study
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a higher percentage of current smokers was observed
in the highest category of miso intake compared with
the lowest category in men. The mean follow-up
period was 14.8 years, and the total person years were
1374643, with 13303 reported deaths (8370 men
and 4933 women).

All cause mortality

Table 2 shows the hazard ratios and corresponding
95% confidence intervals for all cause mortality
according to the amount of consumed total,
fermented, and non-fermented soy products. In
both sexes, total soy product intake was marginally
inversely associated with all cause mortality after
adjustment for age and area. After further adjustment
for potential confounding factors, the associations
were attenuated. Compared with the lowest fifth of
intake, the hazard ratios in the highest fifth were 0.98
(95% confidence interval 0.91 to 1.06, P, .=0.43) in
men and 0.98 (0.89 to 1.08, P, .=0.46) in women.
Fermented soy intake was inversely associated with all
cause death after adjusting for potential confounding
factors. Compared with the lowest fifth of intake,
the hazard ratios in the highest fifth were 0.90 (0.83
to 0.97, P, =0.05) in men and 0.89 (0.80 to 0.98,
P .,=0.01) in women. Intake of non-fermented soy
products was not significantly associated with all
cause mortality.

Table 3 shows the associations between all cause
mortality and consumption of soy products (natto,
miso, and tofu). The intake of soy products was
not significantly associated with total mortality in
men, whereas in women intakes of natto and miso
were inversely associated with all cause mortality
(hazard ratios in the highest fifth of intake were 0.84
(P, =0.001) for natto and 0.89 (P, =0.03) for miso).

trend trend

Cause specific mortality

Tables 4 and 5 show the hazard ratios for cause specific
mortality according to fifth of soy product intake for
men and women, respectively. The intakes of all kinds
of soy products were not significantly associated with
cancer related mortality. A significant association
commonly observed was the inverse association
between natto intake and total cardiovascular disease
related mortality (ICD-10: I00-199) in both men and
women (hazard ratios for the highest fifths of intake
were 0.76 (0.65 to 0.90, P, =0.002) in men and
0.79 (0.65 to 0.95, P, =0.01) in women). Increased
intake of fermented soy products was significantly
associated with decreased total cardiovascular disease
related mortality in men (hazard ratio for the highest
fifth of intake was 0.82 (0.70t0 0.97, P ,=0.04)); this
association was not significant in women (0.89 (0.73 to
1.07, P, ,=0.25)). Supplemental tables 5 and 6 show
the results of the sensitivity analyses. The associations
between intake of fermented soy products and all cause
mortality were marginal after the exclusion of patients
who died within the first three years (hazard ratios
for the highest fifth of intake were 0.90 (0.83 to 0.98,
P__=0.13) in men and 0.91 (0.82 to 1.01, P__=0.05

trend trend
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in women)). The results were similar when the model
was further adjusted for area deprivation index.

Discussion

Thislarge prospective studyinvestigated the association
between intake of several kinds of soy products and
mortality. The findings showed that the consumption
of total soy products was not significantly associated
with a decrease in all cause mortality, whereas intake
of fermented soy products was significantly inversely
associated with all cause mortality in both sexes. The
risk of mortality in the highest fifth of fermented soy
intake, including natto and miso, was 10% lower
than that in the lowest fifth. Intake of non-fermented
soy products was not significantly associated with
all cause mortality. Although a significant reduction
in mortality was observed, our findings should
be interpreted with caution because unadjusted
residual confounding might remain and attenuate the
association of fermented soy products. Moreover, other
caution is needed because these associations were
shown epidemiologically and do not translate directly
to clinical benefit.

Strengths and limitations of this study

The main strengths of this study are its prospective
design, relatively large sample size, high response
rate, low rate of loss to follow-up, and long duration
of follow-up; these attributes allowed for the recording
of the main causes of death. Information on deaths
was obtained from the registries of each participating
public health centre, thereby limiting potential bias.
The Japan Public Health Centre-based Prospective
Study includes populations from various areas in
Japan, encompassing individuals with a wide range of
soy product intake, and the obtained data allowed for
the investigation of the association between the intake
of a variety of soy products and mortality.

Our study does have several limitations. The most
important one was that we could not eliminate residual
unmeasured confounding completely. Although
we adjusted for known and measured factors and
excluded known diseases diagnosed before baseline,
such as cancer, stroke, or myocardial infarction, we
could not adjust for socioeconomic status variables
other than the area deprivation index or diseases other
than diabetes and hypertension. It could be speculated
that the higher prevalence of diabetes or hypertension
in the high consumption group might reflect an
accurate diagnosis of individuals in these groups.
According to our previous study,?® however, although
the positive predictive value of self reported diabetes
was 94% and specificity was 99% in our study, around
4% of participants were unaware of their diabetes
status and did not answer that they had diabetes in the
survey questionnaire but were identified by laboratory
data.”” Thus, although people without self reported
diabetes might be a cause of residual confounding, it
is implausible that the prevalence of diabetes in each
fifth of soy product intake influenced the mortality
in our study. In addition, soy based foods could have
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Table 4 | Multivariable adjusted hazard ratios (95% confidence intervals) of major causes of death and numbers of deaths according to fifths of soy
product intake in Japanese men. Row numbers are deaths

Men (n=42750)*

Causes of death, by soy product First (lowest intake) Second Third Fourth Fifth (highest intake)  d

Cancer

Total soy products 582 616 652 693 777

Model 2 1 0.97 (0.86 to 1.08) 1.00 (0.89t0 1.12) 1.01 (0.90t0 1.13) 1.09 (0.96 to 1.22) 0.10

Fermented soy products 647 593 624 731 725

Model 2 1 0.91(0.81t01.02) 0.92 (0.82 t0 1.03) 1.04 (0.93 t0 1.17) 0.97 (0.85 to 1.09) 0.66

Non-fermented soy 616 622 652 721 709

Model 2 1 1.00 (0.90to 1.13) 1.04 (0.93 t0 1.17) 1.10 (0.98 to 1.23) 1.06 (0.94 t0 1.19) 0.12

Natto 601 619 656 667 777

Model 2 1 1.01 (0.90t0 1.13) 0.97 (0.86 t0 1.10) 1.00 (0.89t0 1.13) 0.98 (0.87 to 1.11) 0.74

Miso 601 619 656 667 777

Model 2 1 0.95 (0.85 to 1.07) 0.97 (0.86 to 1.08) 0.95 (0.84 to 1.06) 1.02 (0.91t0 1.16) 0.74

Tofu 618 629 655 680 738

Model 2 1 1.01 (0.90t0 1.13) 1.04 (0.93t0 1.17) 1.03 (0.92t0 1.16) 1.09 (0.97 to 1.22) 0.13

Total cardiovascular disease

Total soy products 345 397 398 397 463

Model 2 1 1.03 (0.89 to 1.20) 0.97 (0.84t0 1.13) 0.89 (0.77 to 1.04) 0.95 (0.82t0 1.11) 0.18

Fermented soy products 363 369 424 436 408

Model 2 1 0.98 (0.84 to 1.14) 1.04 (0.90t0 1.21) 1.00 (0.85t0 1.17) 0.82 (0.70t0 0.97) 0.04

Non-fermented soy 419 348 386 396 451

Model 2 1 0.85 (0.74 t0 0.98) 0.91 (0.79 to 1.04) 0.87 (0.75 to 1.00) 0.95 (0.82 to 1.09) 0.63

Natto 691 306 317 342 344

Model 2 1 0.86 (0.74 to 1.00) 0.86 (0.73 to 1.00) 0.85 (0.73 t0 0.99) 0.76 (0.65 to 0.90) 0.002

Miso 345 365 380 437 473

Model 2 1 0.96 (0.84 to 1.13) 0.95 (0.81 to 1.10) 1.04 (0.90t0 1.21) 0.95 (0.82 to 1.10) 0.84

Tofu 425 348 381 406 440

Model 2 1 0.83 (0.72 to 0.96) 0.89 (0.77 to 1.02) 0.87 (0.75 to 1.00) 0.90 (0.78 to 1.04) 0.30

Heart disease

Total soy products 189 229 209 202 239

Model 2 1 1.08 (0.88t0 1.31) 0.90 (0.74t0 1.11) 0.79 (0.64 t0 0.98) 0.82 (0.67 to 1.02) 0.004

Fermented soy products 201 203 221 233 210

Model 2 1 0.98 (0.81 to 1.20) 0.99 (0.81t01.22) 0.97 (0.78t0 1.19) 0.77 (0.62 t0 0.97) 0.03

Non-fermented soy 228 189 214 202 235

Model 2 1 0.83 (0.68 to 1.00) 0.88 (0.72 to 1.07) 0.75 (0.62t0 0.92) 0.41 (0.67 t0 0.99) 0.03

Natto 376 170 160 194 168

Model 2 1 0.90 (0.74 t0 1.10) 0.82 (0.66 to 1.02) 0.92 (0.75to 1.14) 0.71 (0.57 t0 0.88) 0.01

Miso 194 174 212 247 241

Model 2 1 0.84 (0.68 to 1.03) 0.97 (0.79t0 1.18) 1.06 (0.87 to 1.30) 0.86 (0.70 to 1.06) 0.74

Tofu 234 191 204 214 225

Model 2 1 0.81 (0.66 t0 0.98) 0.82 (0.67 t0 0.99) 0.77 (0.63 t0 0.94) 0.74 (0.61 t0 0.90) 0.005

Cerebrovascular disease

Total soy products 128 144 155 170 183

Model 2 1 1.02 (0.80 to 1.30) 1.04 (0.82 t0 1.33) 1.06 (0.83 to 1.36) 1.08 (0.85 to 1.39) 0.46

Fermented soy 126 147 169 175 163

Model 2 1 1.10 (0.86 to 1.40) 1.16 (0.91 to 1.49) 1.12 (0.87 to 1.44) 0.91 (0.70 to 1.20) 0.46

Non-fermented soy 167 131 144 157 181

Model 2 1 0.83 (0.66 to 1.05) 0.89 (0.71t01.12) 0.94 (0.74t0 1.18) 1.07 (0.86 to 1.34) 0.31

Natto 259 117 130 126 148

Model 2 1 0.84 (0.66 to 1.07) 0.89 (0.69t0 1.13) 0.78 (0.61t0 1.01) 0.83 (0.65 to 1.07) 0.14

Miso 125 160 143 157 195

Model 2 1 1.15 (0.90 to 1.45) 0.94 (0.73 to 1.20) 0.99 (0.78 to 1.27) 1.04 (0.82 to 1.33) 0.83

Tofu 165 127 148 158 182

Model 2 1 0.81 (0.64 to 1.03) 0.94 (0.74 t0 1.18) 0.95 (0.75t0 1.19) 1.08 (0.86 to 1.36) 0.24

Respiratory disease

Total soy products 99 102 110 123 184

Model 2 1 0.97 (0.73 to 1.28) 1.01 (0.76 t0 1.35) 1.03 (0.78t0 1.37) 1.36 (1.03t0 1.78) 0.01

Fermented soy products 141 94 102 125 156

Model 2 1 0.72 (0.55 to 0.95) 0.79 (0.60 to 1.03) 0.88 (0.67 to 1.15) 0.97 (0.73 t0 1.28) 0.74

Non-fermented soy 106 96 115 134 167

Model 2 1 0.96 (0.73 to 1.27) 1.10 (0.84 to 1.44) 1.17 (0.89t0 1.53) 1.31(1.00to 1.70) 0.02

Natto 247 79 75 91 126

Model 2 1 0.82 (0.62 to 1.07) 0.82 (0.61to 1.10) 0.88 (0.66 to 1.18) 0.96 (0.73 to 1.27) 0.90

Miso 114 113 109 114 168

Model 2 1 0.92 (0.70 to 1.19) 0.88 (0.67 to 1.15) 0.90 (0.68 t0 1.19) 1.07 (0.82 to 1.40) 0.55

Tofu 110 105 109 138 156

Model 2 1 1.00 (0.76 to 1.31) 0.99 (0.75 to 1.30) 1.13 (0.87 to 1.47) 1.13 (0.87 to 1.47) 0.23
8 doi: 10.1136/bmj.m34 | BMJ2020;368:m34 | thebhmj
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Table 4 | Continued

Men (n=42750)*

Causes of death, by soy product First (lowest intake) Second Third Fourth Fifth (highest intake) , d
Injury

Total soy products 137 123 144 131 149

Model 2 1 0.82 (0.64 to 1.05) 0.91 (0.71t0 1.16) 0.77 (0.59 t0 0.99) 0.85 (0.66 to 1.10) 0.22
Fermented soy products 124 125 138 149 148

Model 2 1 0.91(0.71t0 1.18) 0.91 (0.70to 1.18) 0.91 (0.70t0 1.19) 0.86 (0.65 to 1.13) 0.36
Non-fermented soy 149 141 134 115 145

Model 2 1 1.01 (0.80 to 1.28) 0.97 (0.76 t0 1.23) 0.81 (0.63 to 1.04) 1.01 (0.79 to 1.29) 0.50
Natto 186 124 136 121 117

Model 2 1 1.10 (0.86 to 1.41) 1.17 (0.90t0 1.52) 0.99 (0.75 to 1.30) 0.96 (0.72t0 1.27) 0.53
Miso 129 111 128 136 180

Model 2 1 0.81 (0.62 to 1.04) 0.82 (0.63 to 1.05) 0.84 (0.65 to 1.08) 1.00 (0.78 to 1.28) 0.76
Tofu 147 145 127 124 141

Model 2 1 1.05 (0.83 t0 1.33) 0.93(0.7310 1.19) 0.89 (0.69 o 1.14) 1.00 (0.78 to 1.28) 0.57

Model 2 is adjusted for age, area, smoking, frequency of alcohol intake, body mass index, sports or physical exercise, history of diabetes or taking drugs for diabetes, taking antihypertensives,
health check-up, total energy intake, and intake of green tea, coffee, fish, meat, fruit, and vegetables.
*Except for natto intake, the first to fifth categories comprised 8550 men. The first category of natto intake included participants who did not eat natto (n=12450). The remaining participants
were divided into quarters and are shown in the second to fifth categories (7575 in men).

been consumed with vegetables or fruit.?® This might
have led to the lower mortality in the high consumption
group. Although we adjusted for the intake of food
groups and measured variables, other lifestyle
variables, including unmeasured factors, might be
associated with mortality. Secondly, measurement
errors are inherent because of the self reported
nature of the food frequency questionnaire. However,
these misclassifications were likely to attenuate the
associations described. Thirdly, the intake of soy
products was assessed at a single time point, although
participants’ dietary habits could have changed during
the follow-up period. The Spearman’s rank correlation
coefficients for intake of total soy products between
the five year survey and 10 year survey were 0.42 in
both sexes. This dietary change might attenuate the
association shown in this study. Finally, although
our prospective study in a country with a relatively
high consumption of soy products allowed for the
investigation of the association between soy product
intake and mortality, the generalisability of our
findings to other populations is limited and further
studies are required for replication.

Comparison with other studies, interpretation, and
implication for all cause mortality

Although soy products are regularly consumed in
Asia, even Asian studies focusing on the effects of
soy consumption on health have been inconsistent.®’
A prospective study of residents in a single city that
investigated the intake of total soy products and
isoflavone revealed a marginal inverse association
between intake of total soy products and all cause
mortality in both men and women.® Another study
showed a U-shaped association between the frequency
of soy intake and death only in men, whereas intake
of soy products was not significantly associated with
death when both men and women were analysed
together.” Our large prospective study with a long
follow-up presented a novel result, in that the intake of
fermented soy products was associated with a reduced
risk of overall death in men and women. Moreover, in

thebmj | BMJ2020;368:m34 | doi: 10.1136/bmj.m34

terms of dose-response, a reduction in the mortality
risk from fermented soy intake was noted between
the first and second fifths on intake; this trend did not
significantly change after the exclusion of participants
who died within the first three years. Therefore,
we suggest as a public health implication that the
avoidance of a low intake of fermented soy products
might lower the risk of mortality, although further
studies are required to examine the clinical meanings
for soy intake.

Interpretation for cause specific mortality
In our study increased consumption of fermented soy
products was associated with decreased cardiovascular
disease associated mortality, particularly in men.
Natto intake was significantly associated with lower
cardiovascular disease associated mortalityinboth men
and women. A recent Japanese study focusing on the
association between natto intake and cardiovascular
disease related mortality’ showed results that were
consistent with ours. Although both miso and natto are
fermented soy products, only natto intake showed a
significant reduction in cardiovascular disease related
mortality in our study, possibly because its sodium
content (a risk factor for cardiovascular disease®®) is
lower than that of miso.?° Other studies that examined
the association between cardiovascular disease related
mortality and total soy intake or isoflavone intake
showed inconsistent results.”® 3! 32 In prospective
studies including Spanish and Singaporean-Chinese
participants, no associations between isoflavone or
dietary soy intake and cardiovascular disease related
mortality were found,>® which was attributed to lower
intake of soy foods (especially those of fermented soy
products) in those countries than in Japan.>
Furthermore, we found no association between soy
product intake and all cancer related mortality. The
association between soy intake and the incidence
of several types of cancers has been investigated
previously,’® and studies in both Asian and Western
countries showed an association between higher soy
consumption and a reduced risk of mortality in women
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Table 5 | Multivariable adjusted hazard ratios (95% confidence intervals) of major causes of death and numbers of deaths according to fifths of soy
product intake in Japanese women. Row numbers are deaths

Women (n=50165)*

Causes of death, by soy product ~ First (lowest intake) ~ Second Third Fourth Fifth (highest intake) . d

Cancer

Total soy products 326 364 366 359 402

Model 2 1 1.08 (0.92 to 1.25) 1.05 (0.90 to 1.22) 0.99 (0.85 t0 1.16) 1.03 (0.88t0 1.21) 0.88

Fermented soy products 356 367 343 365 386

Model 2 1 1.02 (0.88t0 1.18) 0.93 (0.79 t0 1.09) 0.95 (0.80t0 1.11) 0.94 (0.79t0 1.11) 0.30

Non-fermented soy 352 357 347 355 406

Model 2 1 1.03 (0.89 to 1.20) 0.98 (0.84 t0 1.13) 1.00 (0.85 to 1.15) 1.07 (0.91 to 1.24) 0.61

Natto 527 290 311 336 353

Model 2 1 0.84 (0.72 t0 0.98) 0.89 (0.76 to 1.05) 0.90 (0.76 to 1.05) 0.88 (0.75 to 1.04) 0.28

Miso 346 336 389 372 374

Model 2 1 0.92 (0.79 to 1.07) 1.01 (0.87 to 1.17) 0.95 (0.81t0 1.11) 0.88 (0.75 to 1.03) 0.23

Tofu 357 358 366 340 396

Model 2 1 1.03 (0.88t0 1.19) 1.02 (0.88 t0 1.18) 0.94 (0.81t0 1.10) 1.03 (0.88 to 1.20) 0.87

Total cardiovascular disease

Total soy products 241 253 220 288 324

Model 2 1 1.04 (0.87 to 1.24) 0.86 (0.71 to 1.04) 1.06 (0.89 to 1.27) 1.03 (0.86 t0 1.23) 0.64

Fermented soy products 268 251 232 273 302

Model 2 1 0.95 (0.80t0 1.13) 0.84 (0.70 to 1.01) 0.92 (0.76 to 1.11) 0.89 (0.73 to 1.07) 0.25

Non-fermented soy 280 251 204 265 326

Model 2 1 1.00 (0.84 t0 1.19) 0.77 (0.64 to 0.93) 1.01 (0.85 to 1.21) 1.09 (0.92 to 1.29) 0.34

Natto 446 189 224 209 258

Model 2 1 0.76 (0.64 t0 0.92) 0.87 (0.72 to 1.04) 0.72 (0.60 to 0.88) 0.79 (0.65 t0 0.95) 0.01

Miso 258 228 242 261 337

Model 2 1 0.84 (0.70 to 1.01) 0.80 (0.67 to 0.96) 0.89 (0.74 to 1.07) 0.94 (0.79 to 1.13) 0.86

Tofu 49 70 58

Model 2 1 0.94 (0.80 to 1.12) 0.80 (0.67 to 0.95) 0.89 (0.75 to 1.06) 0.98 (0.82 t0 1.16) 0.64

Heart disease

Total soy products 124 126 99 142 172

Model 2 1 1.03 (0.80t0 1.33) 0.81 (0.62 to 1.06) 1.11 (0.86 to 1.43) 1.13 (0.88 t0 1.46) 0.24

Fermented soy products 146 121 115 136 145

Model 2 1 0.88 (0.69 to 1.13) 0.86 (0.66t0 1.11) 0.98 (0.76 t0 1.27) 0.94 (0.72t0 1.22) 0.93

Non-fermented soy 141 120 90 143 169

Model 2 1 0.97 (0.76 to 1.24) 0.69 (0.53 t0 0.90) 1.10 (0.86 to 1.40) 1.09 (0.86 to 1.39) 0.27

Natto 246 99 107 91 120

Model 2 1 0.84 (0.66 to 1.08) 0.93 (0.72 to 1.20) 0.71 (0.54 to 0.94) 0.81 (0.62 to 1.06) 0.07

Miso 125 116 121 137 164

Model 2 1 0.89 (0.69 to 1.15) 0.85 (0.66 to 1.10) 1.05 (0.82 to 1.36) 1.03 (0.80 to 1.32) 0.46

Tofu 146 120 104 129 164

Model 2 1 0.94 (0.74 to 1.20) 0.77 (0.60 to 1.00) 0.97 (0.75 to 1.24) 1.05 (0.83 to 1.34) 0.62

Cerebrovascular disease

Total soy products 96 108 102 116 124

Model 2 1 1.08 (0.81to 1.42) 0.93 (0.70to 1.24) 0.98 (0.73 to 1.30) 0.91 (0.68t0 1.21) 0.37

Fermented soy 97 113 100 112 124

Model 2 1 1.10 (0.84 to 1.46) 0.86 (0.64 to 1.15) 0.84 (0.62t01.13) 0.78 (0.57 to 1.05) 0.03

Non-fermented soy 115 107 93 104 127

Model 2 1 1.04 (0.80 to 1.36) 0.87 (0.66 to 1.15) 0.99 (0.75 to 1.30) 1.09 (0.83 to 1.43) 0.67

Natto 164 75 103 98 106

Model 2 1 0.68 (0.50t0 0.91) 0.83 (0.63t01.11) 0.69 (0.52 t0 0.93) 0.67 (0.50 t0 0.89) 0.02

Miso 107 88 104 103 144

Model 2 1 0.78 (0.59 to 1.04) 0.80 (0.61 to 1.05) 0.77 (0.58 t0 1.02) 0.88 (0.67 to 1.15) 0.46

Tofu 125 110 93 100 118

Model 2 1 0.98 (0.76 to 1.27) 0.80 (0.61 to 1.06) 0.88 (0.67 to 1.15) 0.93 (0.71t01.22) 0.43

Respiratory disease

Total soy products 59 65 55 44 74

Model 2 1 1.11 (0.77 to 1.58) 0.91 (0.62 t0 1.33) 0.67 (0.45t0 1.01) 0.89 (0.61 to 1.29) 0.13

Fermented soy products 67 60 57 53 60

Model 2 1 0.88 (0.62 t0 1.25) 0.88 (0.61t0 1.26) 0.70 (0.47 to 1.04) 0.77 (0.52t0 1.15) 0.06

Non-fermented soy 70 53 46 63 65

Model 2 1 0.89 (0.62 t0 1.27) 0.72 (0.49 to 1.05) 0.96 (0.67 to 1.37) 0.78 (0.54 t0 1.13) 0.32

Natto 129 38 49 34 47

Model 2 1 0.64 (0.43 t0 0.95) 0.83 (0.57 t0 1.22) 0.50 (0.32t00.77) 0.62 (0.41t00.92) 0.009

Miso 54 60 55 52 76

Model 2 1 1.12 (0.77 to 1.63) 0.89 (0.61t0 1.31) 0.91 (0.61 to 1.36) 0.96 (0.66 to 1.40) 0.55

Tofu 69 51 49 70 58

Model 2 1 0.86 (0.60 to 1.25) 0.79 (0.54 to0 1.15) 1.10 (0.78 to 1.56) 0.74 (0.50 to 1.08) 0.40
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Table 5 | Continued

Women (n=50165)*

Causes of death, by soy product ~ First (lowest intake) ~ Second Third Fourth Fifth (highest intake)  , d
Injury

Total soy products 50 53 66 69 83

Model 2 1 1.07 (0.72 t0 1.59) 1.30 (0.89 to 1.90) 1.30 (0.88 t0 1.92) 1.49 (1.01 t0 2.19) 0.03
Fermented soy products 54 46 64 77 80

Model 2 1 0.89 (0.60 to 1.33) 1.16 (0.78t0 1.71) 1.29 (0.87 to 1.90) 1.23 (0.82 t0 1.85) 0.11
Non-fermented soy 69 51 63 70 68

Model 2 1 0.81 (0.56 to 1.18) 0.99 (0.69 to 1.40) 1.10 (0.79 to 1.56) 1.06 (0.74 t0 1.52) 0.34
Natto 88 46 47 62 78

Model 2 1 0.67 (0.46 to 0.99) 0.64 (0.43 t0 0.95) 0.77 (0.53 to 1.13) 0.97 (0.67 to 1.41) 0.68
Miso 59 53 54 75 80

Model 2 1 0.88 (0.61 to 1.28) 0.82 (0.56 to 1.20) 1.10 (0.76 t0 1.58) 1.02 (0.71t0 1.48) 0.54
Tofu 68 50 67 69 67

Model 2 1 0.81 (0.56 t0 1.17) 1.09 (0.77 to 1.54) 1.11 (0.78t0 1.58) 1.06 (0.74 t0 1.52) 0.33

Model 2 is adjusted for age, area, smoking, frequency of alcohol intake, body mass index, sports or physical exercise, history of diabetes or taking drugs for diabetes, taking antihypertensives,
health check-up, total energy intake, intake of green tea, coffee, fish, meat, fruit, and vegetables.
*Except for natto intake, the first to fifth categories comprised 10 330 women. The first category of natto intake included participants who did not eat natto (n=12 227). The remaining
participants were divided into quarters and are shown in the second to fifth categories (9484, 9485, 9484, and 9485, respectively).

with breast cancer.*® *® Evidence in relation to other
cancers is not well established. Isoflavone is a risk
factor for some cancers but not for others, so this could
explain our null findings.?” >

Possible mechanisms

The bioactive components of soy products might
modulate their effects on mortality. Studies on
the association between soy consumption and
cardiovascular disease’ ** 3! 32 implied important
roles for nutrients such as isoflavone, fibre, and
potassium. Isoflavone was found to have blood
pressure reducing and lipid profile improving
properties in meta-analyses,’® “° whereas soy fibre
was shown to lower cholesterol levels and induce
weight loss in humans.' ** Moreover, a prospective
study in the United States showed that an increase
in dietary fibre from beans was associated with
reduced cardiovascular disease related death among
women.*! Fermented soy products are richer in fibre
and potassium as well as bioactive components than
their non-fermented counterparts, including tofu.
The bioactive components in fermented soy products
include the fibrinolytic enzyme, nattokinase (in
natto),'” and polyamine.'® The polyamine spermidine
was previously found to have cardioprotective effects,
with intake associated with reduced morality due to
heart failure.*? Therefore, bioactive components and
nutrients contained in fermented soy products might
have multifaceted benefits for survival.

Conclusions

In this large prospective study conducted in a country
with a high level of soy consumption, we did not
observe a significant association between intake of
total soy products and all cause mortality. In contrast,
intake of fermented soy products, including natto and
miso, were significantly associated with reduced all
cause mortality. Our findings should be interpreted
with caution because the significant association
of fermented soy products could be attenuated by
unadjusted residual confounding.
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