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The Effects of the Habitual Consumption of Miso Soup on
the Blood Pressure and Heart Rate of Japanese Adults:
A Cross-sectional Study of a Health Examination
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Abstract

Objective It is recommended that middle-aged and elderly individuals reduce their salt intake because of
the high prevalence of hypertension. The consumption of miso soup is associated with salt intake, and the re-
duced consumption of miso soup has been recommended. Recent studies have demonstrated that the con-
sumption of miso soup can attenuate an autonomic imbalance in animal models. However, it is unclear
whether these results are applicable to humans. This study examined the cross-sectional association between
the frequency of miso soup consumption and the blood pressure and heart rate of human subjects.

Methods
tion were enrolled in the present study and divided into four groups based on the frequency of their miso
soup consumption ([bowl(s) of miso soup/week] Group 1, <1; Group2, <4; Group3, <7; Group4, >7). The
blood pressure levels and heart rates of the subjects in each group were compared. Furthermore, a multivari-
able analysis was performed to determine whether miso soup consumption was an independent factor affect-
ing the incidence of hypertension or the heart rate.

Results The frequency of miso soup consumption was not associated with blood pressure. The heart rate
was, however, lower in the participants who reported a high frequency of miso soup consumption. A multi-
variable analysis revealed that the participants who reported a high frequency of miso soup consumption were

A total of 527 subjects of 50 to 81 years of age who participated in our hospital health examina-

more likely to have a lower heart rate, but that the consumption of miso soup was not associated with the in-
cidence of hypertension.
Conclusion These results indicate that miso soup consumption might decrease the heart rate, but not have a

significant effect on the blood pressure of in middle-aged and elderly Japanese individuals.
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Introduction

High salt diets are well known to be associated with in-
creased blood pressure, particularly in patients with hyper-
tension. This condition is termed salt-sensitive hyperten-
sion (1). Salt-induced sympathoexcitation has recently been
reported to play an important role in its development (2, 3).
A reduced salt intake is therefore highly recommended for

the prevention and treatment of hypertension. Miso (tradi-
tional Japanese soybean paste) is currently one of major
sources of daily salt intake in the general Japanese popula-
tion (4), and it has been recommended that individuals re-
duce their consumption of miso. On the other hand, miso
has been reported to attenuate salt-induced hypertension in a
model of salt-sensitive hypertension (5). We also reported
that the habitual consumption of miso soup prevented salt-
induced sympathoexcitation by reducing the autonomic im-
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balance in mice (6, 7).

Miso, which is made from several fermented cereals, in-
cluding soy beans, and soy protein, is reported to inhibit an-
giotensin converting enzyme (ACE) activity (8). The an-
giotensin system has a strong impact on blood pressure, in-
cluding salt-sensitive hypertension. Numerous studies have
demonstrated that the blockade of ACE activity reduced
blood pressure and sympathetic activity (9-11). Miso is
therefore thought to be able to decrease blood pressure and
sympathetic activity via the inhibition of ACE activity.

Based on the results of previous studies, we expected that
the habitual consumption of miso soup might have prefer-
able effects on blood pressure or the heart rate by reducing
the autonomic imbalance in humans. To test this hypothesis,
we examined the cross-sectional association between the fre-
quency of miso soup consumption and blood pressure or
heart rate using data obtained from the health examinations
of 527 middle-aged and elderly Japanese individuals. The
frequency of miso soup consumption was examined using a
self-reported questionnaire, and the study participants were
classified into four groups ([bowl(s) of miso soup/week]
Group 1, <1; Group2, <4; Group3, <7; Group4, >7). The
blood pressure of the participants was measured using a
sphygmomanometer, and the heart rate was evaluated based
on an electrocardiogram that was obtained during a health
examination in our hospital from October 2015 to March
2016. The blood pressure levels and heart rates of the sub-
jects in each group were compared. In addition, a multivari-
able analysis was used to determine whether or not miso
soup consumption independently associated with the inci-
dence of hypertension or the heart rate. Age, gender, body
mass index (BMI), smoking habit, the ratio of the patients
with anti-hypertensive treatment, hemoglobin A1C (HbA1C),
and estimated glomerular filtration ratio (¢GFR) were evalu-
ated as a priori identified covariates.

Materials and Methods

The study participants

This study was performed in accordance with the Decla-
ration of Helsinki, Japanese privacy protection laws and the
ethical guidelines for epidemiological studies established by
the Ministry of Education, Science and Culture and the
Ministry of Health, Labour and Welfare. This study also re-
ceived approval from the Committee on Ethics of Clinical
Research, Japan Community Healthcare Organization Kyu-
shu Hospital (No. 389).

A cross-sectional study was performed of the middle-aged
and elderly participants (50-81 years of age) who underwent
a health examination at our hospital from October 2015 to
March 2016. All of the participants gave their consent for
the use of the self-reported questionnaire. The study partici-
pants completed the self-reported questionnaire regarding
their medical history, the medicines that they were taking
and their smoking history (smoking score: non-smoking, 0;
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past smoking, 1; current smoking, 2). In addition, we also
examined their frequency of miso soup consumption, the
type of miso that they consumed (red, white, or combined),
the main raw material of the miso (wheat, rice, soybean, or
combined), and whether they used low-sodium miso. The
patients were then divided into four groups according to the
frequency of miso soup consumption (Group 1, <1 bowl of
miso soup/week; Group 2, <4 bowls/week; Group 3, <7
bowls/week; Group 4, >7 bowls/week).

The measurement of the characteristics of the study
participants

Trained staff measured the height and weight of the sub-
jects. The BMI was calculated as follows: BMI=weight
(kg)/height® (m®). Serum was collected to examine the sub-
jects” HbAIC, eGFR, and total cholesterol (TC), triglyc-
erides (TG), low-density lipoprotein cholesterol (LDL),
high-density lipoprotein cholesterol (HDL) and HbA1C lev-
els and the eGFR.

The measurement of blood pressure and heart rate

The subjects’ blood pressure was measured by skilled
staff members using an automated-sphygmomanometer; their
heart rate was evaluated using a 12-lead electrocardiogram.
Hypertension was defined based on the presence of high
blood pressure (a systolic blood pressure of >140 mmHg or
a diastolic blood pressure of >90 mmHg) or a medical his-
tory of anti-hypertensive treatment. The definition of a
higher heart rate was based on a value that was above the
average heart rate of whole study population. The subjects
were also divided into 3 groups based on their heart rate
(lower quartile, interquartile rage [IQR], upper quartile).

Statistical analysis

The differences in variables across Groups 1-4 were ex-
amined using an analysis variance (ANOVA) and compared
using Tukey’s multiple comparison test (continuous vari-
ables) and the chi-squared test (categorical variables). A
multivariable analysis was performed to determine whether
or not the frequency of miso soup consumption was an in-
dependent factor that affected the incidence of hypertension
or the heart rate (the incidence of a higher relative heart
rate). Age, gender, BMI, the ratio of patients with anti-
hypertensive medication, smoking habit, eGFR, and HbA1C
were evaluated as a priori identified covariates in the multi-
variable analysis.

All of the values were expressed as the mean + SD. Two-
tailed p values of <0.05 were considered to indicate statisti-
cal significance. All of the statistical analyses were per-
formed using the EZR software program (Saitama Medical
Center, Jichi Medical University) (12), which is a graphical
user interface for the R software program (The R Founda-
tion for Statistical Computing, Vienna, Austria). More pre-
cisely, it is modified version of R commander that is de-
signed to add the statistical functions that are frequently
used in biostatistics.
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Table 1. The Characteristics of the Study Participants.
Charscteisics total Gl G2 G3 G4 e
a=527 =105 n=188 =177 n=37
mean SD mean SD mean SD mean SD mean SD
Age () 60.4 69 594 6.8 59.6 6.6 60.6 63 641 8.1 <0.01*
BMI (ke/m’) 230 32 232 34 238 3.0 2.1 33 29 32 0.588
¢GFR (ml/min/].73m?) 70.1 129 714 127 702 120 70.3 139 668 122 0.191
HbAIC (%) 5.88 0.59 5.90 0.54 5.80 0.49 5.93 0.72 592 0.51 0.176
TC (mg/dL) 2114 344 2136 406 2104 349 210.5 314 2133 291 0834
TG (mg/dL) 1Ls 692 1108 604 1108 73.7 1129 741 1106 529 0.990
LDL (mg/dL) 1227 303 1237 348 1223 302 1219 29.1 1246 254 0.926
HDL (mg/dL) 615 162 617 16.5 614 172 618 15.5 60.7 150 0973
smoking score 0.5 0.7 0.62 0.82 0.52 0.75 0.65 0.78 0.50 071 0311
Male [n (%)) 304 (57.7) 70 (66.7) 97(51.6) 104 (58.9) 33(57.9) 0.095
anti-HT medication [n (%)] 138 26.2) 26(24.9) 4239 48Q1.D) 20 35.1) 0375
anti-DM medication [n (%)) 40 (.6) 9.1 11(5.6) 16(9.0) 40.0) 0.746
anti-DL medication [n (%)] 73 (13.9) 15 (143) 25(13.3) 23(13.0) 10(17.5) 0.802

G1: Group 1 (< 1 bowl / week of miso soup), G2: Group 2 (< 4 bowls / week of miso soup),

G3: Group 3 (< 7 bowls / week of miso soup), G4: Group 4 (27 bowls / week of miso soup)

BMI: body mass index, eGFR: estimated glomerular filtration ratio, HbA1C: hemoglobin A1C, TC: total cholesterol
TG: triglycerides, LDL: low-density lipoprotein cholesterol, HDL: high-density lipoprotein cholesterol

HT: hypertension, DM: diabetes mellitus, DL: dyslipidemia
smoking score: non-smoking, 0; past smoking, 1; current smoking, 2

Results

The participant characteristics

Table 1 summarizes the characteristics of the 527 partici-
pants in the study population. The mean (SD) age of the
study participants was 60.4 (6.9) years. More than half of
the study participants (57.7%) were men and 26.2% were
using anti-hypertensive medications. The percentages of pa-
tients in Groups 1 (<1 bowl of miso soup/week) 2 (<4
bowls/week), 3 (<7 bowls/week) and 4 (=7 bowls/week)
were 19.9%, 35.7%, 33.6% and 10.8%, respectively. The
mean (SD) systolic blood pressure was 130.1 (17.9) mmHg,
the mean diastolic blood pressure was 80.3 (11.6) mmHg,
and the mean heart rate was 63.6 (9.6) bpm. As a result, a
relatively higher heart rate was defined as >63 bpm. After
determining the median heart rate (62.5 bpm, IQR 57.0-
68.0) the participants were divided into 3 groups according
to the quartile of their heart rate (lower quartile, <57 bpm,
IQR; 57-68 bpm, upper quartile: >68 bpm).

The association between miso soup consumption
and the a priori identified covariates

Table 1 (G1-G4) shows the characteristics of study par-
ticipants classified according to the frequency at which they
consumed miso soup. The mean (SD) age of the study par-
ticipants in Groups 1-4 was 59.4 (6.8), 59.6 (6.6), 60.6 (6.3)
and 64.1 (8.1), respectively. The subjects in Group 4 were
older than those in the other groups. The percentage of male
participants in Groups 1-4, was 66.7%, 51.6%, 58.8% and
57.9%, respectively. With regard to the other variables, the
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BMI values, gender, smoking habits (score), the TC, TG,
LDL, HDL and HbA1C levels, the eGFR and the ratio of
patients taking anti-hypertensive medications were similar
among the four groups. Furthermore, there were no differ-
ences among the groups with regard to the ratio of the pa-
tients taking medications to treat diabetes mellitus and
dyslipidemia. We found no differences among the groups re-
garding the type of miso that the subjects consumed (red,
white, or combined), the main raw material of miso (wheat,
rice, soybean, or combined), and the use of low-sodium
miso (Table 2).

The association between miso soup consumption
and blood pressure

There were no significant differences in the blood pres-
sure of the subjects in the four groups. [(systolic blood pres-
sure/diastolic blood pressure), Group 1, 130.5+17.4 mmHg;
Group 2, 131.2+18.4 mmHg; Group 3, 129.9+17.8 mmHg;
Group 4, 126.7+17.9 mmHg; p=0.395] (Figure). A multi-
variable analysis after adjusting for the a priori identified
covariates [including age, gender, BMI, smoking habit
(score), the eGFR and the HbA1C level] failed to show a re-
lationship between the frequency of miso soup consumption
and the incidence of hypertension (odds ratio 1.070, 95%CI
0.867-1.320, Table 3a). The difference in the type of miso
and the main raw material of miso had no impact on the
subjects’ blood pressure (Table 4a).

The association between miso soup consumption
and the heart rate

Although the blood pressure of the subjects’ was unaf-
fected, the heart rate of the participants who reported a high
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Consumed.
type of miso [n (%)]
total
red miso white miso combined unknown
G1 105 16 (15.2) 80 (76.2) 4(3.8) 5
G2 188 35 (18.6) 137 (72.9) 16 (8.5) 0
G3 177 31(17.5) 128 (72.3) 17 (9.6) 1
G4 57 8 (14.0) 41 (71.9) 7(12.3) 1
main raw material of miso [n (%)]

total wheat rice yb combined unknown
G1 105 38 (36.2) 21 (20.0) 7(6.7) 14 (13.3) 25
G2 188 63 (33.5) 44 (23.4) 19 (10.2) 33 (17.6) 29
G3 177 51(28.8) 42(23.7) 19 (10.7) 41(23.2) 24
G4 57 13 (22.8) 10 (17.5) 5(8.8) 22 (38.6) 7

total solinity of miso [n]

unknown regular salt low salt chi-squared

G1 105 42 44 19 p=0.825
G2 188 75 82 31
G3 177 60 86 27
G4 57 25 23 9

G1: Group 1 (<1 bowl / week of miso soup), G2: Group 2 (< 4 bowls / week of miso soup),
G3: Group 3 (< 7 bowls / week of miso soup), G4: Group 4 (= 7 bowls / week of miso soup)
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Figure. The blood pressure levels and heart rates of each group. G1: Group 1 (<1 bowl of miso soup/

week), G2: Group 2 (<4 bowls of miso soup/week), G3: Group 3 (<7 bowls of miso soup/week), G4:
Group 4 (>7 bowls of miso soup/week). *p<0.05 versus G1.
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Table 3. The Effects of Miso Consumption on the Incidence of Hypertension and the Heart Rate.

b

a

c
HTDx Sigh R (563 min) Distribution of participants in each HR range (%)
dds ati 95% CL cal odds atio 95%CL pralue R . , -
odderane ¢ pyaue Lowmiso (G1) High miso (G2-4) Chi-squared
(unadjusted) (unadjusted)
. 7 . min (ow i 2 .
fraquency of miso soupintake 1090 0.908 - 1320 0382 frequency of miso soup intake 079 0.659-0.961 0,018 HR <57 /min (lower quartile) 198 27 <0.01
57<HR <68 (IQR) 38.7 507
1
(adjuestedmodel 1) (adjussted model 1)
HR > 68/ min (upper quartile] 415 265
. frequency of miso soupintake 0792 0606 - 0964 0019° ¢ )
frequency of miso soupintake 1070 0877 -1300 0520
age 096 0960-1.010 0293 total 100 100
Age 1040 1010 - 1070 <001+
male 060 0572-129 0.468
Male 1410 0912 - 2.190 0122 N . HR: heart rate, IQR: interquartile rage, Low miso: low frequency of miso soup intake (G1),
B 1290 0.0 <00t B 1090 101160 <00 High miso: high frequency of miso soup intake (G2-4)
8 N - smoking score 038t 0686-1.130 0320
smoking score 0736 0359 -0969 0029 Aoti HT medication 1330 08722040 0184
(adjuestedmodel 2) (adjuested model D)
frequency of miso soupintake 1070 067 - 1320 0529 fraquency of miso soupintake 0795 0652- 0968 002"
age 1040 100 1070 002* e 0991 09631020 0539
male 1370 0872 -2.140 0.173 male 0928 0611-1.410 0126
BMI 1270 11501360 <001 BMI 1.100 1.030- 1170 0033%
smoking score 0743 0562 -0982 0.037* smoking score 0853 0.661-1.100 021
«GFR 0992 0975 - 1010 0307 AntiHT medication 1280 08321950 0260
HbAIC 1460 10102110 0044* <GFR 1o 1000-1.050 0023
HbAIC 1190 03631630 0294

BMI: body mass index, eGFR: estimated glomerular filtration ratio,
HbAIC: hemoglobin A1C, HT: hypertension
smoking score: non-smoking, 0; past smoking, 1; current smoking, 2

Table 4. The Blood Pressure and Heart Rate Stratified according to the Type of Miso and the Raw Mate-

rial of the Miso That the Subjects Consumed.

a b
Systolic blood pressure Systolic blood pressure

red miso white miso combined p value wheat rice soybean combined p value
G1 120 1QLI) 1304 (174) 1293 (43) 0.957 G1 1273 (174) 1334 (183) 1398 (43)  139.6 (24.4) 0.130
G2 1335 (14.8) 1303 (19.3) 1329 (18.5) 0.604 G2 133.6 (15.0) 128.1 (17.9) 1349 22.0) 1293 (16.1) 0.399
G3 1327 (152) 1293 (18.8) 1306 (15.1) 0.625 G3 1321 (19.7) 1329 (16.6) 1209 (14.7) 1260 (159) 0.132
G4 1260 (186) 1276 (17.5) 1174 (17.1) 0379 G4 1282 (224) 1303 (102) 1400 (89) 1197 (19.3) 0350

Diastolic blood pressure Diastolic blood pressure

red miso white miso combined p value wheat rice soybean combined p value
G1 796 (144) 816 (109)  SL5 (4.0) 0817 G1 79.1 (1L1) 834 (116) 904 (60) 850 (14.4) 0.209
G2 809 (9.7 80.7 (11.7) 816 (13.5) 0.960 G2 823 (109) 793 (11.6)  81.6 (11.9) 79.6 (11.3) 0.507
G3 79.7 9.5) 793 (125) 818 (10.7) 0.722 G3 80.8 (12.1)  81.8 (11.8) 77.1 94) 76.2 (10.4) 0.135
G4 75.0 (10.8) 79.2 (11.7) 74.1 9.7) 0.405 G4 79.0 (13.7) 833 (6.7) 85.0 (6.9) 739 (11.6) 0.285

Heart rate Heart rate

red miso white miso combined p value wheat rice soybean combined p value
G1 674 (84) 66.4 (13.9) 66.5 (13.7) 0.957 G1 68.2 (13.6) 61.8 (10.4) 67.8 (12.9) 68.0 (18.3) 0.592
G2 63.9 (7.4) 63.4 (8.6) 645 (92) 0.863 G2 64.3 (7.9) 63.7 (9.2) 383 (4.3) 65.0 (8.3) 0.070
G3 62.6 (9.7 626 (9.1) 642 (8.6) 0.801 G3 61.6 (6.5) 61.6 (9.1) 63.5 (6.6) 61.9 (9.8) 0.742
G4 62.5 (4.8) 608 (1.1) 620 (6.0) 0.722 G4 611 (67) 617 (72 560 (89) 60.5 (5.9) 0.409

frequency of miso soup consumption was lower than that of
the participants who reported a lower frequency of miso Discussion

soup consumption (Figure). Furthermore, a multivariable
analysis after adjusting for a priori identified covariates [in-
cluding age, gender, BMI, smoking habit (score), and the ra-
tio of the patients with anti-hypertensive treatment, the
eGFR, and the HbA1C level] showed that the subjects who
reported a high frequency of miso soup consumption were
more likely to have a lower heart rate (odds ratio 0.795,
95%CI 0.652-0.968, Table 3b and c). The difference in the
type of miso and the main raw material of the miso had no
impact on the heart rate (Table 4b).

27

The present study demonstrated a negative relationship
between the frequency of miso soup consumption and the
heart rate of middle-aged and elderly Japanese subjects. The
subjects who reported a high frequency of miso soup con-
sumption had a lower heart rate. In addition, after adjusting
for a priori identified covariates, a multivariable analysis re-
vealed that the frequency of miso soup consumption was in-
dependently associated with the heart rate. These results in-
dicate that the habitual consumption of miso soup may be
independently associated with the heart rate of middle-aged
and elderly Japanese individuals.
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The heart rate is a useful marker of the autonomic bal-
ance (13). An increased heart rate indicates high sympathetic
activity and/or low parasympathetic activity, the so-called
sympathetic nerve predominant state. In this study, we found
that the participants who reported a high frequency of miso
soup consumption had a lower heart rate, and that the high
frequency of miso soup consumption was independently as-
sociated with a lower (below the average) relative heart rate.
We previously demonstrated that miso soup attenuated the
sympathetic nerve predominant state in mice through the di-
rect and specific effects of miso on the autonomic function,
blood pressure and heart rate (6, 7). We therefore thought
that the habitual consumption of miso soup could alter the
autonomic balance, resulting in a decrease in the heart rate.
The present study was, however, designed as a cross-
sectional study. We should therefore avoid claiming the exis-
tence of a causal relationship. Further studies will be needed
to clarify the relationship between the habitual consumption
of miso soup and the heart rate.

Generally, 1 bowl of miso soup contains 1 gram of salt
and an increase in dietary salt intake is well known to con-
tribute to the elevation of blood pressure (14). Thus, the
moderate consumption of miso soup was recognized as be-
ing important in the prevention and treatment of hyperten-
sion. Reducing the consumption of miso soup was also re-
ported to be an effective approach for decreasing the dietary
salt intake in the general Japanese population (4). These re-
sults suggest the possibility that the habitual consumption of
miso soup can lead to increased blood pressure. However,
we did not observe a positive correlation between miso soup
consumption and blood pressure elevation (or increases in
the incidence of hypertension) in the present study. These
results are consistent with those of a previous epidemiologi-
cal study that revealed that miso soup consumption was not
related to blood pressure (4). These results indicate that
miso might not be involved in salt-induced blood pressure
elevation. Miso was reported to have the potential to inhibit
ACE activity (8). In addition, several studies have demon-
strated that miso soup consumption attenuated salt-induced
hypertension (5, 15). Although the findings obtained from
these studies support the results of our study, further studies
will be needed to clarify the detailed mechanisms underly-
ing the absence of a relationship between miso soup con-
sumption and blood pressure.

We successfully demonstrated the effects of the habitual
consumption of miso soup on the heart rate. The heart rate
that is observed with miso soup consumption might result
from the alteration of the autonomic balance because miso
has been reported to improve autonomic balance
mice (6, 7). The autonomic balance has an impact on blood
pressure, and reduced sympathetic activity is expected to re-
sult in decreased blood pressure and a decreased incidence
of hypertension. However, we were not able to demonstrate
a decrease in blood pressure according to the frequency of
miso soup consumption. The participants in the present
study were undergoing a health examination. Most of the

in

28

10.2169/internalmedicine.56.7538

participants did not have hypertension. Thus, it might have
been difficult to observe the effects of the alteration of the
autonomic balance on the blood pressure in the participants
of the present study.

There present study is associated with several other limi-
tations. First, the data regarding the frequency of miso soup
consumption were self-reported, and there were some con-
cerns with regard to the accuracy of the data. Second, the
actual daily sodium intake (miso soup sodium concentration)
was not evaluated in the present study. In the present study,
the participants were undergoing a the examinee of health
examination, and the items that were investigated were lim-
ited. Thus, we could not evaluate items that reflected the
daily sodium intake, such as urinary sodium excretion. Al-
though we confirmed that there were no differences among
the groups regarding the use of low-sodium miso, it would
be necessary to evaluate the actual salt intake to strengthen
the results of this study. Third, with the exception of the
subjects’ miso soup consumption habits, we did not examine
the eating habits of the subjects in the present study. Thus, it
is possible that there was another cause of the decreased
heart rate. Fourth, all of the participants in the present study
underwent a health examination. As a result, there may have
been a selection bias. Fifth, it is possible that additional co-
variates (other than the a priori identified covariates) ex-
isted, such as socioeconomic status. Finally, the present
study had a relative small sample size. Although further
studies will be needed to clarify the direct effects of the ha-
bitual consumption of miso soup on the blood pressure and
heart rate (including the autonomic balance), this is the first
study to demonstrate that the heart rate of middle-aged and
elderly Japanese individuals who had a habit of consuming
miso soup was lower than the heart rate of those who did
not.

In conclusion, miso soup consumption might decrease the
heart rate but not have significant effect on blood pressure
in middle-aged and elderly Japanese individuals.

The authors state that they have no Conflict of Interest (COI).
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