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Abstract
Hypertension is becoming pandemic and WHO estimated the prevalence rate of hypertension being one-third of people aged

above 25 years old. Number of patients with hypertension in Japan increased from 9,067,000 in 2012 to 10,108,000 in 2015, and its

medical cost was 1,889 billion yen. Number of annual death was 6,932, so the prevention of hypertension is an urgent issue, because
of its high risk for cardiovascular disease, cerebral palsy, renal insufficiency, and so forth.

We found that suitable fasting is effective in maintaining and/or promoting health, and hypoglycemia by fasting yielded a high

concentration of acetone body, especially β-hydoxybutyrate. We also found systolic and diastolic blood pressure decreased during
fasting and its effects continued at least one month later. It seemed to be a legacy effect of the wellness fasting, so we analyzed the
factors and considered the mechanism of this phenomenon.
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Introduction
The importance of ketone body metabolism in diabetic pa-

tients has been well known since the 1970s, but recently,
β-hydroxybutyrate (BHB) has been identified as a key component

of a metabolic signaling pathway [1-5]. Recently the relationship

between fasting and circadian rhythm has been reported [6]. The

bidirectional relationship between circadian disruption and metabolic abnormalities is found in diabetic patients. The circadian

rhythm in food intake should be strongly affected by fasting. When
glucose function changes, circadian behavior should be changed.

[7,9]. (Figure 1) Data were collected from October 2014 to October
2018. Inclusion criteria to participate in the program were healthy

adults in any age in both sex, and exclusion criteria were diseased
patients receiving drug therapy for cardiovascular disease, diabe-

tes, chronic infectious diseases, gastrointestinal (GI) tract diseases,
cancer, and pregnant women. All participants signed the agreement

sheet after a precise explanation of the program. The program had
been approved by the Ethical Committee in the Life Science Promotion Association.

We have practiced Kushi macrobiotics for more than 10 years

and developed the teaching and practicing system of a 4-day “Well-

ness-fasting” [7-9]. Our previous study in wellness fasting and
BHB production by PASS analysis showed that the decreased BMR

and insulin significantly contributed to the increase in BHB and
acetyl acetate (AcAc) [9]. In this paper, we would like to focus on

the changes in blood pressure in conjunction with other physical
markers during wellness fasting.

Subjects and Methods

In ARSOA Wellness Fasting 4 days program, participants re-

ceived a combination of the very low-energy vegetarian diet,

physical exercise, meditation, and lectures about healthy lifestyles

Figure 1: Schema of 4-day wellness fasting. Daily energy

intake is about 350 kcal from the fermented vegetable juice.
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Peripheral blood was collected on days 1 and 4 for routine

biochemical analyses and for the determination of insulin serum
levels, glucagon, and other hormones. Glucose and BHB were
measured every morning by the finger-tip blood. The participants

registered at noon on the first day. After check-in, health check-up

Table 2: Changes in glucose and BHB during 4-day fasting.

was done by the Body Composition Analyzer (Tanita, Tokyo, Japan)

which measured body weight, fat volume, muscle volume, water
contents, estimated bone weight, basal metabolic rate and body

mass index (BMI), based on the electric impedance. Blood pressure and pulse rate were measured by Omron HEM-7021 (Kyoto,
Japan). Each participant was requested to fulfill the health check-

up sheet, including subjective psychological symptoms by 3 categories (not feel, feel, strongly feel), such as headache, hungry, GI
distress, nausea, fatigue, disgust or depression, general condition,
vivid feeling, activity, and skin condition.

Statistical Analysis

All data were collected in the Excel database and transferred to

SPSS version 20 (IBM SPSS, Tokyo, Japan). Non-parametric variables, such as mood, were replaced to categorical variables. Significant level was set at p<0.05. We also used structural equation

Figure 2: Individual change of blood glucose and BHB level.

modeling (SEM) to examine presumptive underlying variables by

AMOS version 19 for Windows (IBM Inc.). The analysis was performed using cross-lagged effects variation model with longitudi-

Although headaches, hunger, GI tract distress, emesis, depres-

nal data followed over one month. Estimation of the best fitting

sion, and cold feeling occurred toward the 2nd day of fasting, these

ues were less than 0.05.

common complaint in females but their improvement is better than

model was carried out by the method of maximum likelihood of
SEM. Results were regarded as statistically significant if the p val-

Results

The total number of participants to the program was 233; 44

males and 189 females (Table 1). The mean age was 43.9 +/- 9.2
years old in males and 46.6 +/- 12.5 in females. Body weight was
63.6 +/- 2.6 kg in males and 55.4 +/- 3.6 in females.

symptoms dramatically disappeared at the 3rd day, and active and

vivid feeling increased on the 4th day and after. Headache was a
that of males by fasting.

BMI was 24.3 ± 2.3 in males and 21.8 ± 3.3 in females on the

first day (Table 3). Body weight decreased from 55 kg to 53.5 kg in

females, and it continued at least one month later. Waist circumference decreased from 85 cm to 82 cm on day 4, and it also continued

for one month. Body weight reduction was 2.5 kg in males and 1.7
kg in females. Body fat rate decreased by 0.8% and 0.7% in males

and females, respectively, and muscular weight decreased 1.3 kg in
males and 0.8 kg in females.

Table 1: Number of participants by sex and age category.

BHB in the blood increased from 0.3 ± 0.2 mM at the day 1 to 2.0

± 1.2 mM at the day 4 of fasting, while the glucose level decreased
from 5.6 ± 1.6 mM to 3.9 ± 1.3 mM at 4 day (Table 2). According
to the increase of blood ketone bodies, urinary excretion of median acetylacetate increased to 40.9 mM (7.76-159.2) (min-max),

Table 3: Changes of body composition by 4-day wellness fasting.
4).

Blood pressure during fasting continuously decreased (Table
Systolic blood pressure decreased 12 mmHg in both males and

BHB 25.1 mM (2.72-597.0) and total ketone bodies 66.1 mM (10.5-

females, and 5 mmHg and 6 mmHg in diastolic pressure in males

the 14 day (10 days after fasting).

ture decreased 0.2 –0.3 C in both sex (Figure 3).

756.5) on the 4th day. Individual difference of BHB increase was
present (Figure 2). These values returned to 0.16 mM (0-10.1) on

and females, respectively. On the contrary, the median pulse rate
increased 10/min in males and 7.5/min in females. Body tempera-
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By correlation analysis, BHB difference only correlated to the

body temperature and pulse rate, and glucose decrease correlated
with lowered diastolic pressure (Table 5).

Table 4: Changes of blood pressure and pulse rate during 4-day

fasting and 1 month later Sysbp; systolic blood pressure at 1,2,3,4
day, 1week and 1month later, diabp; diastolic blood pressure,
puls; pulse rate at the same interval.

Table 5: Correlation analysis between changes of body
composition and circulatory index

Tempdf; difference of temperature between the 1st and 4th
day, bmidif; difference of BMI, dfat; difference of fat %,

musdif; difference of muscle volume, watdif; difference of
water %, bmrdif; difference of BMR, sysdiff; difference of

systolic blood pressure, diadiff; difference of diastolic blood
pressure, pulsidff; difference of pulse rate.

Changes in blood pressure and pulse rate were influenced by

age category (Figure 4).

Figure 4: Changes in blood pressure and pulse
rate by age category.

Older age group more than age 60 years was hypertensive on

day 1, although the pulse rate was lowest among the age groups, it

improved rapidly toward the 4th day in both systolic and diastolic

blood pressure. Even after one month, it remained within the nor-

mal range. On the contrary, increased pulse rate rapidly returned to
the 70/min by stopping fasting.

Figure 3: Changes in blood pressure, pulse rate, and body

temperature during 4-day fasting and after 1 week (1W) and 1

month (1M). SBP; systolic blood pressure, DBP; diastolic blood

Chief component analysis to find factors of these changes by fur-

ther analysis could extract 3 axis (Table 6).

pressure, PULS; pulse rate, TEMP; body temperature.
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The causal structure in which blood pressure stabilized through

physical condition was high fitness degree, in which 63% can be explained. However, in the stabilization of blood pressure one month

later, different mechanisms were observed depending on age. Gender analysis is planned to be analyzed after increasing the number
of cases.
Table 6: Chief component analysis of biomarkers

BMR1M; BMR at 1month after fasting, WATER4%, body water

% at the 4th day, BFAT1M%; body fat composition at 1 month,
SBP1M; systolic blood pressure at 1 month, DBP1M; diastolic
blood pressure at 1 month, TEMP1M; Body temperature at 1

month, MUSCLE1M; muscle volume % at 1 month, PULSE5; pulse
rate at 4th day, FEEL1M; feeling at 1 month, VIVID1M; vivid
feeling at 1 month.

The structural equation modeling (SEM) to examine presump-

tive underlying variables by AMOS. The latent variable "BP1M" as-

sociated with systolic blood pressure and diastolic blood pressure
one month after fasting was directly defined as the blood pressure
"BP 1" on the first day of fasting and from the normalized estimated value of 0.90 under 49 years of age directly.

Even over 50 years old, the standardization estimate was 0.54

and it was a high expectation (Figure 5). From the pulse rate "PLSE

234" to "BP 1 M" on the 2nd, 3rd, and 4th fasting days, the standard-

ized estimated value of -0.36 was found directly below the age

of 49, indicating a direct effect of lowering the blood pressure.
However, at the age of over 50 years, it increased + 0.40 and "BP

1 M" rather. However, over the age of 50 years, from "PLSE 234",

through the reduction of "BODY 4" on the fourth day of fasting related to BMI and muscle and water, the overall effect on "BP 1 M"

is -0.46 × 0.41. It was shown that blood pressure of 0.19 and one
month was decreased by the total effect.

According to this model, 1-month blood pressure, BPM1, under

49 years old could explain 91%, and 50 years old or older the fit-

ness of this model is NFI = 0.788, CFI = 0.903, and RMSEA = 0.093,
so a significantly high degree of conformity was obtained.

Discussion

Current global mortality from noncommunicable diseases

(NCDs) remains unacceptably high. Thirty-eight million people

die each year from NCDs, mainly from cardiovascular diseases,
cancers, chronic respiratory diseases, and diabetes. Over 14 mil-

lion deaths from NCDs occur between the ages of 30 and 70, of

which 85% are in developing countries. These premature deaths
are largely preventable by implementing simple measures which
reduce risk factors for NCDs. Hypertension is the largest preclinical
basis of cardiovascular diseases and could be controlled by changes
in life habits.

So far, the low sodium diet has been recommended to improve

hypertension. The decrease of blood pressure by fasting was an im-

pact. We have supported basically macrobiotics, which was elaborated to take the balance of food, physical activity and keeping a

mind to achieve a spiritual life. It is relevant to the Koda’s fasting
therapy [10], in which unpolished brown rice and green vegetable

paste constitute the basic regimen, and it improves the intestinal
environment by resolving constipation. Koda’s method could re-

pair the balance of the autonomic nervous system, so it may not
only be effective for gastrointestinal disease, but also for some neurodegenerative diseases.

Four days fasting-induced hyperketosis without concurrent

clinical symptom. The magnitude of changes in ketone body concentrations correlates with the levels of insulin, glucose, free fatty

acids, and several hormones [9]. Very stable glucose levels, even
though at the hypoglycemic level, were noteworthy under ketogen-

ic change during fasting. Fasting caused hyperketonemia, but the
degree was different by individuals. Enhanced ketone body production occurred when the blood glucose level was less than 4.5 mM
(90 mg/dl). The urinary excretion of BHB/acetylacetonate (AcAc)

ratio increased from 0.56 among low ketone producers and 3.36
Figure 5: The structural equation modeling by AMOS.

Legacy effects of blood pressure one month later could be

explained by the combined blood pressure of Day1, pulse rate

and body composition of the Day 4. The contribution of pulse rate
is reversed under 49 years of age and over 50 years of age.

among high ketone producers. The highest excretion of ketone bodies into the urine was 756 mmole/g creatinine. We suggested that

the contribution of intestinal microbiota was also important [11-

13]. The involvement of intestinal microbiota may be a cause of the
BHB individual difference. Our study clarified that hyperketonemia
showed a correlation with pre fasting microbiota profile.
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High BHB level showed an association with family Enterobacte-

3.

duction seemed to be independent of butyrate pathway in the gut.

4.

riaceae directly or indirectly. The dominance of Enterobacteriaceae

seemed to suppress butyrate-producing bacteria. So, the BHB proThe increased BHB seemed to influence both mental and so-

matic symptoms.

BHB is reported to be produced in the liver, kidney, and astro-

5.

cytes in the brain. Each organ would have its own chronological

time in metabolism. Fasting would synchronize these gaps to improve the vivid and active feeling. The active and vivid feeling in-

creased on the fourth day, and it lasted even one month later. The
changes in mood were related to body change. Headache was the
most popular symptom, as one-third female participants had a

slight headache at the registry, but it remarkably improved by fasting. Hungry and GI distress, nausea appeared on the second and
3rd day, but these also improved toward the end.

Blood pressure was controlled by the complex network, and it

was different by age category. In older age it seemed to be more
influenced by body composition. Reset of many sensors inside the
body by fasting would be an effective way to synchronize visceral
time.

Conclusion
As the legacy effects of wellness fasting, we recognized improved

lifestyles, normalized blood pressure, and increased diversity of intestinal microbiota. Metabolic changes inside the body should affect the chronomedical rhythm, and organ-specific chronological

time could be harmonized by fasting. Dietary intervention is effective for the continuation of a good healthy state.
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