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Abstract

Objective: This study aimed to evaluate the value of the flexible fasting (FF) technology in helping hypertension improvement in patients with essential hypertension
and obesity.

Method: We recruited and ultimately selected 86 volunteers with essential hypertension and obesity in this study as a quasi experiment. The volunteers went through
three phases, namely, the baseline anti-hypertensive therapy stage (Phase-1), the FF intervention stage (Phase-2), the normal diet recovery stage (Phase-3), each for
seven days. During the Phase-2, all subjects fasted and began to substitute the FF food for conventional food. Patients' systolic/diastolic blood pressure (abbreviated as
SBP/DBP), body mass index (BMI) and body weight were monitored in details each day. The trial data of all subjects were statistically analyzed using self-controlled
designs.

Result: After the FF intervention, the subjects' blood pressure, body mass and BMI all showed naturally decreases by comparison to that before the intervention.
The remarkable decreases in SBP/DBP, Body Mass and BMI were observed in Phase-3 after FF intervention when compared to Phase-1 [SBP: (115.2+8.492)
vs (121.2#13.72) mmHg, q=34.14, P<0.001]; [DBP: (76.03+5.37) vs (78.36+7.094) mmHg, q=10.96, P<0.05)]; [Body Mass: (68.86+13.04) vs (73.11+13.49)kg,
q=61.56, P<0.0001]; [BMI: (25.42+3.359) vs (27.03%3.45) kg/m?, q=100, P<0.0001]. All patients did not experience any discomfort or symptoms during the trial.

Conclusion: The FF technology is an effective approach to improve hypertension.

Introduction

Hypertension is the most common cardiovascular disease (CVD)
and a major public health dilemma worldwide. With the rapid growth
of China's social and economic level, the prevalence of cardiovascular
diseases in China is also continuously raising. Hypertension is one
of the most important causes of CVD mortality because of its high
prevalence and concomitant vascular risks [1]. This is closely relevant
to the improvement of the Chinese public's living standards, changes
in diet structure and living habits [2]. Current data demonstrated that
Chinese adults with cardiovascular disease had a 30% mortality rate in
2010 [3].

So far, there are some non-drug treatments for hypertension:
improving lifestyle, such as weight loss, salt restriction, reasonable
diet, smoking cessation, alcohol restriction, psychological adjustment,
applicable exercise, efc. There are treatments of antihypertensive agents,
for example, renin angiotensin system aldosterone antagonist medicine
(Angiotensin-Converting Enzyme Inhibitors, receptor antagonist,
renin antagonists and mineralocorticoid receptor antagonist), diuretics,
receptor inhibitors, and calcium channel blockers, etc. [4]. Although
these treatments have some therapeutic effects, for most patients,
their success rates of the blood pressure control are not satisfactory,
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and patients’ blood pressures do not all meet the recommended level.
Therefore, the innovation and progress rate of hypertension treatment
methods are still slow, and the growing prevalence of hypertension
attaches great importance to the necessity of concentrating on various
strategies to hypertension prophylaxis and management [5].
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Overweight and obesity are the main causes of chronic diseases
such as essential hypertension [6]. Mohamad-Reza Sedaghat and other
scholars have also stated that changes in body mass index (BMI) are
significantly correlated with blood pressure, therefore, body weight
control will help reduce the incidence of essential hypertension [7].
Reducing energy intake is one of the effective weight control methods,
but long-term low energy intakes are inevitable to produce unbearable
hunger sensation [8-11].

In our previous studies, we applied the mixture of plant
polysaccharides and dietary fiber (named as the flexible fasting
(FF) food which containing dietary fiber, Chinese caterpillar
fungus polysaccharide, Panax ginseng polysaccharide, Ganoderan
polysaccharide, algal polysaccharide, hericiumerinaceus
polysaccharide, lyciumbarbarum polysaccharide) to feed the gut flora,
and found unexpectedly that the feeling of subjects’ hunger sensation
was reduced or even naturally disappeared [12,13]. According to these
issues, we hypothesized that hunger sensation might be caused by the
gut flora digesting the gastrointestinal mucosa to obtain the carbon
sources as energy for themselves to producing offsprings [14]. The
scientific hypothesis that “hunger sensation comes from gut flora” was
put forward in recent years [13,15-18]. Based on this hypothesis, we
developed the flexible fasting (FF) technology which is different from
the traditional fasting method by using the plant polysaccharides
and dietary fiber instead of normal food, to help fulfill the process of
fasting. We found that those patients who suffered from obesity with
essential hypertension also had a decrease in blood pressure after the FF
intervention, in addition to their body weight and BMI value. Therefore,
this paper designs and illustrates the FF technology in improving the
hypertension.

Patients and methods
Patient eligibility

This study was conducted and implemented in the Department of
Cardiovascular Medicine by the First Affiliated Hospital of Guangxi
Medical University. According to the diagnosis of "2010 Chinese
hypertension guidelines” [19], 86 patients with essential hypertension
were recruited as volunteers to carry out the study on the improvement
of hypertension with the FF technology. The subjects ranged in age
from 19 to 67, including 34 males and 52 females. All subjects took
antihypertensive agent regularly and their blood pressure was stable.
The volunteers' BMI ranged from 19.66 to 33.74 kg/m?. In accordance
with the world health organization (WHO) revised BMI standards for
Chinese adults, 68 overweight individuals in this study accounted for
79% of the total number of subjects [20].

The main exclusion criteria were: Systolic Blood Pressure
(SBP) >185 mmHg; taking >2 antihypertensive agents; secondary
hypertension and hypotension of any etiology; postural hypotension;
severe cardiopulmonary, liver, kidney and/or other important organ
dysfunction; severe cerebrovascular disease; severe osteoarthrosis such
as fracture; other diseases that affect diet and exercise; mental illness;
the volunteers were pregnant or nursing.

Protocol of the one-week flexible fasting (FF) technology

The one-week FF technology is a special low-calorie dietary culture,
in which normal diet at per meal was replaced by prebiotics formula
(energy level: 113.4 KJ/10g), without any nutriment, all-embracing the
five cereals (rice, two kinds of millet, wheat and beans) and other food
containing protein or fat for one-week. During the one-week FF, their
routine activities including working, resting kept normal habit.

Trends Med, 2019 doi: 10.15761/TiM.1000204

Study design

This was a 3-week phase, open-label study to evaluate the effect
of FF technology in subjects with essential hypertension. The study
was launched from Jun 2016 and Dec 2016 and included the baseline
anti-hypertensive therapy stage (Phase-1), the FF intervention stage
(Phase-2), the normal diet recovery stage (Phase-3). Each of these
phases persisted in one week. A total of 86 eligible subjects were
enrolled in the self-controlled design study. The study was approved by
the institutional review board or ethics committees and was conducted
according to the Declaration of Helsinki and Good Clinical Practice
guidelines. All subjects gave written informed consent to participate in
the study. The trial allowed all volunteers to withdraw from the trial
at any time for any reason. Finally, 86 subjects completed the study
successfully.

The subjects continued to receive the original baseline anti-
hypertensive therapy in the course of the Phase-1 before the intervention
of FF for one week to maintain stable blood pressure. In the second
stage, the FF stage (Phase-2), the volunteers used the FF food to replace
normal diet for a week. The method of consumption of the FF food is
10 g per meal, 3-4 meals per day, mixed with warm water and taken
orally directly. As the SBP was observed to be lower than 110 mmHg
sometimes during the phase-2 of FF intervention, we suggested the use
of anti-hypertensive drugs should be reduced or discontinued, and the
stability of blood pressure should be intently monitored. It is important
to ensure adequate water intake during the intervention stage, and a
daily amount of 3000 to 5000 ml were recommended. At the end of FF
administration, subjects resumed a normal or light diet, and the semi-
liquid diet is suggested during the first part of this period to adapt to the
recovery of gastrointestinal digestive function, and afterward gradually
return to a light or routine diet. Body weight was assessed by weighing-
machine in the morning. In addition, blood pressure data measured
with sphygmomanometer between 6~10 o'clock and 16~20 o'clock
were recorded as the key records.

Either a standard mercury sphygmomanometer or a certified
automated and calibrated blood pressure device was used, as well as
appropriate cuff size. In case the auscultation method was used, SBP
and DBP were measured at Korotkoff Phase I and V, respectively. Every
effort was made to standardize the conditions of clinic BP monitoring
[21]. The trial data of all subjects was statistically analyzed using self-
controlled designs as a quasi experiment.

Endpoints

The primary outcome was differences in systolic and diastolic mean
BP values, and differences in body weight and BMI. Safety was evaluated
by recording any adverse events, notably: drowsiness, dizziness, nausea,
headache, weakness and/or rash.

Statistical analysis

Statistical analysis was performed using commercially available
software (SPSS Version 20.0). Data are expressed as means + standard
deviation. The data of body weight, BMI, SBP, DBP at different time of
points of each phase were analyzed by multifactor analysis of variance
(Two-way ANOVA). Provided that it was statistically significant, the
SNK-q test was used for comparisons between each of groups. The level
of statistical significance (P-value) was set at 95% (a=0.05). P>0.05
was considered as statistically insignificant. P<0.05 (*), P<0.01(**),
P<0.001(***), P<0.0001(****) respectively take into account as
statistically different.
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Results
Efficacy and safety

The mental tension of some subjects was shown at the beginning
of the FF trial, and thereafter the subject discomfort gradually
disappeared after the subjects got used to the trial form. None of the
volunteers experienced sleepiness, dizziness, nausea, headache, general
tiredness and/or rash during the three stages of the study. Finally, all 86
volunteers with hypertension and obesity achieved the FF technology
trial to reduce blood pressure, body mass and BML

Trends of body weight

The subjects’ body weight was relatively stable during the first
seven days of the study. Subsequently, the diurnal decline in body
weight became apparent after the onset of the FF intervention. The
slight upward trend of the curve was seen within seven days after the
resumption of diet, as shown in Figure 1.

After the completion of the trial, we compared the body weight
values of each phase and made a statistical analysis. It was found that the
mean body weight was decreased significantly after the FF intervention
stage, as shown in Figure 2.

The remarkable decrease in body weight after FF was significantly
larger in Phase-2 than in Phase-1 (q=39.73, P<0.0001), was significantly
larger in Phase-3 than in Phase-1 (q=61.56, P<0.0001), and was
significantly larger in Phase-3 than in Phase-2 (q=21.83, P<0.0001), as
shown in Table 1.

Trends of body mass index (BMI)

As shown in Figure 3, the BMI curve shows decline in the FF stage
and slight increase in the normal diet recovery stage day-to-day. The
results of mean BMI data analysis of 86 volunteers were summarized,
and it was found that BMI was decreased significantly after the
intervention of FF technology, as shown in Figure 4.

The mean BMI value in Phase-2 was significantly lower than that
in Phase-1 (q=65.07, P<0.0001), and that in Phase-3 was significantly
lower than that in Phase-1 (q=100, P<0.0001), and that in Phase-3
was significantly lower than that in Phase-2 (q=34.97, P<0.0001). The
differences between these stages were statistically significant, as shown
in Table 1.
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Figure 1. Diurnal change in body weight
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Figure 4. Periodic changes in BMI

Trends of SBP/DBP in ante meridiem

In order to avoid the effect of physiological blood pressure
fluctuation in the morning and evening on the test results, the blood
pressure values were measured at 6~10 o'clock and 16~20 o'clock
respectively in this study.

The systolic/diastolic blood pressure records in ante meridiem are
shown in Figure 5. It can be observed that the SBP/DBP decreased day
by day from the beginning of the FF technology intervention, and that
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Table 1. Outcomes of pairwise comparison of data in three phases of the flexible fasting technology trial

Variables Phase comparison N q value p value
Phase-1 Phase-2 Phase-3 Phase: Phase: Phase: Phase: Phase: Phase:
1vs2 1vs3 2vs3 1vs2 1vs3 2vs3
Body Mass,kg | 73.11+13.49 70.37+13.07 | 68.86+13.04 86 39.73 61.56 21.83 P<0.0001 P<0.0001 P<0.0001
BMLI, kg/m* 27.03+3.45 25.98+3.376 | 25.42+3.359 86 65.07 100 34.97 P<0.0001 P<0.0001 P<0.0001
SBP-AM, 121.3+13.93 116.7+10.02 115.3+8.425 86 7.137 9.297 2.16 P<0.001 P<0.0001 P>0.05
mmHg
DBP-AM, 78.06+7.991 76.58+6.184 | 76.29+5.309 86 4.896 5.831 0.9354 P<0.01 P<0.001 P>0.05
mmHg
SBP-PM, 121.1+13.72 116.2+10.48 115+8.954 86 19.71 24.58 4.868 P<0.0001 P<0.0001 P<0.01
mmHg
DBP-PM, 78.66+£7.076 | 75.39+6.526 | 75.77+£5.935 86 11.39 10.04 1.351 P<0.0001 P<0.0001 P>0.05
mmHg
SBP-All Day, | 121.2+13.72 116.5+10.12 115.2+8.492 86 26.8 34.14 7.344 P<0.0001 P<0.0001 P<0.0001
mmHg
DBP-All Day, | 78.36+£7.094 | 75.98+5.834 76.03£5.37 86 11.2 10.96 0.2461 P<0.0001 P<0.0001 P>0.05
mmHg

N: Number; Phase-1: The baseline anti-hypertensive therapy stage; Phase-2: The flexible fasting intervention stage; Phase-3: The normal diet recovery stage; BMI: Body mass index;
SBP-AM: Systolic blood pressure in ante meridiem; DBP-AM: Diastolic blood pressure in ante meridiem; SBP-PM: Systolic blood pressure in post meridiem; DBP-PM: Diastolic blood
pressure in post meridiem; SBP-All Day: All-Day systolic blood pressure; DBP-All Day: All-Day diastolic blood pressure

a slight upward curve of the SBP/DBP after the normal diet recovery

stage was observed. 1409 ) -~ SBP-AM
-= DBP-AM

After the mean SBP-AM data of each stage were compared in pairs, 130+
it was found that there was a significant difference in the decrease of
the SBP-AM after the FF intervention, as shown in Figure 6. In each
phase pair, SBP-AM was significantly lower than Phase-1 in Phase-2
(q=7.137,P<0.001), and was significantly lower than Phase-1 in Phase-3
(9q=9.297, P<0.0001), but was insignificantly lower than Phase-2 in
Phase-3 (q=2.16, P>0.05), as shown in Table 1.
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According to the mean DBP-AM data shown in Figure 7, the
decreasing trend of DBP was apparent after the intervention of FF
technology. In each phase pair, the DBP-AM in Phase-2 is significantly
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After the mean DBP-PM data of each stage was compared in
couples, it was found that there was a significant difference in the
decrease of the DBP-PM after the FF intervention, as shown in Figure Trends of all-day SBP/DBP

10. Additionally, the DBP-PM in Phase-2 has obvious decline relative The changes of SBP-AM, DBP-AM, SBP-PM and DBP-PM were
to the phase-1 (q=11.39, P<0.0001), while in phase-3 relative to the (- . ' obtain the mean all-day SBP and DBP data. The SBP-
phas.e—l is significantly downwar d.(q.:10.94, P<0.0001), but in phase-3 4] Day and DBP-All Day decreased significantly during the week of FF
relative to the phase-2 has no statistical differences (q=1.351, P>0.05), intervention, while was maintained during the week of diet restoration,
as shown in Table 1. as shown in Figure 11.

Figure 6. Periodic changes of SBP in AM
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Figure 9. Periodic changes of SBP in PM

According to the mean SBP-All Day data shown in Figure 12,
the decreasing trend of that was apparent after the intervention of FF
technology. The SBP-All Day in Phase-2 has obvious decline relative to
the Phase-1 (q=26.8, P<0.0001), and in Phase-3 relative to the Phase-1
has significant decline (q=34.14, P<0.0001), while in Phase-3 relative
to the Phase-2 also has a significant difference (q=7.344, P<0.0001), as
shown in Table 1.
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The mean DBP-AIl Day value showed a decreasing trend by stages,
and the statistical analysis illustrated that the DBP-AIl Day decreased
significantly after the FF intervention stage, as shown in Figure 13. The
DBP-AIl Day in Phase-2 was significantly lower than that in Phase-1
(q=11.2, P<0.0001), while in Phase-3 was significantly lower than that
in Phase-1 (q=10.96, P<0.0001), but in Phase-3 is insignificantly lower
than that in Phase-2 (q=0.2461, P >0.05), as shown in Table 1.
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Discussion

It is an indisputable fact that the prevalence of essential
hypertension has increased rapidly in China. Today's health care
system has to develop a set of relatively mature diagnosis and
treatment of essential hypertension, but sometimes it is inconvenient
in clinical application, since the patients must either adhere to lifelong
medication, or put to use a combination of several antihypertensive
agents, and the majority of the patient's level of blood pressure was not
fully under control and is accompanied by an array of hypertension
complication [22]. As a matter of fact, the treatment of essential
hypertension is not optimistic. At present, the medical community
has begun to cultivate the healthy lifestyle to assist anti-hypertensive
drug treatment as a breakthrough point to improve the current
situation [23,24]. Some researchers believed that the body weight is
closely relevant to patients' blood pressure levels, and advocate the
use of weight loss, dietary fiber and other ways to intervene in chronic
diseases such as hypertension and diabetes [25-27]. Therefore, one of
the most critical and common ways to improve the lifestyle is calorie
restriction.

It is well known that the trational Chinese style of fasting, named
bigu, is a classic method of calorie restriction with Chinese Taoist
characteristics [28]. Bigu, which was literally interpreted as avoiding
grains or abstaining from five cereals in the Encyclopedia of China, is a
Taoist fasting technique developed in context of Taoist philosophy and
has been used in ancient China to seek longevity and even immortality
[29-31]. Over the past century caloric restriction in international
basic medical researches fully confirmed that calorie restriction can
be effective anti-aging and treatment of various chronic diseases, but
the clinical application is extremely insufficient because of the strong
hunger dilemma in the process of caloric restriction [32]. To address
this issue, the FF technology introduced in this paper has solved this
bottleneck. Naturally, in this study, we used the FF food to control
patients' blood pressure levels, using FF technique and the results were
consistent with expectations. Obviously, the basis of the study is the
unexpected discovery that use of the FF food can significantly alleviate
or even eliminate the hunger sensation, which in turn provide direct
evidences that the hunger sensation might come from gut flora.

The SBP, DBP, body mass, and BMI of all subjects in this study were
significantly reduced after a week of FF intervention. When a week
after resuming normal light diet, both body weight and BMI were lower
than those before intervention, and systolic/diastolic blood pressure
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remained low. This suggests that if the subjects continued to maintain
a good lifestyle after the FF intervention, their blood pressure, weight
and BMI would probably remain normal. Some scholars also believe
that the decrease of body weight, waist circumference and BMI can also
influence the significant decrease of systolic/diastolic blood pressure
[7,20], which is consistent with the results of this study. In this study,
the body weight and BMI were significantly decreased during the FF
phase, which was caused by the decomposition and consumption of fat
reserves. Dietary fiber and plant-based polysaccharide in the FF food
can reduce the intake of salt, increase the discharge of Na', inhibit the
rise of blood pressure, and finally lead to a significant decrease in SBP/
DBP level of volunteers [33-35].

At present, quite a few scholars claim that the risk factors of
essential hypertension are highly correlated with the imbalance of
gastrointestinal flora, which is likely to be the environmental factors
of hypertension [36-39]. Therefore, we may be able to understand
the mechanism of FF technology to reduce blood pressure through
the recovery of intestinal flora disorder. The identification of plant
polysaccharide as a regulator of gut microbiota has received more
and more approvals [40-42]. According to previous studies in our
laboratory, the FF food mainly composed of plant polysaccharide
that has beneficial evident effect on gut microbiota [43,44]. Therefore
it is reasonable to conclude that when we use the FF technology to
improve hypertension environmental factors to adjust and optimize
the gastrointestinal flora, we can achieve indirectly the decrease in the
level of blood pressure of hypertension patients.

Perspective

Because of the gut flora dysbiosis in patients with essential
hypertension reported in the academia should be identifed based on
the 16S rDNA sequencing with bioinformatics analysis, further works
should be focused on the relationship between chronic diseases and
gastrointestinal flora disorder to bridge the gap between the the status
of gut flora and the human health [37,38,45-48].

Conclusion

In this study, patients with essential hypertension, who were in the
baseline anti-hypertensive treatment, adopted a novel way to help them
to conquer the disease, finally their SBP/DBP levels, body weight and
BMI were controlled reasonably after the intervention of FE. This may
revolutionize non-drug interventions for essential hypertension from
an unconventional perspective. Although there was a small recovery
in body weight and BMI in course of the resume period of normal
or light diet, but not in SBP/DBP, which indicates that in order to
maintain the stability of blood pressure and other indicators, it is highly
recommended for us to continue to use a healthy lifestyle.

In addition, during the trial all participants did not experience
discomfort such as dizziness, nausea, etc., indicating the FF technology
can be used as a kind of safe and effective blood pressure control
method for clinical adjuvant therapy. Taken together, the FF technology
might provide an alternative choice for prevention and control scheme
of hypertension and other obesity-related chronic diseases, which is
also of great significance to the international public health.
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