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Abstract

Purpose: Considering the fact that not only the human body itself need food to maintain the growth but also the gut flora need their own food for proliferation, we
developed the Flexible Fasting (abbreviated as FF) technology, which the normal diet was replaced by polysaccharide composition per meal.

Methods: There are two phases in this study: FF for the first week followed with normal diet for next week. We recruited 65 volunteers to evaluate the safety of one-
week FF in weight loss, as well as the changes of the gut flora.

Results: No obvious subjective adverse effects were observed. As expected, the one-week FF approach significantly reduced body weight, waist circumference, total
body fat, and caused blood pressure, glucose, total cholesterol, IL-6, C-reactive protein, white blood cell decrease in normal physiological ranges. Meanwhile, there was
no negative changes in electrolytes and trace elements, blood routine examination, liver and kidney function indexes, myocardial enzymes. By the way, almost all of the
volunteers self-reported slight hunger feeling during the one-week FF. We further examine the changes of gut flora. Interestingly, the 16S rRNA sequencing analysis
showed increase of the bacterial complexity after one-week FF operation. The abundances at different levels were clearly observed, for example 19 genuses showed
different abundances, including increased Bifidobacterium (p=0.056), Akkermansia (p=0.016) and decreased Clostridium (p=0.001), Bacteroides (p=0.016), Sutterella
(p=0.048) and Prevotella (p<0.001). When resuming normal diet for 7d after one-week FF approach, changes in abundances at different levels almost resumed except

Bacteroides (p=0.024), Sutterella (p=0.027).

Conclusions: Thus, the one-week FF approach with Plant Polysaccharides seemed to be a feasible, safe, and effective way for weight loss.

Abbreviations: ALB: Albumin, ALP: Alkaline Phosphatase,
Alpha-HBDH: Alpha-Hydroxybutyrate Dehydrogenase, ALT: Alanine
Aminotransferase, AST: Aspartate Transaminase, BMI: Body Mass
Index, BMR: basal metabolic rate, CHO: Total Cholesterol, CK:
Creatine Kinase, CK-MB: Creatine Kinase Isoenzymes MB, Cr:
Creatinine, DBIL: Direct Bilirubin, DBP: Diastolic Blood Pressure,
FF: Flexible Fasting, FBG: Fasting Blood Glucose, FINS: Fasting
Serum Insulin, GGT: Glutamyl Transpeptidase, GLB: Globulin,
HDL-C: High Density Lipoprotein Cholesterol, HGB: Hemoglobin,
HOMA-IR: Homeostasis Model Assessment for Insulin Resistance,
hs-CRP: Highly Sensitive C-Reactive Protein, IBIL: Indirect Bilirubin,
IL-6: Interleukin-6, KET: Urine Ketone Bodies, LDH: Lactate
Dehydrogenase, LDL-C: Low Density Lipoprotein Cholesterol, LY:
Lymphocytes, m-AST: Mitochondrial Aspartate Transaminase, NEUT:
Neutrophilic Granulocyte, OTU: Operational Taxonomic Units, RBC:
Red Blood Cell, SBP: Systolic Blood Pressure, TBIL: Total Bilirubin,
TG: Triglyceride, TP: Total Protein, UA: Uric Acid, WBC: White Blood
Cell, WC: Waist Circumference

Introduction

It is well known that the soaring global obesity rate has been
considered as the most critical challenge to public health of the 21¢
century. There has been the largest amount of obese cohort in China
up to 2014 [1]. The rapid development of economics and associated
dramatic lifestyle changes have led to a substantial increase in the
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prevalence of obesity, accompanied by a decrease in physical fitness and
related non-communicable diseases (NCDs), including type 2 diabetes,
cardiovascular diseases, coronary heart disease (CHD) and cancer [2-4].

The water-only fasting, as the extreme form of caloric restriction
(CR), leading to lipolysis and ketogenesis, can help reduce obesity and
reverse multiple features of the metabolic syndrome in humans such as
the improvement of insulin sensitivity and decreasing blood pressure,
glucose and body fat mass [5]. However, water-only fasting is quite
difficult for the large majority of the population because of potential
adverse effects and insurmountable hunger sensation for the fasters
[6,7]. Mimics fasts with low caloric daily intake including low calorie
nutrient dense character of the diet, the plant or fresh vegetables-
based diet program or high unsaturated fat diets to satisfy the hunger
sensation and to prevent nutrient deficiency, could show beneficial
effects similar with those participating water-only fasting [8-13]. Dr.
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Johnstone regards intermittent fasting or alternate day fasting as an
option for achieving weight loss and maintenance [7]. Valter D. Longo
reported that three times of fasting mimicking diet (FMD) cycles
decreased risk factors/biomarkers for aging, diabetes, cardiovascular
disease, and cancer without major adverse effects, providing support
for the use of FMDs to promote health span [8,14]. Emerging findings
from studies suggest that increased timing of each meal can improve
health indicators and counteract disease processes [15].

However, as the rapid progresses in human microbiome studies, the
human body is currently known as a super-organism that is composed of
body cells and 10 times of more microbial cells [16]. Most of the current
fasting studies mainly focused on human body, and the fasting mimic
methods were the reduction of intake in major nutrients. However,
the gut flora is the complex community of microorganisms that live in
the digestive tracts of humans, including about 10" bacteria and 1000
bacterial species that play a beneficial role during normal homeostasis,
modulating the host's immune system as well as influencing host
development, physiology and metabolism [17-20]. Gut bacteria depend
fully on their host for providing the nutrients necessary for their growth
and proliferation, and a study using the gnotobiotic mouse model
shows that during chronic or intermittent dietary fiber deficiency,
the gut microbiota resorts to host-secreted mucus glycoproteins as a
nutrient source [21,22]. Currently, fasting mimic diet provide nutrients
for human body mostly not for homobium. Dietary fiber, as a nutrient
category that includes a broad array of polysaccharides that are not
digestible by human enzymes but decomposed by gut microbiota
complementary enzymes, provides an important substrate to the
community of bacteria [21,23-25]. Considering the fact that not only
the human body itself need food to maintain the growth but also the
gut flora need their own food for proliferation, we hypothesized that the
daily hunger sensation might come from the gut flora [26-28]. To test
this hypothesis, we developed the flexible fasting (abbreviated as FF)
technology, where the normal diet was replaced by special prebiotics
composition (mainly polysaccharide and dietary fibers) per meal
[29,30]. Theoretically, if we could see dramatic and beneficial changes
of the gut flora, then we will provide further data to figure out the
correlation between gut flora and the gut flora-related chronic diseases
in human beings.

Accordingly, we aimed to examine the effects of flexible fasting
(FF) for 7 days from the view of symbiont. Fluctuations of multinomial
indexes, including weight loss indexes, nutrient and metabolic
markers, functional indexes, cardiovascular parameters, inflammatory
parameters, fecal flora, and subjective indexes are carefully examined at
different time points to evaluate the safety and feasibility of prolonged
fasting for 7-day in 63 participants. The beneficial changes of gut flora
were also observed in our studies.

Results

General information of the population

Totally 65 volunteers (26 male and 39 female) were recruited in
this study. During the period of 7-day FF, 2 participants withdrew
from the study because of hypokalemia and noncompliance to the
FF, respectively. The following results are the indexes analysis of 63
participants whose age ranges from 15 to 57 years with an average of 36
+ 10. We counted the number of subjects with different characteristics
in sex, body weight, and chronic symptom (Table 1). An investigation of
their life style and daily diet based on questionnaire showed that lack of
physical exercise and irregular diet, including overeating, preference of
high-fat or high-protein diet, sweet food, or highly processed food, were
common among all of the volunteers. The abdominal ultrasonography
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Table 1. Characteristics of all participants who included in Statistics

Characteristics ‘(n =63)
Sex, n (%)

Male 25(39.7)

Female 38 (60.3)
BMI, n (means + SD)*

Mean (kg/m?) 2991 +5.11

<24 5(23.22+0.66)

24-28 20 (26.11 + 1.14)

>28 38 (32.79 £ 4.55)

Male (kg/m?) 32.60 £ 5.39

Female (kg/m?) 28.14+4.10
Blood pressure, n (%)

Normal 57 (90.5)

High blood pressure 6 (9.5
SBP (means + SD, mmHg)

Male 128+9

Female 120+ 15
DBP (means + SD, mmHg)

Male 80+ 10

Female 75+ 10
Fasting blood-glucose, n (%)

Normal 51(81.0)

High blood-glucose 12 (19.0)

Male (mmol/L) 6.27+1.86

Female (mmol/L) 5.63£0.62
Blood lipid, n (%)

Normal 33(52.4)

Dyslipidemia 30 (47.6)
HDL (means = SD, mmol/L )

Male 1.08 £0.16

Female 1.31+0.25
TG (means + SD, mmol/L)

Male 2.52+1.56

Female 1.62+1.08
LDL (means + SD, mmol/L)

Male 2.83+£0.52

Female 2.75+0.63
CHO (means + SD, mmol/L)

Male 4.77+0.93

Female 4.68 +0.84
Uric acid, n (%)

Normal 43 (68.3)

High uric acid 20 (31.7)

Male (umol/L) 468.8 + 86.9

Female (umol/L) 307.4+70.4

*The BMI is the weight in kilograms divided by the square of the height in meters

examination of 44 participants result showed that 72.7% (32/44) had
obvious signs of fatty liver diseases ranging from mild to severe levels.
After 7-day FF, the uric acid level of the volunteers was increased and
higher than the base level, and urine ketone bodies increased from
grade 0 to grade 1-3, and then recovered to the base level after seven
days’ normal diet, which indicated all of the participants compliance to
the current FF protocol.

Dramatic reduction in body weight, waist circuamference and
fat mass

As expected, the one-week FF operation resulted in an average
of body weight reduction with 4.49 kg (p< 0.001) and 1.58 kg/m?
reduction in BMI (Body Mass Index; p< 0.001), the 5.44 cm reduction
in waist circumference (p< 0.001) and 1.68 kg reduction in fat mass
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(p< 0.001). After resuming normal diet for next week, the body weight
increased but still remained lower than the base level (p< 0.001), and
waist circumference (p=0.108) and body fat mass (p=0.247) still kept
the same level as the end of one-week FE. Changes in weight-related
factors were summarized in Table 2. Although the volunteers consist
of normal weight cohort, overweight cohort and obese cohort, the
reduction of body fat mass (X?=1.865, p=0.393, Kruskal-Wallis H test)
and waist circumference (X?=0.631, p=0.729, Kruskal-Wallis H test)
had no significant difference among the three cohorts. The reduction
of fat mass had significantly statistical difference (p=0.019, Mann-
Whitney U test), while the reduction of waist circumference showed no
significant difference (p=0.821, Mann-Whitney U test) between males
and females.

Subjective assessment during FF and 7 d after resuming
normal diet

According to daily feedbacks, the participants ranging from 72% to
89% had no or only weak hunger sensation in one-week FF (Figure 1B).

Table 2. Changes of obesity-related factors in subjects. (n=63).

No significant difference was found in the degree of hunger sensation
between male and female (Mann-Whitney U Test, p=0.898). There was
no severe fatigue, no severe gastrointestinal discomfort among all of the
volunteers, except for that most of them had louder bowel sound and
increased intestinal exhaust (Figure 1C-E). In addition, feces were soft
and loose among most of obese volunteers during one-week FE. After
recovering with normal diet for 7 d, their routine activities kept as usual
and without gluttony.

Nutrient and metabolic markers

Compared with the levels between base (OW) and the time-point
after one-week FF (1W), the fasting blood glucose (FBG), fasting
insulin (FINS), triglycerides (TG) (p<0.001, Table 2) and serum urea
(p<0.001, Figure 2F) reduced adaptively and significantly, creatinine
(SCr, Figure 2E) significantly increased (p<0.001), and urine ketone
bodies increased from grade 0 to grade 1-3 (Figure 2C). When the
volunteers resumed normal diet for 7 d, FBG (p=0.023) was in low level,
triglycerides (p=0.797), FINS (p=0.103), SCr (p=0.55), and urine ketone

. oW W (1-0)" 2w+ @2-0y*
Variable p1& p2¢
Mean+SD  95% CI Mean+SD  95% Cl Mean (95% CI) Mean+SD | 95% Cl Mean (95% CI)
Weight (kg) 85.84£21.95 (80.32-91.37) |81.35+2146 (75.95-86.76) | -4.49 (-5.03t0 -3.95) |<0.001 |83.59+21.95 |(78.06,89.11) -2.26 (-2.66 to -1.86) <0.001
BMI (kg/m?) 2991+5.11 |(28.62-31.20) |2833+5.04 |(27.06-29.60) |-1.58 (-1.76 to -1.39) |<0.001 29.11+5.15 |(27.81-30.41) -0.8 (-0.94 to -0.66) |<0.001
Waist
citcumference  (97.9+13.9  (94.4-1014)  92.4+135  (89.0-95.8) 54(-6.1to -4.8) <0.001 (9294141  (89.4-96.5)  |-5(-5.710-4.2) <0.001
(cm)
Fatmass (kg) 3193+ 11.50 (29.04-34.83) 30.25+1239 (27.13-33.37) |-1.68 (-2.23to-1.13) | <0.001 30.01+ 1147 |(27.12-32.90) -1.92(-2.32t0-1.51) <0.001
Fat mass (%) 36.56+4.45 (3545-37.68) (36264531 |(34.92-37.59) -0.31(-0.89t00.28) 0429 [35.17+4.51 (34.04-36.31) -1.39(-1.76 to -1.02) <0.001
If;“ bodymass 53904 1136 (51.04-56.76) 511041018 (48.54-53.67) 2.8 (:34010-2.20) | <0.001 5348+ 11.36 |(50.62-56.34) -0.42(-0.90100.05) 0.068
I;f‘;" bodymass |3 464447 (6233-64.58) (63774532 (6243-65.11) 031 (370t0-2.54) 0439 6474464 63.57-6591) 128 (-1.00t0-0.01) <0.001
0
:1";:; Ef;)y MUSCe 4o 744 10.66 |(47.06-52.43)  46.71+£9.90 |(44.22-4921)  -3.03 (-3.62 t0-2.43) | <0.001 49.3610.63 (46.69-52.04) -0.38 (-0.84 10 0.09) 0.177
L‘j:sl E;‘)ly MUSCIe 50§11 420 (5743-50.59) 5815508  (56.87-5943) -036(-09710025) 0.111 59724440 (58.61-60.82) 12(0.7610 1.64)  <0.001
0
(Tk"gt?l body water 13504831 | (36.70-40.89) 3644+7.72  (34.49-38.38)  -2.36 (-2.83 10-1.90) |<0.001 38.50+829 (36.41-40.59) 03 (-0.6600.07) 0.18
(T;t)al body Water 45 641334 (44.80-4648) |4536£3.97  (4436-4640) 028 (-0.76100.19) 0.100 46.58+343 (45.71-47.44) 0.94(0.59t0 1.28)  <0.001
()
Resting energy (1501.8-
expenditure 1589.4252.0 (1525.9-16528) 153832443 (1476.8-1599.9) |-51.04 (-57.4 10 -447) <0.001 /156522518 | o 242(29.8 to -18.5) <0.001
(kcal/d) :
Diastolicblood 1, 5, 101 (74 8.80.0) 752478 (73.3-77.2) 2.1(4.1t0-005) 0034 73.8+100 (713-763) |-3.5(-55t0-1.6)  0.001
pressure (mmHg)
Systolicblood 1531 135 (1198:1264) 1167112 (113.9-119.6) 6.3 (-8.7 t0 -4.0) <0.001 118.0+13.7 (114.6-121.5) |-5(-7.5t0 -2.6) <0.001
pressure (mmHg)
Pulse pressure
difference 457485  (43.6-47.9) 415490 (39.2-43.8) 43 (-6.610-1.9) 0001 |442+£87  (42.0-464)  -1.5(-4.0t00.9) 0.236
(mmHg)
Fastingplasma 5 o0\ 1 59 |(5.56.621) 5.04+1.04  |(4.78-5.30) 20.84 (-1.10 t0 -0.58) | <0.001 |5.68+0.93  (5.45-5.92)  -0.2(-0.3610-0.04) 0.023
glucose (mmol/L)
(F:IS;‘/‘I‘nﬁ)‘“S“hn 17.81£13.94 (14302132) | 11.87£9.79  (9.41-1434)  |-5.94 (-8.67t0-3.20) |<0.001 15.80+10.51 (13.16-18.45) 2(-4.12t00.12)  0.103
HOMA-IR 476+3.96 | (3.76-5.76) 2814279  (2.11-3.52) 195 (279 to-1.11) |<0.001 |4.12+324  |(3.30-4.93)  -0.64 (-1.27t0-0.02) 0.056
(Tr:ilgffir)'des 198+136  |(1.63-2.32) 1244058  |(1.09-1.38) 20.74 (-1.02t0 -0.46) | <0.001 |2.00+ 1.35  (1.66-2.34)  0.02 (-0.28 t0 0.32) |0.797
(Tn‘i;“]o‘;}‘i’)lesw"’l 472087 |(4.50-4.93) 547122 [(5.16-5.77) 0.75(0.56 t0 0.94)  <0.001 |4.52+0.90  (4.29-4.74)  -0.2(-0.3410-0.06) |0.002
HDL cholesterol
(mmol/L) 1224024 (1.16-1.28) 101020  |(0.96-1.06) 021 (-02410-0.17) |<0.001 |1.13£022  (1.07-1.18)  -0.09 (-0.13 t0 0.05) |<0.001
LDL cholesterol
(mmol/L) 2784058  (2.64-2.93) 3694094  (3.45-3.92) 0.9 (0.74 to 1.07) <0.001 2.66+0.62 (2.51-2.82)  -0.12(-0.21 to -0.03) 0.013

*OW is the shorthand of point in 0 week before FF, 1 W is the shorthand of point after one-week FF, and 2W is the shorthand of point after normal diet for 7d. #(1-0) is factor value in IW
minus that in OW, and (2-0) is factor value in 2W minus that in OW. ¢ pland p2 values comparing within-point changes were calculated using paired two tailed Wilcoxon signed-rank test.
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Figure 1: General information of the participants during this study. A. The number of screened subjects and completers and the workflow for assessing the one-week FF based on subjective
evaluation and physiological profiles. FF (Flexible fasting). ND (Normal diet). B. Subjective hunger sensation evaluation in one-week FF (n=63). We set three adjectives to describe level
of hunger sensation, of which the mean of 19.2% of volunteers did not feel hunger sensation at all, 60.4% of volunteers felt weak hunger sensation, and 20.4% of volunteers felt strong
hunger sensation. C. Subjective sleep quality evaluation in one-week FF (n=63). Totally 84.9% of the volunteers fell asleep easily and shared well sleep quality. D. Subjective physical
evaluation in one-week FF (n=63). Totally 95.14% of the volunteers were in good physical condition. E. Subjective gastrointestinal evaluation in one-week FF (n=63). There were three
main gastrointestinal reaction, flatulence, louder bowel sound, increased intestinal exhaust, where the percentage were 8.8%, 28.1%, 33.8%, respectively. Besides, 9.4% of volunteers had a
stomach upset. F. Body weight loss effect of one-week FF (n=63). G. Body fat loss effect of one-week FF (n=63). H. Lean body mass effect of one-week FF (n=63). I. Waist circumference
reduction effect of one-week FF (n=63). All data are expressed as the mean + 95% Cl and evaluated by bioelectrical impedance analysis (BIA)

bodies returned to base level, and level of serum urea (p<0.001) was
significantly increased but still under base level. The plasma electrolytes
and trace elements, including serum sodium, serum potassium, serum
chlorine, serum calcium, serum lead, serum iron, serum copper, serum
zinc, serum magnesium, were examined to analyze whether there were
deficiency or not after one-week FE. As expected, our data indicated
that there was no impaired deficiency for these important indexes.
There were no statistically significant changes in levels of serum
chlorine (p=0.468), serum potassium (p=0.256), serum magnesium
(p=0.346), serum copper (p=0.412), and serum calcium (p=0.934)
after one-week FF. However, there was significant reduction in serum
sodium (p<0.001) and significant increase in serum lead (p<0.001),
serum zinc (p=0.013), serum iron (p=0.004) after one-week FE. Totally
about 50.8% of volunteers lacked serum calcium at base level and there
was a gradually increase of serum calcium after resuming normal food
intake for 7 d (Figure 3).

Hepatic and renal parameters

There was statistically significant increase in serum aminopherase
(p<0.01, Figure 4B-4C), alkaline phosphatase (ALP, p=0.019, Figure
4A), bilirubin (p<0.001) and albumin (ALB, p<0.001), along with
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significant decrease in glutamyltransferase (GGT, p<0.001, Figure 4D),
while no change in total protein (TP, p=0.994, Figure 4H), globulin
(p=0.379). Volunteers showed abnormal increase in AST (9.53%),
ALT (7.94%), TP (4.76%) and bilirubin (11.1%), all of which were
approximately twice or more than physiological indexes, and levels
of other hepatic parameters were decreased within the scope of the
normal physiological fluctuations at one-week FFE. All of the volunteers
gained improved indexes when resuming normal diet for 7 d compared
with the base level. Level of SCr (creatinine, p<0.001, Figure 2E) and
UA (uric acid, p<0.001, Figure 2H) was significantly increased, and the
level of serum urea (p<0.001, Figure 2F) was markedly decreased after
one-week FE. Specially, UA was twice or more than the base level as
commonly occurred in most volunteers. When the volunteers resumed
normal diet for 7 d, level of SCr (p=0.55) was in accordance with the
baselevel, UA (p<0.001) was recovered to be lower level than that of base
level, and level of serum urea (p<0.001) was significantly increased but
was still under base level. Meanwhile, routine urinalysis indicated that
there was no typical abnormal change compared to base level, which
were in consistent with the urine specific gravity (SG, p=0.902), the pH
value of urine (p=0.121) and buff urine. Urine ketone bodies increased
from grade 0 to grade 1-3 at the end of one-week FF (p<0.001) and
returned to base levels when volunteers resumed normal diet for 7 d.
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Figure 2: Non-enzymatic indexes of the participants (n=63) A. Fasting blood glucose (FBG). B. Fasting insulin (FINS). C. Urine ketone bodies (n=60). D. Triglycerides (TG). E. Creatinine
(Cr). E. Urea. G. Total protein (TP). H. Uric acid (UA). L. Systolic pressure minus diastolic pressure (S-D). J. Interleukin-6 (IL-6). K. High sensitivity C-reactive protein (hs-CRP). L. White
blood cell (WBC). The Physiological ranges are marked between the top and bottom dash imaging lines
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Cardiovascular parameters

For the level of blood pressure, significant reduction was observed
in levels of diastolic blood pressure (DBP, p=0.034), systolic blood
pressure (SBP, p<0.001) and pulse pressure difference (SBP minus DBP,
p=0.001, Figure 2I) after the one-week FF compared to the base level,
and stayed at the low level after normal diet for 7 d (DBP, p=0.265; SBP,
p=0.36; pulse pressure difference, p=0.055). Reduction of triglycerides
and high-density lipoprotein cholesterol (HDL-C) and increase of
low-density lipoprotein cholesterol (LDL-C) and total cholesterol were
observed almost in every instance after one week of FF (p<0.001).
Reductions of LDL-C and total cholesterol were observed after the
volunteers resumed normal diets (Table 2). There were no statistically
changes in level of CK and CK-MB (p>0.05, Figure 4L-4M), while
significant changes were observed in that of a-HBDH, LDH, AST and
m-AST (p<0.01) during this study. LDH (p=0.005, Figure 4N) and
a-HBDH (p=0.001, Figure 4K) were significantly increased after one-
week FE, whereas levels of which (p-value of a-HBDH and LDH is 0.674
and 0.589 respectively) became in accordance with the base level when
volunteers resumed normal diet for 7 d. The AST and m-AST levels
were markedly increased (p<0.001) and then significantly reduced
(p<0.001) in this study. Volunteers showed abnormal increase in CK
(1.59%), AST (9.53%), m-AST (6.35%) and LDH (12.7%), in which
volunteers with abnormal hepatic and myocardial enzymes parameters
were the main cohort. Meanwhile, a large majority of the volunteers
(~92.0%) had no change in electrocardiogram during the one-week FF.

Int Clin Med, 2018 doi: 10.15761/ICM.1000123

Inflammatory parameters

We analyzed two important inflammatory cytokines (IL-6 and hs-
CRP, Figure 2J-2K) and found both of them were increased (p<0.05) at
the end of one-week FF operation and decreased (p<0.05) after normal
diet for 7 d. Most of the volunteers (95.2%, 60/63) had no abnormal
increase at one-week FE At the end of one-week FE the number of
white blood cell (WBC, 0.002, Figure 2L), lymphocyte (LY, p=0.003,
Figure S2B) and neutrophil (NEUT, p=0.001, Figure S2C) were
significant decreased and kept declining when resuming normal diet
for 7 d, while interestingly the percentage of LY and NEUT still kept the
level of one-week FE.

Gut flora

Gut flora at three time points (0 week before FF, abbreviated as
0W), 1 week after one-week FF (abbreviated as 1W) and 1 week after
normal diet for 7 d (abbreviated as 2W) of each subject were measured
using 16S rRNA sequencing technology. A total of 32,910,952 16S
rRNA reads were obtained from 114 fecal samples of the 38 subjects,
averaging 288,692 reads per sample. The results of bacterial complexity
and diversity at the time points IW and 2W showed an increasing
trend compared to that of OW (p>0.05, Figure 5). The taxa explaining
the difference between three time points were reflected at different
levels, including phylum, class, family and genus (Figure 6). At the
phylum level, all three time points had fecal communities dominated
by Bacteroidetes, Firmicutes and Proteobacteria. We also found that
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the abundances of Firmicutes, Actinobacteria and Verrucomicrobia 7 d, changes in abundances at different levels almost resumed except
were significantly different between the OW and 1W groups (p=0.039, Bacteroides (p=0.024), Sutterella (p=0.027) (Table S3).
0.046 and 0.01). At the class level, Clostridia and Verrucomicrobiae was

significantly different between OW and 1W groups (p=0.027, and 0.016). Discussion

At the family level, 10 families showed significant different abundances. Flexible Fasting is a very low calorie fasting regimen (~ 113.4 kJ/
For example, Bacteroidaceae significantly increased at 1W (35.6%)  meal or nearly no calorie intake) with plant polysaccharose. Like
than that of the OW group (28.05%), while Prevotellaceae significantly  other calorie restriction (CR) or fasting regimens [8,10,11,31-33], all
decreased at 1W (9.6%) compared to OW (21.9%) and Lachnospiraceae of which could cause changes in markers (ketone bodies, and glucose)
significantly decreased at IW (9.9%) than that of the OW group (14.7%).  that were similar to those caused by absolute fasting. All of the subjects
At the genus level, 19 genuses showed different abundances, including  self-described slight or tolerable hunger sensation and slight fatigue,

increased Bifidobacterium (p=0.056), Akkermansia (p=0.016) and besides, high dietary adherence during the one-week FF operation,
decreased Clostridium (p=0.001), Bacteroides (p=0.016), Sutterella  indicated that FF regimen is an acceptable manner in normal life for
(p=0.048) and Prevotella (p<0.001). When resuming normal diet for ~ short-term survival by using the body fat and glycogen other than the
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Figure 5: Diversity and complexity of microbiome of the participants at three time points (OW, 1W and 2W). A-B. Numbers of observed species. C-D. Shannon index. E-F. Chao. A, E.
Numbers of observed species and Chao at the time points 1W (p>0.05) and 2W (p>0.05) showed an increasing trend compared to that of OW. C. Shannon index at the time points 2W had
an increasing trend compared to that of OW (p=0.11).
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at |W and 2 groups. The abundances of Sutterella (*) decreased at 1W and 2 groups

exogenous intake food to provide energy. The one-week FF typically
resulted in 13.2% decrease in serum glucose but without hypoglycemia
and switched to a metabolic mode in which fat-derived ketone bodies
and resulted in a metabolism by using the free fatty acids as energy
sources. The body weight, fat mass of the volunteers decreased by 5.35%
+ 2.38%, 6.19% + 6.90% respectively at the end of one-week FF, and
remained 2.74% * 1.91%, 6.84% + 4.67% respectively lower than the
base levels after resuming normal diet for 7 d. The lean body mass of
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the volunteers decreased by 4.95% + 3.73% at the end of one-week FF
and returned to base level after resuming the normal diet for 7 d. These
results indicated that the fat loss other than the water loss accounted for
most of the weight loss after one-week FF operation.

In addition, we analyzed the metabolic and functional indexes
to comprehend whether rapid-loss in body mass was healthy or not
[34]. A complete metabolic panel showed no persistent metabolic
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changes, and still remained within a safety physiological ranges (Figure
S2, Table S2) in one-week FE There were changes of three nutrients
metabolism and no lack in electrolyte and microelement after one-
week FE. The reduction in insulin, fasting blood glucose, triglyceride,
and the increase in urine ketone body and albumin indicated that lipid
mobilization was increased to produce more aliphatic acid for energy
supply during the one-week FE. Meanwhile, the increase in creatinine
and decrease in urea nitrogen indicated that there was a slight increase
of muscle decomposition. After resuming normal diet for 7 d, improved
blood glucose, base levels in triglyceride, albumin, urea nitrogen and
creatinine, indicated that one-week FF could improve the health with
reliable safety. The flare-up in AST, ALT, ALP, TBIL, DBIL, IBIL and
reduction in GGT, unchanged in TP, GLB, showed that one-week FF
did not cause liver function disorder. The increase in transaminase
and increase in transpeptidase, which were the enzymes in the
decomposition and synthesis of intracellular amino acids, indicated that
some change occurred in process of protein metabolism. Considering
that the serum total protein content was constant, it showed that the
protein metabolism did not affect the body’s nutritional status. In
addition, the index of renal function, SCr and urea nitrogen which
were mostly in the normal range, no significant abnormality in urine
composition, and flare-up in uric acid, showed that one-week FF did
not cause renal disorder. During our study, the flare-up in uric acid was
a common phenomenon, which was likely to be caused by increased
endogenous production which might be associated with increased cell
autophagy caused by prolonged fasting [35,36]. Besides, the increased
ketone during fasting period could impede the renal excretion of uric
acid. The reduction in blood pressure, HDL and triglyceride, flare-
up in LDL, total cholesterol, alpha-HBDH and LDH, normal routine
blood examination, hs-CRP, CK-MB, indicated that one-week FF did
not cause abnormal angiocarpy and myocardial damage. It is well
known that the Hs-CRP is an early marker of myocardial injury, CK-
MB is the determination of myocardial damage markers, LDL and total
cholesterol are the markers of angiocardiopathy. The reduction in white
blood cells and lymphocytes and the physiologically flare-up increase in
IL-6 after one-week FF, represents a marker of low grade inflammation.

Unlike fasting mimicking diet (FMD) or alternate day fasting
(ADF) with a high-fat or low-fat diet [8,10,11] our current one-
week FF manner using the food during fasting period which was
not digestible by human enzymes. What’s more, some studies found
gut microbiota had diverse complementary enzymes, which could
decomposed polysaccharose and increase alimentation of human [37-
39]. In other words, FF considered gut microbiota absolutely other
than human body in alimentation. To observe the FF effect on gut
flora, we measured subjective gastrointestinal reaction during one-
week FF, meanwhile, we analyzed the changes of fecal microbiome by
16S rRNA high-throughput sequencing. More than 90% of volunteers
shared the same gastrointestinal reaction, including louder bowel
sound and increased intestinal exhaust during the period of one-
week FE No similar gastrointestinal reaction was observed after they
resumed normal diets for 7 d. We therefore inferred that fermentation
of prebiotics formula facilitated the production of gas in intestinal tract.
The 16S rRNA sequencing results showed the increase in probiotics
such as Bifidobacterium and Akkermansia after one-week FF [40-44].
The most worthy of attentions were the increase in overall abundance
and complexity of microorganisms, and the same increase after
resuming normal diet for 7 d, which is represented by species richness
and Shannon-Wiener Index. It was reported that in the insect the
starvation could increase diversity of microbiome [45], the studies of
the relationship between obesity and the microbial showed that there
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was a positive correlation between the high diversity of microbes and
lean body weight [46-48]. Therefore, our current results indicated
that one-week FF might be used for body weight loss by increasing
microbial complexity. However, changes in abundances at different
levels almost resumed after normal diet for 7 d, indicated that short-
term consumption of diets altered microbial community structure
[49]. Of course, the frequentative FF on human for a long time need
to further study.

Interestingly, this study’s original theoretical hypothesis is that the
hunger sensation comes from gut flora but not from the human brain,
which is the proposed theoretical basis of FE This study was aimed to
evaluate the safety of one-week FF which will lead to further analysis of
the origin of the hunger sensation in our future studies. In summary, a
complete metabolic panel showed no persistent metabolic changes due
to one-week FF, and still remained within a safety physiological range.
These results provided initial evidence that the one-week FF operation
is safety enough and achieve fat loss without the significant reduction of
lean body mass. Based on our current data, we planned to run the long-
term study to further observe the influence for weight loss and induced-
health effect especially those suffered from obesity as well as the changes
of gut flora during long-term FF operation. Furthermore, the data of
this study offered some proof for the theoretical hypothesis, especially
subjective feedback. To study validity of theoretical hypothesis or not,
there are still much work to do. However, based on the fasting study on
weight loss and safety of FF, the one-week FF technology could become
an effective way for body weight control and in turn beneficial for over-
weighted related chronic diseases.

Materials and methods
Protocol of the one-week FF

The one-week FF is a special consecutive low-calorie dietary
culture, in which normal diet at per meal (3/day) was replaced by
prebiotics formula (energy level: 113.4 KJ/10g), which is a ten-gram
formulation, consisting of food grade raw material with various
polysaccharose in equal proportion, including dietary fiber, cordycepin
polysaccharide, ganoderan, hericium erinaceus polysaccharide, lycium
barbarum polysaccharide, trehalose, isomaltooligosaccharide, xylose
and L-arabinose (Beijing Cloud Medicine International Technology
co. LTD). The principal materials are listed in Table S1. The one-week
FF weight-loss feasibility and body potential impact were measured
when one could not take any nutriment, all-embracing the five cereals
(rice, two kinds of millet, wheat and beans) and other food containing
protein or fat for 7 d. During the one-week FF, their routine activities
including working, resting kept normal habit. Drinking enough water,
wearing enough clothes, ample sleep and normal exercise are requisite.
Stop any medicine during the two-week. After finished the one-week
FF, the volunteers resume to normal diet for next 7 d. Measurements
were performed prior to the one-week FF (OW, base level), immediately
after the one-week FF (1W), and after normal diet for 7 d (2W).

Recruiting standard

Volunteers were recruited for assessment of the one-week FF, which
referred to the 1997 revision of the diagnostic criteria for simple obesity
and Chinese adult overweight and obesity prevention and control
guidelines (trial). All volunteers were permanent residents in the
Tianjin Baodi region of China and had weight steady during the past
three months or more. Volunteers were excluded for any of the following
reasons: the athletes; the group who had ever used drug intervention
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way to lose weight, such as L-carnitine, and people with serious organic
disease, as well as antibiotics and other drugs distribution in the recent
(about three or four) weeks. The protocol was approved by the Tianjin
Baodi People’s Hospital Clinic Institutional Review Board (ChiCTR-
0O0C-17010377), and all the volunteers gave written informed consent.

Questionnaire survey

After volunteers signing the informed consent, a questionnaire
survey (https://jinshuju.net/f/d58urZ) was conducted to all the
volunteers to record their living habit, food preference and pre-existing
medical conditions. In addition, a spreadsheet (https://jinshuju.
net/f/Ec18h4) which need be submitted daily during one-week FF is
characterized by self-evaluation including hunger sensation, sleep
quality, body fatigue, body energy and so on. Spreadsheet similar to
the above one (https://jinshuju.net/f/3wfP1S; https://jinshuju.net/f/
CIWFRo) were also applied to follow-up visit for one month.

Measure and analysis of physiological index

Body weight and body composition were assessed by bioelectrical
impedance analysis (BIA; NQA-PI multi-frequency eight-electrode,
Seehigher Corporation, Beijing, China). Umbilicus waist circumference
was measured by a measuring tape, when volunteers’ stood still with
bare midriff, both feet touching and arms hanging freely. The physical
indicator system, which includes blood pressure, fasting levels of
plasma glucose and insulin, four items of blood lipid tests (triglycerides,
total cholesterol, high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C), eleven hepatic
parameters (alanine transaminase (ALT), S/T, glutamyltranspeptidase
(GGT), alkaline phosphatase (ALP), total bilirubin (TBIL), direct
bilirubin (DBIL), indirect bilirubin (IBIL), total protein (TP),
albumin (ALB), globulin (GLB) and (A/G), three renal function
parameters (Serum creatinine (SCr), serum urea and trioxypurine
(UA)), myocardial enzymes (alpha-hydroxybutyric dehydrogenase
(a-HBDH), creatine kinase (CK), creatine kinase isoenzyme MB
(CK-MB), lactate dehydrogenase (LDH), aspartate transaminase
(AST), mitochondrial aspartate aminotransferase (m-AST)), three
electrolytes (sodium, potassium, chlorine), six serum trace elements
(cuprum, Iron, zinc, magnesium, calcium, lead), two inflammatory
cytokine (Interleukin-6(IL-6) and high sensitivity C-reactive protein
(hs-CRP)), electrocardiogram and abdominal doppler ultrasound,
blood routine examination, routine urinalysis, were assessed with the
standardized methods. Blood pressure was measured by automatic
electronic sphygmomanometer (HBP9020, OMRON Healthcare,
China) while they were dressed in light clothing and kept relaxed all
the time. Volunteers were requested to place the elbow on the support
while kept arm leaning at an angle of 120 degree with body, which
aimed at keeping parallel between arm barrel and heart during blood
pressure measurement. Blood collection is carried out by professional
medical staff in the physical examination center of Tianjin Baodi
People’s Hospital at 8:00-9:00 AM. Fasting blood glucose (FBG) was
analyzed by AU5800 automatic biochemical analyzer (Beckman
Coulter, USA) with end-point method. Fasting insulin (FINS) was
analyzed by automatic biochemical analyzer (Abbott, USA) with
chemiluminescence method. Four items of blood lipid tests, eleven
hepatic parameters, three renal function parameters and myocardial
enzymes were analyzed by AU5800 automatic biochemical analyzer
(Beckman Coulter, USA) with continuous monitoring method. Three
electrolytes were tested by XD687 electrolyte analyzer (Shanghai
Xun-Da Medical Instrument Corporation, China) with indirection
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ion- selective electrode method. Serum trace elements, which include
cuprum, iron, zinc, magnesium, calcium, lead, were tested by BH5100S
(Bohui, Beijing, China) with the method of flame atomic absorption
spectrometry and BH2101S (Bohui, Beijing, China) with Tungsten boat
flameless atomic absorption spectrometry, respectively. High sensitivity
C-reactive protein (hs-CRP) was analyzed by special protein analyzer
(Goldsite Diagnostics Company, Shenzhen, China) with turbidimetry.
Interleukin-6 (IL-6) was measured with electrochemiluminescence
immunoassay. Blood routine examination was analyzed by the BC-
3000 plus automatic blood cell analyzer (Mindray, Shenzhen, China).
Routine urinalysis was analyzed by the Dirui H-300 Semi-automatic
urine analyzer (Changchun, China) with photoelectric colorimetry.

Gut flora profiling

Fresh stool samples were obtained from each volunteer prior to
the one-week FF (Base level, 0 W), after the one-week FF (1 W), and
after normal diet for 7 d (2 W), respectively, and transported in the
shortest possible time to -80 °C for storage until the gut flora analysis.
Fecal microbiome DNA was extracted using bead beating and the
PowerFecal® DNA Isolation Kit (MO BIO; USA), which the DNA
extraction protocol was standardized for all samples. The V4 region of
the bacterial 16S rRNA gene was amplified from fecal genomic DNA
with 357F/926R primers containing the A and B adaptors from Illumina
MiSeq for sequencing. The sequence and microbial communities
diversity analysis was performed with the Mothur software package.
Low quality (quality score < 25) and short (<150 nt) reads were removed
from the raw data. Sequences were aligned and clustered into OTUs
and taxonomy assigned using the Ribosomal Database Project (RDP)
as a reference base.

Statistical analysis

The objective indicator data were expressed as means + SD and
analyzed by SPSS software (version 16.0). The difference between male
and female was shown in the subjective questionnaire using Mann-
Whitney Test, while the physical indicators among different level of
BMI were analyzed by Kruskal-Wallis H test. The difference of objective
physical indicator data between point of OW and point of 1W/2W were
calculated by paired two-tailed Wilcoxon signed-rank test or T-test. The
p-value less than 0.05 was considered as statistically difference, while
the p-value less than 0.01 was considered as statistically significant
difference.
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