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ABSTRACT
Beego is a traditional Chinese complete water-only 
fasting practice initially developed for spiritual purposes, 
later extending to physical fitness purposes. Beego 
notably includes a psychological induction component 
that includes meditation and abdominal breathing, light 
body exercise and ends with a specific gradual refeeding 
program before returning to a normal diet. Beego has 
regained its popularity in recent decades in China as a 
strategy for helping people in subhealthy conditions or 
with metabolic syndrome, but we are unaware of any 
studies examining the biological effects of this practice. 
To address this, we here performed a longitudinal study of 
beego comprising fasting (7 and 14 day cohorts) and a 7-
day programmed refeeding phase. In addition to detecting 
improvements in cardiovascular physiology and selective 
reduction of blood pressure in hypertensive subjects, we 
observed that beego decreased blood triacylglycerol (TG) 
selectively in TG-high subjects and increased cholesterol 
in all subjects during fasting; however, the cholesterol 
levels were normalised after completion of the refeeding 
program. Strikingly, beego reduced platelet formation, 
activation, aggregation and degranulation, resulting in an 
alleviated thrombosis risk, yet maintained haemostasis 
by sustaining levels of coagulation factors and other 
haemostatic proteins. Mechanistically, we speculate 
that downregulation of G6B and MYL9 may influence 
the observed beego-mediated reduction in platelets. 
Fundamentally, our study supports that supervised 
beego reduces thrombosis risk without compromising 
haemostasis capacity. Moreover, our results support that 
beego under medical supervision can be implemented as 
non-invasive intervention for reducing thrombosis risk, and 
suggest several lines of intriguing inquiry for future studies 
about this fasting practice (http://www.​chictr.​org.​cn/​index.​
aspx, number, ChiCTR1900027451).

INTRODUCTION
Beego, a phonetic articulation in Chinese 
meaning no eating foods for a period, was 
originally practiced by Taoists for spiritual 
purposes in ancient China. It started from the 
Qin Dynasty (from 221 B.C. to 207 B.C.) and 

became a popular practice in the Western 
Han Dynasty (206 B.C. to 24 A.D.), extending 
to the purposes for both physical and mental 
fitness. Like Gongfu or martial arts, beego is a 
part of traditional Chinese culture in fitness. 
But unlike Gongfu that requires a certain 
physical talent, beego can be practiced by 
ordinary people. It consists of two phases, 
starting with a complete water-only fasting 
phase for days or weeks, followed by a gradual 
refeeding phase for the duration of no less 
than half of the fasting length until normal 
diet. Psychological induction or mind regu-
lation, including but not limited to medita-
tion, is used to mitigate the feeling of hunger, 
in particular in the first days of fasting. 
During meditation, an abdominal breathing 
method is used to inhale sufficient oxygen 
and exhale more carbon dioxide.1 2 In addi-
tion, light body exercise is incorporated in 
beego programme to facilitate this practice. 
In recent two decades with rapid increase of 
the population in overnutritional condition 
or with metabolic syndrome, there is also a 
rapid growing volume of Chinese people 
participating in beego.

Beego in China has traditionally relied on 
experience being handed down by word of 
mouth and features a psychological guidance, 
yet we are unaware of studies examining the 
practice; in contrast fasting for therapeutic 
purposes in the West has been intensively 
studied since the early 1900s, including 
modalities like prolonged or acute starva-
tion,3–6 water-only fasting7–10 and various less 
stringent or incomplete fasting formulas.11 
The incomplete fasting formulas appear 
to be more favoured in Western countries, 
and include calorie restriction, intermittent 
fasting, fasting-mimicking diets and periodic 
short-term water-only fasting with minimal 
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calories or supplements. Contrary to the difficulties in 
studying complete fasting biology that precludes utilisa-
tion of animals (as some animals cannot survive complete 
fasting for days), studies on incomplete fasting primarily 
using model rodents has revealed health-promoting 
physiological responses, and have uncovered underlying 
mechanisms that can explain these responses. These 
include but not limited to ketogenesis,12–14 hormone 
modulation,15–17 reduced inflammation,18 immunolog-
ical memory,19 promotes regeneration and reduces auto-
immunity and multiple sclerosis symptoms20 and fasting 
confers protection in central nervous system autoimmu-
nity by altering the gut microbiota.21 Fasting also impacts 
immune cell dynamics and mucosal immune responses,22 
and increases stress resistance,23 lipolysis24 and auto-
phagy.25 26 Caloric restriction delays disease onset and 
mortality in rhesus monkeys.27 28

More encouragingly, clinical investigations in Western 
countries indicate that fasting reduces obesity3 and hyper-
tension,7 8 improves oxidative stress,29 30 cardiovascular 
disease,31–33 cancer,34–38 rheumatoid arthritis,39 metabolic 
syndrome,40 41 osteoarthritis,42 fibromyalgia,43 chronic 
pain,44 memory,45 circadian clock46 and multiple aspects 
of life quality.11 47–50

However, the safety and the biological effects of 
beego, the Chinese traditional fasting practice, remain 
completely undocumented in scientific format. This 
study aimed to explore the impact of supervised beego 
on thrombosis and haemostasis.

RESULTS
Supervised beego alleviates thrombosis risk after water-only 
fasting and refeeding
The protocol for beego is detailed in the methods. 
Comparisons were made between the baseline value 
tested on the beginning on day 1 (water-only fasting day 1 
(wFD1)) and the indicated testing days (figure 1A; online 
supplemental figure S1a). Blood lipids were measured 
over the course of beego programme at four or five time 
points, respectively, for the 7-day fasting or 14-day fasting 
programmes. For subjects who have normal triacylglyc-
erol (TG) level before beego, TG values were maintained 
within a normal range throughout the entire fasting and 
refeeding periods; although there were variations evident 
on fasting days 4 and 7, the levels normalised to the base-
line on completion of the 7-day refeeding (figure 1B, left). 
In contrast, for TG high subjects, the TG level decreased, 
reaching values within a normal range during fasting; this 
decrease was sustained in the normal range on refeeding 
day 7 (figure  1B, right). Note that these patterns for 
normal and high TG subjects were also consistent for the 
14-day fasting programme (online supplemental figure 
S1b).

For subjects with normal total cholesterol (TC) levels 
before beego, the TC level remained within a normal 
range, despite an increase during the 7-day fasting 
period; the TC level decreased to a level close to the 

baseline after 7-day refeeding (figure 1C, left). However, 
for high TC subjects, although TC increased significantly 
on fasting day 4 and 7, it decreased to the baseline after 
7-day refeeding (figure 1C, right). Furthermore, 14-day 
fasting following 7-day refeeding resulted in a significant 
reduction in TC levels for all subjects, including the TC 
normal and high subjects, with final values close to the 
midline of the normal TC range (online supplemental 
figure S1c).

For low-density lipoprotein cholesterol (LDL-C) 
normal subjects, LDL-C increased toward the upper 
range of normal values during fasting, but returned to the 
baseline after 7-day refeeding (figure 1D, left). For high 
LDL-C subjects, LDL-C significantly increased along with 
fasting but returned to the baseline after 7-day refeeding 
(figure 1D, right). Similar to the above metabolic factors, 
high-density lipoprotein cholesterol (HDL-C), a positive 
marker for health, was reduced to within normal values in 
the fasting and refeeding periods for the HDL-C normal 
subjects (figure 1E, left); but in the low HDL-C subjects, 
beego did not cause significant change in HDL-C level 
(figure 1E, right). Interestingly, in the first 7 days of fasting 
period, TG reduction (good for health) and total choles-
terol increase (previously regarded as largely bad for 
health) displayed opposing trends in both the metabol-
ically normal and abnormal subjects. After 7-day fasting, 
both the TC and TG levels were progressively reduced, 
with the exception that LDL-C that was not reduced until 
completion of the 7-day fasting. Furthermore, 14-day 
fasting followed by 7-day refeeding also showed a better 
pattern in the dynamic changes of blood lipids (online 
supplemental figure S1c,d,e). Together, these results 
suggest that while beego apparently decreases TG-trigged 
thrombosis risk factors, it may also transiently increase 
the cholesterol-triggered thrombosis risk during fasting 
period. This may reflect the glucogenesis-to-ketogenesis 
switch in the body’s energy supply.12 However, it should 
be noted that we found this transient increase in TC 
during fasting is reversible by refeeding, and 14-day 
fasting following 7-day refeeding results in further reduc-
tion in TC and LDL-C levels.

Apart from blood lipids, abnormally elevated platelet 
activation and aggregation are major risks for throm-
bosis.51 52 To determine if beego enhances any platelet 
contribution to thrombosis, we performed a plasma 
proteomics analysis of the subjects before fasting 
(wFD1), after 7-day fasting (wFD7) and after 7-day 
refeeding (rFD7). Fundamentally, this analysis revealed 
that the expression of proteins involved in platelet acti-
vation, platelet aggregation and platelet degranulation 
was significantly decreased at the end of 7-day fasting as 
compared with the baseline before fasting. Moreover, the 
data for the 7 days refeeding time point supported that 
this reduction was sustained (figure  1F). Since platelet 
degranulation and aggregation are known to contribute 
to the process of platelet activation,52 these results 
together suggest a reduced risk of platelet-triggered 
thrombosis.
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Supervised beego maintains haemostasis capacity
Administration of anti-thrombosis drugs such as aspirin 
is known to cause stomach bleeding.53 It is thus necessary 
to examine if beego reduces thrombosis risk at a cost of 
compromising haemostasis capacity. Haemostasis is a tightly 
regulated process of coagulation that prevents and stops 
bleeding while maintaining normal blood flow in the vessels. 
The coagulation cascade comprising two primary pathways 
(intrinsic and extrinsic pathways). The intrinsic pathway 
involves factors XII, XI, IX, VIII and V, while the extrinsic 
pathway involves factors VII, X and prothrombin. Both path-
ways eventually meet and together accomplish clot produc-
tion. This common, final phase involves factors I, II, V and 
X. In our study, plasma levels of proteins involved in coagula-
tion cascades were tested by liquid chromatography-tandem 
mass spectrometry at three time points (wFD1, wFD7 and 

rFD7) from five male and five female subjects. We found that 
the factors in both of the intrinsic and the extrinsic path-
ways maintained similar levels in the fasting and refeeding 
beego phases (figure  2A). Further, a plasma proteomics 
study also indicated a lack of any obvious changes for 16 
known haemostasis-related proteins in fasting and refeeding 
as compared with the baseline before fasting (figure 2B). It 
thus appears that beego does not obviously modulate pro-
coagulants or anti-coagulants.

Seeking further support to bolster the proteomics result 
indicating that beego may reduce thrombosis risk while 
maintaining haemostasis capacity, we performed labora-
tory tests to evaluate coagulation function. Activated partial 
thromboplastin time (APTT) measures the time it takes for 
a clot to form, and examines the integrity of the intrinsic 
system and common factors. The APTT of beego subjects 

Figure 1  Supervised beego alleviates thrombosis risk after water-only fasting and refeeding. (a) The Beego protocol used in 
the present study comprised seven complete water-only fasting days (wFD), associated with psychological induction and breath 
training, followed by seven refeeding days (rFD). Testing was performed at 07:00 to 09:00 a.m. of the following days: wFD 1, 
4, 7 and rFD 7 as indicated. (b) Blood triacylglycerol (TG) test in TG normal (male=6, female=16) and high (male=4, female=3) 
subjects. (c) Blood total cholesterol (TC) test in TC normal (male=5, female=12) and TC high (male=5, female=7) subjects. (d) 
Low-density lipoprotein cholesterol (LDL-C) test in LDL-C normal (male=5, female=13) and high (male=5, female=6) subjects. (e) 
High-density lipoprotein cholesterol (HDL-C) in the normal (male=7, female=10) and low (male=4, female=1) subjects. (f) Bubble 
diagram of plasma proteomics analysis (label-free data-independent acquisition) for 10 subjects for each group (5 for male and 
female each, aged 30 to 60). Gene ontology enrichment analysis for three categories of proteins responsible for platelet-related 
thrombosis risk, with comparison between the testing days as indicated. Fold change is shown by the colour and q value for 
statistical significance is represented by the size of the dots. Data are means±SEM. *p<0.05; **p<0.01; ***p<0.001. *significant 
compared with the wFD1 immediately before the start of fasting.
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progressively decreased within the normal range during 
fasting; further, the APTT was maintained at around 30 s 
on completion of refeeding, a value in the middle of the 
normal range (figure 2C). Prothrombin time (PT) measures 
how quickly blood clots by specifically evaluating the pres-
ence of factors VII, V and X, prothrombin and fibrinogen, 
thus reflecting the integrity of the extrinsic system as well as 
factors common to both systems. PT increased during fasting 
within normal range and normalised to the values between 
10.5 s and 11.3 s after refeeding for the beego subjects, well 
within the normal PT range (figure  2D). We also noted 
that beego subject values for the international normalised 
ratio (INR)—which is expressed as a ratio of PT—were also 
increased during fasting and returned to within a normal 
range (0.9 to 0.98) during refeeding (figure 2E). Thrombin 
time (TT) test measures fibrin formation, the final reaction 

of the clotting cascade. Beego subject TT values remained 
between 18 s and 18.5 s, well within the normal range 
(figure  2F). Note that these four haemostasis parameters 
were all well normalised to the baseline after beego.

The beego subjects exhibited decreased antithrombin 
III (AT III) activity during fasting but it was normalised 
during refeeding; nevertheless, AT value of the beego 
subjects remained around 100 s, close to the middle value 
of the normal range throughout the beego programme 
(figure  2G). Fibrinogen (FIB) is one of 13 coagulation 
factors responsible for normal blood clotting. During the 
entire fasting and refeeding period, the FIB values were 
maintained around 3 mmol/L, well within the normal 
range (figure 2H). Calcium ions in plasma are required for 
activation of blood clotting pathways. The concentration 
of calcium ions in plasma of beego subjects was sustained 

Figure 2  Supervised beego maintains haemostasis capacity. (a) Heatmap with coagulation cascades data obtained via 
label-free data-independent acquisition. Plasma levels of proteins involved in coagulation cascades were tested by liquid 
chromatography-tandem mass spectrometry at three time points (wFD1, wFD7 and rFD7) from five males and five females 
for each group. (b) Heatmap of haemostasis related proteins. The levels of proteins were tested at three time points (wFD1, 
wFD7 and rFD7) from five males and five females. The grey positions represent proteins with abundance too low to be reliably 
assessed as enriched. (c–f) Coagulation tests. Clotting dynamics were measured at four time points (wFD1, wFD4, wFD7 and 
rFD7). The tests include activated partial thromboplastin time (APTT, male=11, female=17), prothrombin time (PT, male=11, 
female=17), international normalised ratio (INR, male=11, female=17), thrombin time (TT, male=11, female=17). (g–i) Plasma 
levels of haemostatic biomarkers. The levels of known haemostasis-related proteins were measured at four time points as 
indicated. The tests included antithrombin III (AT III, male=11, female=17); fibrinogen (FIB, male=11, female=17); Ca2+ in plasma, 
male=11, female=20. Data are means±SEM. *p<0.05; **p<0.01; ***p<0.001. *significant compared with the wFD1 (07:00 am), 
immediately before the start of fasting. APTT, activated partial thromboplastin time; PT, prothrombin time; rFD, refeeding days; 
wFD, water-only fasting day.
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between 2.3 and 2.4 mmol/L, well within normal range 
(figure 2I). Note that beego comprising 14-day fasting and 
7-day refeeding displayed a similar pattern for dynamic 
changes in haemostasis parameters (online supplemental 
figure S2). These results together suggest that the activity 
and amount of thrombin and antithrombin III remain 
unchanged on completion of the beego programme.

Supervised beego improves cardiovascular physiology
Intact blood vessels are instrumental to limiting throm-
bosis and moderating the capacity of platelets to secure 
haemostasis.54–56 Therefore, the physiology of vessels 
is fundamental for supporting haemostasis. Peripheral 
resistance measures vascular compliance, reflecting fric-
tion between the blood and the walls of the blood vessels: 
both narrower blood vessels and relatively more viscous 

blood increase peripheral resistance. We observed that 
the peripheral resistance of beego subjects was main-
tained in the middle of the normal range during fasting, 
yet decreased during refeeding, while remaining within 
the normal range (figure  3A). The reflection coeffi-
cient data showed a slow, progressive decrease during 
fasting, with a further decrease evident after refeeding 
(figure  3B), results suggesting improved vascular func-
tion. The augmentation index is an indicator of periph-
eral arterial stiffness. This increased within normal range 
during fasting, but decreased close to the baseline value 
after refeeding (figure  3C). Pulse wave velocity (PWV) 
is a measure of aortic arterial stiffness that is a potent 
predictor of cardiovascular risk; we observed no change 
in PWV for beego subjects during fasting or refeeding 

Figure 3  Supervised beego improves cardiovascular physiology. (a to d) Violin plots of vascular health measured with Mobil-
O-Graph PWA monitor. Measurements include peripheral resistance (male=10, female=18), reflection coefficient (male=10, 
female=18), augmentation index (AIx, male=10, female=18) and pulse wave velocity (PWV, male=10, female=18). (e to f) Violin 
plots of cardiac health measured with Mobil-O-Graph PWA. Measurements include cardiac output (male=10, female=18) and 
cardiac index (male=10, female=18). (g) Blood pressure measurement in hypertension or normal blood pressure groups. Left 
panel, hypertensive subject not on medication before or during fasting or refeeding (female=1); middle panel, hypertensive 
subjects on antihypertension medication before fasting but not taking the medication during fasting or refeeding (male=1, 
female=2); right panel, normal blood pressure subjects not on medication (male=10, female=18). Data are means±SEM. 
*p<0.05; **p<0.01; ***p<0.001. *significant compared with the wFD1 (7:00 am) immediately before the start of fasting. AHD, anti-
hypertension drug; dbp, diastolic blood pressure; sbp, systolic blood pressure; wFD, water-only fasting day.
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(figure  3D). These data together suggest that vascular-
dysfunction-related hypertension risk was reduced in 
beego subjects by day 7 of refeeding.

In cardiovascular physiology, cardiac output describes 
the volume of blood being pumped to the left and 
right ventricle of the heart per unit time. Cardiac 
output remained unchanged during fasting but slightly 
increased after refeeding (figure  3E). Cardiac index is 
defined as cardiac output/body surface area, and moni-
toring of this parameter allows comparisons of cardiac 
function between individuals. After completion of beego, 
the cardiac index maintained unchanged (figure 3F). We 
noted improvement of vascular function as indicated by 
decreases in systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) in the hypertensive subjects 
(none of whom were taking antihypertensioin drugs 
during beego) (figure  3G, left panel). Importantly, all 
of the hypertensive subjects who had taken antihyper-
tension medication before fasting were able to main-
tain normal blood pressure without medication during 
beego; moreover the blood pressure values achieved with 
beego (without medication) appeared to be lower than 
the baseline values for these medicated subjects before 
beego (figure 3G, middle panel). For the normal blood 
pressure subjects, their blood pressure maintained quite 
stable and within the normal range before and after 
beego (figure 3G, right panel). Beego with 14-day fasting 
and 7-day refeeding displayed similar patterns for these 
cardiovascular parameters (online supplemental figure 
S3). Thus, beego can reduce blood pressure in hyperten-
sive individuals and promotes cardiovascular health.

Supervised beego reduces platelet counts but retains platelet 
function
Platelets play an important role in the initiation of blood 
clotting.57 58 To examine if production of platelets in the 
body responds to beego, we measured peripheral platelet 
count at various beego time points. Notably, for subjects 
with normal platelet counts, fasting caused a progressive 
decrease in its count to a low value within the normal 
range (figure 4A, left). Low platelet count appears to be 
more frequently seen in women: all five of the low platelet 
subjects in the study were women. Surprisingly, fasting 
did not reduce platelet count in the low platelet count 
subjects; instead, it led to an increasing tendency for 
the average platelet count, and this increase in average 
platelet number was maintained after 7 days of refeeding 
(figure  4A, right). This finding underscores that the 
body’s response to beego is highly suitable: it induces a 
reduction in the platelet pool if there are sufficient plate-
lets or promotes the maintenance (or even enhancement) 
of platelet generation if there are insufficient platelets.

Platelet haematocrit (PCT) measures the volume 
occupied by platelets in the blood as a percentage. 
PCT was progressively reduced in fasting and refeeding 
(figure  4B), results consistent with the observed reduc-
tion in platelet production. A mean platelet volume 
(MPV) test measures the average size of platelets. Beego 

did not lead to a significant change in MPV (figure 4C). 
However, we did detect a progressive increase in platelet 
distribution width (PDW), indicating that beego increases 
the extent of platelet size variation (figure 4D). A major 
function of platelets is their capacity for aggregation, 
which secures the ability for thrombus formation. We 
detected no beego-induced alteration of aggregation 
capacity, which was stable during fasting and refeeding 
(figure 4E).

P-selectin is a cell adhesion protein that is mainly 
expressed on the membrane of activated vascular endo-
thelial cells and activated thrombocytes, and the level of 
P-selectin on activated platelets reflects platelet activation. 
Our results show that platelet-localised P-selectin levels 
were significantly reduced during fasting and refeeding 
(figure 4F). Beego with 14-day fasting and 7-day refeeding 
displayed similar patterns for the dynamic changes in the 
above platelet-related parameters (online supplemental 
figure S4a-f).

To further examine if beego may affect platelet ageing, 
we measured oxidative stress in platelets. Strikingly, 
reactive oxygen species levels were significantly reduced 
during fasting, and this reduction was sustained after 
refeeding (figure  4G), suggesting that beego confers 
a significant reduction in platelet oxidative stress. JC-1 
assays measure Ψm depolarisation of the mitochondria 
membrane, and such depolarisation indicates active 
cell apoptosis and accelerated ageing.59–61 Beego signifi-
cantly reduced the percentage of JC-1 green fluorescence 
(figure  4H), suggesting an increase mitochondrial in 
mitochondrial membrane potential and thus a reduction 
in intrinsic pathway triggered activation of apoptosis. 
Consistently, flow cytometry analysis of Annexin V levels 
revealed a detectable beego-induced reduction in the 
extent of platelet apoptosis (figure  4I). Thus, our data 
support the possibility that the observed reduction in 
platelet count in the normal platelet group may be caused 
by reduced overall production of platelets, rather than by 
increased apoptosis or ageing. Beego with 14-day fasting 
and 7-day refeeding displayed a roughly similar pattern in 
the dynamic change of these parameters (online supple-
mental figure S4g-i). These results suggest that in addi-
tion to limiting platelet generation (reducing thrombosis 
risk) without impairing haemostasis capacity, beego may 
also exert some effect in rejuvenating platelets.

To explore possible mechanisms by which beego reduces 
circulating platelet count (figure 4A), we examined TPO 
level produced in the liver. Beego did not result in alter-
ation of the TPO level (figure  4J, online supplemental 
figure S4j), suggesting that the observed reduction in 
platelet formation is not caused by regulatory molecules 
upstream of TPO expression. We therefore performed 
a proteomics analysis of platelets which revealed that, 
among the eight proteins essential for platelet forma-
tion, G6B and MYL9 were significantly reduced during 
fasting, and the levels of these two proteins remained low 
in refeeding (figure  4K, left). These findings indicated 
that reduction of G6B and MYL9 may be responsible for 

https://dx.doi.org/10.1136/bmjnph-2020-000183
https://dx.doi.org/10.1136/bmjnph-2020-000183
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https://dx.doi.org/10.1136/bmjnph-2020-000183
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https://dx.doi.org/10.1136/bmjnph-2020-000183
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the observed reduction of platelets, an idea supported 
further by our heatmap and q value analyses showing 
obvious and significant reductions in the G6B and MYL9 
levels on days wFD7 and rFD7 as compared with wFD1 
(figure 4K, middle and right panels).

DISCUSSION
The present study is the first attempt describing the 
biological effects of beego, focussing on thrombosis 
and haemostasis. The results suggest that medically 

supervised beego for 7-day or 14-day complete water-only 
fasting followed by 7-day refeeding, added with psycho-
logical intervention and breathing training as well as light 
exercises, eventually reduce risks in thrombosis without 
compromising haemostasis.

A major feature of beego is its use of psychological 
induction or mind regulation to facilitate water-only 
fasting. Meditation is a critical traditional component in 
mind regulation during beego, and recent studies have 
confirmed positive effects of meditation on health.62–64 

Figure 4  Supervised beego reduces platelet counts but retains platelet function. (a) Platelet (PLT) count in PLT normal 
(male=11, female=20) or low groups (female=5). (b to d) Platelet haematocrit (PCT, male=11, female=20), mean platelet volume 
(MPV, male=11, female=20), platelet distribution width (PDW, male=11, female=20). (e) Platelet aggregation test. Left panel, 
platelet aggregation after stimulation was tested on the indicated days; right panel, representative aggregation tracing for 
thrombin-induced platelet activation was monitored using platelet aggregometry (male=11, female=20). (f) ELISA measurement 
of P-selectin level in plasma (male=11, female=19). (g to h) Flow cytometric analysis of multiple platelet-associated markers at 
the time points indicated. Total reactive oxygen species (ROS) levels in platelets (male=5, female=5); JC-1, ΔΨm depolarisation 
of mitochondria (male=5, female=5); (i) Flow cytometric analysis of apoptosis. Percentage of Annexin V positive platelets 
(male=5, female=5). (j) ELISA measurement of thrombopoietin (TPO) level in plasma (male=11, female=20).(k) Plasma proteomic 
analysis indicating a reduction in platelet count. Left panel, transition diagram of plasma proteomics. Shown in the diagram are 
the expression ratios for platelet formation-related proteins at the testing days compared with wFD1; middle panel, significant 
reduction in G6B and MYL9 shown by heatmap of G6B and MYL9. The colour represents the level of protein expression at 
the indicated testing days; right panel, q value for significant differences in protein accumulation. The X-axis represents a 
comparison between wFD7 and wFD1, and the Y-axis represents comparison between rFD7 and wFD1. Data are means±SEM. 
*p<0.05; **p<0.01; ***p<0.001. *significant compared with wFD1, immediately before the start of fasting. rFD, refeeding days; 
wFD, water-only fasting day.
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The glucose-to-ketone switch known to occur with some 
forms of incomplete fasting has been shown to lead to 
enhanced performance in cognition and mood, as well as 
motor and autonomic nervous system function.65 66 Asso-
ciated mechanisms for this switching in animal models 
involve the release of BDNF, a protein associated with 
neurogenesis and neuron protection.67–69 However, there 
is to date no information about how BDNF or other 
biomolecules may contribute to health benefits obtained 
with human beego. Thus, it would be interesting to 
explore the connection between brain health and brain 
metabolic patterns during fasting.70 In particular, we spec-
ulate it would be informative to determine if REST and 
FOXO1, two recently identified longevity-associated tran-
scription factors,71 may be involved in modulating neural 
excitation during meditation.

Deep breathing is also an important element in mind 
regulation during beego. It is traditionally believed that 
beego practitioners can obtain energy from nature to 
support their energy needs during fasting. This ideation 
may somehow spiritually support the practitioners, who 
had no scientific training or metabolic understanding 
to maintain their confidence during the fasting phase. 
Although such ideation appears to be scientifically base-
less, deep breathing may help maintain sufficient body 
oxygen supply and body fluid pH value because accumu-
lation of CO2 may reduce pH value in body fluid.1 2 72 73 
Notably, subjects were trained with two practices to use 
when they felt hunger: an air pharynx practice for ‘swal-
lowing air’ to imitate the action of food pharynx, as well 
as instructions for the beego subjects to repeatedly tell 
themselves ‘I have had a meal’. Although beego profes-
sionals in China believe the psychological induction and 
these practices are helpful for overcoming the feeling 
of possible hunger, in the future it will be imperative to 
explore the biological and psychological basis for mind 
regulation in beego.

While an overwhelmingly long list of studies have 
reported benefits and mechanisms for incomplete fasting 
that covering calorie restriction, intermittent fasting, 
fasting-mimicking diets and periodic short-term water-
only fasting with minimal calories or supplements,11 
studies of complete water-only fasting in human are 
much less numerous.3–10 In our study, the changes in the 
lipid profile by beego are largely in concordance with the 
western styled fasting regimes.11 50 74 75 Beego immedi-
ately results in significant TG reduction selectively in TG 
high subjects (figure 1B), which is beneficial to reducing 
thrombosis risks.

It was notable that we found beego results in a transient 
increase in cholesterol levels during the fasting period 
of our beego programme. An increase in the cholesterol 
level would typically be interpreted as a thrombosis risk. 
Beego with a fasting period of 7 to 14 days apparently 
causes opposing effects on metabolic dynamics between 
TG and cholesterol. It was thus highly notable that in 
our study the increased cholesterol level (specifically 
LDL-C) in fasting was decreased in the refeeding period 

(figure  1). The increase in blood cholesterol level may 
be caused in part by remobilisation of cholesterol from 
adipose tissue during fasting,76 77 or possibly by increased 
synthesis of cholesterol in liver to maintain the function 
of membrane system due to zero intake of dietary choles-
terol during fasting.78 79 An early report on complete 
starvation by six normal adults indicates a slight but non-
significant change in cholesterol level.5 Recent studies 
on cholesterol appear to have challenged the previous 
dogma that high level of this lipid molecule is a major risk 
factor for thrombosis. For example, one study indicates 
that high LDL-C is inversely associated with mortality in 
most people over 60 years, and that elderly people with 
high LDL-C live as long as or longer than those with low 
LDL-C.80 Such accumulated findings have resulted in 
the modification of the US dietary guidelines in which 
no specific limit on daily dietary cholesterol is specified. 
Therefore, the transient LDL cholesterol increase in 
fasting may not necessarily be a significant risk factor. In 
fact, cholesterol is essential for the integrity of membrane 
functions.78 79

Abnormal activation of platelets is also a major cause 
for thrombosis.57 58 Plasma proteomic analysis disclosed 
that beego attenuates platelet activation, aggregation 
and degranulation on fasting day 7 and refeeding day 
7. The downregulation of the three aspects of platelet 
behaviours all contribute to the reduction of thrombosis 
risk. Similar to chronic 1-week subtotal fasting (<300 
kcal/day as carbohydrates) that has mild anticoagulative, 
fibrinolytic and antiplatelet effect75 and to other chronic 
incomplete fasting regimes that decrease cardiovascular 
risk,81 82 proteomic evidence in our study indicates that 
procoagulation and anticoagulation systems maintained 
unchanged by beego (figure 2).

Intriguingly, circulating platelets appear to be rejuve-
nated after beego, as evidenced by beego-triggered reduc-
tion of ageing markers in platelets (figure  4G–I). For 
context, oxidative stress and mitochondrial membrane 
potential are both hallmarks of ageing,30 and loss of cells 
through apoptosis is also representative of ageing; such 
cell loss can be regulated by caloric restriction.83 The 
effect of the deceleration of platelet ageing is consistent 
with better controlled activation of platelets with reduced 
P-selectin level (figure 4F). Functional analysis of hearts 
and vessels also shows that some of the cardiovascular 
function were improved and rejuvenated. All of the bene-
fits above are contributable to the reduction of cardio-
vascular risks. Importantly, these beneficial effects sustain 
when fasting is complete.

Surprisingly, our study showed that platelet count was 
reduced during beego (figure 4A, left). Previous complete 
fasting studies did not measure platelets,3–10 and incom-
plete fasting studies did not detect any changes in periph-
eral platelet numbers.11 50 74 75 Given the facts that platelet 
count is decreased and haemostasis capacity remains 
unchanged, it suggests that platelet function is improved 
with beego. Since activation, apoptosis and ageing of 
platelets were downregulated in beego (figure  4F–I), 
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reduction of platelet is not caused by shorter lifespan 
of the platelet, but possibly by an inhibition of platelet 
production in beego. Given the increase in blood choles-
terol level, the body may react to reduce the production 
of platelet to limit thrombosis. Therefore, the biolog-
ical significance for platelet reduction is presumably to 
reduce thrombosis risk. This contention is supported by 
the observation that beego did not reduce platelet counts 
in the platelet low subjects (figure  4A, right). When 
platelet pool is insufficient to pose risk for thrombosis, 
beego will not reduce platelet formation. The conten-
tion that the reduction of palate counts is not caused by 
shorter lifespan is further supported by the observation 
that the reduction of platelet production is associated 
with significant reduction of MYL9 and G6B (figure 4K). 
The MYL9 is the myosin light chain and implicated in 
megakaryopoiesis,84 whereas G6B is a platelet receptor 
containing an immunoreceptor tyrosine-based inhibition 
motif, critically required in the formation of platelet.85 86

Apart from difficulty in validation of human beego 
effects with model animals due to the impossibility in 
psychological intervention with animals, a weakness of 
this study is that it is quite difficult to recruit a control 
group for comparison. The subjects voluntarily partici-
pated in the beego are either subhealthy individuals or 
individuals with metabolic syndrome. Some of them are 
on medication for controlling hypertension or diabetes 
before joining beego. The subjects who were on medica-
tion for hypertension or diabetes discontinued the medi-
cation in the entire course of the beego programme. In 
our cohort, no life-threatening event or severe adverse 
effects occurred. Discontinuation of medication in beego 
is traditional and primarily empiric. While cautious eval-
uation is desired in the future, the safety of this practice 
is supported by complete fasting study led by the groups 
of Goldhamer and Compbell.7 8 However, it may be risky 
for those individuals in medication to stop medication to 
serve as a control group for our study. It is also difficult 
to recruit sufficient healthy individuals to serve a control 
group to donate blood samples for multiple times for 
laboratory testing.

In conclusion, supervised beego eventually reduces 
thrombosis risk without compromising haemostasis 
capacity. The risk in beego is mild and reversible on the 

completion of this practice, and the benefits to cardio-
vascular health are significant, efficient and sustainable 
(figure  5). Therefore, beego can serve as an alterna-
tive non-invasive intervention on those with metabolic 
syndrome or in overnutritional conditions who meet the 
inclusion criteria detailed in the methods. At minimum, 
our work supports that future studies are warranted to 
determine suitable frequencies for beego practice for 
individuals with specific health needs, to determine if use 
of cholesterol-lowering drugs is necessary in the fasting 
period of the beego programme, and to further explore 
mechanistic basis of the multiple physiological changes 
we observed during fasting and refeeding. Hopefully, 
this study will motivate more researchers to join us in the 
pursuit and improvement of the health efficacy of this 
traditional Chinese practice in a modern context.

METHODS
Ethics
The study was conducted with approval from Institutional 
Ethics Review Board at Soochow University (Approval 
No. ECSU-2019000153) and the Chinese Clinical Trial 
Register, an official review board for clinical trial (Registra-
tion No. ChiCTR1900027451), affiliated to The Ministry 
of Public Health of China (http://www.​chictr.​org.​cn/​
index.​aspx). All participants were recruited by the Soyo 
Center of Soochow University, an institutional platform 
for studying non-medical intervention for fitness. Partic-
ipants were enrolled after giving their written informed 
consent. Thirty-eight participants aged from 27 to 67 
years were enrolled.

Exclusion criteria
Participants met eligibility criteria and had no predefined 
contraindication to beego practice. The exclusion criteria 
included, but were not limited to the following:

(1) Acute diseases, active tuberculosis, gastrointes-
tinal ulcer with gastrointestinal bleeding; (2) significant 
lesions in the organs, including advanced kidney, liver or 
cerebrovascular insufficiency; (3) thin and weak patients 
with chronic hepatitis, thin and weak patients with 
diabetes, diabetes patients with injection of insulin for 
more than five successive years, nephropathy complicated 

Figure 5  Graphical summary on the effects of beego on thrombosis and haemostasis. In a beego programme, the potentially 
transit mild thrombosis risk in fasting period is reversible by refeeding; Beego maintains haemostasis capacity and limits platelet 
generation and activation to reduce thrombosis risk.

http://www.chictr.org.cn/index.aspx
http://www.chictr.org.cn/index.aspx
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with hypertension for more than 10 years, intense valvular 
heart disease or severe cardiac arrhythmias, patients with 
second or third stage lung gangrene; (4) patients with 
advanced cancer, or any stage of pancreatic cancer, or 
patients with thin and weak cancer; (5) individuals with 
a history of organ transplantation, or frequent organ 
bleeding; (6) thyropathy in long-term medication; (7) 
individuals with severe active allergic symptoms except 
pollen allergy; (8) cachexia individuals with body weight 
below 40 kg, or loss of hearing and loss of vision; (9) 
infectious diseases, excluding cold; (10) certain inherited 
disorders such as medium-chain acyl-CoA dehydrogenase 
deficiency and porphyria; (11) dementia or other severely 
debilitating cognitive disease, severe depression, hysteria, 
epilepsy, other in critical care patients; (12) existing preg-
nancy, lactation period or age above 70 and below 20.

Beego programme
The beego programme was supervised by a combined 
group of certified professionals in medicine, life sciences, 
health management and nursing for physical examina-
tion. Emergency rescue kits were provided during the 
critical period of first 4-day fasting. Beego in this study 
comprised a period of water-only fasting for 7 or 14 
days, followed by a refeeding period for another 7 days 
with smooth and gradual incensement of nutrients. The 
subjects with subhealthy conditions (eg, overweight, 
metabolic syndrome) participated voluntarily in the 
beego programme for preventive or therapeutic reasons. 
Medication (for hypertension or diabetes) was not taken 
during the entire period of the beego, largely based on 
previous studies7 8 87 as well as our previous practice. 
Thirty-eight began the beego intervention, among which 
31 subjects (11 men and 20 women) chose 7-day fasting 
and 7-day refeeding programme, while 7 subjects (3 men 
and 4 women) chose 14-day fasting and 7-day refeeding 
programme. After beginning of the beego, the partic-
ipants were given water but no food; participates could 
drink water ad libitum.

To facilitate the complete water-only fasting, psycho-
logical induction (ie, a mind regulation programme), 
including but not limited to meditation, was conducted 
with the subjects over the first 4 days of the fasting period. 
Specifically, at the beginning of the fasting period, the 
subjects, in a sitting meditation position, participated 
in a deep breathing programme (abdominal breath) to 
ensure that they inhaled adequate oxygen and exhaled 
carbon dioxide1 2 as follows: abdominal breathing 
moves the diaphragm up and down. The diaphragm 
drops on inhalation, squeezing the organs below, so 
the stomach expands instead of the chest. On exhala-
tion, the diaphragm rises higher than usual, enabling 
deep breathing which promotes exhalation of the 
carbon dioxide that tends to stagnate at the bottom of 
the lungs.72 73 Subjects assume a supine or comfortable 
sitting position, put one hand on the belly button of the 
abdomen to relax, and breathe naturally, while seeking 
to inhale to maximise the expansion of the abdomen to 

make the abdomen bulge and keep the chest motion-
less. When exhaling, the abdomen naturally recesses 
and draws inward toward the spine, while the chest 
remains motionless, maximising the inward contrac-
tion of the abdomen and exhaling all of the exhaust gas 
from the lungs. Each round of meditation along with 
abdominal breath lasted about 45 min, followed by light 
physical exercise for 3 to 5 min (including for example 
self-tapping on their bodies and stretching arms and 
legs to make the body feel comfortable). During the 
fasting programme, the beego subjects were instructed 
to conduct self-talk by saying ‘I have had a meal’ and 
were trained in a ‘swallowing practice’ for air pharynx 
when they felt hungry.

At the designated location, subjects fasted together for 
the first 4 days; subsequently, they fasted on their own at 
their local home or workplace. Beginning on fasting day 
5, participates were able to resume office work or other 
easy work tasks (excluding tough physical endeavour). 
During the fasting period, the subjects were counselled 
to arrange their work schedules to be staggered with 
regular mealtimes (to reduce the acquired reflex for 
meal). Manual labour or vigorous exercise was avoided 
throughout the beego programme. Water-only fasting 
was discontinued when any participant decided to give up 
the fasting or when the licensed professionals in health 
management deemed it necessary for medical reasons.

Refeeding protocol
Following the water-only fasting, subjects were refed for 
a period of time lasting no less than half of the fasting 
length. We specified a particular diet and eating protocol 
for each of 7 refeeding days. An example is given below 
for day 1, 2 and for day 5, with the remaining details avail-
able in the online supplemental information. Note that 
ingredient availability and typical kitchen implements are 
quite homogeneous for most Chinese households, and 
counsellors worked with the participants to customise 
serving sizes.

--Refeeding day 1 and 2:
Morning, midday and evening: prepare a rice soup 

cooked with a small amount of millet by boiling the rice 
thoroughly with water. Only the liquid soup should be 
consumed (ie, do not eat rice grains), consume no more 
than half a bowl of this soup at a given feeding session, 
but feel free to consume this soup as many as six or seven 
times on day 1 and day 2.

--Refeeding day 5:
For breakfast, you may have gruel or boiled noodles, 

with small amount of oil and salt; you may eat boiled eggs, 
but only eat egg yolk. For noon meal, you may eat a small 
amount of rice, and rice should be soft, and eat fried 
green vegetables with less oil and salt. it is best to drink 
gruel in the evening. On the fifth day of re-eating, you 
may add an appropriate amount of fruits, such as pears, 
watermelons and other fruits with more water. Don't eat 
too much.

https://dx.doi.org/10.1136/bmjnph-2020-000183
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Sample collection
To document the effect of beego on health, we performed 
the following predefined measurements: Blood samples 
were collected at 07:00 to 09:00 a.m. of the testing days, 
with group one on fasting day 1, 4, 7 and refeeding 
day 7, and another group on fasting day 1, 4, 7, 14 and 
refeeding day 7. The samples were collected by veni-
puncture through a safety needle into a blood collection 
tube containing the anticoagulation sodium citrate (final 
concentration of 0.32% by weight, 1:9 ratio of citrate to 
blood), previously established to minimise preanalytical 
variables in platelet function testing. Note that we also 
collected data at baseline (just before fasting on wFD1). 
The information of reagents used in laboratory tests is 
given in online supplemental table 1.

Blood pressure and pulse wave
Blood pressure was measured after a pause, once at the 
non-dominant arm in a sitting position (upper arm blood 
pressure monitor, OMRON). Pulse wave was monitored by 
Mobil-O-Graph PWA (Germany) according to the manu-
facturer’s protocols (AL Rowais Medical Equipment).

Blood lipid tests
The tests for blood lipids were measured just before 
fasting commencement, during fasting and refeeding in 
the morning between 07:00 to 09:00 a.m. Whole blood 
without anticoagulant was incubated at 4°C overnight, 
and then centrifuged at 500 g for 20 min at room tempera-
ture. All serum samples were separated and frozen at 
−80°C until laboratory testing. Serum was analysed for 
blood lipids with the Chemistry Analyzer (Roche, cobas 
c702) by Dian Diagnostics, China.

Coagulation tests
A medical professional took a blood sample and send 
it to our hospital for testing and analysis. All assays 
were performed on an automated coagulation anal-
yser (Sysmex, cs-2000i) with corresponding reagents 
(Siemens). The tests included PTs, INR, APTTs, FIB, AT 
III and TT. These tests were conducted according to the 
standard operating procedures of the instrument.

Complete blood count
The samples were analysed on the Automatic Five Cate-
gories Hematology Analyzer (Siemens) on which were 
observed platelet indices including platelet count, MPV, 
PDW and PCT.

Platelet preparation
The collected whole blood with the anticoagulant was 
centrifuged at 200 g for 20 min at room temperature 
(RT) with no brake applied to prevent any platelet acti-
vation. The supernatant platelet-rich plasma (PRP) must 
then gently transferred to a fresh tube using a polypro-
pylene Pasteur pipette and the PRP is stored at RT. The 
prepared PRP was mixed with 1 µM PGE-1 (ENZO). 
Washed platelets was collected from PRP by 500 g centrif-
ugation for 20 min at RT and resuspended in modified 

Tyrode’s Buffer containing 137 mM NaCl, 20 mM HEPES, 
1 mM MgCl2∙6H2O, 2.7 mM KCl, 3.3 mM Na2HPO4∙2H2O, 
5.6 mM D-glucose and 1 g/L BSA (pH 7.4).The superna-
tant plasma was packed, and then stored at −80°C.

Platelet aggregation
Washed platelets were normalised to a final concentra-
tion of 2–4×108cells/mL with Tyrode’s Buffer. Diluted 
washed platelet (250 µL) was placed in an aggregom-
eter cuvette, warmed to 37°C and measured in a Dual-
channel platelet aggregation apparatus (Chrono-log). 
After 1 mM CaCl2 was added, baseline measurements 
were obtained, 0.012 U/mL thrombin (Chrono-log) was 
added to induce aggregation. The percent aggregation 
was calculated from the amplitude of the tracings at 5 min 
and normalised to the response of the untreated control 
within an individual experiment.

Soluble P-selectin in plasma
Plasma soluble P-selectin concentrations were assayed 
using a Human P-Selectin ELISA Kit (Affandi) on 
Labsystem Multiskan MS (Thermo) according to the 
manufacturer’s instructions.

Thrombopoietin
Thrombopoietin levels in plasma were assayed by ELISA 
using a Human Thrombopoietin, TPO ELISA Kit 
(Affandi) according to the manufacturers’ instructions 
(eBioscience).

Phosphatidylserine externalisation assay
The prepared PRP (1–3×106 cells) was labelled with 5 µL 
Mouse Anti-Human CD41a (BD Biosciences) at 37°C for 
30 min in the dark, then incubated with CaCl2 (1 mM) and 
thrombin (0.2 U/mL) at RT for 15 min. The pretreated 
PRP was mixed with 5 µL diluted Annexin V–FITC (BD 
Biosciences). Samples were gently mixed and incubated 
at RT in the dark for 20 min, diluted with 150 µL Annexin 
V–binding buffer, and analysed using a flow cytometer 
(Beckman Gallios).

Mitochondrial Δψ m depolarisation assay
Washed platelet (1–3×106 cells) was incubated with CaCl2 
(1 mM) and thrombin (0.02 U/mL) at RT for 5 min. The 
pretreated platelets were incubated with 2 µg/mL JC-1 
antibody (Beyotime) for 30 min at 37°C, and then diluted 
with 150 µL Tyrode’s buffer. The treated samples were 
detected by flow cytometry.

Oxidative stress level detection
Washed platelet (1–3×106 cells) was labelled with 5 µL 
Mouse Anti-Human CD41a (BD Biosciences) at 37°C for 
30 min then incubated with CaCl2 (1 mM) and thrombin 
(0.02 U/mL) at RT for 5 min. Treated platelets were incu-
bated with 10 µM CM-H2DCFDA (Thermo Fisher Scien-
tific) for 30 min at 37°C, and then diluted with 150 µL 
Tyrode’s buffer. The treated samples were detected by 
flow cytometry.

https://dx.doi.org/10.1136/bmjnph-2020-000183
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Flow cytometry
Flow cytometric analysis of platelets was conducted with 
Beckman Coulter (Gallios) as described previously.59 88

Plasma proteomics
Sample preparation
SDS free lysate was added to 100 µL serum/plasma sample 
to make up a total volume of 1 mL; DTT was added to 
sample with a final concentration of 10 mM; samples were 
incubated at 37°C for 30 min; Iodoacetamide was added 
to sample with a final concentration of 55 mM, and incu-
bated in the dark at room temperature for 30 min. The 
mixture of proteins was passed through a solid phase 
extraction C18 column for protein enrichment. The 
sample protein concentration was calculated based on 
the standard curve and sample OD595, then performed 
SDS-PAGE. Proteins were hydrolysed by trypsin enzyme 
and the enzymatic peptides were desalted using a Strata 
X column and vacuumed to dryness.

DIA analysis by nano-LC-MS/MS
The peptides separated by liquid phase chromatography 
(LC-MS/MS) were ionised by a nanoESI source and then 
passed to a tandem mass spectrometer Q-Exactive HF 
X (Thermo Fisher Scientific, San Jose, California) for 
DDA (data-dependent acquisition) mode detection. The 
peptides separated by liquid phase chromatography were 
ionised by a nanoESI source and passed to a tandem mass 
spectrometer Q-Exactive HF X (Thermo Fisher Scientific, 
San Jose, California) for DIA (data- independent acquisi-
tion) mode detection.

Bioinformatic analysis pipeline
This process is based on the sample data generated from 
a high-resolution mass spectrometer. DDA data was iden-
tified by Andromeda search engine within MaxQuant, 
and Spectronaut used identification results for spectral 
library construction. For large-scale DIA data, Spectro-
naut uses the constructed spectral library information 
to complete deconvolution and extraction, and uses 
the mProphet algorithm to complete analytical quality 
control, thus obtaining a large number of reliable quan-
titative results. This pipeline also performed GO, COGs, 
Pathway functional annotation analysis and time series 
analysis. Based on the quantitative results, the differen-
tial proteins between comparison groups were found, 
and finally function enrichment analysis, protein-protein 
interaction and subcellular localisation analysis of the 
differential proteins were performed.

Statistical analyses
Laboratory technicians who performed the measurements 
and data statistics were blind to the information of the 
samples collected before, during and after the interven-
tion. Statistical analyses were performed using SPSS V.22.0. 
Differences between groups were analysed using univar-
iate repeated-measures analysis of variance. To assess for 
changes during fasting, we performed each fasting time 
point to baseline (wFD1) using one-way analysis of variance 

with multiple comparisons. Multiple comparisons were 
performed using Dunnett’s test and then using the Benja-
mini and Hochberg method to control the false discovery 
rate. Data is expressed as mean±SEM, which is provided in 
the online supplemental information (online supplemental 
table S1, S2). q-value, adjusted P value. P value <0.05 was 
considered to indicate a statistically significant difference.
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