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Introduction

Fasting is broadly defined as the voluntary practice of partially or completely abstaining from
caloric foods and beverages.! Fasting methods differ based on the amount and type of calories
consumed daily, time period for daily caloric consumption, fasting duration, as well as
rationale.!*® Therapeutic prolonged water-only fasting is the protracted (i.e., >2 days)
consumption of only water for purposes of health promotion.'?’ Most humans have enough

nutrient reserves to safely undergo a prolonged water-only fast (herein called “fast”) for at least



40 days®!° depending on body mass index, fat and muscle percentages, activity levels, and state
of health. Human survival during fasting is supported by our ability to enter ketosis and utilize
ketone bodies as an alternate energy source for the brain and other organs.!! Ketone bodies
potentially modulate some of the molecular and cellular adaptations observed during nutrient
deprivation.!? Preliminary evidence correlating beneficial clinical outcomes with fasting!3-!7
supports the continued research and clinical application of this method.

In this chapter, we briefly review various aspects of therapeutic fasting in humans
including historical context, physiological responses, clinical research, and clinical application.
Caloric restriction and intermittent fasting in humans and other organisms are reviewed in depth
elsewhere. 34618
Historical Context
Evolutionary biologists speculate that Homo sapiens evolved with unpredictable access to food
resources which likely became more unpredictable after the advent of agriculture.!® Several
evolutionary theories attempt to explain how periodic food scarcity shaped our fat storage
capacity,?’ but there are fewer theories on how it contributed to our efficient utilization of ketone
bodies as an alternate fuel. There is also limited understanding of how periodic food scarcity
influenced our long-standing therapeutic, spiritual, and sociological relationship with fasting.!
Historical texts indicate that, for millennia, people of nearly all cultures and religions have

practiced various fasting methods.?!-23

Over the past 200 years, therapeutic fasting has gone in
and out of fashion with both allopathic and alternative health practitioners. Therapeutic fasting

has once again emerged as a potential tool to treat the pandemic of degenerative diseases largely

caused by the overconsumption of highly processed foods.!* The type of therapeutic fasting



currently practiced is based on the tenets of Natural Hygiene, which was founded by Isaac

Jennings (1788-1874)?* and later popularized by Herbert M. Shelton (1895-1985).25-32
Physiology

Humans gradually transition from the fed state through the fasted state, ultimately terminating in
starvation. This transition is regulated by metabolic, endocrine, and neuronal adaptations that

tS,ll

ensure whole-body energy requirements are continuously met®'" and appear to modulate

molecular and cellular mechanisms associated with retardation of aging processes, at least in

9,35-37

model organisms.>*!2:33:34 Early reports on human fasting physiology as well as research by

Cahill and colleagues!!-38-36

contributed substantially to our knowledge of human physiological
responses to fasting. Metabolic processes were described in five stages based on the transition
through the fed and fasted states that maintains physiological blood glucose levels.!! Throughout
this transition, metabolic states are often concurrent and have variable rates depending on an
individual’s age, sex, and nutrient reserves.®’ It should be noted that there appears to be marked
differences between the metabolism of lean and obese individuals.”>7483% For example, lean

individuals have increased concentrations of ketone bodies as well as an increased percentage of

energy derived from protein oxidation while fasting.”?

Stage I begins immediately following caloric ingestion, when carbohydrates, proteins,
and fats are digested into sugars (primarily glucose), amino acids (single or peptides), and fatty
acids (triacylglycerol, TAG), respectively.!! All macronutrients are absorbed into the blood,
transported to the liver for processing and/or storage, and transported back to the blood to
maintain physiological processes. Glucose and amino acids are absorbed directly into the blood
stream through the small intestine. TAGs are broken down into glycerols and free fatty acids,
which form micelles that enter enterocytes where they are reconverted to TAGs and packaged in
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chylomicrons. Chylomicrons are absorbed into the lymphoid system through the small intestine
and then released into the blood stream. In the fed state, high blood glucose levels stimulate the
pancreatic 3 cells to secrete insulin above basal levels. Insulin regulates the uptake and
metabolism of glucose, amino acids, and fatty acids. At this stage, all tissues preferentially utilize
glucose as fuel, except the liver and heart, which prefer a-ketoacids and fatty acids, respectively.
Glucose is transported into cells where it is catabolized through glycolysis. During glycolysis,
glucose is converted to pyruvate that is oxidized to acetyl-coenzyme A (CoA) that enters the
tricarboxylic (TCA) cycle, ultimately producing adenosine tri-phosphate (ATP). Increased
glycolysis in the liver results in an excess of acetyl-CoA that is used to synthesize TAGs, which
are packaged into very low-density lipoproteins for storage and secretion when blood glucose is
low. Insulin also regulates the uptake of glucose by adipocytes, where it is converted through
glycolysis to glycerol 3-phosphate and acetyl-CoA, which are then synthesized into TAG. High
levels of blood glucose enable hepatocytes and muscle cells to convert glucose to glycogen — the
storage form of glucose — through glycogenesis. The liver and muscles store approximately 70
and 150 grams of glycogen, respectively.®

Stage II begins approximately 4-6 hours following final caloric intake.!! Decreased blood
glucose levels stimulate pancreatic a cells to secrete glucagon above basal levels. Glucagon is an
insulin antagonist, which stimulates glycogenolysis of hepatic glycogen to glucose. Hepatic
glycogen reserves are depleted within approximately 24 hours of fasting. Glycogenolysis also
converts muscle glycogen to glucose 6-phosphate. However, muscle cells lack the enzyme
glucose 6-phosphatase that is required to release glucose; therefore, muscle glycogen is not used

to meet whole-body glucose requirements. During this early fasted phase, hepatic glycogenolysis



provides about 75% and gluconeogenesis accounts for the other 25% of daily glucose
requirements of all tissue except the liver.?

Stage III lasts from approximately 24-48 hours following final caloric intake.!! During
this time, gluconeogenesis is the primary metabolic pathway supplying daily glucose
requirements.>8-4% Gluconeogenesis, primarily in the liver, produces glucose from the non-
carbohydrate carbon substrates glycerol, lactate, and amino acids.®*! TAG hydrolysis forms
glycerol and fatty acids in adipose tissue. Glycerol is converted to dihydroxyacetone phosphate
which used to produce glucose in the liver, after which it is exported to extrahepatic tissue. In
skeletal muscle, when rates of glycolysis exceed the TCA cycle, excess lactate is produced and
transported to the liver where it is converted to pyruvate and then to glucose through the Cori
cycle. Glucose is then transported back to muscle cells or used to meet whole-body glucose
requirements.®> Amino acids are primarily used to make protein but when glucose is low, the
breakdown of digestive and glycolytic enzymes, skeletal muscle, and other connective tissue
provides amino acids for gluconeogenesis. In skeletal muscle, ammonium is produced as a
byproduct of protein catabolism but it is unable to be converted to urea for removal through
urine, as in the liver. Excess ammonium results in transamination of surplus pyruvate to
ultimately form alanine. The glucose-alanine or Cahill cycle transports the glucogenic amino
acid, alanine, from skeletal muscle to the liver to produce glucose that can then be used by
extrahepatic tissue. Although all amino acids, with the exception of lysine and leucine, are
glucogenic, alanine and glutamine are the predominate amino acids used in gluconeogenesis in
the liver and kidneys, respectively.”>”? Eventually, the renal cortex synthesizes more glucose

through gluconeogenesis than does the liver.%* During this stage, blood glucose begins to decline



but glucose is still utilized by all tissue with the exception of the liver.®! In the fasted state,
blood glucose levels routinely drop down to 40 mg/dL or lower.!!:90:9495

Stage IV begins approximately 48 hours after final caloric intake and lasts until
approximately day 5-7.!! At this stage, renal gluconeogenesis becomes progressively more
important in the maintenance of blood glucose levels. Additionally, reduced blood glucose and
increased glucagon levels induce adipocytes to increase lipolysis of TAGs into fatty acids and
glycerol. Glycerol is converted to glucose through gluconeogenesis as described above. Fatty
acids bound to albumin are transported to the liver, muscle, and other tissues. Fatty acids in the
liver are broken down by B oxidation to form acetyl-CoA, when acetyl-CoA exceeds the capacity

of the TCA cycle because of reduced oxaloacetate availability it is used to synthesize the ketone

bodies acetoacetic acid (AcAc), acetone, and B-hydroxybutyric acid (BOHB) through

ketogenesis.® The liver is unable to utilize ketone bodies for fuel which results in large quantities
of ketones, primarily AcAc and BOHB, secreted into the blood stream. Within the mitochondria
of extrahepatic tissue, BOHB is further oxidized to AcAc that is then transported to the TCA
cycle. Increased ketones are typically identified through urinalysis by day three of the fasted
state.”® Except for red blood cells, the renal medulla, and the liver, all tissue, including the brain,
are able to utilize ketone bodies for energy. By the end of stage IV, the brain’s energy
requirements are met primarily by ketone bodies.!!

Stage V begins when rates of ketogenesis exceed gluconeogenesis and continues until
starvation begins.!! The length of this stage depends on an individual’s body mass index, fat and
muscle percentages, physical activity levels, and state of health. Studies on respiratory quotient
and urinary nitrogen have demonstrated that adipose TAG stores meet the majority of whole-

body energy requirements during prolonged fasting.3>4>->156-85 Meeting energy requirements



through fat metabolism decreases dependency on gluconeogenesis, thus sparing protein.®-°¢ The
brain begins utilizing ketone bodies, primarily BOHB, after approximately 4 days. This adaption
is essential because brain glycogen content is very low (0.1%). The brain (40 g/day) and other
tissues (40 g/day) still have an obligatory need for approximately 80 g/day of glucose, which is
met through gluconeogenesis.®*’ Starvation begins when essential protein is catabolized to meet
energy requirements.® Based on average nutrient reserves, a 70 kg human can fast for 2-3 months
before entering starvation (Table 37.1, 37.2).8:33:4951.97

Although data in mammalian model organisms suggests that intermittent fasting has
various effects on the neuroendocrine system such as increased synaptic plasticity and
parasympathetic tone,’® data on neuronal and endocrine adaptations during prolonged water-
only fasting in humans is lacking. Preliminary research has shown that human growth hormone,
reverse T3, adrenaline, noradrenaline, dehydroepiandrosterone (DHEA), sex hormone-binding

globulin, and cortisol increase”*2>-9°-102

whereas thyroid stimulating hormone, T3, luteinizing
hormone, follicle-stimulating hormone, and testosterone decrease®*?>*°-1%! during fasting.
Specific details on fluctuations over the course of a prolonged fast; differences between
individuals based on age, sex, and nutrient reserves; and the downstream effects of these changes
remain to be elucidated.

It is well established that weight decreases in response to nutrient deprivation. During
prolonged fasting, weight loss averages 0.9 kg/day during the first week and decreases to 0.3
kg/day by the third week.?® Initial rapid weight loss is primarily due to water and sodium
diuresis.”® Other changes include decreased pulse rate®>> and blood pressure (BP)*3>37:103 a5 well

as a transient small increase and then a slow drop in the basal metabolic rate by about 1% per

day until stabilizing at about 75% of normal.!?® Electrocardiography often demonstrates cardiac



adaptations including sinus bradycardia, decreased QRS complex and T-wave amplitude,
elongation of the QT interval, and shifts to the right of the QRS and T-wave axes, which
normalize upon refeeding.®”%193:194 Physiological responses typically return to pre-fast levels

upon caloric consumption.

Clinical Research

Research, primarily conducted in model organisms, has uncovered several potentially health-
promoting cellular and molecular responses to nutrient deprivation, such as hormone modulation,
reduced oxidative stress, and increased autophagy.®* Additional research is needed to
conclusively determine if fasting produces similar mechanistic responses or how these responses

L1105 and limited clinical

might affect clinical outcomes in humans. A century of fasting literature
evidence!>17:106-199 gyooests that the method has beneficial health outcomes, but the substantial
amount of data is largely inconclusive due to methodological limitations. For example, there are

essentially no randomized controlled trials (RCTs) on the efficacy of fasting in the treatment of

any disease.

There is also an unsubstantiated perception that therapeutic fasting is unsafe.’> The belief
is associated with a period during which an extreme form of water-only fasting was used as to

HO12-114 reported out of

treat obesity.!!%!!! During this period, there were several deaths
approximately one thousand documented fasting cases.!!!:!15-122 These deaths could likely have
been prevented had unintentionally harmful fasting practices not been used. Until recently, there
were no peer-reviewed assessments of adverse events during fasting. A recent retrospective

study describes the adverse events (AEs; classified according to the Common Terminology

Criteria for Adverse Events and MedDRA terminology) that occurred during prolonged water-



only fasting visits (2-40 days; n=768) at a medically supervised fasting center.” The study found
that the highest grade AEs experienced during the majority visits (72%; n=555) were mild to
moderate in nature and are known to commonly occur during fasting (e.g., nausea, back pain,
headache, and presyncope). There were two serious adverse events (grade 4 hyponatremia and
grade 3 dehydration), which resolved without further complication, and there were zero deaths.
Overall, the data suggest that the method is safe, at least when conducted under medical

supervision using the protocol described.

The following is a description of literature published on the effects of therapeutic fasting
during which only water or, in some cases of early research, acaloric liquids and/or
vitamin/mineral supplementation was administered. Unfortunately, in many early publications

the fasting method was not adequately described, and these studies are not included here.

Case Reports

Case reports describe novel, informative clinical cases of 1-3 patients. They can inform
clinicians and patients as well as guide the course of clinical research. In addition to the reports
presented here, there are numerous case reports describing physiology and on the use of fasting

to treat obesity.

Appendicitis

A 46-year-old male with an enlarged appendix accompanied by symptoms of appendicitis opted
to undergo a medically supervised, water-only fast for 7 days with 4 days of refeeding rather
than surgically remove his appendix. The patient fasted and refed for 7 and 4 days, respectively.

There were no serious complications, and upon termination he had reduced abdominal swelling,



no pain or fever, and a normal white blood count. He remained symptom free at the 3-month, 1-

year, and 2-year follow-up visits.!%

Follicular Lymphoma

A 42-year-old woman with stage I1la, low grade follicular lymphoma was reported in BMJ Case
Reports. After a 21-day water-only fast followed by 10 days of supervised refeeding, her
enlarged lymph nodes were no longer palpable and computerized tomography (CT) scans
confirmed the size reduction. She did not undergo standard cancer treatment, has maintained a

healthy lifestyle, and was symptom free at the 6-month follow-up visit.!

Chronic Posttraumatic Headache

A 52-year-old woman with a 16-year history of chronic posttraumatic headache presented with a
constant headache that was described as “dull and achy” with a pain level of 6-8/10 that did not
improve with standard pharmaceutical medications. She underwent two 40-day medically
supervised, water-only fasts with a 6-month intervening period of an exclusively plant-foods
diet. At the end of the second fast, she was free of headache symptoms with the exception of an
occasional headache that lasted less than 10 minutes with a pain level 1/10. Her body mass index
(BMI) reduced from 33.1 kg/m? to 18.8 kg/m>. There were no serious complications, and her
serological values remained normal with the exception of slightly increased liver enzymes,
which resolved upon refeeding. At the five-year follow-up visit, she was still symptom free and

had maintained a normal BMI.!%°

Clinical Studies
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Studies on the clinical effects of fasting have been primarily observational in nature. Many
studies lack the necessary sample size and controls to conclusively determine outcomes. There is

a need for RCTs to draw conclusions about this method.

Cardiovascular Disease

Early studies suggest that fasting reduces serum triglycerides'??, blood pressure (BP)?3>20-124,
and symptoms of congestive heart failure.'>> More recently, medically supervised, water-only
fasting was shown to reduce borderline and high hypertension [REF].!*!1%8 In 68 consecutive
patients with borderline high BP, an average of 13 days of water-only fasting reduced systolic
BP by an average of 20 mm Hg, with 82% of patients achieving systolic BP below 120 mm
Hg.!% In 174 consecutive patients with high BP, an average of 10 days of water-only fasting
resulted in more than 90% of patients becoming normotensive. In patients with systolic BP
greater than 180 mm Hg, the average reduction in systolic BP exceeded 60 mm Hg.!?’
Preliminary data also suggests that treatment of hypertension with a 14-day medically
supervised, water-only fast could reduce combined medical and drug costs by almost $2700 per

year per patient.!

Cancer and Chemotherapy

Preliminary research suggests that water-only fasting for approximately 2-3 days prior and/or
following chemotherapy ameliorated commonly reported chemotherapy side-effects.!”-'?” There
is currently a randomized trial being conducted on the effects of 72 hours of water-only fasting in

conjunction with chemotherapy.!?’

Diabetes Mellitus

11



Reports, as early as 1912, suggest that prolonged water-only fasting improves diabetes.”!2%:12° In
obese diabetic patients, it was found that prolonged water-only fasting substantially improved

most parameters of insulin function independent of weight loss.!

Epilepsy

Therapeutic fasting has been used since the early 1900s to treat seizures.!?*!3! It was later found

that ketosis, initiated by fasting, decreased the duration, severity, and number of seizures.!*?

Autoimmune Disorders

Several reports suggest that fasting has a beneficial effect on autoimmune disorders, such as
chronic urticaria and colitis.!3*:134 It was also found that fasting shortened the early stages of
acute glomerulonephritis (reduced glomerular filtration rate, high BP, and edema) and improved
prognosis.!3> Rheumatoid arthritis (RA) appears to respond particularly well to fasting. Studies
have shown that fasting in arthritis patients results in decreased erythrocyte sedimentation rate
(ESR), arthralgia, pain, stiffness, and need for medication.!*%'** Consistent with those findings, a
study of 43 patients with definite or classic RA found that a water-only fast of 7 days
significantly improved grip strength, pain, swelling of proximal interphalangeal joints, ESR, and

functional activity.'#

Obesity

It is thoroughly documented that fasting reduces weight. Therapeutic fasting as a treatment for
obesity was popularized in the 1960s 81:110-113.116-118,120.121,124,125,143-147 Ty geperal, fasting results in
an initial weight loss of approximately .9 kg/day with a gradual decrease to 0.3 kg per day over

30 days.!*® The initial weight lost is primarily that of water, glycogen, and sodium. A study
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monitoring 121 obese patients for approximately 7 years after fasting an average of 2 months
found that after 2 to 3 years, 50% of patients returned to their pre-fast weights, and that by the

end of the study, 90% weighed the same as before their fasts.!?!

Clinical Application

Although rigorous clinical research is lacking, there is substantial clinical anecdotal evidence
supporting the use of medically supervised, therapeutic fasting as a safe and effective treatment
for a variety of diseases. Since 1984, there have been more than 16,000 medically supervised
fasting patients at TrueNorth Health Center (TNHC) alone. The vast majority of these patients
have benefited from fasting with very few serious adverse events and no deaths. Clinicians at
TNHC have observed improvements in diseases ranging from lupus to hyperhidrosis to follicular
lymphoma. Several facilities, which follow the standards of care and principles of ethics
established by the International Association of Hygienic Physicians,!*’ now exist in the United
States, Canada, England, and Australia, but TNHC is currently the only center in the United

States that trains and certifies medical practitioners in water-only fasting.'>

Therapeutic fasting conducted under medical supervision at an inpatient facility
minimizes complications that can arise during fasting because clinical staff can monitor
symptoms, order and analyze necessary clinical laboratory tests and procedures, approve
adjunctive therapies, appropriately terminate the fast, and supervise post-fast recuperation. In
most cases, fasting is therapeutically superior to a restricted diet because (1) hunger almost
totally disappears,”!'?* (2) ketosis occurs more quickly and efficiently,’!?* (3) famine edema does
not occur,’ (4) sodium diuresis is more pronounced,'!! (5) weight loss is greater and is typically

from fat loss rather than protein catabolism, (6) healing time is shorter, and (7) patient strength

13



may be greater.®! Restricted diets of vegetable broth or fruit and vegetable juices do not initiate
fasting metabolic processes since they contain carbohydrates, protein, and/or fat. Nonetheless,
restricted diets are often useful before and after fasting, for patients in whom a healing crisis (i.e.,
where chronic conditions/symptoms become acute) develops during a fast, and when a fast is

contraindicated.?

Therapeutic fasting can be described in three clinical phases. Phase I, or early fasting,
lasts up to 7 days during which patients can present with common detoxification symptoms of
malaise, headaches, and muscle aches that are typically transitory. Patients often express concern
for their health and a preoccupation with eating, but any desire for food is likely psychological
and has nothing to do with physiological need. Phase II, or balanced fasting, is the most
clinically significant fasting phase and can last for weeks to months. Patients often experience
one or more “healing crises” and/or go through less significant detoxification reactions.
Extending a fast beyond a notable healing crisis/detoxification reaction rather than stopping
midcourse may result in more beneficial health outcomes. During this time, health should
gradually return; if not, the patient should be given a thorough medical evaluation. Phase I1I, also
called starvation, occurs when the body increases protein catabolism and can potentially damage
essential tissue and, ultimately, terminate in death. Fasting should be discontinued before this
phase begins. Predicting optimal fast length is difficult because it is based on many factors,
including protein and fat reserves, individual metabolism, mental health, financial limitations,
work and family obligations, severity of disease, age, and sex. Overall, “[the] doctor will look for
good practical recovery where the patient is symptom free and signs of regeneration are

present.”!>! “Fasting to completion” (i.e., exhaustion of nutrient reserves) is no longer practiced
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nor is it necessary, as consecutive fasting with intervening refeeding appears to be safer and as

effective.!d!

Guidelines

The use of a whole plant-foods diet processed without added sugar, oil, and salt before and after
fasting is beneficial for reducing symptom severity during fasting and avoiding complications
during refeeding. This diet also promotes pre-fast bowel movements, which should occur at least
daily prior to fasting, as well as post-fast bowel movements, which should quickly develop and
pass without complication. It is necessary to adopt a health-promoting lifestyle, including diet,

post-fast in order to to maximize and maintain any benefits obtained while fasting.

Consumption of 64 to 96 oz/day of pure water (distilled, filtered, or reverse osmosis) is
recommended,’!!>2 but upwards of 160 oz is commonly ingested without affecting serum sodium
levels. Increased water intake appears to reduce detoxification reactions but excess consumption
can cause electrolyte imbalances that are clinically significant and require refeeding.
Physiologically, the body is able to modulate “available water” through reduced obligatory water
excretion (owing to lower excretion of urea, the major osmotic solute) and by accessing water
released from fat catabolism. Upon refeeding there is a sudden shift from a low level of insulin
and ketosis to a high level of insulin and glycolysis. As the plasma insulin rises, potassium,
phosphate, and magnesium are driven intracellularly and sodium extracellularly, which dilutes
the circulating concentrations. Thus, sodium restriction during refeeding should be emphasized

to not precipitate dilution, edema, or acute heart failure.”

In addition to maintaining optimal hydration, rest is essential during fasting. Patients may

nap throughout the day. It is also common to experience reduced sleep at night, possibly because
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of decreased daily activity and increased daytime rest. Short walks or light stretching is
permissible. Rigorous exercise while fasting is discouraged because fuel conservation is
necessary to maximize healing and avoid unnecessary gluconeogenesis.?!'>? Even moderate
activity can double caloric utilization.*® In serious chronic disease, an excess of activity has been
suspected as cause of death during fasting.!>® Sunlight is also important for general health during
fasting, and patients should try to obtain 10 to 20 min/day. However, dehydration due to sun
exposure can promote orthostatic hypotension and subsequent injury from falls. An increase in

heart rate by 10 to 15 beats per minute may indicate excessive sun exposure.

Laboratory Values

Assessment of a fasting patient’s progress is not based on a single sign or symptom, but on the
total clinical picture. Therefore, vital signs, including blood pressure and pulse, should be
checked daily. Laboratory tests such as a complete blood count and serum chemistry panel and
urinalysis are performed weekly and other tests are performed as necessary. Laboratory values
during fasting are typically unique to the individual and disease process, but some general

observations have been made.!?%-148

Complete blood counts usually show no significant change. Low hemoglobin and

hematocrit values!%:134

require that hemolysis or hemorrhage are ruled out, whereas elevations in
hematocrit, hemoglobin, and red blood cell counts usually indicate reduced hydration.”®!> White

blood cell (WBC) counts are usually unchanged or decrease slightly with fasting. However,

WBCs may increase if infection is present or if WBC counts are low before fasting.

Serum electrolyte levels are not good indicators of tissue stores, but they are considered

the most important blood values during fasting because any significant change necessitates
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immediate clinical management. All electrolytes reduce over the course of a long fast as
mobilized stores are lost, but stores appear to be redistributed even when distilled water is used
during prolonged fasts. Serum calcium and chloride concentrations are usually stable but can
diminish, especially if vomiting or diarrhea is present. There is a tendency for serum potassium
concentrations to decrease, although they can also increase, and values less than 3 mmol/L or
higher than 6 mmol/L often require the fast to be terminated. Similarly, serum sodium
concentrations can decrease and values less than 130mmol/L require immediate attention. The
total body store of potassium is 115 to 131 g (of which 98% is exchangeable) and sodium is 83
to 97 g (of which 65% is exchangeable). The typical daily dietary intake of potassiumis3to5 g
and sodium is 3 to 7 g. During early fasting, the body loses 1.6 to 1.8 g (40 to 45 mmol) of
potassium and 3.5 to 5.8 g (150 to 250 mmol) of sodium, and these values eventually drop to 0.4

to 0.6 g (10 to 15 mmol) and 0.02 to 0.35 g (1 to 15 mmol), respectively.

Liver enzyme values may increase considerably if liver disease is present and may rise
even if liver disease is not present. This is usually not a cause for concern as values typically
return to normal post-fast. Triglyceride, cholesterol, and uric acid levels usually rise during
fasting,!°%!57 indicating mobilization of tissue stores. Post-fast values often show a decrease from
pre-fast values!'*%!%8 but lipid panels may not normalize until 4 to 6 weeks post-fast. Serum
protein as well as pancreatic lipase and amylase values usually decline with fasting. A rise in
blood urea nitrogen (BUN) value may occur but a decrease has also been reported.®!? Serum

159

creatinine levels can increase,!>® remain stable,'>® or decrease. In cases of increased levels,

prompt retesting and/or fast termination are required. Closely monitor creatinine for elevations,
128,160 Ty

particularly in those with renal compromise. Blood glucose values drop in most patients.

some patients, values below 40 mg/dL have been observed, and are not typically a cause for
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concern in the absence of additional signs of hypoglycemia. If the blood glucose value is low
before fasting, it may rise after fasting. ESR and C-reactive protein usually drop after fasting,

although they may rise during the fast.!4>!143

Urinalysis is conducted weekly, but it might be difficult to interpret during fasting
because the body discards considerable waste via the kidneys. It is not uncommon to see various
types of casts, red blood cells, white blood cells (WBC), bilirubin (+1 to +2), protein (trace, +2),
and ketones (+4), and, if liver disease is present, urobilinogen elevation. Trace leukocytes and
blood are common incidental findings, particularly in women. Specific gravity is commonly

elevated (possibly to 1.035), a finding that may reflect inadequate hydration.

Adjunctive Care

Dietary Supplements

During prolonged fasting, macro- and micronutrient imbalance is rare. Protein catabolism as well
as vitamin and mineral excretion decreases as the fast progresses, and typically by day 10 is low
enough to maintain homeostasis. Fast termination is preferred to supplementation. Problems such
as nausea and indigestion have been reported when vitamin and mineral supplements were taken
during fasting.'?!15% In a report describing vitamin deficiency during fasting, the actual fasting
protocol was not described; in addition, the patient’s physical activity was not restricted and oral

medication for intercurrent illness was maintained during fasting.!?!

Enemas

Enemas are generally not administered or necessary if the fasting patient has daily, healthy

bowel movements before fasting begins. To help prevent constipation, a raw and cooked plant
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foods diet free from any additives, animal products, or refined carbohydrates for at least 2 days
will help promote bowel movement pre-fast and prevent post-fast constipation. If bowel
movements do not start early during refeeding then precautionary methods to avoid fecal

compaction should be considered, including stewed prunes, enema, and/or colon hydrotherapy.

Hydrotherapy

Constitutional hydrotherapy and sitz baths have been implemented with fasting. Strong

treatments, both in frequency and/or temperature interval size, should be limited to early fasting.

Intravenous Therapy

Intravenous administration requires much care and is best avoided entirely, except for emergent
conditions. Saline should be avoided due to plasma expansion and edema, which has precipitated
acute heart failure. Glucose, in contrast, should be accompanied by vitamin B and Bg co-

administration to avoid acute thiamine deficiency and lactic acidosis.!®!-162

Pharmaceuticals

Pharmaceutical use is contraindicated during prolonged fasting. The primary concern regarding
fasting medicated patients is the potentiation of drug action during the fasted state,
urinary/hepatic metabolism, and known drug side effects and adverse events. Appropriately
removing pharmaceuticals allows for ease of clinical assessment while ensuring patient safety.
Successful fasts have been administered while maintaining some hormonal medications

including insulin, thyroid, and reproductive hormones, often at reduced dosage.

Contraindications
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Contraindications to fasting are few, and each case must be judged individually. For
example, an inexperienced practitioner may assume that emaciated patients should not fast but in
cases of extreme emaciation a short fast (1-3 days) or a series of such short fasts with longer
periods of proper intervening feeding may be beneficial.! With regard to fasting

contraindications Alec Burton stated:

I have found few health problems which are absolute contraindications to fasting. In my
experience, if the need is evident, the only genuine contraindication is fear.... As for the
other conditions often mentioned, e.g. kidney disease, heart impairment, [tuberculosis],
etc., they merely require extreme caution, because of the limits imposed by pathology,

but they are not inexorable contraindications.’’

Relative contraindications to fasting include severe anemia, porphyria, cachexia,
anorexia, severe liver or kidney disease, medium-chain acyl-CoA dehydrogenase deficiency,
advanced cerebral vascular insufficiency, higher-grade cardiac arrhythmias, certain cancers or
psychological disorders, and active gastric ulcer disease.!%* Although fasting is contraindicated in
severe renal insufficiency, patients with 65% renal function often normalize as a result of fasting
and dietary management. Additionally, fasting pregnant women and children is controversial.
Short, medically supervised fasts may be appropriate for pregnant women and children on an
individual basis, but long fasts are typically strongly contraindicated and precaution is indicated.
Ketosis in pregnant diabetic women is known to be associated with fetal damage,'® but there are
no studies on the effects of nondiabetic ketosis on fetal development. Doctors (e.g., Shelton,
Benesh, Sidwha, and Burton) with considerable experience fasting pregnant women during all
three trimesters have found no adverse effects with fasts of a few days to 2 to 3 weeks but there
is insufficient data to conclude if the practice is safe. It is well recognized that fasting during
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lactation is not generally advised, because milk flow is halted by fasting and is difficult to

resume.’!

Side Effects

Medically supervised, prolonged water-only fasting as a therapeutic procedure is generally safe.’
Side effects of fasting are rarely serious, with the exception of electrolyte imbalance, but fasting
may uncover disease and reveal weaknesses that were previously subclinical.!!®!1% Discomfort
during fasting may be due to withdrawal from stimulants, hypoglycemia, acidosis, elimination of
wastes, and enhancement of repair. Patients may experience headaches, insomnia, nausea, back
pain, dyspepsia, fatigue, skin irritations, presyncope, coated tongue, body odor, aching limbs,
palpitations, mucous discharge, and visual and hearing disturbances. Hair growth is usually
arrested, and skin may become dry and scaly. Most signs and symptoms are usually brief in
duration. In certain cases, complications occur that may necessitate breaking the fast

prematurely. Examples of such conditions are as follows:

Sudden drop in BP (possibly due to peripheral circulatory collapse)
e Delirium

e Prolonged hypothermia

e Rapid, slow, feeble, or irregular pulse

e Extreme weakness

e Dyspnea

e Vomiting and diarrhea leading to dehydration

e QGastrointestinal bleeding

e Hepatic decompensation
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¢ Renal insufficiency
e Severe gout

e Cardiac arrhythmias
e Emotional distress

e Severe electrolyte imbalance

Fasting also elevates serum uric acid values and uric acid excretion, and if fluid intake is
insufficient, gout or renal stones may be precipitated.'®” A few reports have also discussed the
development of Wernicke encephalopathy during prolonged fasting,'%%16% but it rarely occurs
during therapeutic fasting. Therefore, it is difficult to determine whether the condition is related
to methodology. Furthermore, the incidence of death at fasting institutions is low, and there is no
evidence in the scientific literature to suggest that fasting itself can be considered a cause of
death. Death during fasting indicates that the remedial efforts of the body have been
overpowered by the pathologic process. This situation occurs in serious disease, whether the
patient is eating or fasting. In examining the fallacy of attributing the cause of death to fasting,
Stewart and Fleming wrote, “Fasting short of emaciation is not hazardous; if death results,
reasons other than those of the fast should be considered before concluding that all supervised

fasts should be discouraged.”!¢®

Conclusion

Prolonged water-only fasting conducted under medical supervision is increasingly recognized as
a safe and effective therapy for a number of diseases, but the practice is not for everyone and
post-fast lifestyle modifications are necessary to maintain any health benefits obtained from

fasting. Preliminary research indicates that there is at least some degree of overlap between the
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physiological responses induced by caloric restriction, intermittent fasting, prolonged fasting,
and exercise, such as increased autophagy and insulin sensitivity.>!%-173 Additional research is
necessary to determine the extent to which these methods induce similar physiological responses
in humans and if the responses result in clinical health outcomes. Nonetheless, used alone or in
combination, these natural therapies could help reduce the overwhelming rates of chronic
diseases that humans are experiencing globally. As it is more beneficial and cost effective to
maintain rather than repair health, it will be important to determine the affect of these therapies

on healthspan over the course of a life.

References

1 Fredericks, R. Fasting: An Exceptional Human Experience. (All Things Published Well, 2013).

2 Furhman, J. Fasting and eating for health: A medical doctor's program for conquering disease.
(St. Martin's Griffin, 1995).

3 Longo, V. D. & Mattson, M. P. Fasting: molecular mechanisms and clinical applications. Cell
Metab 19, 181-192, doi:10.1016/j.cmet.2013.12.008 (2014).

4 Longo, V. D. & Panda, S. Fasting, Circadian Rhythms, and Time-Restricted Feeding in Healthy
Lifespan. Cell Metab 23, 1048-1059, doi:10.1016/j.cmet.2016.06.001 (2016).

5 Wilhelmi de Toledo, F. et al. Fasting therapy - an expert panel update of the 2002 consensus
guidelines. Forsch Komplementmed 20, 434-443, doi:10.1159/000357602 (2013).

6 Patterson, R. E. et al. Intermittent Fasting and Human Metabolic Health. J Acad Nutr Diet 115,
1203-1212, doi:10.1016/j.jand.2015.02.018 (2015).

7 Finnell, J. S., Saul, B. C., Goldhamer, A. C. & Myers, T. R. Is fasting safe? A chart review of adverse
events during medically-supervised, water-only fasting. Manuscript submitted for publication
(2018).

8 Berg IM, T. J., Stryer L. Biochemistry. 5th edn, (WH Freeman, 2002).

9 Keys, A., Brozek, J., Henschel, A., Mickelsen, O. & Longstreet-Taylor, H. The Biology of Human

Starvation. Vol. 1 and 2 (University of Minnesota Press, 1950).

10 Lawlor, T. & Wells, D. G. Metabolic hazards of fasting. Am. J. Clin. Nutr. 22, 1142-1149 (1969).

11 Cahill, G. F., Jr. Fuel metabolism in starvation. Annu Rev Nutr 26, 1-22,
doi:10.1146/annurev.nutr.26.061505.111258 (2006).

12 Puchalska, P. & Crawford, P. A. Multi-dimensional Roles of Ketone Bodies in Fuel Metabolism,
Signaling, and Therapeutics. Cell Metab 25, 262-284, doi:10.1016/j.cmet.2016.12.022 (2017).

13 Goldamer, A. C., Gershfeld, N., Goldman, D. M. & Myers, T. R. Challenging Case in Clinical
Practice: Long-term relief from chronic posttraumatic headache after water-only fasting and an
exclusively plant foods diet. Alternative and Complementary Therapies 23, 129-131,
doi:10.1089/act.2017.29117.acg (2017).

23



14

15

16

17

18

19

20

21

22

23

24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39

40

Goldhamer, A,, Lisle, D., Parpia, B., Anderson, S. V. & Campbell, T. C. Medically supervised water-
only fasting in the treatment of hypertension. J Manipulative Physiol Ther 24, 335-339,
do0i:10.1067/mmt.2001.115263 (2001).

Goldhamer, A. C., Klaper, M., Foorohar, A. & Myers, T. R. Water-only fasting and an exclusively
plant foods diet in the management of stage llla, low-grade follicular lymphoma. BMJ Case Rep
2015, doi:10.1136/bcr-2015-211582 (2015).

Goldhamer, A. C. et al. Medically supervised water-only fasting in the treatment of borderline
hypertension. J Altern Complement Med 8, 643-650, doi:10.1089/107555302320825165 (2002).
Safdie, F. M. et al. Fasting and cancer treatment in humans: A case series report. Aging (Albany
NY) 1, 988-1007 (2009).

Patterson, R. E. & Sears, D. D. Metabolic Effects of Intermittent Fasting. Annu Rev Nutr 37, 371-
393, doi:10.1146/annurev-nutr-071816-064634 (2017).

Young, V. R. & Scrimshaw, N. S. The physiology of starvation. Sci Am 225, 14-21 (1971).
Genne-Bacon, E. A. Thinking evolutionarily about obesity. Yale J Biol Med 87, 99-112 (2014).
Arbesmann, R. Fasting and prophecyy in pagan and Christian antiquity. Traditio 7, 1-71 (1951).
MacDermont, V. The cult of the seer in the Ancient Middle East: A contribution to current
research on hallucinations drawn from Coptic and other texts. (University of California Press,
1971).

Muhammad, A. The religion of Islam: A comprehensive discussion of the sources, principles and
practices of Islam. (The Ahmadiyya Anjuman Isha'at Islam, 1936).

Burfield-Hazzard, L. The pioneers of therapeutic fasting in America. (Kessinger Publishing, 2005).
Graham, S., Trall, R. T. & Shelton, H. M. The greatest health discovery. (Natural Hygiene Press,

1972).

Shelton, H. M. in The Hygienic System Vol. 3 (Dr. Shelton's Health School, 1934).

Shelton, H. M. The Hygienic System. Vol. I (Dr. Shelton's Health School, 1950).

Shelton, H. M. Rubies in the Sand. (Dr. Shelton's Health School, 1961).

Shelton, H. M. Natural Hygiene: Man's Pristine Way of Life. (Dr. Shelton's Health School, 1968).
Shelton, H. M. Fasting for Renewal of Life. (Natl Health Assoc, 1974).

Shelton, H. M. The Science and Fine Art of Fasting. 5th edition edn, (Natural Hygiene Press,
1978).

Shelton, H. M. Fasting Can Save Your Life. 2nd edition, 3rd printing edition edn, (Natural
Hygiene Press, 1981).

Newman, J. C. & Verdin, E. Ketone bodies as signaling metabolites. Trends Endocrinol Metab 25,
42-52, doi:10.1016/j.tem.2013.09.002 (2014).

Cotter, D. G., Schugar, R. C. & Crawford, P. A. Ketone body metabolism and cardiovascular
disease. Am J Physiol Heart Circ Physiol 304, H1060-1076, doi:10.1152/ajpheart.00646.2012
(2013).

Benedict F. G. A study of prolonged fasting. (Carnegie Institute, 1915).

Penny, F. NOTES ON A THIRTY DAYS' FAST. British Medical Journal 1, 1414-1416 (1909).
Morgulis, S. Fasting and undernutrition: A biological and sociological study of inanition. (EP
Dutton & Company, 1923).

Aoki, T. T., Muller, W. A,, Brennan, M. F. & Cahill, G. F., Jr. Effect of glucagon on amino acid and
nitrogen metabolism in fasting man. Metabolism 23, 805-814 (1974).

Aoki, T. T., Muller, W. A. & Cahill, G. F., Jr. Hormonal regulation of glutamine metabolism in
fasting man. Adv Enzyme Regul 10, 145-151 (1972).

Aoki, T. T., Toews, C. J., Rossini, A. A., Ruderman, N. B. & Cahill, G. F., Jr. Glucogenic substrate
levels in fasting man. Adv Enzyme Regul 13, 329-336 (1975).

24



41

42

43

44

45

46

47

48

49

50
51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Cahill, G., Jr., Felig, P., Owen, O. & Wahren, J. Metabolic adaptation to prolonged starvation in
man. Nord Med 83, 89 (1970).

Cahill, G. F., Jr. Starvation in man. N Engl J Med 282, 668-675,
doi:10.1056/NEJM197003192821209 (1970).

Cahill, G. F., Jr. Starvation in man. Clin Endocrinol Metab 5, 397-415 (1976).

Cahill, G. F., Jr. President's address. Starvation. Trans Am Clin Climatol Assoc 94, 1-21 (1983).
Cahill, G. F., Jr. Survival in starvation. Am J Clin Nutr 68, 1-2 (1998).

Cahill, G. F., Jr. & Aoki, T. T. Starvation and body nitrogen. Trans Am Clin Climatol Assoc 82, 43-
51 (1971).

Cahill, G. F., Ir. et al. Hormone-fuel interrelationships during fasting. J Clin Invest 45, 1751-1769,
doi:10.1172/JCI1105481 (1966).

Cahill, G. F,, Jr., Marliss, E. B. & Aoki, T. T. Fat and nitrogen metabolism in fasting man. Horm
Metab Res 2, Suppl 2:181-185 (1970).

Cahill, G. F., Jr. & Owen, O. E. Starvation and survival. Trans Am Clin Climatol Assoc 79, 13-20
(1968).

Cahill, G. F., Jr. & Owen, O. E. Body fuels and starvation. Int Psychiatry Clin 7, 25-36 (1970).
Cahill, G. J., Jr., Owen, O. E. & Morgan, A. P. The consumption of fuels during prolonged
starvation. Adv Enzyme Regul 6, 143-150 (1968).

Felig, P., Marliss, E. & Cahill, G. F., Jr. Are plasma amino acid levels elevated in obesity? N Engl J
Med 282, 166 (1970).

Felig, P., Marliss, E., Owen, O. E. & Cahill, G. F., Jr. Blood glucose and gluconeogenesis in fasting
man. Arch Intern Med 123, 293-298 (1969).

Felig, P., Marliss, E., Owen, O. E. & Cahill, G. F., Ir. Role of substrate in the regulation of hepatic
gluconeogenesis in fasting man. Adv Enzyme Regul 7, 41-46 (1969).

Felig, P., Marliss, E. B. & Cahill, G. F., Jr. Metabolic response to human growth hormone during
prolonged starvation. J Clin Invest 50, 411-421, doi:10.1172/JC1106508 (1971).

Felig, P., Owen, O. E., Morgan, A. P. & Cahill, G. F., Jr. Utilization of metabolic fuels in obese
subjects. Am J Clin Nutr 21, 1429-1433 (1968).

Felig, P., Owen, O. E., Wahren, J. & Cahill, G. F., Jr. Amino acid metabolism during prolonged
starvation. J Clin Invest 48, 584-594, d0i:10.1172/JCI106017 (1969).

Felig, P., Pozefsky, T., Marliss, E. & Cahill, G. F., Jr. Alanine: key role in gluconeogenesis. Science
167, 1003-1004 (1970).

Jr, G. F. C. Physiology of acute starvation in man. Ecology of Food and Nutrition 6, 221-230,
doi:10.1080/03670244.1978.9990501 (1978).

Kamm, D. E. & Cahill, G. F., Jr. Effect of acid-base status on renal and hepatic gluconeogenesis in
diabetes and fasting. Am J Physiol 216, 1207-1212 (1969).

Marliss, E., Aoki, T. T., Felig, P., Pozefsky, T. & Cahill, G. F., Jr. Hormones and substrates in the
regulation of gluconeogenesis in fasting man. Adv Enzyme Regul 8, 3-11 (1970).

Marliss, E. B., Aoki, T. T., Unger, R. H., Soeldner, J. S. & Cahill, G. F., Jr. Glucagon levels and
metabolic effects in fasting man. J Clin Invest 49, 2256-2270, doi:10.1172/JCI106445 (1970).
Muller, W. A., Aoki, T. T. & Cahill, G. F., Jr. Effect of alanine and glycine on glucagon secretion in
postabsorptive and fasting obese man. J Clin Endocrinol Metab 40, 418-425, doi:10.1210/jcem-
40-3-418 (1975).

Owen, O. E., Felig, P., Morgan, A. P., Wahren, J. & Cahill, G. F., Jr. Liver and kidney metabolism
during prolonged starvation. J Clin Invest 48, 574-583, doi:10.1172/JCI106016 (1969).

Owen, O. E. et al. Brain metabolism during fasting. J Clin Invest 46, 1589-1595,
doi:10.1172/JCI105650 (1967).

25



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85
86

Afolabi, P. R. et al. The effect of total starvation and very low energy diet in lean men on kinetics
of whole body protein and five hepatic secretory proteins. Am J Physiol Endocrinol Metab 293,
E1580-1589, doi:10.1152/ajpendo.00169.2007 (2007).

Elia, M., Crozier, C. & Neale, G. Mineral metabolism during short-term starvation in man. Clin
Chim Acta 139, 37-45 (1984).

Elia, M., Farrell, R., llic, V., Smith, R. & Williamson, D. H. The removal of infused leucine after
injury, starvation and other conditions in man. Clin Sci (Lond) 59, 275-283 (1980).

Elia, M., Goren, A., Behrens, R., Barber, R. W. & Neale, G. Effect of total starvation and very low
calorie diets on intestinal permeability in man. Clin Sci (Lond) 73, 205-210 (1987).

Elia, M., Lammert, O., Zed, C. & Neale, G. Energy metabolism during exercise in normal subjects
undergoing total starvation. Hum Nutr Clin Nutr 38, 355-362 (1984).

Elia, M., Martin, S., Price, C., Hallworth, M. J. & Neale, G. Effect of starvation and elective
surgery on hand dynamometry and circulating concentration of various proteins. Clin Nutr 2,
173-179 (1984).

Elia, M. & Parkinson, S. Protein economy during human starvation. Eur J Clin Nutr 43, 139-143
(1989).

Elia, M., Stubbs, R. J. & Henry, C. J. Differences in fat, carbohydrate, and protein metabolism
between lean and obese subjects undergoing total starvation. Obes Res 7, 597-604 (1999).
Elia, M., Wood, S., Khan, K. & Pullicino, E. Ketone body metabolism in lean male adults during
short-term starvation, with particular reference to forearm muscle metabolism. Clin Sci (Lond)
78, 579-584 (1990).

Elia, M., Zed, C., Neale, G. & Livesey, G. The energy cost of triglyceride-fatty acid recycling in
nonobese subjects after an overnight fast and four days of starvation. Metabolism 36, 251-255
(1987).

Eliasen, M. M. et al. Adaptive cellular mechanisms in response to glutamine-starvation. Front
Biosci 11, 3199-3211 (2006).

Jackson, J. M. et al. Macro- and micronutrient losses and nutritional status resulting from 44
days of total fasting in a non-obese man. Nutrition 22, 889-897, doi:10.1016/j.nut.2006.06.001
(20086).

Korbonits, M., Blaine, D., Elia, M. & Powell-Tuck, J. Metabolic and hormonal changes during the
refeeding period of prolonged fasting. Eur J Endocrinol 157, 157-166, doi:10.1530/EJE-06-0740
(2007).

Valenta, L. J. & Elias, A. N. Modified fasting in treatment of obesity. Effects on serum lipids,
electrolytes, liver enzymes, and blood pressure. Postgrad Med 79, 263-267 (1986).

DeFronzo, R. A., Soman, V., Sherwin, R. S., Hendler, R. & Felig, P. Insulin binding to monocytes
and insulin action in human obesity, starvation, and refeeding. J Clin Invest 62, 204-213,
doi:10.1172/JC1109108 (1978).

Felig, P., Cunningham, J., Levitt, M., Hendler, R. & Nadel, E. Energy expenditure in obesity in
fasting and postprandial state. Am J Physiol 244, E45-51 (1983).

Felig, P., Kim, Y. J., Lynch, V. & Hendler, R. Amino acid metabolism during starvation in human
pregnancy. J Clin Invest 51, 1195-1202, d0i:10.1172/JC1106913 (1972).

Felig, P. & Lynch, V. [Starvation in human pregnancy: hypoglycemia, hypoinsulinemia, and
hyperketonemia]. Science 170, 990-992 (1970).

Fisher, M., Sherwin, R. S., Hendler, R. & Felig, P. Kinetics of glucagon in man: effects of
starvation. Proc Natl Acad Sci U S A 73, 1735-1739 (1976).

Saudek, C. D. & Felig, P. The metabolic events of starvation. Am J Med 60, 117-126 (1976).
Sherwin, R. S., Hendler, R. G. & Felig, P. Effect of ketone infusions on amino acid and nitrogen
metabolism in man. J Clin Invest 55, 1382-1390, doi:10.1172/JCI108057 (1975).

26



87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

Varlamov, O., Bethea, C. L. & Roberts, C. T., Jr. Sex-specific differences in lipid and glucose
metabolism. Front Endocrinol (Lausanne) 5, 241, doi:10.3389/fendo0.2014.00241 (2014).
Horowitz, J. F., Coppack, S. W. & Klein, S. Whole-body and adipose tissue glucose metabolism in
response to short-term fasting in lean and obese women. Am J Clin Nutr 73, 517-522 (2001).
Horowitz, J. F. et al. Effect of short-term fasting on lipid kinetics in lean and obese women. Am J
Physiol 276, E278-284 (1999).

Kerndt, P. R., Naughton, J. L., Driscoll, C. E. & Loxterkamp, D. A. Fasting: the history,
pathophysiology and complications. West J Med 137, 379-399 (1982).

Alberts B, J. A., Lewis J, et al. Molecular Biology of the Cell. 4th edn, (Garland Science, 2002).
Stumvoll, M., Perriello, G., Meyer, C. & Gerich, J. Role of glutamine in human carbohydrate
metabolism in kidney and other tissues. Kidney Int 55, 778-792, doi:10.1046/j.1523-
1755.1999.055003778.x (1999).

Stumvoll, M., Meyer, C., Kreider, M., Perriello, G. & Gerich, J. Effects of glucagon on renal and
hepatic glutamine gluconeogenesis in normal postabsorptive humans. Metabolism 47, 1227-
1232 (1998).

Byerley, L. O. & Heber, D. Metabolic effects of triiodothyronine replacement during fasting in
obese subjects. J Clin Endocrinol Metab 81, 968-976, d0i:10.1210/jcem.81.3.8772559 (1996).
Webber, J. & Macdonald, I. A. The cardiovascular, metabolic and hormonal changes
accompanying acute starvation in men and women. Br J Nutr 71, 437-447 (1994).

Sherwin, R. S. The effect of ketone bodies and dietary carbohydrate intake on protein
metabolism. Acta Chir Scand Suppl 507, 30-40 (1981).

Reinmuth, O. M., Kogure, K., Scheinberg, P. & Shimojyo, S. Total cerebral blood flow and
metabolism in human brain stem disease. Neurology 18, 280-281 (1968).

Mattson, M. P., Longo, V. D. & Harvie, M. Impact of intermittent fasting on health and disease
processes. Ageing Res Rev 39, 46-58, doi:10.1016/j.arr.2016.10.005 (2017).

Scriba, P. C. et al. Effects of obesity, total fasting and re-alimentation on L-thyroxine (T4), 3,5,3'-
L-triiodothyronine (T3), 3,3',5'-L-triiodothyronine (rT3), thyroxine binding globulin (TBG),
cortisol, thyrotrophin, cortisol binding globulin (CBG), transferrin, alpha 2-haptoglobin and
complement C'3 in serum. Acta Endocrinol (Copenh) 91, 629-643 (1979).

Snel, M. et al. Food cues do not modulate the neuroendocrine response to a prolonged fast in
healthy men. Neuroendocrinology 96, 285-293, doi:10.1159/000336500 (2012).

Henson, L. C. & Heber, D. Whole body protein breakdown rates and hormonal adaptation in
fasted obese subjects. J Clin Endocrinol Metab 57, 316-319, doi:10.1210/jcem-57-2-316 (1983).
Ho, K. Y. et al. Fasting enhances growth hormone secretion and amplifies the complex rhythms
of growth hormone secretion in man. J Clin Invest 81, 968-975, d0i:10.1172/JCI113450 (1988).
Consolazio, C. F. et al. Metabolic aspects of acute starvation in normal humans: performance
and cardiovascular evaluation. Am J Clin Nutr 20, 684-693 (1967).

Theorell, T., Kjellberg, J. & Palmblad, J. Electrocardiographic changes during total energy
deprivation (fasting). Acta Med Scand 203, 13-19 (1978).

Lignot, J. & LeMaho, Y. Comparative Physiology of Fasting, Starvation, and Food Limitation.
(Spinger-Verlag, 2012).

Gershfeld, N., Sultana, P. & Goldhamer, A. A case of nonpharmacologic conservative
management of suspected uncomplicated subacute appendicitis in an adult male. J Altern
Complement Med 17, 275-277, d0i:10.1089/acm.2010.0253 (2011).

Goldhamer, A,, Lisle, D., Parpia, B., Anderson, S. V. & Campbell, T. C. Medically supervised water-
only fasting in the treatment of hypertension. Journal of Manipulative and Physiological
Therapeutics 24, 335-339, d0i:10.1067/mmt.2001.115263 (2001).

27



108

109

110

111

112

113

114
115

116

117

118

119

120

121

122

123

124

125

126

127

128

129
130

Goldhamer, A. C. et al. Medically supervised water-only fasting in the treatment of borderline
hypertension. Journal of Alternative and Complementary Medicine (New York, N.Y.) 8, 643-650,
doi:10.1089/107555302320825165 (2002).

Goldamer, A. C., Gershfeld, N., Goldman, D. M. & Myers, T. R. Challenging case in clinical
practice: Long-term relief from chronic posttraumatic headache after water-only fasting and an
exclusively plant-food diet. Complementary and Alternative Therapies 23, 129-131 (2017).
Spencer, |. O. Death during therapeutic starvation for obesity. Lancet (London, England) 1, 1288-
1290 (1968).

Bloom, W. L. Fasting as an introduction to the treatment of obesity. Metabolism: Clinical and
Experimental 8, 214-220 (1959).

Garnett, E. S., Barnard, D. L., Ford, J., Goodbody, R. A. & Woodehouse, M. A. GROSS
FRAGMENTATION OF CARDIAC MYOFIBRILS AFTER THERAPEUTIC STARVATION FOR OBESITY. The
Lancet 293, 914-916, doi:10.1016/50140-6736(69)92546-X (1969).

Cubberley, P. T., Polster, S. A. & Schulman, C. L. Lactic Acidosis and Death after the Treatment of
Obesity by Fasting. N Engl J Med 272, 628-630, doi:10.1056/NEJM196503252721208 (1965).
Norbury, F. B. Contraindications to Long-Term Fasting. JAMA 188, 88-88 (1964).

Schless, G. L. & Duncan, G. G. The beneficial effect of intermittent total fasts on the glucose
tolerance in obese diabetic patients. Metabolism 15, 98-102 (1966).

Duncan, G. G., Hunscher, M. A., Cristofori, F. C., Duncan, T. G. & Schless, G. L. Intermittent total
fasts and obesity; indications, results and preventable hazards. Postgrad Med 38, 523-535
(1965).

Duncan, G. G., Duncan, T. G., Schless, G. L. & Cristofori, F. C. Some Hazards of Total Fasts in the
Control of Obesity and Diabetes and Their Prevention. Trans Am Clin Climatol Assoc 76, 135-141
(1964).

Duncan, G. G. Intermittent Fasts in the Correction and Control of Intractable Obesity. Trans Am
Clin Climatol Assoc 74, 121-129 (1962).

Runcie, J. & Thomson, T. J. Prolonged Starvation—A Dangerous Procedure. British Medical
Journal 3, 432-435 (1970).

Thomson, T. J., Runcie, J. & Miller, V. Treatment of obesity by total fasting for up to 249 days.
Lancet (London, England) 2, 992-996 (1966).

Drenick, E. J., Swendseid, M. E., Blahd, W. H. & Tuttle, S. G. Prolonged Starvation as Treatment
for Severe Obesity. JAMA 187, 100-105, doi:10.1001/jama.1964.03060150024006 (1964).
Stewart, W. K. & Fleming, L. W. Features of a successful therapeutic fast of 382 days' duration.
Postgraduate Medical Journal 49, 203-209 (1973).

Vessby, B., Selinus, I. & Lithell, H. Serum lipoprotein and lipoprotein lipase in overweight, type Il
diabetics during and after supplemented fasting. Arteriosclerosis 5, 93-100 (1985).

Duncan, G. G. Intermittent Fasts in the Correction and Control of Intractable Obesity.
Transactions of the American Clinical and Climatological Association 74, 121-129 (1963).
Gilliland, I. C. Total fasting in the treatment of obesity. Postgrad Med J 44, 58-61 (1968).
Goldhamer, A. C. Initial cost of care results in medically supervised water-only fasting for
treating high blood pressure and diabetes. J Altern Complement Med 8, 696-697,
doi:10.1089/10755530260511694 (2002).

Dorff, T. B. et al. Safety and feasibility of fasting in combination with platinum-based
chemotherapy. BMC Cancer 16, 360, doi:10.1186/s12885-016-2370-6 (2016).

Allen, F. M. Studies concerning glycosuria and diabetes. (Harvard University Press, 1913).
Guelpa, G. & Arnold, F. S. Auto-intoxication and dis-intoxication. (Rebman, 1912).

McCarty, M. F. Maturity-onset diabetes mellitus--toward a physiological appropriate
management. Med Hypotheses 7, 1265-1285 (1981).

28



131

132
133

134

135

136

137

138

139

140

141

142

143

144

145

146
147
148
149
150
151
152
153

154

Guelpa, G. & Marie, A. La lutte contre |'epilepsie par la desintoxication et par la reeducation
alimentarie. Revue de Therapie Medico-Chirurgicale 78, 8-13 (1911).

Conklin, H. W. The cause and treatment of epilepsy. Am J Osteo 22, 11-14 (1922).

Okamoto, O., Murakami, ., Itami, S. & Takayasu, S. Fasting diet therapy for chronic urticaria:
report of a case. The Journal of Dermatology 19, 428-431 (1992).

Fuhrman, J., Sarter, B. & Calabro, D. J. Brief case reports of medically supervised, water-only
fasting associated with remission of autoimmune disease. Alternative Therapies in Health and
Medicine 8, 112, 110-111 (2002).

Brod, J., Pavkova, L., Fencl, V., Hejl, Z. & Kratkova, E. Influence of fasting on the immunological
reactions and course of acute glomerulonephritis. Lancet (London, England) 1, 760-763 (1958).
Kjeldsen-Kragh, J. et al. Controlled trial of fasting and one-year vegetarian diet in rheumatoid
arthritis. Lancet 338, 899-902 (1991).

Kjeldsen-Kragh, J. et al. Changes in laboratory variables in rheumatoid arthritis patients during a
trial of fasting and one-year vegetarian diet. Scandinavian Journal of Rheumatology 24, 85-93
(1995).

Panush, R. S. Controversial arthritis remedies. Bulletin on the Rheumatic Diseases 34, 1-10
(1984).

Schmidt, S. et al. [Uncontrolled clinical study of the efficacy of ambulant fasting in patients with
osteoarthritis]. Forsch Komplementmed 17, 87-94, doi:10.1159/000285479 (2010).

Skoldstam, L., Larsson, L. & Lindstrom, F. D. Effect of fasting and lactovegetarian diet on
rheumatoid arthritis. Scandinavian Journal of Rheumatology 8, 249-255 (1979).

Skoldstam, L., Lindstrom, F. D. & Lindblom, B. Impaired conA suppressor cell activity in patients
with rheumatoid arthritis shows normalization during fasting. Scandinavian Journal of
Rheumatology 12, 369-373 (1983).

Sundgqvist, T. et al. Influence of fasting on intestinal permeability and disease activity in patients
with rheumatoid arthritis. Scandinavian Journal of Rheumatology 11, 33-38 (1982).

Udén, A. M., Trang, L., Venizelos, N. & Palmblad, J. Neutrophil functions and clinical
performance after total fasting in patients with rheumatoid arthritis. Ann Rheum Dis 42, 45-51
(1983).

Kroker, G. F., R.M,, S., Marshall, R. & al., e. Fasting and rheumatoid arthritis: a multicenter study.
Clin Ecol 2, 137-144 (1984).

Duncan, G. G., Jenson, W. K., Fraser, R. |. & Cristofori, F. C. Correction and control of intractable
obesity. Practicable application of intermittent periods of total fasting. JAMA 181, 309-312
(1962).

Folin, O. & Denis, W. On Starvation and Obesity, with Special Reference to Acidosis. J. Biol.
Chem. 21, 183-192 (1915).

Harrison, M. & Harden, R. THE LONG-TERM VALUE OF FASTING IN THE TREATMENT OF OBESITY.
The Lancet 288, 1340-1342, d0i:10.1016/50140-6736(66)92085-X (1966).

Kerndt, P. R., Naughton, J. L., Driscoll, C. E. & Loxterkamp, D. A. Fasting: the history,
pathophysiology and complications. West. J. Med. 137, 379-399 (1982).

Practitioners, T. I. A. 0. H. https://www.iahp.com/, 2017).

Center, T. H. http://www.healthpromoting.com/. (2017).

Burton, A. Fasting too long. J Health Science 2, 144-146 (1979).

Carrington, H. FASTING FOR HEALTH AND LONG LIFE. (Health Research, 1963).

Kahan, A. & Porter, A. M. W. DEATH DURING THERAPEUTIC STARVATION. The Lancet 291, 1378-
1379 (1968).

Rooth, G. & Carlstrom, S. Therapeutic fasting. Acta Medica Scandinavica 187, 455-463 (1970).

29



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

Palmblad, J. et al. Acute energy deprivation in man: effect on serum immunoglobulins antibody
response, complement factors 3 and 4, acute phase reactants and interferon-producing capacity
of blood lymphocytes. Clinical and Experimental Immunology 30, 50-55 (1977).

Valenta, L. J. & Elias, A. N. Modified fasting in treatment of obesity. Effects on serum lipids,
electrolytes, liver enzymes, and blood pressure. Postgraduate Medicine 79, 263-267 (1986).
Ende, N. Starvation Studies With Special Reference to Cholesterol. Am. J. Clin. Nutr. 11, 270-280
(1962).

Vessby, B., Boberg, M., Karlstrom, B., Lithell, H. & Werner, |. Improved Metabolic Control after
Supplemented Fasting in Overweight Type Il Diabetic Patients. Acta Medica Scandinavica 216,
67-74, doi:10.1111/j.0954-6820.1984.tb03773.x (1984).

Rapoport, A., From, G. L. A. & Husdan, H. Metabolic studies in prolonged fasting: I. Inorganic
metabolism and kidney function. Metabolism 14, 31-46, doi:10.1016/0026-0495(65)90079-X
(1965).

Lithell, H. et al. A fasting and vegetarian diet treatment trial on chronic inflammatory disorders.
Acta Dermato-Venereologica 63, 397-403 (1983).

From the Centers for Disease Control and Prevention. Lactic acidosis traced to thiamine
deficiency related to nationwide shortage of multivitamins for total parenteral nutrition--United
States, 1997. JAMA 278, 109,-111 (1997).

Devathasen, G. Wernicke's encephalopathy in prolonged fasting. Lancet 2, 1108-1109 (1982).
Falzi, G. & Ronchi, E. Wernicke's lethal encephalopathy in voluntary, total, prolonged fasting.
Forensic Sci. Int. 47, 17-20 (1990).

Fuhrman, J. Fasting and Eating for Health: A Medical Doctor's Program for Conquering Disease
by Joel Fuhrman. (St. Martin's Griffin, 1758).

Churchill, J. A., Berendes, H. W. & Nemore, J. Neuropsychological deficits in children of diabetic
mothers. A report from the Collaborative Sdy of Cerebral Palsy. Am. J. Obstet. Gynecol. 105, 257-
268 (1969).

Duncan, G. G., Duncan, T. G., Schless, G. L. & Cristofori, F. C. Contraindications and therapeutic
results of fasting in obese patients. Annals of the New York Academy of Sciences 131, 632-636
(1965).

Drenick, E. J. Hyperuricemia, acute gout, renal insufficiency and urate nephrolithiasis due to
starvation. Arthritis & Rheumatism 8, 988-997, doi:10.1002/art.1780080509 (1965).

Stewart, W. K. & Fleming, L. W. Fragmentation of cardiac myofibrils after therapeutic starvation.
Lancet (London, England) 1, 1154 (1969).

Alirezaei, M. et al. Short-term fasting induces profound neuronal autophagy. Autophagy 6, 702-
710 (2010).

Galluzzi, L., Pietrocola, F., Levine, B. & Kroemer, G. Metabolic control of autophagy. Cell 159,
1263-1276, doi:10.1016/j.cell.2014.11.006 (2014).

He, C., Sumpter, R., Jr. & Levine, B. Exercise induces autophagy in peripheral tissues and in the
brain. Autophagy 8, 1548-1551, doi:10.4161/auto.21327 (2012).

Kaur, J. & Debnath, J. Autophagy at the crossroads of catabolism and anabolism. Nat Rev Mol
Cell Biol 16, 461-472, doi:10.1038/nrm4024 (2015).

Ntsapi, C. & Loos, B. Caloric restriction and the precision-control of autophagy: A strategy for
delaying neurodegenerative disease progression. Exp Gerontol 83, 97-111,
doi:10.1016/j.exger.2016.07.014 (2016).

30



Table 37.1 Fuel reserves in a typical 70-kg Man*

Available Energy in kcal (kJ)

Organ Glucose or Glycogen Triacylglycerols Mobilizable Proteins
Brain 8 (30) 0(0) 0(0)

Blood 60 (250) 45 (200) 0(0)

Liver 400 (1700) 450 (2000) 400 (1700)
Muscle 1,200 (5000) 450 (2000) 24,000 (100,000)
Adipose issue 80 (330) 135,000 (560,000) 40 (170)

Table modified from Biochemisty 5th edition.?
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Table 37.2 Utilization of Energy Reserves

ENERGY SOURCE RESERVE*
Blood Glucose lh

Glucose from Digestion 4-8 h

Glycogen 12h

Amino acids 48 h

3 wks (if protein were the only fuel used for
Protein gluconeogenesis)

24 wks (obligatory loss only)

Triglycerides 8 wks

* These estimates are based on 100% utilization of each fuel. Data from Shils ME. Modern nutrition in health and

disease, 9th ed. Philadelphia: Lea & Febiger, 1998; White A, Handler P, Smith EL. Principles of biochemistry, 6th
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ed. New York: McGraw-Hill, 1978; Montgomery R, Dryer RL, Conway TW, Spector AA. Biochemistry: a case-

oriented approach, 6th ed. St Louis: CV Mosby, 1996; Nutrition reviews’ present knowledge in nutrition, 5th ed.

Washington, DC: Nutrition Foundation, 1984:439-453.
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