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Definitions and Abbreviations

Below is a list of important terms, and abbreviations utilized throughout this dissertation.

« Acute Food Deprivation = a stand-alone, continual period of no food
consumption.

«+ Chronic Food Deprivation = a regimen that cycles between a period of acute food
deprivation and a period of normal food consumption.

« Cardiovascular Physiology = the functioning of the system that facilitates the

circulation of blood throughout the body.

% ABPM = ambulatory blood pressure monitor
+» ACSM = American College of Sports Medicine
% ACTH = adrenocorticotropic hormone

*» ANOVA = analysis of variance

«» BP = blood pressure
% BRS = baroreflex sensitivity
+»» BTBBP = beat-to-beat blood pressure

s COVID-19 = coronavirus disease 2019
% CRH = corticotropic releasing hormone

% DAP = diastolic arterial pressure
« DBP = diastolic blood pressure
¢ DEXA = dual-energy x-ray absorptiometry

% EDTA = ethylenediaminetetraacetic acid

% ELISA = enzyme-linked immunosorbent assay
% EKG = electrocardiography

¢ HF = high frequency

¢ HR = heart rate

% HRV = heart rate variability

% iNOS = inducible nitric oxide synthase

¢ LEAP2 = liver-expressed antimicrobial peptide 2
* LF =low frequency

% LF/HF = low frequency to high frequency ratio

% MSNA = muscle sympathetic nerve activity

viii



nNOS = neuronal nitric oxide synthase
NOS = nitric oxide synthase
NPY = neuro-peptide Y

RNA = ribonucleic acid
RR = respiration rate
RRI = R-to-R interval

SAP = systolic arterial pressure

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2
SBP = systolic blood pressure
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Abstract

Introduction: Despite the commonality of fasting, there still remains a lack of scientific
research, specifically in regard to the impact of fasting on cardiovascular physiology.
Thus, the goal of this research project was to further explore the relationship between
fasting and cardiovascular physiology. Hypothesis: The hypothesis of this research
project was that a 24-hr fast would likely lead to increased BP and HR, along with blood
biomarker changes, and that experiencing this 24-hr fast twice a week would lead to
reduced BP and HR along with altered circulating blood biomarker levels. Methods: In
order to test these hypotheses, cardiovascular and blood biomarker factors were assessed
both before, during and after a 24-hr fast, and throughout a 4-wk period of two 24-hr fasts
per week. Results: After the 24-hr fast there was increased resting BP (SBP, p=0.062;
DBP, p=0.101) and HR (p=0.125), in addition to decreased overall average ambulatory
BP (SBP, p=0.159; DBP, p=0.167) and HR (p=0.076) throughout the 24-hr fast. Blood
glucose (p=0.012) and plasma NPY (p=0.007) were decreased, and plasma ghrelin
(p=0.171) and plasma LEAP2 (p=0.203) were increased after the 24-hr fast. Resting BP
(SBP, p=0.004; DBP, p=0.202) was decreased, and autonomic function showed a shift
toward lessened sympathetic activity (1 RRI, p=0.125; | RRI-LF/HF ratio, p=0.293) at
the end of the 4 weeks of fasting, and the decrease in BP was seen as early as 2 weeks of
fasting. Plasma ghrelin (p=0.372) was increased at the end of the 4 weeks of fasting with
little to no change in blood glucose (p=1.000), plasma LEAP2 (p=1.000) and plasma
NPY (p=1.000). Plasma LEAP2 (p=0.693) and plasma NPY (p=0.473) did decrease after

2 weeks of fasting before returning to approximately baseline levels after 4 weeks of



fasting. The cardiovascular changes from 24 hours of fasting were most correlated to
blood glucose and plasma ghrelin, and the changes from 4 weeks of fasting were most
correlated to plasma ghrelin and plasma NPY. Discussion: It appears that fasting may
have a mild impact on cardiovascular physiology; both during a 24-hr fast and as an

adaptation to 4 weeks of fasting.
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1 Introduction

Food deprivation, commonly known as fasting, is a period of time where food is not
consumed. For humans, it is a globally ubiquitous practice, both voluntarily and
involuntarily. Voluntarily, food deprivation commonly occurs as part of religious
practice, health practice, and social protest. Involuntarily, food deprivation commonly
occurs due to famine, war, poverty, and slavery. Generally, food deprivation can be
organized into two broad categories, acute and chronic. Acute food deprivation is a one-
time, stand-alone, continual period of no food consumption. The period of acute food
deprivation could last from only a few minutes or up to multiple months. On the other
hand, chronic food deprivation, also known as intermittent fasting, is a regimen that
cycles between a period of acute food deprivation and a period of normal food
consumption. Chronic food deprivation could mean participating in a bout of acute food
deprivation as little as once a month or up to as frequently as once every day. Typically,
a bout of acute food deprivation, whether stand-alone or as part of chronic food

deprivation, lasts longer than the typical time between meals.

Although the practice of food deprivation is rather ubiquitous and timeless, the current
state of research in the field surrounding food deprivation is informative but limited in
scope. Additionally, the current research is broadly diverse in experimental design, likely
due to the broad possibilities of experimental design for both acute and chronic food
deprivation. Research can be found with an acute food deprivation protocol that lasts less
than 24 hours, and with an acute protocol that lasts more than 40 days, and various times

in-between. It is also possible to find research with chronic food deprivation protocols



that differ in regard to the length and frequency of bouts of acute food deprivation in
addition to the total length of the chronic food deprivation regimen. Additionally, there
are protocols of bouts of acute food deprivation within chronic food deprivation regimens
where the acute food deprivation is not a total cessation of food intake, but instead a
decreased caloric amount of food intake (i.e. caloric restriction). Moreover, there is also
variety in the focus of food deprivation research, with a large amount of existing research
focusing on body mass management through food deprivation. The goal of this
dissertation was to explore some of the current limitations in the research surrounding
food deprivation with an experimental protocol that linked both acute and chronic food

deprivation while trying to understand how food deprivation affects cardiovascular

physiology.

Broadly, cardiovascular physiology entails the functioning of the system that circulates
blood throughout the body. The cardiovascular system is primarily comprised of the
heart and blood vessels, and is also affected by other body systems. The autonomic
nervous system is of particular note as it directly affects the cardiovascular system
through sympathetic (broadly an excitatory effect; i.e. increased heart rate) and
parasympathetic (broadly an inhibitory effect; i.e. decreased heart rate) action.
Additionally, the cardiovascular system can be impacted by a variety of experiences,

conditions, and environments, such as food deprivation.

The current state of research regarding the impact of food deprivation on cardiovascular
physiology shows that, in general, a bout of acute food deprivation appears to be a

sympatho-excitatory stressor. In 2007, Chan et al found that healthy women experienced
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a decrease in heart rate variability after 72 hours of food deprivation, which is commonly
associated with increased sympathetic activity (Chan, Mietus, Raciti, Goldberger, &
Mantzoros, 2007). Then, in 2012, Herbert et al showed that 24 hours of food deprivation
led to an increase in heart rate in healthy women (Herbert et al., 2012). In 2015, Schulz
et al found that 18 hours of food deprivation in healthy women led to increased amplitude
of heartbeat evoked potentials in the brain (Schulz et al., 2015). In addition, Seker et al
(2017), studying normotensive humans participating in Ramadan, recorded an increase in
systolic blood pressure after 17 hours of food deprivation (Seker et al., 2017). These
studies suggest that a bout of acute food deprivation is generally a sympatho-excitatory

cardiovascular stressor.

However, it is also important to note that while the majority of food deprivation studies
show an excitatory effect of acute food deprivation on cardiovascular physiology, there
are a few studies that have showed a different response to acute food deprivation.
Namely, one study by Solianik et al found participants to have decreased heart rate and
blood pressure in addition to increased heart rate variability, after a 48-hour fast
(Solianik, Sujeta, Terentjeviene, & Skurvydas, 2016). This difference of response
suggests that there is nuance to how the cardiovascular system responds to food

deprivation.

If acute food deprivation is a sympatho-excitatory stressor, then perhaps regularly
experiencing acute food deprivation would lead to a reduced basal sympathetic activity
level adaptation. Current research regarding chronic food deprivation lends some support

to this notion. Epidemiological studies suggest that persons who have participated in
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some form of a chronic food deprivation regimen for a long period of time have a
reduced body mass, increased life span, and reduced risk of cardiovascular and metabolic
disease compared to those who do not regularly fast (Rizza, Veronese, & Fontana, 2014;
Stockman, Thomas, Burke, & Apovian, 2018; Tinsley & La Bounty, 2015; Varady &
Hellerstein, 2007). In terms of experimental evidence, Harvie et al found that overweight
women who participated in a day of 25% caloric restriction twice per week for one month
experienced a reduction in blood pressure (Harvie et al., 2011). And Samad et al found
that healthy adults participating in Ramadan experienced a reduction in blood pressure
throughout Ramadan (Samad et al., 2015). However, Heilbronn et al (2005) showed no
changes in blood pressure after three weeks of alternate day fasting in healthy humans
(Heilbronn, Smith, Martin, Anton, & Ravussin, 2005). These studies support the notion
that chronic food deprivation leads to a reduced basal sympathetic activity adaptation, but
this adaptation may possibly be connected to the type and length of the chronic food

deprivation regimen.

As to why the cessation of food intake leads to an excitatory effect on cardiovascular
physiology, it is possibly occurring as a chain of events starting with a decrease in blood
glucose which elicits a change in circulating hormone levels. The existing research
shows that an acute food deprivation bout of 24 hours leads to a decrease in blood
glucose (Merimee & Tyson, 1974). Furthermore, Young et al found an increase in urine
epinephrine levels after 48 hours of food deprivation in men (J. B. Young, Rosa, &
Landsberg, 1984). Additionally, Espelund et al noted that a deprivation of food for 24

hours led to an increase in circulating ghrelin levels in healthy humans (Espelund et al.,



2005). These studies provide evidence that acute food deprivation causes a change in
blood glucose and circulating hormones, which also have a link to autonomic nervous

system activity, and thus could be contributing to the change in sympathetic activity.

1.1 Research Focus Opportunity

While the current research is largely supportive of the notion that acute food deprivation
is a sympatho-excitatory stressor, and that chronic food deprivation leads to a reduced
basal sympathetic activity adaptation, the current research is not definitive and is limited

in volume and broad in participant population and experimental design.
Therefore, this dissertation was designed to:

1) Build upon the existing knowledge in the field,

2) Create an experimental protocol that linked both acute and chronic food
deprivation, and

3) Utilize an acute and chronic experimental protocol that was a sufficient stressor to

cause an effect.

The following hypothesis and specific aims guided this dissertation.

1.2 Hypothesis

The two-part hypothesis of this dissertation was:



1) It was hypothesized that a 24-hour bout of acute food deprivation would likely lead to
an excitatory cardiovascular response in healthy humans, associated with hormonal
changes. It was expected that blood pressure and heart rate would be increased after 24
hours of acute food deprivation, along with decreased blood glucose, increased plasma

ghrelin, increased plasma NPY, and decreased plasma LEAP2.

2) It was further hypothesized that experiencing this 24-hour bout of acute food
deprivation twice per week for 4 weeks would lead to cardiovascular adaptations
stemming from reduced basal sympathetic tone and altered circulating hormone levels. It
was expected that blood pressure and heart rate would be decreased after 4 weeks of
chronic food deprivation, along with increased heart rate variability, decreased plasma

ghrelin, decreased plasma NPY, and increased plasma LEAP2.

1.3 Specific Aims

Specific aim one was to evaluate the hemodynamic and molecular changes, related to
cardiovascular physiology, that occurred within and following a 24-hour acute period of
food deprivation. The primary outcome variables for specific aim one were: blood

pressure, heart rate, and blood biomarkers.

Specific aim two was to evaluate the autonomic, hemodynamic, and molecular changes,
related to cardiovascular physiology, that occurred during and following a 4-week period

of a chronic food deprivation regimen. The primary outcome variables for specific aim



two were: blood pressure, heart rate (to include heart rate variability), and blood

biomarkers.



2 Review of Literature
The previous chapter served as an introduction to the dissertation research project, and
this chapter serves to delve into a detailed review of the field of research surrounding the

impact of food deprivation on cardiovascular physiology.

2.1 History of Food Deprivation Research

The practice of food deprivation has been a part of human life since time immemorial,
largely seen as a component of religious practice and asceticism (Arbesmann, 1949).
Food deprivation as a topic of research has been noted in publications since at least the
early 1600’s (Hildanus, 1646) and is commonly written about under the following
monikers: fasting, food deprivation, and caloric restriction. These early accounts, up
through the 1800°s (Dougal, 1881; Granger, 1809; Hildanus, 1646; Mackenzie, 1776),
largely focused on case study medical descriptions of individuals purportedly fasting for
up to multiple years. Then in the very late 1800’s, and going forward, publications
started appearing that explored the effects of food deprivation with controlled trials

(Hoover & Sollmann, 1897).

A thorough search of the literature on PubMed in October of 2019 showed that research
publications related to food deprivation remained relatively low until the late 1940’s,
before increasing, but still largely remained below 50 publications a year. Then, during
the 1960’s, research publications further increased to around 150 — 200 publications a
year, and remained in this range through the end of the twentieth century. The research

concerning food deprivation in the latter half of the 1900’s was broad in scope and



design, but seemed to primarily center under the umbrella of metabolism related topics

such as lipid and glucose concentrations in the blood, obesity, and diabetes.

Since the year 2000 there was another further increase in the number of research
publications in the realm of food deprivation, and in the last few years there have been
around 600 publications a year. Similar to the latter half of the 1900’s, the 2000’s thus
far have produced research that is largely centered under the umbrella of metabolism
related topics. Therefore, at the end of the 2010°s the current state of the field with
regard to food deprivation research remains broad in experimental design, but limited in
scope, even though there have been around 14,100 publications in the last almost 375

years.

Furthermore, refining the original PubMed search of the 14,100 food deprivation research
publications, only around 6% were related to cardiovascular physiology. This 6% (~900)
of publications extends from the mid 1900’s until present day, and largely remained
under 10 publications a year until the twenty first century, where it increased, and has
been around 50 publications a year in the last few years. Further scrutiny of these ~900
publications reveals that 140 directly relate to the effect of food deprivation on
cardiovascular physiology and/or cardiovascular morphology. And delving into these
140 publications shows that ~46% (65) of them focused on human participants, with 75%

of that 46% focusing on “non-normal” (ex. disease conditions) participants.

All of this historical information indicates that in the last 375 years of published research

on food deprivation there are only around 17 published research articles that focus on the



basic science of the impact of food deprivation on cardiovascular physiology in healthy,

“normal” human participants.

2.2 Basic Physiology of Food Deprivation

Globally, humans produce a 23% surplus of food, yet 10.8% of all humans are
undernourished; additionally, in all but one continent on Earth, obesity occurs at a higher
rate than undernourishment (Gould, 2017). This information seems to suggest that most
people (pending factors such as access and availability) have access to an abundance of

food (i.e. food security).

When a person consumes food, it passes first into the stomach via the esophagus, after it
is chewed and swallowed. After leaving the stomach it passes through the small intestine
and then the colon, before what remains is evacuated from the body. The stomach
functions largely to break down food in preparation for nutrient absorption, and to
modulate hormonal and neural, enteric signaling (Muller, Canfora, & Blaak, 2018).
Nutrient absorption from the recently broken-down food primarily occurs within the
small intestine, with the colon being primarily responsible for absorbing water and

electrolytes in addition to storing fecal matter prior to its evacuation (Muller et al., 2018).

Research shows that adults experiencing food security will typically wait 4 to 7 hours
between eating meals while they are awake, and that they will wait around 12 hours from
supper to breakfast, which incorporates the overnight sleeping period (Ishihara et al.,

1985). Regarding food transit time in adults, research has shown that it only takes a few
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seconds after swallowing for food to arrive in the stomach (Cordova-Fraga et al., 2008),
and it takes around 3.6 to 5.6 hours for the stomach to empty after consuming a meal
(Sugita, Matsumoto, Tsukano, Fukunaga, & Yamamoto, 2019). Additionally, the
average and median small intestine transit time is around 3.3 hours (Fischer & Fadda,

2016; Lawrence, Crison, & Amidon, 1996).

Overall, the total digestive system transit time for adults, meaning ingestion to
defecation, lasts around 34 to 56 hours (Kelsay, Behall, & Prather, 1978), but the
previous points indicate that the vast majority of the body’s nutrient receival occurs
within the first 9 hours (from mouth entry through small intestine transit time). Taken
together, this evidence seems to indicate that awake adults under food secure conditions
will experience physiological and psychological food satiety for up to around 7 hours
after eating a meal. Therefore, it could be surmised that it is not until the food
deprivation period exceeds this initial 7 hours that food deprivation begins to become an

abnormal stressor.

It is also important to note that there are a variety of psychological and physiological
factors surrounding food consumption, and that these factors play a role in both the pre
and post prandial periods. The psychological factors can be quite complex and do not
necessarily correlate with physiological satiety (van der Laan, de Ridder, Viergever, &
Smeets, 2011); these psychological factors will not be discussed in this review of
literature. This review of literature will instead focus on the physiological factors, such
as blood glucose and appetite related hormones, which are also complex, and also

connect to the overall physiological functioning of the body in a variety of areas.
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2.2.1 Glucose

Glucose is a monosaccharide and the primary carbohydrate fuel source for metabolism
throughout the body. When carbohydrates are consumed they are broken down to
glucose, which can then be absorbed into the blood stream and circulated throughout the
body for utilization and storage (Chen et al., 2019). At the conclusion of a meal, glucose
levels in the blood will generally rise above baseline for around 1 hour, and then fall back
to baseline levels during the next hour (Jarrett, Baker, Keen, & Oakley, 1972). This two-
hour rise and fall of blood glucose levels is utilized during oral glucose tolerance tests to
assess glucose tolerance (Nelson, 1988). A study evaluating participants over a 24-hour
period with normal eating found this prototypical rise and fall in blood glucose levels

occurring at each meal (Christensen, Hansen, Weeke, & Lundbaek, 1978).

After consuming a meal, blood glucose levels will continue to drop, after this initial 1-
hour rise, until around 48 hours post prandial, where they will then remain stable for at
least 72 hours post prandial (Hojlund et al., 2001; Merimee & Tyson, 1974).
Additionally, a study consisting of 5 days (120 hours) of food and water deprivation
found blood glucose levels to decrease to a low point after 3 days (72 hours), and then
rise back to just under baseline levels during the remaining 2 days (Papagiannopoulos,
Sideris, Boschmann, Koutsoni, & Dotsika, 2013). Furthermore, another study that had
participants fast for 42 days showed a similar trend for blood glucose where it decreased
to a low point after 3 days, and then increased slightly for the next 4 days before
maintaining at a relatively stable level until the end of the 42 day fast (Marliss, Aoki,

Unger, Soeldner, & Cahill, 1970).
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During these studies the lowest point of blood glucose levels (~3.3 mmol/L) was
generally found to just cross the threshold for the American Diabetes Association’s
(ADA) definition of hypoglycemia (< 3.9 mmol/L) (Igbal & Heller, 2016), starting
somewhere in the 24 to 36 hours post prandial period, and in most studies blood glucose
returned to above this hypoglycemia zone. It is also important to note that while the
ADA ascribes a number value to hypoglycemia, it also states that the point of reaching
hypoglycemia is particular to an individual with the important marker of hypoglycemia
being the initiation of physical symptoms such as: anxiety, irritability, lightheadedness,
nausea, weakness, headache, etc. Of the aforementioned fasting studies, only one
mentioned their participants occasionally experiencing negative physical symptoms, and
this study was the only one that employed both food and water fasting. Additionally, this
study noted “a satisfactory physical condition of the participants during all 5 days”
(Papagiannopoulos et al., 2013). Therefore, it appears that the alterations in blood

glucose during fasting in healthy individuals largely do not involve hypoglycemia.

2.2.2 Appetite Related Hormones

In addition to glucose there are several appetite related hormones that play a
physiological role in food consumption. Some of the prominent appetite related

hormones are insulin, glucagon, ghrelin, and cortisol.
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2.2.2.1 Insulin & Glucagon

Insulin is a 51 amino acid, two-chain monomer that is released from beta cells of the
pancreas, and is primarily associated with blood glucose management (De Meyts, 2004).
In a study evaluating participants over a 24-hour period with normal eating, blood insulin
levels increased with each increase in blood glucose levels occurring at each meal
(Christensen et al., 1978). Furthermore, another study evaluating the response to an oral
glucose tolerance test found that blood insulin increased and decreased in tandem with
alterations in blood glucose (Broglio et al., 2004). Also in this study, when insulin was
administered during normoglycemia there was a decrease in blood glucose levels
(Broglio et al., 2004). During food consumption, insulin levels in the blood tend to rise
dramatically, from a low pre-prandial point (Ott et al., 2012), and then following the
cessation of food consumption, insulin levels in the blood tend to decrease linearly from
the food consumption high point throughout a 72-hour fast. This decrease of insulin
levels during food deprivation is a steep decrease for the first 12 hours of fasting and a
gradual decrease for the remaining time (Hojlund et al., 2001). A 42-day fast showed a
similar pattern where blood insulin levels decreased steeply for the first 5 days, and then
increased very slightly until day 14 before decreasing very gradually until day 42

(Marliss et al., 1970).

Glucagon is a 29 amino acid polypeptide that is secreted by alpha cells of the pancreas,
and, like insulin, is primarily associated with blood glucose management (Downes,
2003). Throughout a 24-hour period of normal food consumption, blood glucagon levels

remain relatively constant with little to no change (Christensen et al., 1978).
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Additionally, a study found that during an oral glucose tolerance test, blood glucagon
levels remained unchanged (Broglio et al., 2004). Also in this study, when glucagon was
administered during normoglycemia there was an increase in blood glucose levels
(Broglio et al., 2004). Furthermore, a study investigating glucagon’s response to
alterations in blood glucose found that blood glucagon levels increased during induced
hypoglycemia and decreased during induced hyperglycemia (Gerich et al., 1974). During
fasting, glucagon tends to follow an inverse linear pattern to that of insulin, where
glucagon levels in the blood increase linearly throughout a 72-hour fast at a moderate rate

(Hojlund et al., 2001).

These findings seem to indicate that insulin and glucagon work together to manage blood
glucose levels, with insulin levels fluctuating more. In healthy, non-fasting and fasting
individuals, blood glucose seems to either not enter into hypoglycemia or just exists in

the outer bounds of normoglycemia.

In contrast with insulin and glucagon, cortisol and ghrelin tend to follow an oppositional,

cyclical pattern during fasting.

2.2.2.2 Cortisol & Ghrelin

Cortisol is a steroid hormone (glucocorticoid) that is released from the adrenal cortex,
and 1s primarily associated with stress and blood glucose management (Thau & Sharma,
2019). During normal food consumption cortisol tends to follow a cyclical pattern where
it increases during the sleeping period to a high point just after breakfast, and then
decreases during the awake period to a low point in the first third of the sleeping period;
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blood cortisol levels also show small increase spikes immediately following a meal
(Bhake et al., 2019). Throughout a 72-hour fast, blood cortisol levels follow a similar
cyclical pattern to normal food consumption, rising at night and falling during the day
(Espelund et al., 2005). Additionally, the 24-hour average for each 24-hour blood

cortisol cycle increases slightly throughout a 72-hour fast (Espelund et al., 2005).

Ghrelin is a 28 amino acid hormone that is predominantly secreted by cells of the
stomach, and is primarily associated with hunger (Perchard & Clayton, 2017). Ghrelin,
during normal food consumption, will increase while no food is being consumed to a
high point just as food consumption begins, and then will decrease for 2 to 4 hours before
increasing again until food is consumed once again (Shiiya et al., 2002). This fall and
rise of ghrelin seems to correlate to the gastric emptying time, as mentioned previously
(Sugita et al., 2019). Similarly, blood ghrelin levels have been shown to decrease as both
blood glucose levels increase during a glucose tolerance test, and as blood insulin levels
increase during an insulin tolerance test (Broglio et al., 2004). However, research has
also shown that blood ghrelin levels do not decrease or have a markedly blunted reaction
in response to glucagon (which increases blood glucose), arginine (which increases blood
insulin), a bolus of essential amino acids, or a primarily lipid beverage (Broglio et al.,
2004; Foster-Schubert et al., 2008; Knerr, Groschl, Rascher, & Rauh, 2003). During a
72-hour fast, ghrelin will show a 24-hour cyclical pattern where blood ghrelin levels will
rise during the day and fall during the night; this is directly oppositional to the pattern of

blood cortisol levels (Espelund et al., 2005). Furthermore, the 24-hour average for each
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blood ghrelin 24-hour cycle decreases slightly throughout a 72-hour fast (Espelund et al.,

2005).

Although cortisol and ghrelin show an oppositional, cyclical relationship throughout a
24-hour period, the oppositionality of this relationship appears to hinge upon the removal
of the involvement of food intake. This seems to be due to the observation that while
cortisol and ghrelin both appear to respond to food intake, they each respond with
opposite changes, and ghrelin appears to be more singularly influenced by food intake,

specifically with regard to changes in glucose and insulin.

2.2.3 Other Hormones (NPY & LEAP2)

In addition to insulin, glucagon, cortisol, and ghrelin there are two other hormones that
may play an important role in food deprivation physiology, however there is currently
limited scientific evidence relating these two hormones to food deprivation, especially in

humans.

The first hormone is neuro-peptide Y (NPY), which is a 36-residue peptide that was first
isolated from the brain of pigs, and first described in the literature in 1982 (Tatemoto,
1982; Tatemoto, Carlquist, & Mutt, 1982). NPY is expressed within neurons throughout
the brain, gut, and adrenals, and it is understood to be the most abundant neuropeptide in
the brain (Holzer, Reichmann, & Farzi, 2012). There are several basic neuronal
physiological functions for which NPY is related (Malva et al., 2012). Of particular
importance to this review of literature is NPY’s connection to food consumption (Woods
et al., 1998). Rats that were given an intracerebroventricular injection of NPY showed an
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increase in food intake, and during times when eating would normally not occur (Levine
& Morley, 1984). Furthermore, rats that were deprived of food for 48 hours showed an
increase in NPY RNA levels in various areas of the brain, compared to food ad libitum
controls (Bi, Robinson, & Moran, 2003). Another study showed this same increase
phenomenon with regard to NPY concentrations in the brain during a 48-hour fast, with
the additional finding that brain NPY levels decreased to control levels after refeeding
(Yoshihara, Honma, Katsuno, & Honma, 1996). In addition to changes in the brain, a
study found an increase in NPY levels in the adrenals of mice after 24 hours of food
deprivation, and that the increase in adrenal NPY levels after the 24-hour fast was
necessary to cause fasting induced increases in urine epinephrine levels, and to maintain
fasted state euglycemia (M. Wang, Wang, & Whim, 2016). Additional research in
rodents has shown that hypothalamic NPY neurons are directly activated by ghrelin
(Hashiguchi et al., 2017), and directly inhibited by insulin (Belgardt, Okamura, &

Bruning, 2009) and glucose (Burdakov, Luckman, & Verkhratsky, 2005).

In humans, NPY levels have been measured in cerebrospinal fluid (CSF) and blood, with
NPY levels in the CSF being approximately 2-fold higher (Brunani et al., 1995). There is
limited information regarding the circadian rhythm values of NPY in humans. One study
that measured blood NPY levels throughout a 24-hour period in humans who consumed
food normally, found that blood NPY levels fluctuated cyclically with high peaks right at
or right before meals, and low points between meals, with a maximum fluctuation range

of 90 pg/ml (Galusca et al., 2015). Another study measuring blood NPY levels
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throughout a 24-hour period of normal food consumption was only able to detect NPY in
a very small subset of their participants, and the blood NPY levels were found to remain
relatively constant throughout the 24-hour period, fluctuating 72 pg/ml (Sehested et al.,
1992). No known studies describe the changes in blood NPY levels in response to food

deprivation in humans.

The second hormone is liver-expressed antimicrobial peptide 2 (LEAP2), which was first
described in the literature in 2003, and is a 3 to 4.5 kD peptide that was found in human
blood, with DNA originally isolated from the liver (Krause et al., 2003). Further study
found LEAP2 RNA expressed in human tissue from the small intestine, liver, kidney, and
bladder (Howard et al., 2010). A later study showed the highest expression of mouse
LEAP2 RNA in the jejunum of the small intestine, followed by the duodenum, liver, and
then the ileum (Ge et al., 2018). Little information has been reported regarding the
physiological functioning of LEAP2 beyond its antimicrobial properties, but further study

of LEAP2 has found that it is an antagonist of the ghrelin receptor (Ge et al., 2018).

Based upon the discovery of this relationship between LEAP2 and ghrelin, two studies
have found that LEAP2 levels in the blood decrease after a 24-hour fast in mice, and in
opposition to the change in blood ghrelin levels (Ge et al., 2018; Mani et al., 2019).
Additionally, Ge et al showed that blood LEAP2 levels increase after refeeding (Ge et al.,
2018). And interestingly, Mani et al found that LEAP2 prevents ghrelin from activating
NPY neurons in the arcuate nucleus of the brain (Mani et al., 2019). Furthermore, Mani
et al showed a relationship between blood LEAP2 levels and blood glucose levels where

mice given glucose orally had higher blood levels of LEAP2, and in fasted, obese humans

19



lower blood glucose levels were moderately correlated with lower blood LEAP2 levels
(Mani et al., 2019). No known studies describe the changes in blood LEAP2 levels in
response to food deprivation in humans. Additionally, no information is currently

available regarding the 24-hour circadian pattern of LEAP2 levels in the blood.

This information seems to suggest that NPY and LEAP2 are two important hormones
involved in the physiology of food deprivation. In animals they respond in opposite
directions during food deprivation and, similar to the other hormones noted previously,

they both appear to be influenced by blood glucose levels.

In summary, it appears that there are a variety of physiological responses to food
consumption and food deprivation. It would seem that the primary stimulus driving these
physiological responses is post-prandial nutrient absorption, namely changes in blood
glucose. These physiological responses demonstrate that the body is: 1) very sensitive to
changes in blood glucose levels, and 2) focused on maintaining blood glucose levels

within a tight range.

2.3 Food Deprivation’s Effect on Cardiovascular Physiology

As mentioned previously, there are currently around 17 published research articles that
focus on the basic science of food deprivation and its effect on cardiovascular physiology
in healthy human participants. The majority of these articles (13 of 17) studied acute

food deprivation, and the remaining articles studied chronic food deprivation.
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The first published article concerning food deprivation and cardiovascular physiology
was published in 1954 (Jungmann, 1954), only in German, and then there was a 56 year
gap in published studies until the 2000’s. The remaining 16 articles were published from
2000 to 2018 (Cansel et al., 2014; Chan et al., 2007; Heilbronn et al., 2005; Horne et al.,
2013; Mitchelmore, Stoner, Lambrick, Jobson, & Faulkner, 2018; Muthusami et al.,
2017; Ohara et al., 2015; Samad et al., 2015; Schulz et al., 2015; Seker et al., 2017;
Solianik et al., 2016; Stoner et al., 2017; Su et al., 2000; Tanaka, Tomoto, & Sugawara,

2016; Tsukamoto, Hitosugi, & Yokoyama, 2017; Y. Young et al., 2015).

The research studies described in these articles employed a variety of techniques to assess
the effect of fasting on cardiovascular physiology in a variety of areas, and they produced

the following results.

Fourteen of the aforementioned articles present results describing the impact of fasting on

basic hemodynamics.

In regard to acute food deprivation, Muthusami et al studied children and young adults
who fasted for at least 6 hours and then consumed a meal, and the study found that
cardiac output was slightly lower pre-prandially (Muthusami et al., 2017). Tsukamoto et
al evaluated patients who had undergone preoperative fasting for, on average, 3.43 hours
(fluids) and 12.64 hours (solids); this study found that if vasopressor drugs were used to
counteract anesthesia induced hypotension then they were used in the patients that fasted
the longest, and that cardiovascular parameters were stated to remain stable throughout

the surgery for all patients (Tsukamoto et al., 2017). Stoner et al performed an evaluation
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of pulse waveform separation analysis done on individuals who had fasted for 12 hours
and found that fasting led to a slightly decreased heart rate (Stoner et al., 2017).
Mitchelmore et al conducted oscillometric pulse wave analysis in individuals over 50
years of age who had fasted for 12 hours and found that systolic blood pressure and heart
rate were slightly decreased after fasting, whereas diastolic blood pressure was slightly
increased after fasting (Mitchelmore, Stoner, Lambrick, Jobson, et al., 2018). Ohara et al
studied the effect of eating (relative to continuing to fast) following a 12-hour fast on
cardiovascular response in females and how that might be further influenced by
menstrual cycle phase; this study found that after consuming a meal from a fasted state:
1) heart rate and systolic blood pressure increased in both the follicular and luteal phases,
and 2) diastolic blood pressure decreased in both the follicular and luteal phases (Ohara et
al., 2015). Schulz et al found that 18 hours of food deprivation in females led to
increased heart rate during the midfollicular phase of the menstrual cycle, and decreased
heart rate during the midluteal phase of the menstrual cycle (Schulz et al., 2015). Horne
et al found that a 24-hour fast led to a decrease in systolic blood pressure, and an increase
in diastolic blood pressure (Horne et al., 2013). Solianik et al evaluated the effect of a
48-hour fast in male amateur weight lifters, and found that fasting led to decreased blood
pressure and heart rate (Solianik et al., 2016). Chan et al focused on the effect of a 72-
hour fast, and the primary findings of this study were that a 72-hour fast led to increased
heart rate and blood pressure (Chan et al., 2007). Lastly, Tanaka et al performed a case
report of the effects of one male completing a one-week Buddhist fasting ritual (Danjiki);

this study found that the one week fast led to: 1) decreased heart rate, and left ventricular
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ejection time, and 2) increased left ventricular pre-ejection period, and systolic blood

pressure variability power (Tanaka et al., 2016).

In regard to chronic food deprivation, Heilbronn et al evaluated a group of people who
completed 22 days of an alternate day, 24-hour fasting program, and this study found that
this ~3-week fasting program led to no changes in baseline blood pressure (Heilbronn et
al., 2005). Cansel et al showed decreased heart rate during Ramadan, compared to after
Ramadan (Cansel et al., 2014). Samad et al focused on evaluating blood pressure in
males, before and throughout Ramadan, and found: 1) throughout Ramadan, end of day
fasted state blood pressure and heart rate values were lower than what they would be two
hours later after eating, and 2) systolic blood pressure increased the first half of Ramadan,
and then decreased back to initial values the second half of Ramadan (Samad et al.,
2015). Lastly, Seker et al measured 24-hour blood pressure in normotensive individuals
who were and who were not participating in Ramadan, and the study found that systolic
blood pressure was higher in individuals who were participating in Ramadan, and for
those that were participating, systolic blood pressure was also elevated at the end of the

daylight fasting period (Seker et al., 2017).

Five of the articles focused on the effect of food deprivation on heart rate variability
(HRV). Two studies found an overall decrease in HRV, after a 72-hour fast (Chan et al.,
2007), and after a one-week fast (Tanaka et al., 2016). Additionally, two different studies
found an overall increase in HRV, after a 48-hour fast (Solianik et al., 2016), and during

Ramadan (Cansel et al., 2014). Lastly, one study found a decrease in the high frequency
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component of HRV after consuming a meal following a 12-hour fast, when compared to

continuing to fast (Ohara et al., 2015).

Three of the articles focused on arterial stiffness. Two articles performed pulse wave
analysis and showed that a 12-hour fast led to a decrease in arterial stiffness (Stoner et al.,
2017; Y. Young et al., 2015). The third article showed an increase in arterial stiffness

after a one-week fast (Tanaka et al., 2016).

Two articles focused on blood flow. In one article, Su et assessed the pulse spectrum
harmonics in individuals that fasted for 24 hours, and this study found that the pulse
spectrum harmonics indicated no difference in load on the heart when comparing fasted
and fed states, but that the fasted state led to a shift in the qi away from the spleen and
stomach and toward the kidney, thus indicating a change in physiological attention during
fasting (Su et al., 2000). The second article found that consuming a meal after fasting for
at least 6 hours led to increased abdominal blood flow volume with no change in cerebral

blood flow volume (Muthusami et al., 2017).

Finally, one article focused on electrical activity of the heart and brain. In this article,
Schulz et al evaluated the relationship between electrocardiography and
electroencephalography after 18 hours of food deprivation in females, and found that 18
hours of food deprivation led to increased heartbeat evoked potentials activity (Schulz et

al., 2015).

These research studies showed that the physiological effect of food deprivation on the

cardiovascular system is complex, in part, because there is a great deal of variety in
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specific fasting protocols. The majority (13 out of 17) of the aforementioned studies
utilized an acute fast, with the remaining four utilizing a chronic fasting program (ex.
Ramadan, alternate day fasting). Additionally, the majority (12 out of 17) of the studies
employed a fasting duration of 24 hours or less, ranging from as few as 6 hours up to 24
hours. The remaining five employed a fasting duration of 2 to 7 days. Regardless, it is
important to note that such variety in fasting duration complicates the understanding of
how, specifically, food deprivation affects cardiovascular physiology. For example, one
review paper highlights the almost constantly changing metabolic physiology as fasting

duration progresses (Stockman et al., 2018).

The main takeaways from these studies are as follows. One, when comparing pre and
post fasting it would appear that food deprivation generally has an excitatory effect on
cardiovascular variables such as heart rate and blood pressure. A second takeaway is that
it seems that being in a fasted state and then consuming food also has an excitatory effect
on cardiovascular variables. Thirdly, it appears that fasting leads to a shift in blood flow
away from the digestive tract. And lastly (fourthly), it seems that fasting generally leads

to a decrease in arterial stiffness.

The tables below show the key results of the collection of previously published articles
concerning the impact of acute (table 2.1) and chronic (table 2.2) food deprivation on

cardiovascular physiology in healthy humans.
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Table 2.1: Summary of previously published research regarding the cardiovascular
response to acute food deprivation in healthy humans

A Summary of Previous Research on the Effect of Acute Fasting in Healthy Humans
Fasting Systolic Diastolic Heart HR Source
Duration BP BP Rate Variability "
| (supine) > (supine) | (supine) - Young, 2015
| (seated) 1 (seated) | (seated) -
12 hours
| (supine) | (supine) - Stoner, 2017
1 (seated) | (seated) -
) i 1 (mid- )
18 hours folhcqlar) Schulz, 2015
) | (mid- )
luteal)
- - 1 l Herbert, 2012
24 hours
1 1 - - Horne, 2013
48 hours | ! ! ! 1 Solianik, 2016
72 hours ‘ 1 1 1 ! Chan, 2007
lweek | 1 1 ! 1 Tanaka, 2016

Table 2.2: Summary of previously published research regarding the cardiovascular

response to chronic food deprivation in healthy humans

A Summary of Previous Research on the Effect of Chronic Fasting in Healthy Humans
Protocol Systolic Diastolic Heart HR Sour
otoco BP BP Rate Variability ouree
- - l 1 Cansel, 2014
Ramadan l l - - Samad, 2015
1 1 - - Seker, 2017
Alternate Heilbronn,
Day d — - -
; 2005
Fasting
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2.4 Proposed Mechanisms of Food Deprivation Altering

Cardiovascular Physiology

Why might these changes to cardiovascular physiology be happening because of food

deprivation?

When considering all of the current evidence, it is possible that the excitatory effect of
acute food deprivation on cardiovascular physiology is linked to an increase in
sympathetic activity. Due to limited evidence, it is difficult to say whether or not food
deprivation is constantly sympatho-excitatory, when this sympatho-excitation specifically
occurs, and for how long this sympatho-excitatory state(s) lasts. What the current
research does show is that there is an excitatory effect on cardiovascular physiology post-
prandially that lasts at least 1-3 hours (Ohara et al., 2015; Samad et al., 2015; Seker et al.,
2017), and there is an excitatory effect of food deprivation that is revealed after a fast as
short as 18 hours (Schulz et al., 2015) and after a fast as long as 72 hours (Chan et al.,
2007). Previous research has also clearly established a link between increased

sympathetic activity and increased cardiovascular activity (Miki & Yoshimoto, 2013).

What then connects the link from food deprivation to increased sympathetic activity to

increased cardiovascular activity?

The primary initial effect of food consumption cessation appears to be the end of food
intake that leads to a change in the volume of physical food in the digestive system, and a

change in nutrient availability. As stated previously, a healthy adult human who has
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regular access to food and consumes food regularly, will typically wait 4 to 7 hours
between eating meals (Ishihara et al., 1985). Additionally, this is in agreement with the
~7 hours it takes a meal to travel through the stomach and small intestine after it has been
consumed (Fischer & Fadda, 2016; Lawrence et al., 1996; Sugita et al., 2019).

Therefore, this 7-hour post-prandial period is when the body experiences the receival and
exit of food associated with nutrient absorption, and then anticipates the next bout of food
consumption. One could then surmise that following this initial 7-hour post-prandial
period, with no return to food consumption, food deprivation would begin to become an

abnormal stressor.

What then is happening, physiologically, during and after this 7-hour post-prandial

period, and how may that be linked to changes in cardiovascular physiology?

My speculation for how food deprivation affects cardiovascular physiology is based on
molecular mechanisms. I speculate that the food deprivation-elicited-decrease in blood
glucose leads to an increase in blood ghrelin concentration, a decrease in blood LEAP2
concentration, and an increase in blood NPY concentration. Furthermore, I speculate that
these changes in blood hormone concentrations will be associated with an excitatory

effect on cardiovascular activity, linked through downstream molecular mechanisms.

As stated previously, food deprivation leads to a brief initial rise in blood glucose,
followed by a decrease and then stable maintenance that, for the most part, evades
hypoglycemia (Hojlund et al., 2001). Additionally, food deprivation leads to an increase

in ghrelin (Shiiya et al., 2002); specifically, ghrelin seems to be responsive to changes in
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A Appendix A (ELISA Kit Instructions)
A1 Ghrelin ELISA Kit Instructions
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A.2 LEAP2 ELISA Kit Instructions

-"_"-LEAF’E ELISA Kit (Human) (OKCAD1337) - Lo KFO115
-

10. Assay Procedure

« Equilibrate all reagents and matarals toambient mom femperature prior to use In the procedurs,

« Oiptimal results for intra- and inter-aszay reproducibility will be obtained when performing incubation sleps
at 37°C as indicated balow,

Jr1l.'!.1 Detarmine tha required number of wells and retum any remaining unused wells and desiccant ko the
pouch,

\f'lu.z #dd 100 pL of senally fiteted standards, diluted samples or blank into wells of the Antl-LEAPZ
Microplate, Al least two raplicales of sach standard, sampla or Bank is recommended

1 10.3 Cowr the plate with the plate seafer and incubate al 37°C for 2 hours.

- 10.4 Remowe the plate sealer and discard the liquid in the wealls by fgorously flcking inte an acceptabla
waste receplacle or aspiration.

{ 10.5 Gently blot any remaining liquid from the wells by tapping inverted on the benchiop onto paper
J towealing. Do not allaw the wells to completely dry at any time,

10.6 Add 100 pL of prepared 1X Biotinylated LEAP2 Detector Antibody to each well,
4107 cowr with the plate sealer and incubate at 37°C for 60 minutes.
10.8 Discard the liquid in the walls by rgorously Sicking into an acceptable waste receptacle or aspiration.

109 Gantly biot any remaining liquid from the wells by tapping inverted an the benchiop onto papar
toweling. Do not allow the wells to completely dry atany time.

/10,10 Wash plate 3 limes with 1X Wash Buffer as follows
10,101 Add 300 gL of 1X Wash Buffer to each assay well,
.10.2 Incubate for 2 minutes,
10.10.3 Discard the liquid in the wells by rigorously flicking into an acceglable wasta receptacle,

10.10.4 Gently blot any remaining liquid from the wells by tapping imerted on the benchicp onto
paper oweling. Do nat allow the wells ta complately dry at any tima

T0.10.5 Repeat steps 100107 through 10.10.4 two more times

‘-(10.11 Add 100 pL of prepared 1XAvidin-HRP Conjugate into aach well, cover with plate sealer and
incubate at 37°C for &0 minutes,

10.12 Discard the liguid in fhe wells by ngorously ficking into an acceptable wasle raceptacte or aspiration,
10.13 Gently bict any remaining liguid from the wells by tapping imerted on the benchiop onto paper
toweling, Do not allow the wells to complately dry at any timea.
...(KTT-|~L1D.14 Wash plate § times with 1X Wash Buffer as in Step 10,10,
J 10,15 Add 90 UL of TMB Substrate to each well, cover with plate sealer and ingubata al 37°C in the dark

for 15-30 minutes. Wells should ehange to gradations of blue. If the color is too deep, reduce the
incubation time,

{NOTE: optimal Incubation timea must be determined by the user, Optimal dewelopment can ba
wsualized by blue shading in the tap four standard wells, while the rermaining standards are still
\/ clear.)
1

0.16 Add 50 pL of Stop Solution to each well. Well color should change to yellow immadiately. Add the
f Stop Solution in the same well arder as done for tha TMB Substrate,

10.17 Read the 0.0 shsorbance at 450 nm with a standard microplate reader within & minutes of siopping
the reaction in step 10,16, i wavelength comection is available, set to 540 pm or 570 rum.

asysbio.com—888.880.0001 — techsuppo

145




A.3 NPY ELISA Kit Instructions

WPy ELISA Kit {Human) (OKEHOOB52) v1.0

10. Assay Procedure

+ Eguilibrate all reagents and matenials lo ambient room femperature prior to use in the procadurs.

+ Optimal results for intra- and inter-assay reproducibility wilt be obtained when performing incubation steps
at 37°C as Indicated balow,

‘/1(I:-.‘l Datarming tha required number of wells and return any remaining unused weils and desiccant lo the
pouch,

1/1,!}.2 Add 100 pl of serially ttrated standards, diluted samples or blank into welis of the NPY Microplate.
/ Al least bwo replicates of each standard, sampls or blank |s recommended,
10.3

Covear the plate with the well plate sealer and moubate at 37°C for 2 hours.
10.4 Remove tha plate sealer and discard the liquid in the wells by rigorousty fiicking into an accepiabla
M/ waste receptacie or aspiration.
10.5

Gently blot any remaining liquid from the wells by tapping inverted on the benchtop onto paper
toweding. Do not allow the wells to completely dry at any time,

~4n,5 Add 100 pL of prepared 1X Biotinylated NPY Detector Antibody to esch well,
u'/'lﬂ.T Cover with the well-plate sealer and incubate at 37°C for 60 minutes.
IJ'{W,E Discard the liquid in the wells by rigarously flicking info an acoeptable waste receptacte or aspiration

10.9  Gently blot any ramaining liguid from the wells by tapping inverted on the benchiop anla paper
toweling. Do not alow the walls to complataly dry at any time,

J:IDJIJ Wash plate 3 times with 1X Wash Buffer as follows:
10.10.1 Add 300 pL of 1X Wash Buffer to each assay wall,
10.10.2 Incubate for 1 minute
10.10.3 Discard the lguid in the wells by rigorousty flicking into an acceptable waste recaplacle.

10,104 Genily blot any remaining lquid from the wels by tapping inverted on the banchlop orto
paper owaling. Do not allaw the wells to completely dry at any time.

10.10.5 Repeat staps 10.10.1 through 10.10.4 two more times.

J"-'l-‘l‘l Add 100 pL of preparsd 1X Avidin-HRP Conjugate into each well. cover with plate sealer and
incubate at 37°C for 60 minules,

10.12 Discard the liquid in the wells by rigorously flicking into an acceptable waste receplacle or aspiration,

10.13 Gently blot any remaining Hguid from the wells by tapping inverad on tha benchtop onto paper
J toweling. Do not allow the wells to completely dry at any time
10

4 Wash plate 5 times with 1X Wash Buffer as in Step 10.10.

10.15 Add 90 pL of TMB Substrate to aach well, cover with plate sealer and incubate at 37°C in the dark
for 15-30 minutes. Wells should change to gradations of blue, If tha color is too deep, reduce the
Imeubation lime,

(NOTE: optimal incubation time must be determined by the user. Optimal development can be
visualized by blue shading in the top four standard wells, while the remaining standards are still
chaar, )

\/‘"}-15 Agd 50 ul of Stop Selution lo each well. Well colar should change 1o yellow immeadiately. Add the
Stop Solution in the same well order as done for the TMB Substrate.

10.17 Read the 0.D. absorbance at 450 nm with a standard microplale reader within 5 minutes of stapping
the reaction in stap 10,16, Il wavelength corection iz avalable, set to 540 nm or 570 nm.
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B Appendix B (Raw Data)

B.1 Acute Food Deprivation (Primary Outcome Variables)
D | Visit | Sex SBP DBP HR Glucose | Ghrelin | LEAP2 NPY
(mmHg) | (mmHg) | (bpm) | (mg/dl) | (pg/mD) | (ng/ml) | (pg/ml)

1 1 F 116 65 73 95 4820  -0.44  1449.62
2 97 57 76 89 55.27 -0.57 935.56

3 95 51 63 91 3157 -041 131410

4 96 54 64 75 3298 -0.14  399.76

2 1 M 111 51 55 86 539 042 -28527
2 117 56 56 74 1211 -031  -23152

3 114 53 48 95 2237 025  -262.40

4 113 57 52 79 32488 042 -311.01
31 M 127 76 75 125 37583 444 85894
2 122 74 73 118 353.18  3.04  706.83

3 125 69 67 117 33266 3.09 73599

4 119 73 68 117 23926 239 35516

4 1 M 105 60 50 91 129.57  -0.15  1009.32
2 116 66 47 87 7721 019  697.11

3 112 66 56 93 38.65 041  434.07

4 121 63 58 82 74.73 0.12 36488
51 F 110 65 66 94 31143 157  1691.50
2 98 64 72 99 33938 -0.17 147135

3 100 65 73 97 21095  0.08 138558

4 101 64 72 87 18725 032 1069.37

6 1 F 113 68 75 100 39776 -0.09  1604.59
2 107 68 69 115 32346 012 1602.87

3 107 69 78 97 366.63 023 192824

4 104 72 76 87 81172 0.08  1730.96
71 F 96 62 78 81 13842 -0.07  1449.62
2 92 60 76 96 97.73  -020  1903.08

3 94 66 88 89 89.95  -0.07 205632

4 95 61 88 87 4643 -049  907.54

147




10

11

12

13

14

AW NN = AW N = AW N = AW N = AW N = AW N =

AW NN =

110
107
125
122

112
103
114
116

123
122
114
116

130
131
131
133

123
122
119
131

115
107
110
107

83
94
89
88

68
66
77
75

80
73
74
73

79
67
69
70

88
87
&9
86

81
79
75
78

68
63
60
62

54
59
59
59

66
66
69
76

76
85
72
88

63
64
68
72

94
101
91
87

90
71
78
76

71
79
79
82

87
95
77
90
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80
84
85
77

106
95
109
99

100
96
94
82

117
101
99
98

91
95
88
96

80
89
82
66

95
94
93
78

482.68
484.09
343.98
176.63

186.89
161.42
130.99
123.91

110.11
134.17
124.97
186.18

27.68
8.57

-111.02

59.52
69.43
110.11
45.72

150.80
73.32
62.00
40.77

11.76
30.86
45.01
58.46

-0.54
-0.76
-0.40
-0.67

0.29
0.24
0.25
0.04

-0.03
-0.30
-0.27
3.78

0.45
0.00

0.16
0.06
2.28
-0.08

-0.40
-0.42
-0.12
-0.18

5.31
0.22
3.76
-0.13

290.55
244.80
248.23
-206.94

702.26
752.01
854.93
225.93

-160.62

-289.85

-166.34
54.39

1336.98
1524.53

887.53

557.59
567.31
983.02
165.32

580.46

634.21

479.25
64.68

1041.35
640.50
1585.72
344.30



Average SBP (mmHg) Average DBP (mmHg) Average HR (bpm)
ID | Cond Sex

Al | awk | Asl [ Al [ Awk | Asl | Al [ Awk [ Asl
1 Cont F 11533 117.04 110.90 63.06 66.62 53.80 68.56 70.50 63.50
2 Cont F 11040 118.54 10033 63.15 72.88 51.10 71.34 71.65 70.95
3 Cont M 121.02 126.52 111.13 67.12 74.15 5447 59.52 63.30 52.73
4 Cont M 12540 13454 11056 7136 77.81 60.88 55.54 57.32 52.75
5 Cont M 11995 130.09 10329 6843 7735 53.79 77.73 8239 70.07
6 Cont F 11346 117.13 10587 64.61 7029 5287 6502 6526 64.53
7 Cont F 116.81 121.35 105.08 7249 77.03 60.75 66.98 74.00 48.83
8 Cont M 12496 132.06 10236 73.72 78.83 5745 7233 77.03 57.36
9 Cont M 12498 12636 121.71 7572 78.09 70.14 7472 77.19 69.07
10 Cont M 116.00 118.76 109.50 6551 69.12 57.00 5491 58.06 47.50
11 Cont M 13936 14438 129.67 79.55 83.48 7193 80.02 8345 73.40
13 Cont F 11379 118.68 104.67 6434 7131 50.87 66.75 72.17 56.27
14 Cont F 11393 117.30 10538 6524 69.12 5538 7483 82.09 56.38
1 Treat F 11533 120.76 106.06 63.38 69.29 53.65 66.22 6845 6241
2 Treat F 10993 11554 102.65 57.50 64.19 48.80 69.00 75.15 61.00
3 Treat M 12547 13276 11533 6933 7696 58.72 50.77 51.32 50.00
4 Treat M 12555 128.03 120.73 70.57 7428 63.40 60.84 61.34 59.87
5 Treat M 115.77 11924 102.67 6542 68.09 5533 6851 7097 59.22
6 Treat F 11534 120.77 105.76 70.06 77.80 5641 60.53 62.10 57.76
7 Treat F 10745 11431 9471 65.60 72.19 5336 65.15 7127 53.79
8 Treat M 11557 12250 10556 65.05 70.65 5694 68.16 7542 57.67
9 Treat M 126.73 128.59 12040 8128 82.58 77.00 74.00 74.62 71.90
10 Treat M 119.70 121.68 115.60 64.72 68.06 57.80 61.54 63.48 57.53
11 Treat M 138.50 146.23 124.00 7846 8437 6738 78.80 83.00 70.94
13 Treat F 11150 113.76 10646 65.83 69.83 56.92 7043 7286 65.00
14 Treat F 108.63 111.21 102.08 62.07 67.15 49.15 68.02 7230 57.15
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B.2 Chronic Food Deprivation (Primary Outcome Variables)

SBP DBP HR Glucose Ghrelin | LEAP2 NPY

ID | Visit | Sex | (umHg) | (nmHg) | (bpm) | (mg/dl) | (pg/ml) | (ng/ml) | (pg/m)

1 1 M 116 66 60 104 51.03 1.80 910.97
2 111 70 66 103 49.61 -0.03 688.53
3 110 68 61 108 19.89 0.91 663.95
2 1 F 113 69 80 86 84.64 -0.28 541.58
2 103 62 83 90 112.59 -0.34 562.73
3 106 66 84 86 91.36 -0.18 526.14
3 1 M 124 67 72 106 12.11 0.02 -8.51
2 119 55 68 100 -9.47 0.38 -37.68
3 112 63 70 106 309.31 -0.06 196.77
4 1 F 110 73 79 98 99.85 -0.13 730.28
2 104 64 77 105 125.33 -0.22 886.38
3 99 69 77 90 193.26 0.37 731.99
5 1 M 118 68 81 93 37.58 0.69 594.76
2 107 61 59 103 37.58 0.61 407.77
3 115 64 71 43.60 1.36 530.71
6 1 F 124 87 86 104 251.29 1.59 1776.13
2 108 79 88 101 235.36 1.37 1289.52
3 102 70 83 300.46 1.83 1740.68
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EKG BtB-BP
ID | Sex | Visit | HR RRI RRI- | RRI- SAP DAP MAP
pm) | (ms) | FF | HE | LEHE I He) | (mmHg) | (mmHg)
p (mSZ) (msz) g g g
1 M 1 69.7 864 980 350 2.80 102 70.9 85
2 575 1050 2223 1233 1.80 95.4 52.1 70.7
2 F 1 73.3 821 260 517 0.50 111.2 63.9 85
2 74.1 811 96 228 0.42 105.7 62.9 80.7
3 M 1 664 921 1851 7818  0.24 109.7 56.1 75.2
2 69.4 873 662 4566  0.14 106.5 55.8 75.2
4 F 1 70.8 849 353 315 1.12 88.9 52.4 69.1
2 71.8 837 108 520 0.21 101.3 61.4 78.8
5 M 1 81.3 739 119 301 0.40 118.8 64.4 88.7
2 73.2 822 211 780 0.27 105.7 60 80.2
6 F 1 954 629 74 126 0.59 123 76.7 97.3
2 85.3 704 188 109 1.72 116.7 83 98.5
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B.3

In-Depth Review

. . SBP DBP HR
ID | Point (post-prandial) (mmHg) (mmHg) (bpm)

1 1hr 66.5
12hr 62.2
2 12hr 120.2 76.1 80.8
48hr 115.6 73.9 76.2

3 1hr 117 71 67
12hr 116 71.5 62.5

4 1hr 74
18hr 73.4

5 24hr 110.9 68.9

6 1hr 66.7
24hr 71.3
7 12hr 104.5 55.5 60.8
72hr 107.7 56.2 69.4
8 12hr 99.5 60.7 58.8
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. SBP DBP HR
ID Point (Ramadan
( )| (mmHg) | (mmHg) | (bpm)
1 Before 125.4 71.3
After 124.2 73.1
2 Before 124.4 78.8 82.4
Week 1 1184 77
Week 2 120.5 74.3
Week 3 118.8 74.2
3 Week 2 78
After 80.1
4 Before 134 88
Week 3 124 77
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C Appendix C (Statistical Analysis Print Outs)

CA Acute Food Deprivation (Primary Outcome Variables)

One Way Repeated Measures Analysis of Variance
Dependent Variable: HR (bpm)

Normality Test (Shapiro-Wilk): Passed (P =0.295)

Equal Variance Test (Brown-Forsythe): Passed (P=0.812)

Treatment Name N  Missing Mean Std Dev SEM

1.000 14 0 72.786 12.473 3.333

2.000 14 0 73.571 14.081 3.763

3.000 14 0 71.929 11.526 3.080

4.000 14 0 74.929 11.652 3.114
Source of Variation DF SS MS F P
Between Subjects 13 6847.589 526.738

Between Treatments 3 68.196 22.732 0.713 0.550
Residual 39 1244.054 31.899

Total 55 8159.839 148.361

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

4.000 vs. 3.000 3.000 1.405 1.000 No
4.000 vs. 1.000 2.143 1.004 1.000 Do Not Test
4.000 vs. 2.000 1.357 0.636 1.000 Do Not Test
2.000 vs. 3.000 1.643 0.770 1.000 Do Not Test
2.000 vs. 1.000 0.786 0.368 1.000 Do Not Test
1.000 vs. 3.000 0.857 0.402 1.000 Do Not Test

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P =0.391)

Treatment Name N  Missing Mean Std Dev SEM

1 to 2 (HR) 14 0 0.786 7.392 1.976
3 to 4 (HR) 14 0 3.000 5.684 1.519
Difference 14 0 -2.214 6.874 1.837

=-1.205 with 13 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -6.183 to 1.755
Two-tailed P-value = 0.250

One-tailed P-value = 0.125
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Paired t-test:
Dependent Variable: Overall HR (bpm)
Normality Test (Shapiro-Wilk): Passed (P =0.544)

Treatment Name N  Missing Mean Std Dev SEM

1.000 13 0 68.462 7.923 2.197
2.000 13 0 66.385 6.862 1.903
Difference 13 0 2.077 4.907 1.361

t=1.526 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -0.888 to 5.042
Two-tailed P-value = 0.153

One-tailed P-value = 0.0764

Paired t-test:
Dependent Variable: Awake HR (bpm)
Normality Test (Shapiro-Wilk): Passed (P =0.193)

Treatment Name N Missing Mean Std Dev SEM

1.000 13 0 71.769 8.786 2.437
2.000 13 0 69.231 8.217 2.279
Difference 13 0 2.538 5.532 1.534

t=1.654 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -0.804 to 5.881
Two-tailed P-value = 0.124

One-tailed P-value = 0.0620

Paired t-test:
Dependent Variable: Sleep HR (bpm)
Normality Test (Shapiro-Wilk): Passed (P =0.734)

Treatment Name N  Missing Mean Std Dev SEM

1.000 13 0 60.308 8.731 2.422
2.000 13 0 60.385 6.131 1.700
Difference 13 0 -0.0769 6.788 1.883

t=-0.0409 with 12 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -4.179 to 4.025
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Two-tailed P-value = 0.968

One-tailed P-value = 0.484

One Way Repeated Measures Analysis of Variance
Dependent Variable: SBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P =0.766)

Equal Variance Test (Brown-Forsythe): Passed (P=0.224)

Treatment Name N Missing Mean Std Dev SEM

1.000 14 0 112.429 12.308 3.290
2.000 14 0 109.643 12.169 3.252
3.000 14 0 110.643 12.555 3.356
4.000 14 0 111.571 13.569 3.626
Source of Variation DF SS MS F P
Between Subjects 13 7188.214 552.940

Between Treatments 3 60.429 20.143 0.684 0.567
Residual 39 1149.071 29.463

Total 55 8397.714 152.686

Power of performed test with alpha = 0.050: 0.050
All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 2.786 1.358 1.000 No
1.000 vs. 3.000 1.786 0.870 1.000 Do Not Test
1.000 vs. 4.000 0.857 0.418 1.000 Do Not Test
4.000 vs. 2.000 1.929 0.940 1.000 Do Not Test
4.000 vs. 3.000 0.929 0.453 1.000 Do Not Test
3.000 vs. 2.000 1.000 0.487 1.000 Do Not Test

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P =0.959)

Treatment Name N  Missing Mean Std Dev SEM

1 to 2 (SBP) 14 0 -2.786 8.359 2.234
3 to 4 (SBP) 14 0 0.929 4.747 1.269
Difference 14 0 -3.714 8.471 2.264

t=-1.641 with 13 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -8.605 to 1.177

Two-tailed P-value = 0.125
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One-tailed P-value = 0.0624

Paired t-test:
Dependent Variable: Overall SBP (mmHg)
Normality Test (Shapiro-Wilk): Passed (P =0.147)

Treatment Name N  Missing Mean Std Dev SEM

1.000 13 0 119.538 7.666 2.126
2.000 13 0 118.231 8.974 2.489
Difference 13 0 1.308 4.516 1.253

t=1.044 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1.422 to 4.037
Two-tailed P-value = 0.317

One-tailed P-value = 0.159

Paired t-test:
Dependent Variable: Awake SBP (mmHg)
Normality Test (Shapiro-Wilk): Passed (P =0.133)

Treatment Name N Missing Mean Std Dev SEM

1.000 13 0 124.846 8.444 2.342
2.000 13 0 122.846 9.441 2.619
Difference 13 0 2.000 5.831 1.617

t=1.237 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1.524 to 5.524
Two-tailed P-value = 0.240

One-tailed P-value = 0.120

Paired t-test:
Dependent Variable: Sleep SBP (mmHg)
Normality Test (Shapiro-Wilk): Passed (P = 1.000)

Treatment Name N  Missing Mean Std Dev SEM

1.000 13 0 109.308 8.390 2.327
2.000 13 0 109.462 8.781 2.435
Difference 13 0 -0.154 5.414 1.501

t=-0.102 with 12 degrees of freedom.
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95 percent two-tailed confidence interval for difference of means: -3.425 to 3.118
Two-tailed P-value = 0.920

One-tailed P-value = 0.460

One Way Repeated Measures Analysis of Variance
Dependent Variable: DBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P =0.473)

Equal Variance Test (Brown-Forsythe): Failed (P <0.050)

Treatment Name N Missing Mean Std Dev SEM

1.000 14 0 68.929 10.702 2.860

2.000 14 0 67.071 8.731 2.333

3.000 14 0 67.286 9.918 2.651

4.000 14 0 67.643 9.052 2.419
Source of Variation DF SS MS F P
Between Subjects 13 4357.232 335.172

Between Treatments 3 29.054 9.685 0.809 0.496
Residual 39 466.696 11.967

Total 55 4852.982 88.236

Power of performed test with alpha = 0.050: 0.050
All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 1.857 1.420  0.981 No
1.000 vs. 3.000 1.643 1.257 1.000 Do Not Test
1.000 vs. 4.000 1.286 0.983 1.000 Do Not Test
4.000 vs. 2.000 0.571 0.437 1.000 Do Not Test
4.000 vs. 3.000 0.357 0.273 1.000 Do Not Test
3.000 vs. 2.000 0.214 0.164 1.000 Do Not Test

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P =0.980)

Treatment Name N  Missing Mean Std Dev SEM

1 to 2 (DBP) 14 0 -1.857 5.097 1.362
3 to 4 (DBP) 14 0 0.357 2.925 0.782
Difference 14 0 -2.214 6.179 1.651

=-1.341 with 13 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -5.782 to 1.353

Two-tailed P-value = 0.203
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One-tailed P-value = 0.101

Paired t-test:
Dependent Variable: Overall DBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P =0.916)

Treatment Name N  Missing Mean Std Dev SEM
1.000 13 0 68.769 5.403 1.499
2.000 13 0 67.615 6.305 1.749
Difference 13 0 1.154 4.140 1.148

t=1.005 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1.348 to 3.656
Two-tailed P-value = 0.335

One-tailed P-value = 0.167

Paired t-test:
Dependent Variable: Awake DBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P=0.771)

Treatment Name N Missing Mean Std Dev SEM
1.000 13 0 74.231 4.833 1.340
2.000 13 0 72.692 6.183 1.715
Difference 13 0 1.538 5.364 1.488

t=1.034 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1.703 to 4.780
Two-tailed P-value = 0.321

One-tailed P-value = 0.161

Paired t-test:
Dependent Variable: Sleep DBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P =0.732)

Treatment Name N  Missing Mean Std Dev SEM
1.000 13 0 57.692 6.701 1.858
2.000 13 0 58.000 7.561 2.097
Difference 13 0 -0.308 4.590 1.273

=-0.242 with 12 degrees of freedom.
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95 percent two-tailed confidence interval for difference of means: -3.081 to 2.466
Two-tailed P-value = 0.813

One-tailed P-value = 0.407

One Way Repeated Measures Analysis of Variance
Dependent Variable: Glucose (mg/dl)

Normality Test (Shapiro-Wilk): Passed (P =0.707)

Equal Variance Test (Brown-Forsythe): Passed (P=0.742)

Treatment Name N Missing Mean Std Dev SEM

1.000 14 0 95.786 13.320 3.560

2.000 14 0 95.143 11.374 3.040

3.000 14 0 94.929 9.127 2.439

4.000 14 0 86.429 12.774 3.414

Source of Variation DF SS MS F P
Between Subjects 13 5733.714  441.055

Between Treatments 3 829.286 276.429 7.391 <0.001
Residual 39 1458.714 37.403

Total 55 8021.714 145.849

Power of performed test with alpha = 0.050: 0.952
All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

1.000 vs. 4.000 9.357 4.048 0.001 Yes
1.000 vs. 3.000 0.857 0.371 1.000 No
1.000 vs. 2.000 0.643 0.278 1.000 Do Not Test
2.000 vs. 4.000 8.714 3.770 0.003 Yes
2.000 vs. 3.000 0.214 0.0927 1.000 Do Not Test
3.000 vs. 4.000 8.500 3.677 0.004 Yes

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P =0.881)

Treatment Name N  Missing Mean Std Dev SEM

1 to 2 (glucose) 14 0 -0.643 9.692 2.590
3 to 4 (glucose) 14 0 -8.500 7.230 1.932
Difference 14 0 7.857 11.635 3.109

t=2.527 with 13 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: 1.140 to 14.575
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Two-tailed P-value = 0.0253

One-tailed P-value = 0.0126

One Way Repeated Measures Analysis of Variance

Dependent Variable: Ghrelin Concentration

Normality Test (Shapiro-Wilk):
Equal Variance Test (Brown-Forsythe):

Treatment Name

1.000
2.000
3.000
4.000

Source of Variation

Between Subjects

Between Treatments

Residual
Total

N

14
14
13
14

Missing
1

1
0
1

DF

Mean
185.259
170.127
146.911
180.686

SS

12 958427.530

3

11412.893

36 331879.211
51 1301719.633

Power of performed test with alpha = 0.050: 0.050

Failed (P < 0.050)

Std

Passed (P =0.074)

Dev SEM

156.800  43.489
151.810  42.104
125.559  34.824
210.067  58.262

MS F
79868.961
3804.298  0.413
9218.867
25523914

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison

1.000 vs. 3.000
1.000 vs. 2.000
1.000 vs. 4.000
4.000 vs. 3.000
4.000 vs. 2.000
2.000 vs. 3.000

Diff of Means

38.348
15.132

4.572
33.775
10.560
23.215

t
1.018
0.402
0.121
0.897
0.280
0.616

P
1.000
1.000
1.000
1.000
1.000
1.000

P<0.050
No
Do Not Test
Do Not Test
Do Not Test
Do Not Test
Do Not Test

P

0.745

One Way Repeated Measures Analysis of Variance

Dependent Variable: Ghrelin Concentration

Normality Test (Shapiro-Wilk):

Failed (P <0.050)

Friedman Repeated Measures Analysis of Variance on Ranks

Dependent Variable: Ghrelin Concentration

Group N

1.000 13
2.000 13
3.000 13
4.000 13

1

1
1
0

Missing

Median
144.611
115.953
107.461
123.913

25%
63.677
59.785
40.237
52.444

161

75%
359.728
335.404
302.234
213.251



Chi-square= 5.100 with 3 degrees of freedom. (P = 0.165)

Paired t-test:
Normality Test (Shapiro-Wilk): Failed (P <0.050)

Treatment Name N  Missing Mean Std Dev SEM

Ghrelin (1 to 2) 13 0 -15.132 36.546 10.136
Ghrelin (3 to 4) 13 0 33.775 164.280  45.563
Difference 13 0 -48.907 178.097  49.395

=-0.990 with 12 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -156.530 to 58.715
Two-tailed P-value = 0.342

One-tailed P-value = 0.171

Paired t-test:
Normality Test (Shapiro-Wilk): Failed (P <0.050)

Wilcoxon Signed Rank Test

Group N  Missing Median 25% 75%
Ghrelin (1 to 2) 13 0 1.415 -46.526 14.506
Ghrelin (3 to 4) 13 0 -7.076 -53.956 48.649

W=11.000 T+=51.000 T-=-40.000
Z-Statistic (based on positive ranks) = 0.384

P(est.)=0.727 P(exact)=0.735

One Way Repeated Measures Analysis of Variance
Dependent Variable: LEAP2 Concentration

Normality Test (Shapiro-Wilk): Failed (P <0.050)

Equal Variance Test (Brown-Forsythe): Passed (P=0.777)

Treatment Name N  Missing Mean StdDev  SEM

1.000 14 1 0.818 1.884 0.522
2.000 14 1 0.129 0911 0.253
3.000 13 1 0.749 1.439 0.416
4.000 14 1 0.415 1.239 0.344
Source of Variation DF SS MS F )
Between Subjects 12 55.695 4.641

Between Treatments 3 3.793 1.264 1.162 0.338
Residual 35 38.070 1.088

Total 50 97.686 1.954
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Power of performed test with alpha = 0.050: 0.077

Expected Mean Squares:

Approximate DF Residual = 35.000

Expected MS(Subj) = var(res) + 8.513 var(Subj)
Expected MS(Treatment) = var(res) + var(Treatment)
Expected MS(Residual) = var(res)

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 0.690 1.686  0.604 No
1.000 vs. 4.000 0.404 0986  1.000 Do Not Test
1.000 vs. 3.000 0.0916 0.218 1.000 Do Not Test
3.000 vs. 2.000 0.598 1.423  0.981 Do Not Test
3.000 vs. 4.000 0.312 0.742 1.000 Do Not Test

4.000 vs. 2.000 0.286 0.700 1.000 Do Not Test

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P=0.117)

Treatment Name N Missing Mean Std Dev SEM

LEAP2 (1to2) 13 1 -0.710 1.510 0.436
LEAP2 (3to 4) 13 1 -0.309 1.834 0.529
Difference 13 1 -0.401 1.608 0.464

t=-0.864 with 11 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1.423 to 0.620
Two-tailed P-value = 0.406

One-tailed P-value = 0.203

One Way Repeated Measures Analysis of Variance
Dependent Variable: NPY Concentration

Normality Test (Shapiro-Wilk): Passed (P=0.151)

Equal Variance Test (Brown-Forsythe): Passed (P =10.398)

Treatment Name N  Missing Mean Std Dev SEM

1.000 14 0 866.206  626.059  167.321
2.000 14 0 797.057  653.040  174.532
3.000 13 0 890.518  742.387  205.901
4.000 14 0 432277  547.562  146.342
Source of Variation DF SS MS F
Between Subjects 13 18998415.628 1461416.587
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Between Treatments 3 2057694.098 685898.033 12.110
Residual 38 2152300.780 56639.494
Total 54 23038680.434 426642.230

Power of performed test with alpha = 0.050: 0.998
Expected Mean Squares:

Approximate DF Residual = 38.000

Expected MS(Subj) = var(res) + 3.923 var(Subj)
Expected MS(Treatment) = var(res) + var(Treatment)
Expected MS(Residual) = var(res)

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparisons for factor: Visit

Comparison Diff of Means t P P<0.050

3.000 vs. 4.000 500.638 5428  <0.001 Yes
3.000 vs. 2.000 135.858 1.473 0.894 No
3.000 vs. 1.000 66.709 0.723 1.000 Do Not Test
1.000 vs. 4.000 433.929 4.824  <0.001 Yes
1.000 vs. 2.000 69.149 0.769 1.000 Do Not Test

2.000 vs. 4.000 364.780 4.055 0.001  Yes

<0.001

Paired t-test:
Normality Test (Shapiro-Wilk): Passed (P =0.531)

Treatment Name N Missing Mean Std Dev SEM

NPY (1 to 2) 13 0 -88.896 245.637 68.127
NPY (3 to 4) 13 0 -493.260 439.413 121.871
Difference 13 0 404.364 510.913 141.702

t=2.854 with 12 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: 95.622 to 713.106

Two-tailed P-value = 0.0145

One-tailed P-value = 0.00726
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Table C.1.1: Results of post-hoc power analysis on 24-hour change data for key acute
food deprivation variables

Results of Post-Hoc Power Analysis (Acute Food Deprivation)
SBP DBP HR Glucose | Ghrelin | LEAP2 NPY
(mmHg) | (mmHg) | (bpm) | (mg/dl) | (pg/ml) | (ng/ml) | (pg/ml)
Mean 1 2.79 -1.86 0.79 064 | -15.13 | -071 | -88.90
(control)
Sd 1
8.36 5.10 7.39 9.69 36.55 1.51 245.64
(control)
Mean 2 0.93 0.36 3.00 -8.50 33.78 2031 | -493.26
(treatment)
Sd 2
4.75 2.92 5.68 7.23 164.28 1.83 439.41
(treatment)
Mean
. 3.72 221 2.21 7.86 48.91 0.40 404.36
Difference
Effect Size 0.55 0.53 0.34 0.92 0.41 0.24 1.14
Sample Size 14 14 14 14 13 13 14
Alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Power 0.62 0.60 0.33 0.95 0.40 0.20 0.99
(one-tailed)
Power
(two-tailed) 0.47 0.45 0.21 0.89 0.28 0.12 0.97
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C.2 Chronic Food Deprivation (Primary Outcome Variables)

One Way Repeated Measures Analysis of Variance
Dependent Variable: HR (bpm)

Normality Test (Shapiro-Wilk): Passed (P =0.288)

Equal Variance Test (Brown-Forsythe): Passed (P =0.424)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 76.333 9.180 3.748

2.000 6 0 73.500 11.041 4.507

3.000 6 0 74.333 8.756 3.575
Source of Variation DF SS MS F P
Between Subjects 5 1144278  228.856

Between Treatments 2 25.444 12.722 0.471 0.637
Residual 10 269.889 26.989

Total 17 1439.611 84.683

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 2.833 0.945 1.000 No
1.000 vs. 3.000 2.000 0.667 1.000 Do Not Test
3.000 vs. 2.000 0.833 0.278 1.000 Do Not Test

One Way Repeated Measures Analysis of Variance

Data source: Hemodynamics Data in ACFD SigmaPlot Statistics (C3).JNB
Normality Test (Shapiro-Wilk): Passed (P =0.130)

Equal Variance Test (Brown-Forsythe): Passed (P=0.271)

Treatment Name N  Missing Mean Std Dev SEM

HR (1 to 2) 6 0 -2.833 10.048 4.102

HR (2 to 3) 6 0 0.833 6.242 2.548

HR (1 to 3) 6 0 -2.000 4.690 1.915
Source of Variation DF SS MS F P
Between Subjects 5 146.667  29.333

Between Treatments 2 44.333 22.167 0.334 0.724
Residual 10 663.000 66.300

Total 17 854.000 50.235

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050
HR (2to 3) vs. HR (1 to 2) 3.667 0.780 1.000 No
HR (2 to 3) vs. HR (1 to 3) 2.833 0.603 1.000 Do Not Test
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HR (1 to 3) vs. HR (1 to 2) 0.833 0.177  1.000 Do Not Test

One Way Repeated Measures Analysis of Variance
Dependent Variable: SBP (mmHg)

Normality Test (Shapiro-Wilk): Passed (P =0.697)

Equal Variance Test (Brown-Forsythe): Passed (P =0.446)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 117.500 5.718 2.335
2.000 6 0 108.667 5.820 2.376
3.000 6 0 107.333 6.121 2.499
Source of Variation DF SS MS F P
Between Subjects 5 356.500 71.300

Between Treatments 2 366.333 183.167 11.191 0.003
Residual 10 163.667 16.367

Total 17 886.500 52.147

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050
1.000 vs. 3.000 10.167 4353  0.004 Yes
1.000 vs. 2.000 8.833 3.782  0.011 Yes
2.000 vs. 3.000 1.333 0.571 1.000 No

One Way Repeated Measures Analysis of Variance
Normality Test (Shapiro-Wilk): Passed (P =0.622)
Equal Variance Test (Brown-Forsythe): Passed (P =0.273)

Treatment Name N  Missing Mean Std Dev SEM

SBP (1 to 2) 6 0 -8.833 4.355 1.778
SBP (2 to 3) 6 0 -1.333 5.888 2.404
SBP (1 to 3) 6 0 -10.167 6.676 2.725
Source of Variation DF SS MS F P
Between Subjects 5 297.111 59.422

Between Treatments 2 272.111 136.056 7.017 0.012
Residual 10 193.889 19.389

Total 17 763.111 44.889

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050
SBP (2 to 3) vs. SBP (1 to 3) 8.833 3475  0.018 Yes
SBP (2 to 3) vs. SBP (1 to 2) 7.500 2950  0.044 Yes
SBP (1 to 2) vs. SBP (1 to 3) 1.333 0.524 1.000 No

One Way Repeated Measures Analysis of Variance
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Dependent Variable: DBP (mmHg)
Normality Test (Shapiro-Wilk): Passed (P =0.220)
Equal Variance Test (Brown-Forsythe): Passed (P =0.950)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 71.667 7.891 3.221
2.000 6 0 65.167 8.329 3.400
3.000 6 0 66.667 2.805 1.145
Source of Variation DF SS MS F P
Between Subjects 5 519.167 103.833

Between Treatments 2 139.000 69.500 3.897 0.056
Residual 10 178.333 17.833

Total 17 836.500 49.206

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 6.500 2.666  0.071 No
1.000 vs. 3.000 5.000 2.051 0202 Do Not Test
3.000 vs. 2.000 1.500 0.615 1.000 Do Not Test

One Way Repeated Measures Analysis of Variance
Normality Test (Shapiro-Wilk): Passed (P=0.731)
Equal Variance Test (Brown-Forsythe): Passed (P =0.298)

Treatment Name N  Missing Mean Std Dev SEM

DBP (1 to 2) 6 0 -6.500 5.468 2.232

DBP (2 to 3) 6 0 1.500 6.091 2.487

DBP (1 to 3) 6 0 -5.000 6.325 2.582
Source of Variation DF SS MS F P
Between Subjects 5 266.667 53.333

Between Treatments 2 217.000 108.500 4,043 0.052
Residual 10 268.333 26.833

Total 17 752.000 44235

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

DBP (2 to 3) vs. DBP (1 to 2) 8.000 2.675  0.070 No
DBP (2 to 3) vs. DBP (1 to 3) 6.500 2.173 0.165 Do Not Test
DBP (1 to 3) vs. DBP (1 to 2) 1.500 0.502 1.000 Do Not Test

One Way Repeated Measures Analysis of Variance

Dependent Variable: Glucose (mg/dl)
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Normality Test (Shapiro-Wilk): Passed (P =0.870)
Equal Variance Test (Brown-Forsythe): Passed (P =0.272)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 98.500 7.791 3.181
2.000 6 0 100.333 5.354 2.186
3.000 6 2 97.500 11.121 5.560
Source of Variation DF SS MS F P
Between Subjects 5 618.083 123.617

Between Treatments 2 16.083 8.042 0.322 0.734
Residual 8 199.750 24.969

Total 15 838.938 55.929

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

2.000 vs. 3.000 2417 0.714 1.000 No
2.000 vs. 1.000 1.833 0.635 1.000 Do Not Test
1.000 vs. 3.000 0.583 0.172 1.000 Do Not Test

One Way Repeated Measures Analysis of Variance
Dependent Variable: Ghrelin (pg/ml)

Normality Test (Shapiro-Wilk): Failed (P <0.050)

Equal Variance Test (Brown-Forsythe): Passed (P =0.528)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 89.417 85.407 34.867
2.000 6 0 91.833 86.187 35.186
3.000 6 0 159.647 127.294 51.968
Source of Variation DF SS MS F
Between Subjects 5 102199.790  20439.958

Between Treatments 2 19073.483 9536.741 1.819
Residual 10 52432.311 5243.231

Total 17 173705.584 10217.976

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

3.000 vs. 1.000 70.230 1.680 0.372 No
3.000 vs. 2.000 67.813 1.622 0.408 Do Not Test
2.000 vs. 1.000 2417 0.0578 1.000 Do Not Test

0.212

One Way Repeated Measures Analysis of Variance
Dependent Variable: Ghrelin (pg/ml)

Normality Test (Shapiro-Wilk): Failed (P <0.050)
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Friedman Repeated Measures Analysis of Variance on Ranks

Dependent Variable: Ghrelin (pg/ml)

Group N  Missing Median 25% 75%

1.000 6 0 67.835 31.213 137.710
2.000 6 0 81.100 25.818 152.838
3.000 o6 0 142.310 37.672 302.672

Chi-square= 2.348 with 2 degrees of freedom. P(est.)=0.309 P(exact)= 0.430

One Way Repeated Measures Analysis of Variance
Dependent Variable: LEAP2 (ng/ml)

Normality Test (Shapiro-Wilk): Passed (P =0.442)

Equal Variance Test (Brown-Forsythe): Passed (P =0.965)

Treatment Name N  Missing Mean  Std Dev SEM

1.000 6 0 0.615 0.902 0.368
2.000 6 0 0.295 0.638 0.261
3.000 6 0 0.705 0.802 0.327
Source of Variation DF SS MS F P
Between Subjects 5 7.436 1.487

Between Treatments 2 0.557 0.279 1.476 0.274
Residual 10 1.888 0.189

Total 17 9.881 0.581

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

3.000 vs. 2.000 0.410 1.634  0.400 No
3.000 vs. 1.000 0.0900 0.359 1.000 Do Not Test
1.000 vs. 2.000 0.320 1.276  0.693 Do Not Test

One Way Repeated Measures Analysis of Variance
Dependent Variable: NPY (pg/ml)

Normality Test (Shapiro-Wilk): Passed (P =0.650)

Equal Variance Test (Brown-Forsythe): Passed (P=0.916)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 757.535  586.818  239.568
2.000 6 0 632.875  448.058 182.919
3.000 6 0 731.707  527.529  215.363
Source of Variation DF SS MS F
Between Subjects 5 3917254.116  783450.823
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Between Treatments 2 51949.833 25974917 1.300
Residual 10 199738.292 19973.829
Total 17 4168942.242 245231.897

All Pairwise Multiple Comparison Procedures (Bonferroni t-test):

Comparison Diff of Means t P P<0.050

1.000 vs. 2.000 124.660 1.528  0.473 No
1.000 vs. 3.000 25.828 0.317 1.000 Do Not Test
3.000 vs. 2.000 98.832 1.211 0.761 Do Not Test

0.315

Paired t-test:
Dependent Variable: HR
Normality Test (Shapiro-Wilk): Passed (P =0.183)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 76.150 10.682 4.361
2.000 6 0 71.883 8.941 3.650
Difference 6 0 4.267 6.601 2.695

t=1.583 with 5 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -2.661 to 11.194

Two-tailed P-value = 0.174

One-tailed P-value = 0.0871

Paired t-test:
Dependent Variable: RRI
Normality Test (Shapiro-Wilk): Passed (P =0.489)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 803.833 104.358  42.604
2.000 6 0 849.500 113.417  46.302
Difference 6 0 -45.667 86.192  35.188

=-1.298 with 5 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -136.120 to 44.786

Two-tailed P-value = 0.251

One-tailed P-value = 0.125

Paired t-test:

Dependent Variable: RRI-LF
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Normality Test (Shapiro-Wilk): Passed (P =0.573)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 606.167  691.928  282.478
2.000 6 0 581.333 831.027  339.265
Difference 6 0 24833 782745  319.554

t=0.0777 with 5 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -796.607 to 846.274
Two-tailed P-value = 0.941

One-tailed P-value = 0.471

Paired t-test:
Dependent Variable: RRI-HF

Normality Test (Shapiro-Wilk): Failed (P <0.050)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 1571.167  3062.849 1250.403
2.000 6 0 1239.333 1679.025 685.459
Difference 6 0 331.833 1486.593 606.899

t=0.547 with 5 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -1228.250 to 1891.917
Two-tailed P-value = 0.608

One-tailed P-value = 0.304

Paired t-test:

Dependent Variable: RRI-HF

Normality Test (Shapiro-Wilk): Failed (P <0.050)
Wilcoxon Signed Rank Test

Dependent Variable: RRI-HF

Group N  Missing Median 25% 75%
1.000 6 0 332.500 257.250  2342.250
2.000 6 0 650.000 198.250  2066.250

W=1.000 T+=11.000 T-=-10.000
Z-Statistic (based on positive ranks) = 0.105

Yates continuity correction option applied to calculations.
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P(est.)=1.000 P(exact)=1.000

Paired t-test:
Dependent Variable: LF/HF
Normality Test (Shapiro-Wilk): Passed (P =0.252)

Treatment Name N  Missing Mean  Std Dev SEM

1.000 6 0 0.942 0.958 0.391
2.000 6 0 0.760 0.780 0.319
Difference 6 0 0.182 0.767 0.313

t=0.580 with 5 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -0.623 to 0.986
Two-tailed P-value = 0.587

One-tailed P-value = 0.293

Paired t-test:
Dependent Variable: SAP
Normality Test (Shapiro-Wilk): Passed (P =0.105)

Treatment Name N Missing Mean Std Dev SEM

1.000 6 0 108.933 12.250 5.001
2.000 6 0 105.217 7.010 2.862
Difference 6 0 3.717 8.558 3.494

t=1.064 with 5 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -5.265 to 12.698
Two-tailed P-value = 0.336

One-tailed P-value = 0.168

Paired t-test:
Dependent Variable: DAP
Normality Test (Shapiro-Wilk): Passed (P =0.454)

Treatment Name N  Missing Mean Std Dev SEM

1.000 6 0 64.067 9.011 3.679
2.000 6 0 62.533 10.779 4.400
Difference 6 0 1.533 9.803 4.002

t=0.383 with 5 degrees of freedom.
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95 percent two-tailed confidence interval for difference of means: -8.754 to 11.821
Two-tailed P-value = 0.717

One-tailed P-value = 0.359

Paired t-test:
Dependent Variable: MAP
Normality Test (Shapiro-Wilk): Passed (P =0.989)

Treatment Name N Missing Mean Std Dev SEM

1.000 6 0 83.383 9.981 4.075
2.000 6 0 80.683 9.497 3.877
Difference 6 0 2.700 8.331 3.401

t=0.794 with 5 degrees of freedom.
95 percent two-tailed confidence interval for difference of means: -6.043 to 11.443
Two-tailed P-value = 0.463

One-tailed P-value = 0.232
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Table C.2.1: Results of post-hoc power analysis on pre/post data for key chronic food
deprivation variables

Results of Post-Hoc Power Analysis (Chronic Food Deprivation)
SBP DBP HR Glucose | Ghrelin | LEAP2 NPY
(mmHg) | (mmHg) | (bpm) | (mg/dl) | (pg/ml) | (ng/ml) | (pg/ml)
Mean 1
117.50 71.67 76.33 98.50 89.42 0.62 757.53
(pre)
Sd 1
5.72 7.89 9.18 7.79 85.40 0.90 586.82
(pre)
Mean 2 10733 | 66.67 | 7433 | 97.50 | 159.65 | 0.70 | 731.71
(post)
Sd 2
6.12 2.80 8.76 11.12 127.29 0.80 527.53
(post)
Mean
. 10.17 5.00 2.00 1.00 70.23 0.09 25.83
Difference
Effect Size 1.72 0.84 0.22 0.10 0.65 0.10 0.05
Sample Size 6 6 6 6 6 6 6
Alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Power 0.97 0.55 0.12 0.08 0.39 0.08 0.06
(one-tailed)
Power
(two-tailed) 091 0.39 0.07 0.06 0.25 0.05 0.05
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C.3 In-Depth Review

t-test
Normality Test (Shapiro-Wilk): Passed (P=0.171)

Equal Variance Test (Brown-Forsythe): Passed (P=0.621)

Group Name N  Missing Mean Std Dev  SEM
SBP Before Ramadan 3 0 127.933 5.278 3.047
SBP Ramadan Week 3 2 0 121.400 3.677 2.600
Difference of means 6.533

Equal Variances Assumed (Student's t-test):

t=1.490 with 3 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -7.422 to 20.489
Two-tailed P-value = 0.233

One-tailed P-value =0.117

Equal Variances Not Assumed (Welch's t-test):

t=1.631 with 2.899 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -10.701 to 23.768
Two-tailed P-value = 0.205

One-tailed P-value = 0.102

t-test
Normality Test (Shapiro-Wilk): Passed (P =0.835)

Equal Variance Test (Brown-Forsythe): Failed (P <0.050)

Group Name N  Missing Mean Std Dev SEM
DBP Before Ramadan 3 0 79.367 8.364 4.829
DBP Ramadan Week 3 2 0 75.600 1.980 1.400
Difference of means 3.767

Equal Variances Assumed (Student's t-test):
t=0.596 with 3 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -16.350 to 23.883
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Two-tailed P-value = 0.593

One-tailed P-value = 0.297

Equal Variances Not Assumed (Welch's t-test):

t=0.749 with 2.318 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -17.867 to 25.401
Two-tailed P-value = 0.522

One-tailed P-value = 0.261

t-test
Normality Test (Shapiro-Wilk): Failed (P <0.050)

Equal Variance Test (Brown-Forsythe): Passed (P =0.539)

Group Name N  Missing Mean Std Dev SEM
HR 1hr Healthy 4 0 68.550 3.639 1.820
HR 12hr Healthy 4 0 66.575 9.512 4.756
Difference of means 1.975

Equal Variances Assumed (Student's t-test):

t=0.388 with 6 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -10.485 to 14.435
Two-tailed P-value = 0.712

One-tailed P-value = 0.356

Equal Variances Not Assumed (Welch's t-test):

t=0.388 with 3.860 degrees of freedom.

95 percent two-tailed confidence interval for difference of means: -12.368 to 16.318
Two-tailed P-value = 0.719

One-tailed P-value = 0.359

t-test
Normality Test (Shapiro-Wilk): Failed (P <0.050)
Mann-Whitney Rank Sum Test

Group N  Missing Median 25% 75%
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HR 1hr Healthy 4 0 66.850 66.550 72.250
HR 12hr Healthy 4 0 62.350 61.150 76.225

Mann-Whitney U Statistic= 4.000

T =22.000 n(small)=4 n(big)=4 P(est.)=0.312 P(exact)=0.343
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