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An investigation of the Satiety Mechanism: A Research Initiative   

 

Researched and Composed by Gabriel ―Venom‖ Wilson, BSc. (Hons), M.S., CSCS 

Abstract 

The regulation of satiety is a complex subject beyond the reader‘s wildest imaginations. 

Multitudes of hormones such as leptin and insulin play intricate roles in its regulation. The 

lateral and ventromedial hypothalamic areas of the brain are but a few anatomical 

aspects which relay information of hunger and satiation to the body.  This entry strives to 

take the most comprehensive analysis ever of the mechanisms which regulate satiety and 
how they can be manipulated for the benefit of the athlete under various scenarios.  

 

 
 

Introduction  

Meals   

Meals are the basic measurement for caloric consumption due to the fact that the 

amount of food you consume is determined by the size and frequency of your meals. 

Three basic phases which affect your meals are hunger, satiation, and satiety. These 
aspects will be broken down subsequently.   

Dual Center Hypothesis   

Hunger may be defined as the sensation which drives an individual to find and 

consume food [1]. In 1940, Hetherington and Ranson postulated that feeding 

involved activation of the lateral hypothalamus (LHA). They found two areas of the 

hypothalamus that monitor feeding and body fat [2]. Shortly thereafter, the dual 

center hypothesis was invented [3]. This states that the LHA is responsible for 

hunger and subsequent feeding, while the ventromedial hypothalamus (VMH) is 

responsible for satiety and satiation. To clarify, after the ingestion of a certain 

amount of food, a suppression of hunger occurs that will lead to the termination of 

feeding. This is referred to as satiation. The feeling of fullness between meals is 
referred to as satiety [1].   
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Recent experiments have brought support to this hypothesis. For instance, studies 

show electrical impulses on the lateral hypothalamic area of animals results in 

feeding, while an impulse on the ventromedial aspect promotes satiation and 

eventual termination of feeding [4, 5, 6]. Moreover, it has been shown that harming 

the VMH leads to insulin resistance and hyperinsulinemia in animals. Further, 

subjects with an injured VMH eat an immense amount of excess calories, resulting in 

obesity [7, 8].    

While the roles of the lateral and ventromedial hypothalamic areas are well 

established, the dual center hypothesis is simplistic to say the least. You see, there 

are many more mechanisms which control feeding and satiation. For instance, nuclei 

throughout the inferior brain stem collaborate and deliver messages to endocrine 

organs and forebrain structures. The midbrain and thalamus further interpret this 

information in accordance to the sensory properties of food, and the forebrain nuclei 

communicate the positive aspects of feeding. These feeding centers are informed by 

multitudes of hormonal and neural outputs on the metabolic stasis of the body [1, 
9].   

A variety of other factors such as insulin, neuropeptide Y, leptin, catecholamines, and 

ghrelin must be taken into account. Today we are going to discuss these factors and 
how you, the athlete, can properly manipulate them to achieve your goals.   

Feeding Regulation   

A multitude of elements can influence your caloric intake, but these can be simplified 

into two categories: anorexigenic and orexigenic factors. The former promotes a lack 

or loss of appetite for food, while the latter results in a desire for food. Some topics 

discussed will be a combination of both. We begin with the protein hormone leptin.   

Leptin  

Leptin is a protein hormone secreted from adipose tissue [10]. Since its discovery, 

leptin has been considered a contributor to satiety [11]. Multitudes of studies confirm 

this hypothesis. For instance, leptin reduced food consumption and body weight 

when given to rats intraperitoneally (administered by entering the peritoneum, which 

is the membrane that lines the cavity of the abdomen), intravenously (through 

veins), or intracerebrally (in the cerebrum) [12, 13, 14, 15, 16]. Furthermore, 

Chapelot et al. demonstrated that plasma leptin concentrations increase during 

spontaneous intermeal intervals, and decline before the onset of a meal, showing 

leptin may contribute to meal patterns [40].  

Body fat is a huge factor in leptin concentrations. The amount of leptin secreted into 

the blood stream is largely dictated by how much fat one has. For example, leptin 

was measured in seventy-one obese individuals and 108 normal weighted ones [17]. 

Leptin in the latter group was measured at 8 ng/ml. Results showed the largest 

discrepancy occurred when body fat reached over 25%—increasing anywhere from 
three-tenfold.   

Carbohydrates are also a potent leptin regulator. Insulin given to rats increases 

leptin gene expression, and inhibits the reduction in leptin mRNA caused by calorie 

restriction and fasting (i.e. 36 hours) [19, 20]. Similar effects have also been 
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reported in humans [21, 22]. Glucose metabolism has been shown to be an 

important factor in leptin utilization; this may be why insulin stimulates leptin 

secretion [42].   

 

To add to the comment on calorie restriction, a decrease of 10% in body weight has 

been shown to decrease leptin by 53% in some cases [29]. Moreover, a decrease in 

leptin during starvation diets will promote energy conservation by decreasing thyroid 

hormone-induced thermogenesis (one way is by decreasing NPY, discussed later) 

and increasing glucocorticoids that mobilize energy stores [1]. Brent et al. tested the 

interactions between energy intake and fat loss on plasma leptin during prolonged, 

moderate and severe energy restriction [43].  Mean leptin decreased markedly by up 

to 66% (P < 0.001) at week one of energy restriction, and then gradually thereafter. 

Additionally, Keim, Stern, and Havel tested the effect on women of a chronic energy 

deficit on plasma leptin concentrations and self-reported appetite to explore possible 

relations between leptin and appetite sensations [44]. Twelve healthy women 

participated in a three-week study of neutral energy balance, followed by 12 weeks 

of energy deficit (feeding reduced by 2 MJ/d and energy expenditure increased by 

0.8 MJ/d). Leptin diminished by 54% after 1 week of a moderate energy deficit and 

remained low after 6 and 12 weeks. Leptin was associated with self-reported hunger, 

desire to eat, and prospective consumption; the largest increase in hunger was 

associated with the sharpest decline in leptin. Moreover, leptin and hunger were not 

influenced by the amount of weight and body fat lost. Thus, fasting and very low-
calorie diets lead to a decline in leptin production.   

Romon et al. sought out to test whether the macronutrient content of the meal could 

influence postprandial (after eating) leptin response, and if leptin levels were 

associated with postprandial satiety, hunger, and subsequent food intake [31]. They 

used 22 healthy subjects (half male and half female) and had them eat a diet 

consisting of carbohydrates (81%) or fat (79%), with about the same amount of 
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protein in each, while the third group fasted. In both genders, leptin response was 

higher after the carbohydrate meal than after the fat meal or while fasting. Leptin 

response was significantly correlated to insulin response (r = 0.51, P < 0.0001). 

Leptin started to rapidly rise 4-5 hours after a meal; however, leptin had no acute 

affect on hunger. This was expected, though. Results show higher leptin 

concentrations results in long-term satiety rather than short. For example, in 

rodents, food intake was reduced after 4 hours of leptin administration [32]. While in 
monkeys, leptin elicited its anorexic effects on the second day of injection [33].    

An important mechanism by which leptin works is inhibiting neuropeptide Y (NPY, 

which will be discussed in-depth further on; just understand now that it is a major 

orexigenic peptide) synthesis and release [23]. Cusin et al. demonstrated that 

injecting leptin in lean rats diminished NPY synthesis in sites of production in the 
hypothalamus [24]. Many other studies also testify to this [25, 26].  

However, this clearly is not the only means by which leptin works.  Erickson, Clegg, 

and Palmiter demonstrated this by injecting leptin into mutant mice deficient in NPY. 

Five days of leptin administration significantly reduced their food intake, body 

weight, and adipose tissue mass, showing that leptin can increase satiety by actions 
independent of NPY [27].  

Further research shows that glucocorticoids negatively affect leptin. For instance, 

Zakrzewska et al. injected 3 µg of leptin into three groups: normal rats, 

adrenalectomized rats (surgical removal of an adrenal gland, this gland secretes 

glucocorticoids, the most abundant in the body being cortisol), and adrenalectomized 

rats with the added supplementation of glucocorticoids [28]. The first group showed 

a small reduction in body weight and food consumption, the second group had very 

strong and long-lasting reduction in food and body weight, while supplementation 

with glucocorticoids in the third group inhibited leptin‘s effects. This may explain why 

people with Addison‘s disease—a rare endocrine disease that results from the 

underproduction of aldosterone and cortisol by the adrenal glands—are usually 

hypophagic (under eat, anorexic). Leptin may also exert its effects via the central 
nervous system [41]. For more on glucocorticoids, refer to Endocrine Insanity Part I .  

Leptin also acts synergistically with choleocystokinin (CCK, discussed in-depth 

further on) to promote satiety [35, 36, 37, 38]. To investigate the physiological 

relevance of this observation, Julie et al. injected saline intraperitoneally (IP, near 

abdominal organs) or CCK into 48-h-fasted or fed rats [39]. They hypothesized that 

leptin deficiency, induced by fasting, weakened the satiety response to CCK. Fasting 

blunted the satiety response to 3.0 µg/kg of CCK, such that 30-min food intake was 

suppressed by 65.1% (relative to saline-treated controls) in fasted rats vs. 85.9% in 

the fed state (P < 0.05). They also tested how NPY injections would affect CCK, and 

found that this further attenuated its effects, further supporting the hypothesis leptin 

deficiency, weakens the satiety response of CCK, as NPY is higher when leptin is 

lower. There results were consistent with other experiments that leptin does assist 
CCK.  

A very fascinating study reported that leptin in humans is secreted by circadian 

rhythms [30]. Madhur et al. tested the 24-h profiles of circulating leptin levels in 

three groups: obese, obese people with non-insulin-dependent diabetes mellitus 

(NIDDM), and lean individuals. In all the three groups, serum leptin levels were 

highest between midnight and early morning hours, and lowest around noon to 

http://www.abcbodybuilding.com/magazine03/endocrineinsanity1.htm
http://www.abcbodybuilding.com/magazine03/endocrineinsanity1.htm
http://www.abcbodybuilding.com/magazine03/endocrineinsanity1.htm
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midafternoon. They postulate that this inherit mechanism could be to suppress 

appetite during the night when fasting. Now, while your night and early morning 

leptin levels are higher, this can be manipulated according to your diet. Havel, 

Townsend, and Teff portrayed that the mean daily levels as well as the nocturnal 

(night) concentrations rise higher after high-carbohydrate/low-fat meals than after 

low-carbohydrate/high-fat meals [34]. For an in-depth analysis on the circadian 

rhythm, see Knowlden‘s (2002, 2003) sleeping articles in the anatomy section under 
‗hormones‘.  

The study of leptin is quite fascinating. Look for a full article on its many actions in 
the future. If you want to learn more about leptin, refer to Metabolic Primer Part II.   

CCK  

CCK is the most investigated satiety signal. In 1973, Gibbs et al. gave purified or 

synthetic CCK to rats before a meal and observed that it dose-dependently reduced 

the size of the meal [48]. Since then, hundreds of experiments have demonstrated 

CCK‘s ability to reduce meal size, including in humans [48. 49, 50, 51]. Moreover, 

further evidence to this was given when many scientists observed that injecting CCK-

1 receptor antagonists before a meal causes hyperphagia (over eating) in animals 

and humans [52, 53]. Additionally, older people commonly eat less than younger 

individuals. To test what mechanism(s) produce(s) this anorexic effect, MacIntosh et 

al. examined eight healthy, old (65–80 y) and seven young (20–34 y) men after 

administrating lipids and glucose for 120 min on separate days [78]. Plasma CCK, 

glucagon-like peptide 1 (GLP-1), and peptide YY (PYY) concentrations were 

measured. CCK concentrations were significantly higher in older than in younger 

subjects, while Plasma GLP-1 and PYY concentrations were not significantly different 
between groups.  

A popular suggestion on how CCK works is that when stimulated, it acts in a local 

paracrine manner to stimulate CCK1 receptors on the sensory fibers of the vagus, 

making the nerves sensitive to CCK and other stimuli such as gastric distension, and 

further promotes slow gastric emptying [55]. This is significant because stomach 

sensory information is brought to the brain by these nerves, so making them more 

sensitive would promote satiation. Results show that cutting vagus nerves makes 

CCK worthless at reducing meal size, strongly supporting this hypothesis [54]. 

Additionally, gastric distension is a potent signal in satiety. For example, Geliebter, 

Westreich, and Gage inserted a balloon into four lean and obese individuals [113]. 

They then filled the balloons with 0-800 ml of water. The results showed that as 
volume increased, food intake decreased. 

Therefore, CCK relaxes the stomach and makes you very sensitive to gastric 

pressure, promoting satiation [65]. Furthermore, CCK stimulates pancreatic enzyme 

secretion [74], promotes gall bladder contractions [75], constricts the pylorus [76], 
and by inhibiting gastric emptying, promotes gastric distension [77].  

CCK may also act as a neurotransmitter or neuromodulator within the brain to inhibit 

gastric emptying. For example, injection of CCK into the hypothalamic and nucleus of 

the solitary tract have been observed to significantly inhibit gastric emptying [66, 67, 

68]. Further, Roger et al. demonstrated that endogenous CCK may enter the 
bloodstream to inhibit gastric emptying by an endocrine mechanism.  

http://www.abcbodybuilding.com/magazine03/meta/metabolic.htm
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Moran McHugh tested for a mechanism by which CCK promotes satiety [46]. They 

injected CCK into their participants and tested for the rate of gastric emptying. 

Gastric emptying was inhibited by this hormone. The onset of the inhibition is rapid, 

and its effect brief. They concluded that CCK can be thought of as a link in a chain of 

physiological elements—the satiety effect depends upon inhibition of gastric 

emptying, which then leads to gastric distention with increased food consumption. 

Additionally, CCK has a short half-life (1-2 minutes).  Because of this, injecting CCK 
15 minutes before a meal is ineffective at promoting satiation [56].  

Scientists have studied extensively whether CCK would be an effective supplement 

for reducing meal size in humans. The results are disappointing. When CCK is given 

continuously, it quickly becomes ineffective [58]. Moreover, when CCK is given 

before every meal in rats for a short while, it is effective at reducing meal size, but 

the animals compensate by eating more food over the next several days [57]. Thus 

far, CCK does not appear to be an effective supplement, but rather must be 

manipulated through diet. However, this also has its problems.   

Studies show that humans adapt very quickly to high fat diets (HFD), which 

subsequently decreases the satiating response to nutrients. For instance, 

Cunningham et al. showed that consumption of a high-fat diet for two weeks led to 

an acceleration in the gastric emptying rate of high-fat test meals [59]. However, 

CCK is still raised very high during HFD, making these results rather strange [60]. To 

test the mechanisms by which this adaptation occurs, Covasa and Ritter injected CCK 

into rats on low fat diets and high fat diets [61]. The former group had a much 

slower rate of gastric emptying (26.2-55.1%) than the later group (10.0-31.7%). 

This shows that HFD may cause subjects to be insensitive to CCK‘s satiating effects.   

To further investigate this, French et al. had 12 male subjects consume a high-fat 

diet (58% energy) for two weeks, testing levels of cholecystokinin (CCK), food 

intake, and subjective feelings of hunger and fullness [62]. The results showed a 

significant enlargement in the average daily food consumption, increasing feelings of 

hunger and declining fullness. And again, CCK was substantially higher, further 

supporting the hypothesis that high-fat diets reduce the body‘s sensitivity to this 
hormone.   

Castiglione, Read, and French sought to test whether this effect on gastric emptying 

was nutrient-specific [63]. Studies were carried out on eight healthy, free-living male 

volunteers between the ages of 19 and 26. Their original fat intake was between 30-

40%. In the test they increased this to 55% for 14 days. They then gave them high-

fat and high-carbohydrate meals. The high carbohydrate meals had nearly the same 

rate of gastric emptying before and after the experiment. However, the rate of lipid 

emptying was much faster, consistent with the previous experiments. This shows 
HFD adaptations are nutrient-specific to fats, and not to carbohydrates.   

Now, most athletes never would have this much fat in their diet. However, this does 

show the folly in excessively high-fat/low-carb diets, which not surprisingly often 

advocate the wholly ignorant, logically invalid, and completely unscientific protocol of 

fat and fiber post-workout. Moreover, you can see that people who eat junk food 

constantly (i.e. pizza) are going to be much more susceptible to continued binges 

than someone on a lower fat diet. To exemplify the harm in this adaptation, rats fed 

the same amount of fat at a slow rate consumed less energy per day, had longer 

between-meal intervals, and gained less weight over a two-week period than after 
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infusion of fat at a more rapid rate [125]. So, those reading need to take a close look 

at their diet, and be sure they are not consuming excessive amounts of fat right 

now.   

As displayed above, the greatest stimulator of CCK is fat [47]. Carbohydrates are 

very poor CCK producers, while proteins, on the other hand, may be potent CCK 

manufacturers. For example, Forster and Dockray gave rats a liquid test meal of 

peptone. The results showed delayed gastric emptying and a short elevated response 

in CCK, lasting ten min or less [69]. Further, Sharara et al. administrated proteins, 

protein hydrolysates, amino acids, glucose, and starch to several subjects [70]. The 

results showed intact proteins were the only nutrients to stimulate CCK release. It is 

postulated that protein stimulates CCK by reducing trypsin degradation of CCK 

releasing factors in the intestinal lumen [71]. This is significant because 

administration of trypsin antagonists elevates plasma CCK levels [72]. To test this 

hypothesis, Woltman and Reidelberger composed a rather genius experiment [73]. 

Using non-fasted rats, they gave peptone alone, and peptone with Devazepide, 

which is a CCK antagonist. If CCK does assist proteins satiating effects, then 

devazepide should significantly attenuate peptone-induced anorexia. The results 

showed peptone by itself decreased food intake by 18-96%, while devazepide with 

peptone decreased these effects by 29-65%. This strongly suggests that CCK plays a 
major role in the satiety response to duodenal delivery of protein.  

Glucostatic Theory   

In the 1950s, Jean Mayer composed various experiments on rats and mice that lead 

to the glucostatic theory [87]. Studies In the ‗60s and ‗70s by Steffens et al. showed 

that glucose is low at the onset of a meal, and rises at meal termination [88, 89]. 
And further experiments have given great establishment to this theory.   

The theory states that glucose is monitored by the central nervous system [82]. 

Evidence shows that glucoreceptors and glucosensitive neurons in the hypothalamus 

do indeed perform this task [83]. For example, Himmi, Boyer, and Orsini 

simultaneously monitored blood glucose level and forebrain unit activity in rats 

[84].They injected glucose or phlorizin into them and observed transient fluctuations 

in glycemia, occurring either spontaneously or after the injections. They noted spiked 

frequencies of more than one-third of the neurons tested in the lateral hypothalamic 

area in response to the fluctuations. Most of the cells were activated during 

hypoglycemia and depressed during hyperglycemia. They concluded that, ―These 

neurons might mediate the effects of a drop in blood glucose on either meal initiation 
or neuroendocrine or autonomic events related to nutritional functions.‖   

Several studies have also shown that the onset of a meal is preceded by low blood 

sugar. Sylvestre and Magnen monitored blood glucose levels in free-feeding rats for 

several hours and found that there was a 6 to 8% fall in blood sugar, starting 5-6 

min prior to meal onset, before every meal from day to night [85]. Furthermore, 

Campfield, Smith, Rosenbaum, and Hirsch sought to test whether changes of hunger 

ratings in humans were related to spontaneous changes in blood glucose 

concentration [86]. In 83% of the subjects, both the perception and behavioral 

expression of hunger were preceded by and correlated with brief, transient declines 

in blood glucose (10% at 27 min). They also are performing an ongoing study by 

injecting insulin into subjects (which is a hypoglycemic producing hormone). Early 

results in five subjects showed that hunger increased after insulin-induced transient 
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declines in blood glucose, but no change in hunger occurs when blood glucose 
concentration are stable.  

With this in mind, several factors must be taken into account. First, we must discuss 

insulin, which helps regulate blood glucose. Studies demonstrate that it has both 

orexigenic and anorexic effects.   

Insulin has contradicting results. Some studies show it can increase hunger in 

animals and humans [93, 94]. But this is likely because of its hypoglycemic qualities. 

Others show it promotes satiety. Brief and Davis examined the effect of chronic 

infusions of insulin in one of three doses (5, 7.5 or 10 mU/day) on food and water 

intake in rats. All groups treated with insulin decreased food intake during the day 

and night, and 10 mU/day produced a significantly greater reduction in water intake 

than each of the other solutions [79]. Similar results were also found in baboons [80, 

81]. Additionally, if insulin or leptin levels are increased within the brain, animals eat 

less food and lose weight; on the other hand, if the normal leptin or insulin signals 

within the brain are reduced, animals overeat and become obese [101]. Overall, if 

used properly, insulin acts as a major anorexigenic hormone. Additionally, insulin 

augments the satiating effects of CCK [143]. Lastly, one of its most potent actions is 

inhibition of NPY/AgRP and stimulation of a-MSH/CART neurons [148]. This will be 
discussed further on.   

Having a high-GI carb such as glucose has also been shown to have a greater short-

term satiety than having a slow-burning carb such as oatmeal. This will be explained 
later.   

It is worthy to note that high blood sugar promotes satiety. Studies show 

hyperglycemia slows gastric emptying [96], increases proximal gastric compliance 

[97], attenuates gallbladder contraction [98], and prolongs small intestinal transit 

time [99], among other things [100]. This would contribute to the above results.   

The problem with having high-GI carbs (concerning hunger) is that you will promote 

hyperglycemia, and high blood sugar induces an elevated concentration of insulin. 

The trouble with having high bursts of insulin is that it acts as a hypoglycemic 

hormone (one that decreases blood sugar). As displayed above, hypoglycemia 

induces hunger. So for short term satiety, having pure glucose, such as a post-

workout shake, will have a more potent short-term satiety compared to complex 

carb. However, in the long run, you want normal blood glucose levels. How to 

manipulate slow-and fast-burning carbs for bulking and cutting cycles will be 

discussed further on under practical applications.   
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NPY 

The most potent bodily orexigenic substance known to man is Neuropeptide Y (NPY) 

[1]. NPY is a major brain peptide located in the hypothalamic arcuate nucleus (ARC) 

that projects to the paraventricular nuclei (PVN) and dorsomedial nuclei (DMH), and 

is postulated to control energy balance by stimulating feeding and inhibiting 

thermogenesis, especially under conditions of energy deficit [1].    

NPY levels rise in almost every situation of hunger. This includes fasting and 

hypoglycemia. For example, Vettor et al. administrated NPY to normal rats for 7 days 

[103]. The result was a sustained threefold increase in food intake and an increase in 

body weight over 40 g.  

In order to find out if central injection NPY would alter brown fat thermogenesis and 

white fat lipoprotein lipase activity, Billington et al. injected NPY into three groups of 

rats: 1) NPY (5 micrograms/injection) and ad libitum food; 2) NPY (5 

micrograms/injection) and food restricted to control intake; 3) saline injection and ad 

libitum food [102]. The first group ate much more food than the latter two, and 

there was an increase in white fat lipid storage and a decreases brown fat 

thermogenesis in both NPY groups. 
  

Now, as stated above, by acting in the brain, insulin suppresses food intake, whereas 

NPY has the opposite effect. Fasting increases NPY levels, while lowering insulin 

levels. Therefore, Schwartz et al. hypothesized that the anorexic effect of insulin 

could result from an insulinogenic inhibition of NPY gene transcription [104]. To test 

this, they injected insulin into rats after they fasted for 48 hours. The results showed 

insulin significantly suppresses the expression of mRNA for NPY in lean rats, strongly 

supporting their hypothesis and showing that fasting increases NPY synthesis 

dependent on low insulin levels.  

 

In another experiment, Zarjevski et al. chronically administrated 10 micrograms of 

NPY per day to female rats [105]. This resulted in hyperphagia, increased basal 

insulinemia, as well as liver and adipose tissue lipogenic (fat-building) activity.  

 

To further demonstrate NPY‘s effects, Sainsbury et al. injected NPY into normal rats 

for 6 days. This resulted in hyperphagia, increased body weight gain, 

hyperinsulinemia, hypercorticosteronemia, and hypertriglyceridemia (elevated 

triglyceride levels), compared to control rats [106]. NPY infusion also resulted in an 

insulin-resistant state in muscles and in a state of insulin hyperresponsiveness in 

white adipose tissue, as assessed by the measurement of the in vivo (within a living 

body) glucose utilization index of these tissues.   

What is interesting to note is that the above side-effects were entirely prevented 

when rats were adrenalectomized (surgical removal of an adrenal gland, which 

secretes glucocorticoids, the most abundant in the body being cortisol) before NPY 

administration. Also, levels of mRNA for leptin were increased in white adipose tissue 

after 6 days of NPY infusion in normal rats (due to hyperphagia), and white adipose 

tissue weight was also increased (also due to hyperphagia). They concluded that, 

―intact adrenal glands, and probably circulating corticosterone (a glucocorticoid), in 

particular, are necessary for the establishment of most of the hormonal and 

metabolic effects induced by chronic…infusion of NPY in normal rats.‖ 
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You should now further understand the importance of leptin in hunger regulation. 

Leptin‘s ability to suppress NPY is a powerful satiety weapon.  

 

Further, you can see why people on low-carb diets are always hungry. Without carbs 

to facilitate a steady flow of insulin, not to mention blood sugar, the subjects that 

participate in this are bound to be hungry and have a multitude of carbohydrate 
cravings.  

Feed Back Loop  

The feed back loop involves leptin, NPY, and insulin in relation to satiety. First, 

fasting or strict dieting results in a decrease in leptin. Low concentrations of leptin 

then result in an increase in NPY synthesis, which promotes feeding. After feeding, if 

the food contains carbohydrates, insulin rises, which subsequently decreases NPY 

production, resulting in satiation and eventual termination of feeding. Moreover, as 

stated above, insulin also increases leptin secretion from adipose tissue, further 

promoting long-term satiety and decreased NPY concentrations. [18].  

 

Ghrelin  

Ghrelin (named after Proto-Indo-European roots "ghre" for grow and "relin" for 

release) is one of the few, if not the only, signal(s) in the gastrointestinal tract (GI 

tract) that stimulates hunger. It is a 28-amino acid peptide that rises during 

prolonged fasts and promotes feeding [108]. Ghrelin is also produced in the brain, 

and there is some evidence that ghrelin signals are carried by vagal afferent nerves 
to the brain [111]. Additionally, ghrelin is a strong growth hormone producer [112].   

A logical hypothesis is that ghrelin may contribute to the onset of a meal. To test 

this, David et al. monitored 10 healthy subjects for 24 hours, taking samples of 

Ghrelin 38 times throughout the day [107]. Plasma ghrelin increased nearly twofold 

before the onset of a meal, and fell back to normal levels 1 hour afterward. These 

results bring strong evidence to ghrelin‘s physiological role in meal initiation for 
humans.   

Wren et al. investigated the effects of ghrelin (5.0 pmol/kg/min) or saline infusion on 

hunger and food intake in a randomized double-blind cross-over study in nine 

healthy volunteers [109]. The results showed a statistically significant increase in 

energy consumed by the participants. Wren et al. again composed an experiment on 

ghrelin and its orexigenic effects, this time on rats [110]. He injected ghrelin at 

various concentrations to rats, and observed hyperphagia and subsequent obesity in 

the tested rats.   

Ghrelin partially exerts its effects by speeding gastric emptying [111]. Additionally, 

in rodents injected with ghrelin, there is an increase in NPY and AgRP mRNA 
expression [111].   

This peptide is very new, however, and much research still needs to be done. 
Nevertheless, ghrelin seems to be a key player in hunger regulation.   

Posture  
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This next section is quite novel, to say the least. It appears that posture can have a 

profound effect on digestion. For example, Theresa et al. composed an experiment to 

test posture and meal structure on gastric emptying and satiety [114]. Nine women 

ingested tomato soup and then immediately or 20 min later an egg sandwich, when 

seated or when supine (lying on their backs). The results showed the half-emptying 

rate of the sandwich was 32% longer and the emptying rate after lag phase was 

almost 39% slower for the subjects who were supine compared to those who were 

seated upright. In those who consumed the soup immediately before the sandwich, 

the half-emptying time of the soup was 50% longer. In subjects who waited 20 

minutes to consume the sandwich, however, the after-eating satiety lasted a bit 

longer, but in those that ate both foods immediately, perception of fullness 

immediately after the meal was higher. Either way, supine is better than seated 
upright for slowing gastric emptying and enhancing satiety.  

Additionally, Murdoch, Fisher, and Hunt tested subjects drinking a saline (salty 

water) drink sitting, lying on the left side, or lying on the right side [115]. At 10 

minutes after ingestion of 750 ml., there was 215 ml. left from subjects lying on the 

right side, 431 ml. left from subjects lying on the left side (P < 0.005), and 308 ml. 

left from the subjects sitting erect. So lying on the left side is much more effective 

than sitting erect, and sitting erect is more effect than lying on the right side. 

However, in a similar experiment with 750 ml. of water with glucose monohydrate, 

there was no statistical difference between groups. Another study with a low-nutrient 

soup ingested with olive oil showed emptying occurs more slowly, and hunger was 

reduced when subjects were lying on the left side than when they are seated [116]. 

These authors propose that that gravity slows emptying when subjects are on the 

left side or supine because of the anterior position of the antrum and pylorus relative 

to the body of the stomach. They also suggested that nutrients such as glucose, 

which strongly activate intestinal receptors, offset any slowing of gastric emptying by 
gravity.   

Posture has little effect on digestion when solid foods are digested without liquids 
[117].   

Fiber  

Dietary fiber is poorly digested; this results in an accumulation of material in the 

small intestine and subsequent delay in nutrient absorption [119]. Howarth, 

Saltzman, and Roberts demonstrated that an additional 14 grams of fiber results in a 
10% decrease in caloric intake [120].   

Fiber also enhances CCK. Having fat and fiber slows the disappearance of lipids from 

the small intestine, increasing the release of CCK [122]. The addition of barley to a 

low-fat meal has been shown to have similar effects [123], and having beans as a 

source of fiber doubles the body‘s response to cholecystokinin [124].    

Many other studies show fiber will enhance insulin sensitivity, increase adsorption, 

delay small intestine transit time, slow gastric emptying, promote viscosity, and 

much more [126]. The subject of fiber has been covered in previous issues of JHR. 

For more on this subject, read Fiber Dynamics Part I Fiber Dynamics Part II. Also, if 

you are just starting to supplement with fiber, increase it slowly to avoid 
gastrointestinal distress [121].  

http://www.abcbodybuilding.com/magazine03/fiberdynamics1.htm
http://www.abcbodybuilding.com/magazine03/fiberdynamics2.htm
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Energy (Calorie) Density  

Here is a quote from the current writer to introduce this term [127]:   

        ―Q. What is calorie density?   

A. Calorie density (CD) is the number of calories per weight of food. A perfect 

illustration is found when comparing proteins, carbohydrates, and fats. 

Typically, proteins and carbs contain 4 calories per gram, while fats have 9 

calories per gram. Fats would be said to have a higher calorie density than the 

former two.‖ 

Many scientists would claim that energy density is the most potent weapon one has 

for manipulating satiety [121]. This topic has been highly investigated by 

nutritionists, and results support the claims made. For example, Duncan, Bacon, and 

Weinsier, over 5 days, gave 20 obese and non-obese subjects a diet low in energy-

dense foods and one high in energy-dense foods and then allowed each group to eat 

until satisfied [128]. The subjects which ate as many low-energy dense foods as they 

wanted had 1,570 calories, while the subjects which ate high-energy dense foods 

had 3000. Furthermore, the former group ate 33% longer throughout the day than 
the latter group. 

Water content also effects energy density and can influence hunger. For example, 

Bell et al. gave subjects a milk-based drink or no drink (control), followed 30 min 

later by a self-selected lunch, and 4 hours later by a self-selected dinner [129]. The 

milk drinks were equal in energy and macronutrient content; the only difference was 

they added water to increase the density to 300, 450, and 600 ml. The participants 

significantly reduced subsequent intake after the 600 ml milk drink compared to the 

300 and 450 ml drinks, showing that adding water to food can be of great value to a 

dieting individual.  

Now, the question remains of whether having water on the side with solid food 

effects hunger equally to mixing it with a solid food or energy-dense liquid. To test 

this, Barbara and company gave their subjects 1 of 3 isoenergetic (1128 kJ) preloads 

17 min before lunch on 3 days and no preload on 1 day [131]. The preloads 

consisted of 1) chicken rice casserole, 2) chicken rice casserole served with a glass of 

water, and 3) chicken rice soup. The soup contained the same ingredients (type and 

amount) as the casserole that was served with water. Results showed that 

decreasing the energy density and increasing the volume of the preload by adding 

water to it significantly increased fullness, reduced hunger, and subsequent energy 

intake at lunch (26% less kcals were consumed). The equivalent amount of water 

served as a beverage with a food did not affect satiety. So according to this study, 

mixing food with water, such as a protein shake, will affect satiety, but having a 

glass of water and some steak, for example, will have very little additional benefit to 

hunger than having the steak by itself. Adding water on the side with food has 

conflicting results, however. For instance, women served breakfast with or without 

two glasses of water showed that consumption of the water decreased hunger and 

increased satiety during breakfast, but this effect did not extend beyond the meal 

[132]. In conclusion, mixing water with food is very well-established for decreasing 

hunger. Having it on the side is not, but it certainly would not hurt to have some, not 

to mention the anabolic effects of staying hydrated. The authors postulated that the 

results could be that water in food increases the weight or volume of the food and 
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changes the dispersion of nutrients consumed, probably activating mechanisms 

involved with hunger. On the other hand, water consumed on the side would be 

processed by thirst mechanisms, which are distinct from those for hunger [131].  

Additionally, adding fiber to meals (low-calorie, lowering energy-density) significantly 

decreased caloric intake in lean women [130]. 

It has been suggested that density could affect satiety through mechanoreceptors 

(relay mechanical stimuli information in the nervous system, such as hair cells, which 

help hearing) or chemoreceptors (detect chemicals and relay information in the 

nervous system, such as taste) in the oropharyngeal (around the throat) or 

gastrointestinal tracts. Additionally, the volume of food could influence satiety by 

affecting the perception of how much has been consumed. People may equate 
portion size with energy content and adjust subsequent intake accordingly [133]. 

Because of these results, it has been postulated that carbs and proteins have higher 

satiating effects than fats, and the results do indeed support this. We will be 
discussing this further on in the article.  

Volume  

As discussed previously, energy density (kJ/g) of foods strongly affects satiety. 

However, the question still remains whether increasing the volume or size of a food, 

independent of weight, affects hunger. To test this, Rolls, Bell Bethany, and Waugh 

fed 28 lean men breakfast, lunch, and dinner in a laboratory 1 d/wk for 4 weeks 

[118]. They gave them isoenergetic (equal amount of energy), yogurt-based milk 

shakes that varied only in volume (300, 450, and 600 ml) as a result of the 

incorporation of different amounts of air. The food contained identical ingredients 

and weighed the same. The high volume drink significantly affected energy 

consumption at lunch. Energy intake was approximately 12% lower after the 600 ml 

drink than after the 300 ml liquid. Subjects also reported greater reductions in 

hunger and increases in fullness after consumption of both the 450 and 600 ml 

drinks than after the 300 ml ones. Therefore, varying the volume (irrelevant to 
weight) does affect satiety and digestion.  

This experiment should have profound effects on the nutrition industry. This means 

that foods such as popcorn, which are very light but puffy because of air volume, 

have higher satiety than foods with the same weight and energy but less volume. 

Designing foods with high air volumes would therefore assist a great many of dieting 

customers; likewise, when dieting, consuming high-volume foods would be of benefit 
to the athlete.   

Exercise   

Training can have varying results on hunger. Initially, exercise produces an anorexic 

effect. Moreover, the higher the intensity, the more pronounced this effect is. In 

male rats, intense exercise suppressed more food and caused more weight loss than 

less-intense exercise [134]. In humans, results are very similar [135]. For example, 

King, Burley, and Blundell collected 23 healthy, lean, male college student/staff 

members and randomly assigned them to a control, low-intensity and high-intensity 

exercise treatment in the first study, and to a control, short-duration and long-
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duration exercise treatment (high intensity) in the second [136]. Hunger was 

significantly suppressed during and after intense exercise sessions, and more so than 

low-intensity workouts. This was a very short-term influence, however. Exercise had 

no effect on the total amount of food consumed, but it did delay the start of eating 

during the first meal. In studies in which a test meal was offered 50-75 min after 

exercise, appetite is not suppressed [137]. So results are consistent that exercise 

promotes an initial anorexic effect, but this is short-lived, and appetite resumes as 
normal thereafter.   

Mechanisms for this short-term anorexic effect are not completely understood; 

however, some authors postulate that hormones such as cortisol, catecholamines, 

and the adrenocorticotrophic hormone (ACTH, which stimulates the release of 

glucocorticoids) could cause this [138, 139]. Perhaps the best known mechanism is 

CCK. Cholecystokinin levels quickly rise during intense exercise, and since it its 

anorexic effects are very short-lived, this would fit rather nicely with the above 

observations [140]. Additionally, hypoxia (reduction of oxygen supply to tissue below 
physiological levels) promotes a potent anorexic effect [141].   

Training‘s long-term influence on hunger is a different subject. One theory—the 

glycogenostatic hypothesis—states that individuals consume food to a level that 

maintains glycogen levels in the body. Results show, however, that glycogen stores 

themselves only have a minor impact on hunger [142]. Conversely, glycogen 

depletion may indirectly promote hunger, causing disruptions to occur in the 

relationship to patterns of blood glucose and spontaneous meal initiation. For 

example, Kathleen et al. had 10 men (age 20-31 yr) perform glycogen-depleting 

exercise in the evening, eat a low-carbohydrate dinner, and stay overnight in the 

laboratory. The next day, blood glucose was monitored continuously. Subjects had 

access to high-fat and high-carbohydrate foods after baseline glucose and respiratory 

quotient were determined. Lastly, in the afternoon, 1 h of moderate-intensity 

exercise was performed. What was interesting is that, in a state of glycogen 

depletion, the subjects had blood glucose stability for two meals. They consumed 

four high-carbohydrate sandwiches and 350 ml of a high carbohydrate beverage. 

After this, the normal fall in blood glucose before the onset of a meal and elevation 

afterwards returned to normal. In total, 8 of 10 meals were initiated during 

instability in blood glucose, which is very statistically significant. It is postulated that 

the reason blood glucose did not decline before meal initiation in a glycogen-depleted 

state was because the liver switched from retaining glucose to releasing glucose, 

preserving blood levels. This decline in liver glycogen, however, may be detected by 

peripheral and central nervous system glucoreceptive elements, and mapped into 

meal initiation as stated earlier. Initially low rates of glucose utilization could have 
been due to high free fatty acid concentrations, and low insulin concentrations.   

Lastly, a negative energy balance caused by exercise, a decreased energy intake, or 

a combination of both, suppresses nocturnal leptin secretion. While a positive energy 
balance, enhances leptin. This would certainly effect satiety.   

Cravings   

Some unconditioned, innate senses of taste humans have are preferences for 

sweets, avoidance of bitter foods, and a salt appetite [144]. Furthermore, people 

tend to over eat sweet and calorie-dense foods, while under eating unpalatable foods 

[147]. Other foods are learned and selected according to experience. Four factors 
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which affect food intake are: olfactory (of, relating to or connected with the sense of 

smell), orosensory (relating to or associated with eating or the sense of taste, 

texture), sight, and postingestive stimuli (the effects of foods after ingested). If 

something smells good, looks good, and tastes good, you are more likely to eat it. 

From this, you can learn to crave certain foods, and likewise learn to avoid certain 
foods which do not taste, smell, or look good.   

Moreover, hunger for certain macronutrients may be mediated by 

neurotransmitters/modulators. For example, Barton, York, and Bray injected galanin 

into the lateral cerebral ventricle of rats, and salin into a control group. The galanin 

group consumed a very high fat diet in response to this. Similar experiments show 

NPY promotes carb consumption, and serotonin both proteins and carbs [145]. This 

theory still needs more research, however, and results vary. Nevertheless, there is a 

strong possibility that being deficient in any macro will promote cravings in that 

particular macro. Moreover, being deficient in a macro, such as carbs, will induce 

NPY synthesis, which will further promote strong urges to eat. The craving for carbs 

in this case may be a learned one, as eating them will decrease NPY mRNA, and 

subsequently relieve your hunger pangs. Another example would be blood sugar; 

this is most likely a learned desire from experience, to ingest carbs in response to 

low blood sugar.   

 

Postingestive stimuli are powerful factors. If you eat a certain food and it gives you 

food poisoning for a night, you may avoid that food for a long time, even though it 

may have been a freak accident. Perhaps the most important postingestive factor for 

bodybuilders though, is an analysis of their ABC (antecedent, behavioral, 
consequences). For an explanation on this term, read the introduction to Glutamine: the 

Conditionally Essential Amino Acid.  The antecedent for a bowl of ice cream is mixed: it tastes good, but it 

will also destroy my gains. The behavior can vary because of this. If on a diet, an athlete may break down 

and go on an ice cream binge; the consequence would be gaining fat, and depression because he/she 

cheated, etc. For the most part, a hardcore athlete will stick with the latter antecedent, and realize that ice 

cream is an enemy to his/her body. In fact, many athletes claim to hate greasy, cheat foods after avoiding 

http://www.abcbodybuilding.com/magazine04/glutamine.htm
http://www.abcbodybuilding.com/magazine04/glutamine.htm
http://www.abcbodybuilding.com/magazine04/glutamine.htm
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them for years, so this makes it easy for them. With this in mind, the athlete will avoid eating junk food, 

and reap the gains of a strict diet.    

Another example may be oatmeal. To most normal people, this food tastes 

disgusting, but it is a staple in any bodybuilder‘s diet. Many athletes now actually 

enjoy the taste of a nice bowl of oatmeal, and even prepare special dishes with it, 

such as oatmeal mixed with cottage cheese. The athlete knows that this food is 

great, and may learn to like it (antecedent); furthermore, they will behave by 

ingesting it frequently, and the results will be very rewarding.   

Focus   

Cognitive (thinking) distractions have the ability to increase meal intake; likewise, 

eliminating distractions can cause the meal to be more satiating. Bellisle and Dalix 

demonstrated this on a group of healthy women [149]. They separated them into 

several conditions: condition 1, subjects ate alone (baseline); condition 2, subjects 

ate alone while listening to recorded instructions focusing on the sensory 

characteristics of the foods (attention); condition 3, subjects ate alone while listening 

to a recorded detective story (distraction); and condition 4, a group of 4 subjects 

had lunch together. The same food was presented to all parties.  Meal size was 

significantly higher in the distraction condition than at baseline (mean difference 

from baseline: 301 ± 26 kJ). The group eating together and attention group had only 

a few increases in meal size. Listening to something distracting or watching 

something that catches your attention—such as pumping iron—can therefore help 

you finish meals on a bulk by waving your attention away from the food. On the 

other hand, when cutting, you should turn off the T.V and focus on your meal, really 
enjoying every bite of it.   

Artificial Sweeteners  

Rogers and Blundell showed that a food mixed with saccharin (an artificial 

sweetener) had little satiating capacity in comparison to a meal sweetened with 

glucose or sucrose [150]. Canty and Chan further compared the effects of 

aspartame, saccharin, and sucrose on hunger and food intake [151]. They had a 

group of 20 normal adults consume a standard breakfast, followed 3 h later by 200 

ml of either water or a sweetened drink. After this, the subjects recorded every half 

hour hunger ratings. Hunger wise, the highest rating was given for water; the non-

calorie sweetened drink was a bit lower, but not statistically significant; while the 
sugar was much lower, and had a high statistical significance.    

Overall, most the studies have shown that artificial sweeteners either very slightly 

decrease hunger or do not affect it at all [153]. So supplementing with them will 

have little benefit when dieting. The only advantage would be to relieve a quick 

sweet tooth, but nothing more. When bulking, however, adding artificial sweeteners 

to a plain food such as oatmeal can enhance its palatability, and increase appetite 

[154]. In addition to this, artificial sweeteners have not been shown to increase 

weight or fat gain in humans.   

For instance, in order to test whether artificial sweeteners increased fat gain in a 

long term study, Raben et al. fed overweight men and women for 10 weeks with 

either sucrose or artificial sweeteners everyday [152]. The sucrose group had 

increased energy intake, body weight, and fat mass, while these effects were not 
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observed in a similar group of subjects who consumed artificial sweeteners. 
Therefore artificial sweeteners do appear safe as far as weight gain is concerned.   

Sensory-Specific Satiety   

The sensory-specific satiety theory states that one is more likely to consume a 

higher amount of food if their diet has variety, than one who consumes the same 

foods day in and day out because of an adaptation in the senses to foods[160]. 

There are hundreds of experiments which support this theory.  

When animals are given a diet with a variety of foods to consume, and a diet in 

which they can either consume one food or the same type of diet consistently, the 

former group consistently is hyperphagic compared to the later group [161, 162, 

163]. Furthermore, animals given several types of high-fat foods eat more grams 

and calories than animals given one type of high-fat food [164, 165]. Having the 

same food, but varying its composition also has the same effect. For example, 

several experiments demonstrated that serving a group one food, compared to 

serving a group the same food but with vanilla, lemon, and a variety of other flavors, 

lead to the latter group having more calories and consuming more grams than the 
other group [166, 167, 168].   

Additionally, having more variety within one meal promotes hyperphagia. For 

instance, Rolls et al. fed participants four courses, one each of sausages, bread and 

butter, chocolate dessert, and bananas, or four courses of one of these foods [169]. 

Those who had variety each meal consumed 44% more food and 60% more energy 

than the other group. Moreover, people given three flavors of yogurt over several 

meals, compared to people with one choice, consumed a significantly greater amount 

of calories [170]. In another experiment by Roll et al., he gave his participants 

cream cheese sandwiches, and the only difference was that he gave one group 

several of the same sandwiches with different toppings: salt, lemon essence and 

saccharin, or curry [172]. The variety group consumed 15% more calories than the 

plain one. There are hundreds of other testimonies to substantiate this; however, 

there is a limit. If the difference is too minor, over eating will not occur. For example, 

giving people strawberry, raspberry, and cherry, with the same color and texture, did 

not result in increased caloric intake [171].   

The authors attribute this to an adaptation in the senses. Having the same food over 

and over again decreases the palatability and excitement during ingestion. Smelling, 

and tasting the same food basically becomes a bore; however, when mixing it up, 
your senses stay sharp and foods are easily consumed.   

This has profound effects on bulking and cutting cycles. When cutting it would be 

best to stick with the same foods, the same texture, and makeup, etc. Only have a 

couple of carb sources, a couple of protein sources, etc. But when bulking, the more 

variety the better. When you have oatmeal, make oatmeal cakes, oatmeal shakes, 

oatmeal cooked, oatmeal pancakes, etc. You want a variety of foods as well; have 

yams, wheat bread, beans, steak, chicken, etc. Mix it up as well; have burgers, 

chicken and oatmeal, beans and steak, etc. Now, you can still have some variety 

during a cut, and you can stay basic on a bulk; this is just another weapon placed at 

your disposal—use it wisely.   



   www.abcbodybuilding.com                                                                               Satiety  18 

Fats, Carbs, & Proteins   

Now its time to tie it all together and show which macronutrient is the most satiating 

of them all. There is no straight forward answer to this. All three are vital to one‘s 

diet, and deficiency in any, as displayed above under cravings, can and will promote 

hunger. With this in mind, the results show proteins are most satiating, although 

carbs often come a close second, and some studies (such as the satiety index, 

discussed further on) show carbs to be number one. Fats are last in just about every 
case.   

First, a major reason fats have less satiety is because they are so energy dense 

(discussed above). One gram of fat has nine calories, while protein and 

carbohydrates only have four calories per gram. Therefore, fats are often overeaten. 

Because of this, the majority of journals recommend a low-fat, high-carb/protein diet 

for obese individuals [174]. In one experiment, obese people were allowed to gorge 

themselves on either high-fat or high-carbohydrate foods [175]. Obese subjects 

voluntarily consumed twice as much energy from the fat, displaying the weak 
satiating action of lipids.    

Johnstone, Stubbs, and Harbron compared all three macros in a study [177]. They 

gave subjects a high-protein (HP), fat (HF), or carb (HC) diet, and compared hunger 

and satiety throughout the day. Participants on the high-protein diet felt less hungry 

and fuller than the other two diets, and the high-carb diet had better results than the 

high-fat diet. Moreover, the HC diet was more satiating than the HF diet after each 

meal.  

 

Plantenga et al. composed an experiment to assess a possible relationship between 

perception of satiety and diet-induced thermogenesis (DIT; this is a whole other 

subject, which will be talked about in the future, but fats give very little DIT, while 

proteins and carbs do) [178]. The subjects were eight females, ages 23-33. Subjects 

were fed a PCF of 29/61/10 and 9/30/61 with all other conditions being equal. 

Thermogenesis was higher on the high protein/carbohydrate diet, satiety was higher 

during meals (P < 0.001; P < 0.05), as well as over 24 h (P < 0.001), than with the 

high fat diet. These results showed a high carb/protein diet will elicit s much higher 
satiety and DIT than a high fat diet.   

In another study, after a lunch, Marmonier, Chapelot, and Sylvestre gave subjects a 

high-fat (58% of energy from fat), high-protein (77%) or high-carbohydrate (84%) 

snack, and than viewed how long they waited until dinner [179]. Consumption of a 

high-protein snack delayed the request for dinner by 60 min. In contrast, a high-fat 

snack delayed dinner request by 25 min, whereas a high-carbohydrate snack delayed 

dinner request by 34 min. Snack composition had no impact on energy or 

macronutrient intakes during dinner. Another experiment on snacking showed similar 

results, except the delay in meal request was less. Furthermore, the calories 

consumed at dinner were not suppressed [180]. The authors concluded that snacking 

has poor satiating efficiency, and may play a role in gaining excess weight. So one 
should be careful with excessive snaking, and instead opt for full, balanced meals.  

There are many other studies like this. In conclusion, proteins appear to have the 

highest satiety point, then carbs, then fats. You can certainly see yet another logical 

reason to follow a high-protein diet, as most athletes do.    
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Fat Chain Length  

In order for a bodybuilder to get a proper amount of fat in their diet, they must add 

specific fatty foods such as peanut butter, flax, safflower, etc. There are a variety of 

fats, including saturated fats, polyunsaturated fats, and monounsaturated fats. 
These fats vary in level of satiety though.   

 

In order to see which fat was most satiating, Lawton et al. composed an experiment 

on two different groups of 20 subjects each (half male and female) [173]. Group one 

tested the effects of fat A (oleic blend, high in monounsaturated fatty acids (MUFA)) 

with those of fat B (linoleic blend, high in polyunsaturated fatty acids (PUFA)) and fat 

C (stearic-oleic blend, high in saturated fatty acids (SFA)). Energy and nutrient 

intakes were monitored for the rest of the day and for the following day. Profiles of 

hunger, fullness, and other sensations were monitored by continuous tracking and 

end-of-the-day questionnaires were filled out. Subjects consumed significantly more 

energy after consumption of the lunch containing fat A (MUFA), and were hungrier 

than after the lunches containing fats B (PUFA) or C (SFA), and there was a trend for 

these effects to continue into the second day. Lastly, fats B had a higher satiety than 
fats C.   
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A second study was designed to confirm and extend the findings of Study 1. It 

compared the effects of fats A, B, C, and additionally, fat D (a linoleic-oleic blend). In 

Study 2, fat C produced similar effects on appetite to fat A, and there was a 

tendency for subjects to consume more over the whole test day when they had 

consumed the lunch containing fat A than when they had consumed the lunch 

containing any other fat. Additionally, they prolonged this study for 40 days, and the 

results of test one were confirmed. 

Therefore, when bulking you would want to consume a lot of monounsaturated fats 

such as peanut butter, and when cutting you would want to lower your intake of 

peanut butter (among other monos) and opt for polyunsaturated fats, such as flax 
and safflower  

Now, while you can vary your fats a bit, you still need to maintain a proper essential 

fatty acid ratio. Read the following article for instructions on that, Essential Fatty 
Acids - An In Depth Analysis  

High- vs. Low-GI Carbs  

Carbs are often measured by the glycemic index (GI). The higher the GI, the simpler 

and fast-burning the carbohydrate is; the lower, the slower burning it is. In terms of 

maintaining a steady flow of blood glucose, you definitely want to opt for low-GI 

carbs throughout the day (save post-workout); however, in the short-term, high-GI 

carbs are more satiating than low-GI carbs.   

For example, Anderson et al. gave subjects high-glycemic-index preloads (glucose, 

polycose, and sucrose) and low-glycemic-index preloads (amylose, amylopectin), 

then measured hunger ratings and how much they ate thereafter [176]. 

Carbohydrates with a high GI were more satiating, and suppressed hunger much 

more than low-GI carbs. Other studies also testify to glucose‘s anorexic effects within 
1 hour of consumption [91, 92].   

Some reasons for these effects are that insulin is very satiating, NPY would be 

reduced, blood sugar would be initially higher, nutrients would be delivered quicker, 

etc. So in the short-term, having a post-workout shake, for example, would be more 

satiating than oatmeal. High bursts of insulin (induced by high blood sugar) promote 

hypoglycemia, however. Soon you would get very hungry because of low blood 

sugar; therefore, you want to have slow-burning carbs throughout the day. On a 

bulk, however, high-GI carbs may be of benefit. This is discussed further on under 
practical applications.   

Starvation  

Some people are hungry because they basically starve themselves. This is why it is 

important to understand how LBM, height, weight, etc. affect your metabolic rate. 

For one athlete, 2000 calories may be more than adequate for hunger, health, etc. 

For another athlete who has twice as much muscle mass, for example, that would be 

pure starvation and result in constant hunger. Further, as stated above, leptin, CCK, 

etc., are much less effective and concentrated in the body on a starvation diet. 

Furthermore, NPY, among other orexigenic factors, will be skyrocketed. I recommend 

you read 13 Weeks To Hardcore Fat Burning - "The Diet"  to understand how to 

http://www.abcbodybuilding.com/magazine03/efa.htm
http://www.abcbodybuilding.com/magazine03/efa.htm
http://www.abcbodybuilding.com/magazine03/efa.htm
http://www.abcbodybuilding.com/magazine/13weekstohardcorefatburningdiet.htm
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calculate how many calories you need, and follow the many safe tips for dieting 
given within.  

Other Factors  

There are many other factors than an actual physiological need for food that must be 

considered. People may not consume food because of cultural background, social 

situations, pressures to look thin, or to fit in with the crowd, which leads to ailments 

such as anorexia. You could simply have a bad habit, or you could lack any self-
discipline and be a lazy, fat, slob.   

People tend to eat more in cold weather and less in hot weather [155]. This has 

given credence to the thermostatic hypothesis, which states that the hypothalamus 

regulates body temperature and food intake, and proper interaction of temperature 

and eating behavior [156].   

External factors such as smell can influence appetite. Appetite is the physiological 

desire to eat in relation to sensations for foods, while hunger is a physiological need 

to eat. So while you may have appetite, your body might not actually need that food. 

A good example would be if you have a huge bowl of oatmeal, steak, a salad, and 

some essential fatty acids. At the end of this meal, you would feel stuffed and no 

longer desire to eat anymore oatmeal or steak. However, you may have an urge to 
down a nice, palatable bowl of ice cream. That is appetite—not hunger.   

Environment is vital to one‘s success. If you wake up every morning to a box of 

Krispy Kremes or the smell of freshly baked cookies, you are much more likely to 

cheat. If, however, you only allow clean foods in your household, such as oatmeal, 

cottage cheese, peanut butter, whey protein, etc., appetite will be greatly 

suppressed and, even if you do cheat, a couple bowls of oatmeal will not hurt your 

diet—in fact, it may help. A Krispy Kreme, on the other hand, is absolutely worthless 

and will only hurt your body. So I would encourage you to surround yourself with 

less-tempting foods. Whomever you live with, or work with, try to get them involved 

in healthy eating. Having people around that support your goals is vital to any 
bodybuilder‘s success.    

Several studies have shown that stress can promote anorexia [157]. It is postulated 

that corticotropin-releasing hormone (CRH) and/or serotonin (5-hydroxytryptamine, 

5-HT) contribute to this [158]. Both are anorexigenics, and elevate in response to 

stress throughout the brain, including feeding centers. Additionally, CRH inhibits NPY 
release [159].  

In other situations, such as depression, emotional breakdowns, lowliness, etc., 
people may react by overeating.    

Should You Ignore the Hunger Mechanism?   

No, you should not ignore it. If you feel excessively hungry, or anorexic, you need to 

take a close look at your diet and analyze your weak points. You may have low blood 

sugar, or NPY may be high due to low-carb dieting. You may be low in fat or protein. 

You may not be having enough fiber or low energy-dense foods, etc. There are many 

tricks to manipulating hunger. After reading this article, there is little excuse left not 
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to get the job done and eat the amount of calories necessary to get you optimal 
results, without feeling excessively uncomfortable when cutting or bulking.  

Other Bodily Factors Which Regulate Hunger  

There are literally hundreds of other hormones, peptides, and endo/neurological 

signals to be discussed, but this can be written about for years on end and through 

hundreds of papers. In fact, millions of scientific journals are composed on this very 

subject, and scientists still do not fully comprehend the marvels behind hunger 

regulation. So to close this out, I am going to give you a quick wrap up on a few 
more peptides and hormones which regulate hunger. 

Among hunger stimulators is agouti-related peptide (AgRP), which is co expressed by 

NPY. This peptide binds appetite-suppressing hormones melanocortin 3 and 4. 

Galanin is another hunger peptide increased in the anterior PVN during decreases in 

calories, when fat utilization is enhanced. Serotonin increases satiety, as well as 

glucagon, glucagons peptide 1+2, Amylin, Peptide YY, Cocaine Amphetamine Related 

Transcript (CART), Corticotropin releasing factor (CRF), and prooppiomelanocortin, 
among others. Last, melanin concentrating hormones increase appetite [181].  

The Satiety Index 

The following tables are rated according to how much food people ate 
after consuming each edible. The foods are all compared to white 

bread at 100%. The higher the percent a food has, the betters its 
satiety [184].  

  

Junk Food   Snacks   Fruits   

Cheese 146% Crackers  127% Oranges 202% 

Cookies 120% Peanuts 84% Apples 197% 

Jellybeans 118%     Grapes 162% 

Ice cream 96%     Bananas 118% 

Crisps 91%           

Mars candy 
bar 

70%         

Doughnuts 68%         

Cake 65%         

Croissant 47%         
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Protein 

Dense  

  Carb Dense   Cereals + 

Milk 

  

Ling fish 225% 
Potatoes, 

boiled 
323% Oatmeal 209% 

Beef 176% Brown pasta 188% All-Bran 151% 

Baked beans 168% 
Wholemeal 

bread 
157% Honey smacks 132% 

Eggs 150% Grain bread 154% Cornflakes 118% 

Lentils 133% White rice 138% Special K 116% 

    Brown Rice 132% Sustain 112% 

    White pasta 119% Muesli 100% 

    French fries 116%     

    White bread 100%     

            

Practical Applications 

There are multitudes of dieting and bulking strategies to learn from this article. 
Below I will give a few tips to get you started.  

Bulking: The following is applicable if you are bulking and having a difficult time 
eating enough calories to promote hypertrophy/hyperplasia: 

 Have a high variety of meals. People that have variety in their diets may eat 

70% more calories than plain diets. Have different varieties of oatmeal such 

as pancakes or shakes, have different foods such as yams and wheat bread, 

and have mixtures of food such as beans and steak. 
 Listen to something distracting while you eat. I enjoy hearing James Earl 

Jones read the New Testament on my Bible CDs. Sometimes I will listen to 

audio clips of creationists destroying the pagan religion of evolution for a 

good laugh.  
 Don‘t add much water to your foods, as this enhances satiety. Make small 

protein shakes and bowls of oatmeal. 
 Be careful with your fiber intake. I would recommend only one tossed salad 

so you get all types of fiber and maintain insulin sensitivity, among other 

benefits. Besides that, you should be getting enough from carbs. 
 Choose calorie-dense foods. 
 Go high on monounsaturated fats; they have a very low satiety ranking. 
 Adding artificial sweeteners to your diet can make food such as oatmeal more 

palatable and promote eating.  
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 As a last resort, if you feel you cannot consume any more calories, and are 

doing everything possible in your power to do so, you may consider going on 

a little more of a dirty bulk and having higher glycemic, calorie-dense carbs 

(i.e. raisins). This will promote hypoglycemia via insulin, and induce hunger. 

Additionally, these types of carbs are easily digested, and will provide more 

variety. Furthermore, you will reap the anabolic rewards of insulin. Moreover, 

high-GI carbs have been shown to be superior to low-GI carbs in the area of 

glycogen replenishment [183]. The problem with this is that you are more 

susceptible to gaining fat, and insulin sensitivity will decrease. So I would 

recommend you pay close attention to your body fat, and only go on a short 

dirty bulk cycle (i.e. 6-8 weeks), then work on improving your insulin 

sensitivity on a cut or maintenance diet for a few weeks. Then hit back up on 

your bulk.  
 Opt for less-filling foods. Often on a bulk I will have protein shakes instead of 

whole meats such as steak and chicken. Eating 400 grams of protein and 

6000 calories from steak is practically impossible. Having a protein shake is 

definitely a smart move here. Other palatable foods in the carbohydrate and 

fat departments should be chosen as well.  

Cutting: Below is a list of tips for those cutting and having a difficult time with 
hunger: 

 Often people on low-carb diets will have a post-workout shake, and go low fat 

the remainder of the day. This will greatly promote hunger. You see, blood 

sugar levels are already low on this type of diet, and having a high burst of 

glucose will only augment this. Insulin promotes hypoglycemia, and 

subsequent urges of hunger will occur. I therefore recommend saving at least 

one complex carb meal for after your post-workout shake to help stabilize 

blood sugar levels.   
 Eat at least 6 meals a day. Eating more frequently will help satiety and 

promote stable blood glucose levels 
 Enjoy your meals; when you eat, do not listen to something distracting, but 

rather focus on your food.  
 Make sure you have enough protein, as it is the most satiating macronutrient.  
 Don‘t go on an excessively high fat diet (50% or more), as this will speed 

gastric emptying by making your body less sensitive to CCK. 
 Have slow-burning carbs to help maintain blood sugar and decrease NPY 

mRNA. 
 Adding an artificial sweetener may help relive a sweet tooth, but that is about 

it. You may add this to your regimen if needed. 
 Lie down on your back or your left side when you eat and while digesting your 

food. This will promote satiety, and may slow gastric emptying by 50%! It 

would be a good idea to do this at night as well after your last meal.  
 Adding water to your foods is a great way to promote satiety. Results show 

mixing a casserole, for example, with just one glass of water to form a soup 

can decrease subsequent energy intake by 26%. So if you wake up in the 

morning and have a protein shake and oatmeal, you should put as much 

water in each as you can. Make a huge, diluted protein shake, as well as puffy 

oats. Having water separately may assist as well, perhaps by promoting 

gastric distension, but for the most part it is detected through the drinking 

mechanism and not through the feeding mechanism. It is definitely much less 

potent than mixing water with foods; however, you should always be drinking 

water anyway to stay properly hydrated.  
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 Make sure you have enough fiber in your diet. Results show that having 14 

more grams can decrease daily calories by 10%. 
 Stick with low energy-dense foods. People at an all-you-can-eat buffet for a 

day have half the amount of calories, and eat 33% longer when given low 

energy-dense foods to eat, compared to those given high energy-dense 

foods. 
 Stick with basic foods; don‘t change it up too much. Variety causes one to eat 

more, which is in accordance with the sensory specific satiety theory. 
 Make sure you are getting all your macros. Absence of any one can cause 

cravings. 
 Do not starve yourself. Read the 13-week diet to see how many calories you 

need.  
 Surround yourself with a healthy environment. Appetite is much higher when 

you are constantly around boxes of Krispy Kremes than containers of 

oatmeal. 
 Go high on polyunsaturated fats; they have the highest satiety ranking 

among fats. Likewise, be careful with your consumption of monounsaturated 

fats, as they have a very low satiety ranking. 
 Choose big bulky foods. Even if they do not weigh a lot, volume is a strong 

mediator for satiety.  
 Keep a steady mind. Depression and stress can negatively impact your diet. 

The best way to do this is to develop a relationship with the Lord Jesus Christ. 

Put your pressures on him, and he will comfort you. Jesus said [182], “Come 

unto me, all ye that labour and are heavy laden, and I will give you rest. Take 

my yoke upon you, and learn of me; for I am meek and lowly in heart: and ye 
shall find rest unto your souls. For my yoke is easy, and my burden is light.” 

These are but a few tips. Study this article several times for much more.  

Conclusion  

Hunger has great spiritual applications. Just as you should not ignore your fleshly 

hunger, you should not ignore your spiritual hunger. The only way to quench this 

sensation is by accepting Christ as your savior. I encourage all reading to do so, and 
cease from spiritual anorexia now, and in the life to come [182].   

Revelation 7:13-17  

13 And one of the elders answered, saying unto me, What are these which 

are arrayed in white robes? and whence came they? 14 And I said unto him, 

Sir, thou knowest. And he said to me, These are they which came out of great 

tribulation, and have washed their robes, and made them white in the blood 

of the Lamb. 15 Therefore are they before the throne of God, and serve him 

day and night in his temple: and he that sitteth on the throne shall dwell 

among them. 16 They shall hunger no more, neither thirst any more; 

neither shall the sun light on them, nor any heat. 17 For the Lamb 

which is in the midst of the throne shall feed them, and shall lead them unto 

living fountains of waters: and God shall wipe away all tears from their eyes.   

John 6:35  
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And Jesus said unto them, I am the bread of life: he that cometh to me shall 
never hunger; and he that believeth on me shall never thirst.   

Luke 6:21  

Blessed are ye that hunger now: for ye shall be filled.   

Matthew 5:6  

Blessed are they which do hunger and thirst after righteousness: for they 
shall be filled.   

Keep it Hardcore, 

Venom 

Executive of Bioenergetic Research  

Venom@abcbodybuilding.com  

References:   

1. Eric Jéquier and Luc Tappy. Regulation of Body Weight in Humans. 

Physiological Reviews, Vol. 79, No. 2, April 1999, pp. 451-480 
2. Hethrington, A.W., & Ranson, S.W. Hypothalamic lesions and adiposity in the 

rat. Anatomical Record, 78, 149-172 1940 
3. Stellar E. The physiology of motivation. Psychological Reviews 101, 301-311 

1954.  
4. BRAY, G. A. 1989 McCollum Award Lecture. Genetic and hypothalamic 

mechanisms for obesity-finding the needle in the haystack. Am. J. Clin. Nutr. 

50: 891-902, 1989 
5. BRAY, G. A., S. INOUE, AND Y. NISHIZAWA. Hypothalamic obesity. The 

autonomic hypothesis and the lateral hypothalamus. Diabetologia 20, Suppl.: 

366-377, 1981 
6. BROWN, F. D., R. G. FESSLER, J. R. RACHLIN, AND S. MULLAN. Changes in 

food intake with electrical stimulation of the ventromedial hypothalamus in 

dogs. J. Neurosurg. 60: 1253-1257, 1984  
7. FUNAHASHI, T., I. SHIMOMURA, H. HIRAOKA, T. ARAI, M. TAKAHASHI, T. 

NAKAMURA, S. NOZAKI, S. YAMASHITA, K. TAKEMURA, K. TOKUNAGA, AND 

Y. MATSUZAWA. Enhanced expression of rat obese (ob) gene in adipose 

tissues of ventromedial hypothalamus (VMH)-lesioned rats. Biochem. Biophys. 

Res. Commun. 211: 469-475, 1995  
8. ASSIMACOPOULOS-JEANNET, F., AND B. JEANRENAUD. The hormonal and 

metabolic basis of experimental obesity. J. Clin. Endocrinol. Metab. 5: 337-

365, 1976. 
9. LEIBOWITZ, S. F. Central physiological determinants of eating behavior and 

weight. In: Eating Disorders and Obesity, edited by K. D. Brownell, and C. G. 

Fairburn. London: Guilford, 1995 
10. ss 
11. Rink TJ. In search of a satiety factor. Nature 1994;372:406–7  



   www.abcbodybuilding.com                                                                               Satiety  27 

12. Pelleymounter MA, Cullen MJ, Baker MB, et al. Effects of the obese gene 

product on body weight regulation in ob/ob mice. Science 1995;269:540–3.  
13. Halaas JL, Gajiwala KS, Maffei M, et al. Weight reducing effects of the plasma 

protein encoded by the obese gene. Science 1995; 269:543–6.  
14. Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P. Recombinant mouse ob 

protein: evidence for a peripheral signal linking adiposity and central neural 

networks. Science 1995;269:546–9.  
15. Rentsch J, Levens N, Chiesi M. Recombinant OB-gene product reduces food 

intake in fasted mice. Biochem Biophys Res Commun 1995;214:131–5.  
16. Mistry AM, Swick AG, Romsos DR. Leptin rapidly lowers food intake and 

elevates metabolic rates in lean and ob/ob mice. J Nutr 1997;127:2065–72.  
17. Considine, RV. et al. Serum immunoreactive leptin concentrations I normal 

weight and obese humans English Journal of medicine 1996.  
18. Figlewicz, D.P et al. Endocrine regulation of food intake and body weight. J 

Lab CLIN. Med 1996 
19. Zheng, D, Jones JP, Usala SJ, and Dohm GL. Differential expression of ob 

mRNA in rat adipose tissues in response to insulin. Biochem Biophys Res 

Commun 218: 434-437, 1996 
20. Saladin, R, De Vos P, Guerre-Millo M, Leturque A, Girard J, Staels B, and 

Auwerx J. Transient increase in obese gene expression after food intake or 

insulin administration. Nature 377: 527-529, 1995 
21. Boden, G, Chen X, Kolaczynski JW, and Polansky M. Effects of prolonged 

hyperinsulinemia on serum leptin in normal human subjects. J Clin Invest 

100: 1107-1113, 1997 
22. Kolaczynski, JW, Nyce MR, Considine RV, Boden G, Nolan JJ, Henry R, 

Mudaliar SR, Olefsky J, and Caro JF. Acute and chronic effects of insulin on 

leptin production in humans: studies in vivo and in vitro. Diabetes 45: 699-

701, 1996 
23. Stephens TW, Basinski M, Bristow PK, Bue-Valleskey JM, Burgett SG, Craft L, 

Hale J, Hoffmann J, Hsiung HM, Kriauciunas A, et al.The role of neuropeptide 

Y in the antiobesity action of the obese gene product. Nature 377: 530-532, 

1995  
24. I Cusin, F Rohner-Jeanrenaud, A Stricker-Krongrad and B Jeanrenaud The 

weight-reducing effect of an intracerebro-ventricular bolus injection of leptin 

in genetically obese fa/fa rats. Diabetes 45: 1446-1450, 1996 
25. A Sainsbury, I Cusin, F Rohner-Jeanrenaud and B Jeanrenaud Adrenalectomy 

prevents the obesity syndrome produced by chronic central neuropeptide Y 

infusion in normal rats. Diabetes 46: 209-214, 1997 
26. Q Wang, C Bing, K Al-Barazanji, DE Mossakowaska, XM Wang, DL McBay, WA 

Neville, M Taddayon, L Pickavance, S Dryden, ME Thomas, MT McHale, IS 

Gloyer, S Wilson, R Buckingham, JR Arch, P Trayhurn and G Williams 

Interactions between leptin and hypothalamic neuropeptide Y neurons in the 

control of food intake and energy homeostasis in the rat. Diabetes 46: 335-

341, 1997 
27. Erickson, Clegg, and Palmiter Sensitivity to leptin and susceptibility to 

seizures of mice lacking neuropeptide Y. Nature 381: 415-421, 1996  
28. KE Zakrzewska, I Cusin, A Sainsbury, F Rohner-Jeanrenaud and B Jeanrenaud 

Glucocorticoids as counterregulatory hormones of leptin. Toward an 

understanding of leptin resistance. Diabetes 46: 717-719, 1997  
29. CONSIDINE, R. V., M. K. SINHA, M. L. HEIMAN, A. KRIAUCHUNAS, T. W. 

STEPHENS, M. R. NYCE, J. P. OHANNESIAN, C. C. MARCO, L. J. MCKEE, T. L. 



   www.abcbodybuilding.com                                                                               Satiety  28 

BAUER, AND J. F. CARO. Serum immunoreactive-leptin concentrations in 

normal-weight and obese humans. N. Engl. J. Med. 334: 292-295, 1996  
30. SINHA, M. K., J. P. OHANNESIAN, M. L. HEIMAN, A. KRIAUCIUNAS, T. W. 

STEPHENS, S. MAGOSIN, C. MARCO, AND J. F. CARO. Nocturnal rise of leptin 

in lean, obese, and non-insulin-dependent diabetes mellitus subjects. J. Clin. 

Invest. 97: 1344-1347, 1996  
31. M. Romon P. Lebel C. Velly, N. Marecaux, J. C. Fruchart, and J. Dallongeville. 

Leptin response to carbohydrate or fat meal and association with subsequent 

satiety and energy intake. Am J Physiol Endocrinol Metab 277: E855-E861, 

1999; 
32. Barrachina, M. D., V. Martinez, L. Wang, J. Y. Wei, and Y. Tache. Synergistic 

interaction between leptin and cholecystokinin to reduce short-term food 

intake in lean mice. Proc. Natl. Acad. Sci. USA 94: 10455-10460, 1997 
33. Tang-Christensen, M., P. J. Havel, R. R. Jacobs, P. J. Larsen, and J. L. 

Cameron. Central administration of leptin inhibits food intake and activates 

the sympathetic nervous system in rhesus macaques. J. Clin. Endocrinol. 

Metab. 84: 711-717, 1999 
34. Havel, P. J., R. Townsend, and K. Teff. High carbohydrate meals induce 

postprandial rises of circulating leptin and increase nocturnal and 24 h leptin 

concentrations in women. Int. J. Obes. Relat. Metab. Disord. 22, Suppl.: S40, 

1998.  
35. Matson CA, Wiater MF, Kuijper JL, Weigle DS 1997 Synergy between leptin 

and cholecystokinin (CCK) to control daily caloric intake. Peptides 18:1275–

1278 
36. Barrachina MD, Martinez V, Wang L, Wei JY, Tache Y 1997 Synergistic 

interaction between leptin and cholecystokinin to reduce short-term food 

intake in lean mice. Proc Natl Acad Sci USA 94:10455–10460  
37. Emond M, Schwartz GJ, Ladenheim EE, Moran TH 1999 Central leptin 

modulates behavioral and neural responsitivity to CCK. Am J Physiol 

276:R1545–R1549  
38. Matson CA, Reid DF, Cannon TA, Ritter RC 2000 Cholecystokinin and leptin 

act synergistically to reduce body weight. Am J Physiol 278:R882–R890  
39. Julie E. McMinn, Dana K. Sindelar, Peter J. Havel and Michael W. Schwartz 

Leptin Deficiency Induced by Fasting Impairs the Satiety Response to 

Cholecystokinin Endocrinology Vol. 141, No. 12 4442-4448 2000.  
40. Didier Chapelot, Roberte Aubert, Corinne Marmonier, Michèle Chabert and 

Jeanine Louis-Sylvestre An endocrine and metabolic definition of the 

intermeal interval in humans: evidence for a role of leptin on the prandial 

pattern through fatty acid disposal American Journal of Clinical Nutrition, Vol. 

72, No. 2, 421-431, August 2000  
41. Schwartz MW, Baskin DG, Kaiyala KJ, Woods SC. Model for the regulation of 

energy balance and adiposity by the central nervous system. Am J Clin Nutr 

1999;69:584–96.  
42. Wendy M. Mueller, Francine M. Gregoire, Kimber L. Stanhope, Charles V. 

Mobbs, Tooru M. Mizuno, Craig H. Warden, Judith S. Stern and Peter J. Havel. 

Evidence That Glucose Metabolism Regulates Leptin Secretion from Cultured 

Rat Adipocytes Endocrinology Vol. 139, No. 2 551-558 Copyright © 1998.  
43. Brent E Wisse, L Arthur Campfield, Errol B Marliss, José A Morais, Renata 

Tenenbaum and Réjeanne Gougeon Effect of prolonged moderate and severe 

energy restriction and refeeding on plasma leptin concentrations in obese 



   www.abcbodybuilding.com                                                                               Satiety  29 

women American Journal of Clinical Nutrition, Vol. 70, No. 3, 321-330, 

September 1999 
44. NL Keim, JS Stern and PJ Havel Relation between circulating leptin 

concentrations and appetite during a prolonged, moderate energy deficit in 

women American Journal of Clinical Nutrition, Vol 68, 794-801, Copyright © 

1998 
45. aa 
46. Moran TH, McHugh PR. Cholecystokinin suppresses food intake by inhibiting 

gastric emptying. Am J Physiol. 1982 May;242(5):R491-7.  
47. Liddle RA, Goldfine ID, Rosen MS, Taplitz RA, Williams JA. Cholecystokinin 

bioactivity in human plasma. Molecular forms, responses to feeding, and 

relationship to gallbladder contraction. 
48. Gibbs J, Young RC, and Smith GP. Cholecystokinin decreases food intake in 

rats. J Comp Physiol Psychol 84: 488-495, 1973 
49. Kissileff HR, Pi-Sunyer FX, Thornton J, and Smith GP. Cholecystokinin 

decreases food intake in man. Am J Clin Nutr 34: 154-160, 1981. 
50. Moran TH and Schwartz GJ. Neurobiology of cholecystokinin. Crit Rev 

Neurobiol 9: 1-28, 1994 
51. Muurahainenn N, Kissileff HR, Derogatis AJ, and Pi-Sunyer FX. Effects of 

cholecystokinin-octapeptide (CCK-8) on food intake and gastric emptying in 

man. Physiol Behav 44: 644-649, 1988.  
52. Beglinger C, Degen L, Matzinger D, D'Amato M, and Drewe J. Loxiglumide, a 

CCK-A receptor antagonist, stimulates calorie intake and hunger feelings in 

humans. Am J Physiol Regul Integr Comp Physiol 280: R1149-R1154, 2001 
53. Hewson G, Leighton GE, Hill RG, and Hughes J. The cholecystokinin receptor 

antagonist L364,718 increases food intake in the rat by attenuation of 

endogenous cholecystokinin. Br J Pharmacol 93: 79-84, 1988 
54. Edwards GL, Ladenheim EE, and Ritter RC. Dorsomedial hindbrain 

participation in cholecystokinin-induced satiety. Am J Physiol Regul Integr 

Comp Physiol 251: R971-R977, 1986  
55. Stephen C. Woods Gastrointestinal Satiety Signals I. An overview of 

gastrointestinal signals that influence food intake Am J Physiol Gastrointest 

Liver Physiol 286: G7-G13, 2004; 10.1152/ajpgi.00448.2003 
56. Gibbs J, Young RC, and Smith GP. Cholecystokinin decreases food intake in 

rats. J Comp Physiol Psychol 84: 488-495, 1973 
57. West DB, Fey D, and Woods SC. Cholecystokinin persistently suppresses meal 

size but not food intake in free-feeding rats. Am J Physiol Regul Integr Comp 

Physiol 246: R776-R787, 1984  
58. Crawley JN and Beinfeld MC. Rapid development of tolerance to the 

behavioural actions of cholecystokinin. Nature 302: 703-706, 1983 
59. Cunningham, KM, Daly J, Horowitz M, and Read NW. Gastrointestinal 

adaptation to diets of differing fat composition in human volunteers. Gut 32: 

483-486, 1991  
60. French, SJ, Murray B, Rumsey RDE, Fadzlin R, and Read NW. Adaptation to 

high fat diets: effects on eating behaviour and plasma cholecystokinin. Br J 

Nutr 73: 179-189, 1995 
61. Covasa, M, and Ritter RC. Adaptation to high-fat diet reduces inhibition of 

gastric emptying by CCK and intestinal oleate. Am J Physiol Regulatory 

Integrative Comp Physiol 278: R166-R170, 2000 



   www.abcbodybuilding.com                                                                               Satiety  30 

62. French, SJ, Murray B, Rumsey RDE, Fadzlin R, and Read NW. Adaptation to 

high fat diets: effects on eating behaviour and plasma cholecystokinin. Br J 

Nutr 73: 179-189, 1995 
63. K. E. Castiglione, N. W. Read, and S. J. French Adaptation to high-fat diet 

accelerates emptying of fat but not carbohydrate test meals in humans Am J 

Physiol Regul Integr Comp Physiol 282: R366-R371, 2002; 

10.1152/ajpregu.00190.2001 
64. C. K. Rayner, H. S. Park, S. M. Doran, I. M. Chapman, and M. Horowitz 

Effects of cholecystokinin on appetite and pyloric motility during physiological 

hyperglycemia Am J Physiol Gastrointest Liver Physiol 278: G98-G104, 2000; 
65. P. M. Melton, H. R. Kissileff and F. X. Pi-Sunyer Cholecystokinin (CCK-8) 

affects gastric pressure and ratings of hunger and fullness in women. Am J 

Physiol Regul Integr Comp Physiol 263: R452-R456, 1992; 
66. Figlewicz, DP, Sipols AJ, Porte D, Jr, Woods SC, and Liddle RA. 

Intraventricular CCK inhibits food intake and gastric emptying in baboons. Am 

J Physiol Regul Integr Comp Physiol 256: R1313-R1317, 1989 
67. Liberge, M, Arruebo P, and Bueno L. CCK8 neurons of the ventromedial (VMH) 

hypothalamus mediate the upper gut motor changes associated with feeding 

in rats. Brain Res 508: 118-123, 1990 
68. Talman, WT, Andreasen K, Calvin J, and Eversmann-Johanns S. 

Cholecystokinin in nucleus tractus solitarii modulates tonic and phasic gastric 

pressure. Am J Physiol Regul Integr Comp Physiol 261: R217-R222, 1991 
69. Ebenezer, I. S., C. de la Riva, and B. A. Baldwin. Effects of the CCK receptor 

antagonist MK-329 on food intake in pigs. Physiol. Behav. 47: 145-148, 1990 
70. Sharara, A. I., E. P. Bouras, M. A. Misukonis, and R. A. Liddle. Evidence for 

indirect dietary regulation of cholecystokinin release in rats. Am. J. Physiol. 

265 (Gastrointest. Liver Physiol. 28): G107-G112, 1993  
71.  Spannagel, A. W., G. M. Green, D. Guan, R. A. Liddle, K. Faull, and J. R. 

Reeve, Jr. Purification and characterization of a luminal cholecystokinin-

releasing factor from rat intestinal secretion. Proc. Natl. Acad. Sci. USA 93: 

4415-4420, 1996 
72. Smith, G. P., D. Greenberg, J. D. Falasco, A. A. Avilion, J. Gibbs, R. A. Liddle, 

and J. A. Williams. Endogenous cholecystokinin does not decrease food intake 

or gastric emptying in fasted rats. Am. J. Physiol. 257 (Regulatory Integrative 

Comp. Physiol. 26): R1462-R1466, 1989 
73. Todd Woltman and Roger Reidelberger Role of cholecystokinin in the anorexia 

produced by duodenal delivery of peptone in rats Am J Physiol Regul Integr 

Comp Physiol 276: R1701-R1709, 1999.  
74. Jensen RT, Lemp GF, and Gardner JD. Interaction of cholecystokinin with 

specific membrane receptors on pancreatic acinar cells. Proc Natl Acad Sci 

USA 77: 2079-2083, 1980  
75. Chowdhury CR, Berkowitz JM, Praissman M, and Fara JW. Effect of sulfated 

and nonsulfated gastrin and octapeptide cholecystokinin on cat gallbladder in 

vitro. Experientia 32: 1173-1175, 1976 
76. McHugh PR and Moran TH. The stomach: a conception of its dynamic role in 

satiety. Prog Psychobiol Physiol Psychol 2: 197-232, 1985 
77. Geliebter A. Gastric distension and gastric capacity in relation to food intake 

in humans. Physiol Behav 44: 665-668, 1988 
78. Caroline G MacIntosh, Jane M Andrews, Karen L Jones, Judith M Wishart, 

Howard A Morris, Jan BMJ Jansen, John E Morley, Michael Horowitz and Ian M 

Chapman Effects of age on concentrations of plasma cholecystokinin, 



   www.abcbodybuilding.com                                                                               Satiety  31 

glucagon-like peptide 1, and peptide YY and their relation to appetite and 

pyloric motility. American Journal of Clinical Nutrition, Vol. 69, No. 5, 999-

1006, May 1999 
79. Brief, D. J., and J. D. Davis. Reduction of food intake and body weight by 

chronic intraventricular insulin infusion. Brain Res. Bull. 12: 571-575, 1984 
80. Woods, S. C., L. J. Stein, L. D. McKay, and D. Porte, Jr. Chronic 

intracerebroventricular infusion of insulin reduces food intake and body 

weight in baboons. Nature 282: 503-505, 1979 
81. Woods, S. C., L. J. Stein, L. D. McKay, and D. Porte, Jr. Suppression of food 

intake by intravenous nutrients and insulin in the baboon. Am. J. Physiol. 247 

(Regulatory Integrative Comp. Physiol. 16): R393-R401, 1984 
82. Mayer J. Glucostatic mechanism of regulation of food intake. N Engl J Med 

1953;249:13–4.  
83. Oomura Y, Ono T, Ooyama H, Wayner MJ. Glucose and osmosensitive 

neurones of the rat hypothalamus. Nature 1969;222:282–4.  
84. Himmi T, Boyer A, Orsini JC. Changes in lateral hypothalamic neuronal 

activity accompanying hyper- and hypoglycemias. Physiol Behav 

1988;44:347–54. 
85. Louis-Sylvestre J, Le Magnen J. A fall in blood glucose level precedes meal 

onset in free-feeding rats. Neurosci Biobehav Rev 1980; 4(suppl):13–5. 
86. Campfield LA, Smith FJ, Rosenbaum M, Hirsch J. Human eating: evidence for 

a physiological basis using a modified paradigm. Neurosci Biobehav Rev 

1996;20:133–7 
87. Mayer, J. Regulation of energy intake and body weight, the glucostatic theory 

and the lipostatic hypothesis. Ann. NY Acad. Sci. 63: 15-43, 1955.  
88. Steffens, A. B. The influence of insulin injections and infusions on eating and 

blood glucose level in the rat. Physiol. Behav. 4: 823-828, 1969. 
89. Strubbe, J. H., and A. B. Steffens. Blood glucose levels in portal and 

peripheral circulation and their relation to food intake in the rat. Physiol. 

Behav. 19: 303-307, 1977  
90. G Harvey Anderson, Nicole LA Catherine, Dianne M Woodend and Thomas MS 

Wolever Inverse association between the effect of carbohydrates on blood 

glucose and subsequent short-term food intake in young menAmerican 

Journal of Clinical Nutrition, Vol. 76, No. 5, 1023-1030, November 2002 
91. Woodend DM, Anderson GH. Effect of sucrose and safflower oil preloads on 

short term appetite and food intake in young men. Appetite 2001;37:185–95 
92. Rogers PJ, Blundell JE. Separating the actions of sweetness and calories: the 

effects of saccharin and carbohydrate on hunger and food intake in humans. 

Physiol Behav 1989;45:1093–9.  
93. Booth, D. A., and T. Brookover. Hunger elicited in the rat by a single injection 

of bovine crystalline insulin. Physiol. Behav. 3: 439-446, 1968.  
94. Grossman, M., and I. F. Stein. Vagotomy and hunger-producing action of 

insulin in man. J. Appl. Physiol. 1: 263-269, 1948 
95. Ian M. Chapman, Elizabeth A. Goble, Gary A. Wittert, John E. Morley, and 

Michael Horowitz. Effect of intravenous glucose and euglycemic insulin 

infusions on short-term appetite and food intake Am J Physiol Regul Integr 

Comp Physiol 274: R596-R603, 199 
96. Fraser, R. J., M. Horowitz, A. F. Maddox, P. E. Harding, B. E. Chatterton, and 

J. Dent. Hyperglycaemia slows gastric emptying in type 1 (insulin dependent) 

diabetes mellitus. Diabetologia 33: 675-680, 1990 



   www.abcbodybuilding.com                                                                               Satiety  32 

97. Hebbard, G., M. Samsom, W. Sun, J. Dent, and M. Horowitz. Hyperglycaemia 

affects proximal gastric motor and sensory function in normal subjects. Eur. 

J. Gastroenterol. Hepatol. 8: 211-217, 1996  
98. De Boer, S. Y., A. A. Masclee, W. F. Lam, H. H. Lemkes, J. Schipper, M. 

Frolich, J. B. Jansen, and C. B. Lamers. Effect of hyperglycaemia on 

gallbladder motility in type 1 (insulin dependent) diabetes mellitus. 

Diabetologia 37: 75-81, 1994 
99. Russo, A., R. Fraser, and M. Horowitz. The effect of acute hyperglycaemia on 

small intestinal motility in normal subjects. Diabetologia 39: 984-989, 1996  
100. J. M. Andrews, C. K. Rayner, S. Doran, G. S. Hebbard, and M. Horowitz 

Physiological changes in blood glucose affect appetite and pyloric motility 

during intraduodenal lipid infusion Am J Physiol Gastrointest Liver Physiol 

275: G797-G804, 1998 
101. Stephen C. Woods Gastrointestinal Satiety Signals I. An overview of 

gastrointestinal signals that influence food intake Am J Physiol Gastrointest 

Liver Physiol 286: G7-G13, 2004; 10.1152/ajpgi.00448.2003  
102. BILLINGTON, C. J., J. E. BRIGGS, M. GRACE, AND A. S. LEVINE. 

Effects of intracerebroventricular injection of neuropeptide Y on energy 

metabolism. Am. J. Physiol. 260 (Regulatory Integrative Comp. Physiol. 29): 

R321-R327, 1991  
103. VETTOR, R., N. ZARJEVSKI, I. CUSIN, F. ROHNER-JEANRENAUD, AND 

B. JEANRENAUD. Induction and reversibility of an obesity syndrome by 

intracerebroventricular neuropeptide Y administration to normal rats. 

Diabetologia 37: 1202-1208, 1994  
104. SCHWARTZ, M. W., J. L. MARKS, A. J. SIPOLS, D. G. BASKIN, S. C. 

WOODS, S. E. KAHN, AND D. J. PORTE. Central insulin administration reduces 

neuropeptide Y mRNA expression in the arcuate nucleus of food-deprived lean 

(Fa/Fa) but not obese (fa/fa) Zucker rats. Endocrinology 128: 2645-2647, 

1991  
105. ZARJEVSKI, N., I. CUSIN, R. VETTOR, F. ROHNER-JEANRENAUD, AND 

B. JEANRENAUD. Chronic intracerebroventricular neuropeptide-Y 

administration to normal rats mimics hormonal and metabolic changes of 

obesity. Endocrinology 133: 1753-1758, 1993  
106. SAINSBURY, A., I. CUSIN, F. ROHNER-JEANRENAUD, AND B. 

JEANRENAUD. Adrenalectomy prevents the obesity syndrome produced by 

chronic central neuropeptide Y infusion in normal rats. Diabetes 46: 209-214, 

1997 
107. Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, and 

Weigle DS. A preprandial rise in plasma ghrelin levels suggests a role in meal 

initiation in humans. Diabetes 50: 1714-1719, 2001 
108. Stephen C. Woods Gastrointestinal Satiety Signals I. An overview of 

gastrointestinal signals that influence food intake Am J Physiol Gastrointest 

Liver Physiol 286: G7-G13, 2004; 10.1152/ajpgi.00448.2003 
109. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, Dhillo 

WS, Ghatei MA, and Bloom SR. Ghrelin enhances appetite and increases food 

intake in humans. J Clin Endocrinol Metab 86: 5992, 2001 
110. Wren AM, Small CJ, Abbott CR, Dhillo WS, Seal LJ, Cohen MA, 

Batterham RL, Taheri S, Stanley SA, Ghatei MA, and Bloom SR. Ghrelin 

causes hyperphagia and obesity in rats. Diabetes 50: 2540-2547, 2001 
111. Date Y, Murakami N, Toshinai K, Matsukura S, Niijima A, Matsuo H, 

Kangawa K, and Nakazato M. The role of the gastric afferent vagal nerve in 



   www.abcbodybuilding.com                                                                               Satiety  33 

ghrelin-induced feeding and growth hormone secretion in rats. 

Gastroenterology 123: 1120-1128, 2002 
112. Muccioli G, Tschop M, Papotti M, Deghenghi R, Heiman M, and Ghigo E. 

Neuroendocrine and peripheral activities of ghrelin: implications in 

metabolism and obesity. Eur J Pharmacol 440: 235–254, 2002 
113. Geliebter, A, Westreich S, and Gage D. Gastric distention by balloon 

and test-meal intake in obese and lean subjects. Am J Clin Nutr 48: 592-594, 

1988 
114. Theresa A. Spiegel, Harry Fried, Christine D. Hubert, Steven R. Peikin, 

Jeffry A. Siegel, and Louis S. Zeiger Effects of posture on gastric emptying 

and satiety ratings after a nutritive liquid and solid meal Am J Physiol Regul 

Integr Comp Physiol 279: R684-R694, 2000 
115. Burn-Murdoch, R, Fisher MA, and Hunt JN. Does lying on the right side 

increase the rate of gastric emptying? J Physiol (Lond) 302: 395-398, 1980  
116. Carney, BI, Jones KL, Horowitz M, Sun WM, Penagini R, and Meyer JH. 

Gastric emptying of oil and aqueous meal components in pancreatic 

insufficiency: effects of posture and on appetite. Am J Physiol Gastrointest 

Liver Physiol 268: G925-G932, 1995 
117. Doran, S, Jones KL, Andrews JM, and Horowitz M. Effects of meal 

volume and posture on gastric emptying of solids and appetite. Am J Physiol 

Regulatory Integrative Comp Physiol 275: R1712-R1718, 1998 
118. Barbara J Rolls, Elizabeth A Bell and Bethany A Waugh. Increasing the 

volume of a food by incorporating air affects satiety in men. American Journal 

of Clinical Nutrition, Vol. 72, No. 2, 361-368, August 2000 
119. BO Schneeman. Effects of nutrients and nonnutrients on food 

intakeAmerican Journal of Clinical Nutrition, Vol 42, 966-972, Copyright © 

1985 
120. Howarth, N.C., E. Saltzman, and S.B. Roberts. Dietary fiber and weight 

regulation. Nutr. Rev. 59:129–139. 2001. 
121. Rolls, Barbara J., Kral, Tanja V.E.. 2002: NUTRITION NOTES: Feel Full 

on Fewer Calories. Strength and Conditioning Journal: Vol. 24, No. 3, pp. 65–

67. 
122. Schneeman, BO. Dietary fiber and gastrointestinal function. Nutr Res 

1998;18:625–32.  
123. Bourdon I, Yokoyama W, Davis PA, et al. Postprandial lipid, glucose, 

insulin, and cholecystokinin responses in men fed barley pasta enriched with 

ß-glucan. Am J Clin Nutr 1999;69:55–63 
124. Bourdon I, Olson B, Backus R, Richter BD, Davis PA, Schneeman BO. 

Beans, as a source of dietary fiber, increase cholecystokinin and apo B48 

response to test meals in men. J Nutr 2001;131:1485–90 
125. Burton-Freeman B, Schneeman BO. Lipid infused into the duodenum of 

rats at varied rates influences food intake and body weight gain. J Nutr 

1996;126:2934–9  
126. Venom. Fiber Dynamics part 2. Journal of Hyperplasia Research. July 

2003.  
127. Venom. Nutrient Density Explored Journal of Hyperplasia Research. 

October 2003.   
128. Duncan KH, Bacon JA, Weinsier RL. The effects of high and low energy 

density diets on satiety, energy intake, and eating time of obese and 

nonobese subjects. Am J Clin Nutr 1983;37:763–7.  



   www.abcbodybuilding.com                                                                               Satiety  34 

129. Rolls BJ, Castellanos VH, Halford JC, et al. Volume of food consumed 

affects satiety in men. Am J Clin Nutr 1998;67:1170–7.  
130. Bell EA, Castellanos VH, Pelkman CL, Thorwart ML, Rolls BJ. Energy 

density of foods affected energy intake in normal-weight women. Am J Clin 

Nutr 1998;67:412–20  
131. Barbara J Rolls, Elizabeth A Bell and Michelle L Thorwart. Water 

incorporated into a food but not served with a food decreases energy intake 

in lean women. American Journal of Clinical Nutrition, Vol. 70, No. 4, 448-

455, October 1999 
132. Lappalainen R, Mennen L, van Weert L, Mykkanen H. Drinking water 

with a meal: a simple method of coping with feelings of hunger, satiety and 

desire to eat. Eur J Clin Nutr 1993;47:815–9 
133. Barbara J Rolls, Victoria H Castellanos, Jason C Halford, Arun Kilara, 

Dinakar Panyam, Christine L Pelkman,Gerard P Smith, and Michelle L 

Thorwart Volume of food consumed affects satiety in men. Am J Clin Nutr 

1998; 
134. Katch, V.L Martin R. & Martin J. Effects of exercise intensity on food 

consumption in male rat. American Journal of Clinical Nutrition. 1979.  
135. Westerterp-Plantenga, M. S., C. R. T. Verwegen, M. J. W. Ijedema, N. 

E. G. Wijkmans, and W. H. M. Saris. Acute effects of exercise or sauna on 

appetite in obese and non-obese men. Physiol. Behav. 62: 1345-1354, 1997 
136. King, N. A., V. J. Burley, and J. E. Blundell. Exercise-induced 

suppression of appetite: effects on food intake and implications for energy 

balance. Eur. J. Clin. Nutr. 1994.  
137. Thompson, D. A., L. A. Wolfe, and R. Eikelboom. Acute effects of 

exercise intensity on appetite in young men. Med. Sci. Sports Exerc. 20: 222-

227, 1988 
138. Lobo M.J. Remesar, X., & Alemany, M. Effect of chronic intravenous 

injection of steroid hormones on body weight and composition of female rats. 

Biochemistry and Molecular Biology International. 1993.  
139. Bagdy et al. Long term cortisol treatment impairs behavioral and 

neuroendocrine response to 5-HT1 agonists in the rat. Neuroendochronology 

1989.  
140. Damian M. Bailey, Bruce Davies, Linda M. Castell, Eric A. Newsholme, 

and John Calam Physical exercise and normobaric hypoxia: independent 

modulators of peripheral cholecystokinin metabolism in man J Appl Physiol, 

Jan 2001 
141. Bailey, DM. Acute mountain sickness: the "poison of the pass." Br. J 

Sports Med 33: 376, 1999 
142. Stubbs, R. J., P. R. Murgatroyd, G. R. Goldberg, and A. M. Prentice. 

Carbohydrate balance and the regulation of day-to-day food intake in 

humans. Am. J. Clin. Nutr. 57: 897-903, 1993 
143. Figlewicz, DP, Stein LJ, West D, Porte D, Jr, and Woods SC. 

Intracisternal insulin alters sensitivity to CCK-induced meal suppression in 

baboons. Am J Physiol Regulatory Integrative Comp Physiol 250: R856-R860, 

1986 
144. Epstein AN, Stellar E. Jcomp Physiol Psychol 1955. 
145. York DA, Bray GA. Animal models hyperphagia. In: Bouchard C, Bray 

GA eds. Regulation of bodyweight: Biological and behavioral mechanisms. 

Chichester: John Wiley & Sons 1996.  



   www.abcbodybuilding.com                                                                               Satiety  35 

146. Barton C, York DA, Bray GA. Opioid receptor subtype control of 

galanin-induced feeding. Peptides. 1996;17(2):237-40. 
147. Drewnowski, A.M Kurth C, Holden Wiltse. L & Saari, J. Food 

preferences in human obesity: carbohydrates vs. fats. Appetite 1992.  
148. Schwarts, M. W Woods S.C Porte Jr. D; Seeley R.J & Baskin D.G 

Central nervous system control of food intake. Nature 2000.  
149. France Bellisle and Anne-Marie Dalix. Cognitive restraint can be offset 

by distraction, leading to increased meal intake in women. American Journal 

of Clinical Nutrition, Vol. 74, No. 2, 197-200, August 2001.  
150. Roger PJ, and Blundell JE. Separating the actions of sweetness and 

calories. Effects of saccarin and carbohydrates on hunger and food intake in 

human subjects. Physiol. Behav. 45:1093-1099, 1989 
151. DJ Canty and MM Chan Effects of consumption of caloric vs noncaloric 

sweet drinks on indices of hunger and food consumption in normal 

adultsAmerican Journal of Clinical Nutrition, Vol 53, 1159-1164, Copyright © 

1991 
152. Anne Raben, Tatjana H Vasilaras, A Christina Møller and Arne Astrup. 

Sucrose compared with artificial sweeteners: different effects on ad libitum 

food intake and body weight after 10 wk of supplementation in overweight 

subjects. American Journal of Clinical Nutrition, Vol. 76, No. 4, 721-729, 

October 2002. 
153. BJ Rolls Effects of intense sweeteners on hunger, food intake, and 

body weight: a review American Journal of Clinical Nutrition, Vol 53, 872-878, 

Copyright © 1991 
154. Rogers PJ, Blundell JE. Separating the actions of sweetness and 

calories: effects of saccharin and carbohydrates on hunger and food intake in 

human subjects. Physiol Behav 1989;45:1093–9.  
155. Paul Insel, R. Elaine Turner, Don Ross. Discovering nutrition American 

Dietetic Association. 2003.  
156. Brobeck, J. R. Food intake as a mechanism of temperature regulation. 

Yale I. Biol. Med. 20: 545-552, 1948. 
157. Igor I. Rybkin, You Zhou, Julia Volaufova, Gennady N. Smagin, Donna 

H. Ryan, and Ruth B. S. Harris Effect of restraint stress on food intake and 

body weight is determined by time of day Am J Physiol Regul Integr Comp 

Physiol 273: R1612-R1622, 1997 
158. Kennett, G. A., F. Chaouloff, M. Marcou, and G. Curzon. Female rats 

are more vulnerable than males in an animal model of depression: the 

possible role of serotonin. Brain Res. 382: 416-421, 1986 
159. Heinrichs, S. C., F. Menzaghi, E. M. Pich, R. L. Hauger, and G. F. Koob. 

Corticotropin-releasing factor in the paraventricular nucleus modulates 

feeding induced by neuropeptide Y. Brain Res. 611: 18-24, 1993 
160. Hollie A. Raynor, Leonard H. Epstein Dietary Variety, Energy 

Regulation, and Obesity. Department of Pediatrics. Social and Preventive 

Medicine and Psychology. Vol. 127, No. 3, 325-341. May 2001  
161. Estornell, E., Cabo, J. & Barber, T. Protein synthesis is stimulated in 

nutritionally obese rats. Journal of Nutrition, 125, 1309-1315. 1995.   
162. Louis-Sylvestre, J., Giachetti, I. & LeMagnen, J. Sensory versus dietary 

factors in cafeteria-induced overweight. Physiology & Behavior, 32, 901-905 

1984.  
163. Prats, E., Monfar, M., Castella, J., Iglesias, R. & Alemany, M. Energy 

intake of rats fed a cafeteria diet. Physiology & Behavior, 45. 1989 



   www.abcbodybuilding.com                                                                               Satiety  36 

164. Zylan, K. D. & Brown, S. D. Effect of stress and food variety on food 

intake in male and female rats. Physiology & Behavior. 1996 
165. Rolls, B. J., van Duijvenvoorde, P. M. & Rowe, E. A. Variety in the diet 

enhances intake in a meal and contributes to the development of obesity in 

the rat. Physiology & Behavior, 31, 21-27 1983 
166. Clifton, P. G., Burton, M. J. & Sharp, C. Rapid loss of stimulus-specific 

satiety after consumption of a second food. Appetite, 9, 149-156 1987 
167. Morrison, G. R. Alterations in palatability of nutrients for the rat as a 

result of prior testing. Journal of Comparative and Physiological Psychology, 

86, 56-61 1974 
168. Treit, D., Spetch, M. L. & Deutsch, J. A. Variety in the flavor of food 

enhances eating in the rat: A controlled demonstration. Physiology & 

Behavior, 30, 207-211 1983 
169. Rolls, B. J., van Duijvenvoorde, P. M. & Rolls, E. T. Pleasantness 

changes and food intake in a varied four course meal. Appetite, 5, 337-348. 

1984 
170. Rolls, B. J., Rowe, E. A., Rolls, E. T., Kingston, B., Megson, A. & 

Gunary, R. Variety in a meal enhances food intake in man. Physiology & 

Behavior, 26, 215-221. 1981 
171. Rolls, B. J., Rolls, E. T. & Rowe, E. A. The influence of variety on 

human food selection and intake.In L. M. Barker (Ed.), The psychobiology of 

human food selection (pp. 101—122). Westport, CT: AVI. 1982 
172. Rolls, B. J., Rowe, E. A. & Rolls, E. T. How sensory properties of foods 

affect human feeding behavior. Physiology & Behavior, 29, 409-417 1982 
173. Lawton CL, Delargy HJ, Brockman J, Smith FC, Blundell JE. The degree 

of saturation of fatty acids influences post-ingestive satiety. Br J Nutr. 2000 

May;83(5):473-82. 
174. BJ Rolls Carbohydrates, fats, and satietyAmerican Journal of Clinical 

Nutrition, Vol 61, 960S-967S, Copyright © 1995 
175. JE Blundell, VJ Burley, JR Cotton and CL Lawton Dietary fat and the 

control of energy intake: evaluating the effects of fat on meal size and 

postmeal satiety. American Journal of Clinical Nutrition, Vol 57, 772S-777S, 

Copyright © 1993 
176. G Harvey Anderson, Nicole LA Catherine, Dianne M Woodend and 

Thomas MS Wolever Inverse association between the effect of carbohydrates 

on blood glucose and subsequent short-term food intake in young men. 

American Journal of Clinical Nutrition, Vol. 76, No. 5, 1023-1030, November 

2002.  
177. Johnstone AM, Stubbs RJ, Harbron CG. Effect of overfeeding 

macronutrients on day-to-day food intake in man. Eur J Clin Nutr 

1996;50:418–30  
178. Westerterp-Plantenga M, Rolland V, Wilson S, Westerterp K. Satiety 

related to 24-h diet-induced thermogenesis during high protein/carbohydrate 

versus high fat diets measured in a respiration chamber. Eur J Clin Nutr 

1999;53:495–502  
179. Marmonier C, Chapelot D, Louis-Sylvestre J. Effects of macronutrient 

content and energy density of snacks consumed in a satiety state on the 

onset of the next meal. Appetite 2000;34:161–8 
180. Corinne Marmonier, Didier Chapelot, Marc Fantino and Jeanine Louis-

Sylvestre Snacks consumed in a nonhungry state have poor satiating 

efficiency: influence of snack composition on substrate utilization and hunger. 



   www.abcbodybuilding.com                                                                               Satiety  37 

American Journal of Clinical Nutrition, Vol. 76, No. 3, 518-528, September 

2002 
181. W. A. Cupples Peptides that regulate food intake. Am J Physiol Regul 

Integr Comp Physiol 284: R1370-R1374, 2003; 10.1152/ajpregu.00129.2003 
182. God  
183. President Wilson Pre Contest Week - An In Depth Analysis Journal of 

Hyperplasia Research. September 2003.  
184. S.H.A. Holt, J.C. Brand Miller, P. Petocz, & E. Farmakalidis. A Satiety 

Index of Common Foods. European Journal of Clinical Nutrition. September 
1995.  

 

©  ABC Bodybuilding Company. All rights reserved. Disclaimer 

  

http://www.abcbodybuilding.com/disclaimer.htm

