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higher weights. Ghrelin can be abnormally elevated in response to 
energy loss or fasting, or as a genetic increase. In the genetic disease, 
Prader-Willi syndrome, high ghrelin levels are associated with morbid 
obesity [30,31]. It is also speculated that high ghrelin levels cause 
hyperphagia and excessive weight gain a�er dieting or fasting [18]. High 
ghrelin levels not only contribute to weight gain by excessive eating, 
but also by decreasing sympathetic nervous system tone speci�cally, 
decreasing metabolism overall, and promoting the synthesis of fat cells 
[15,30,32-34].

Implications for case study

�e constant, low level hunger that is now a constant companion of 
Susan’s, is in large part due to increases in ghrelin. Part of this increase 
results from energy de�cit, and part may be due to Susan’s restrained 
style of eating. In a study of young anorexic women (ANs) it was found 
that higher than normal ghrelin levels were associated with “restrained 
eating” though the ANs may have dampened awareness of their hunger 
[35]. Regardless of all the factors involved, she is no doubt succumbing 
to some of the side e�ects of excess ghrelin; decreased metabolism, and 
increased fat synthesis. 

�e longer Susan deprives herself of necessary energy, the greater 
ghrelin’s compensation will be. Susan’s initial weight loss has slowed, 
and she is also noticing that she must eat about a third less calories per 
day to maintain the same weight. �is is largely due to “hibernation” 
state where energy is being conserved and very little energy is being 
expended [21,33,36]. 

While Susan’s ghrelin levels increase, her ability to �ght the 
intense hunger may give way to overeating and rebound weight with 
preferential fat gain [25,26]. A recent study of mice showed that when 
obese mice were put on a weight loss diet they regained the lost weight 
quickly and substantially. Furthermore, once the regain occurred the 
amount of expended energy never returned to the levels witnessed 
prior to the compensated obese state [36]. 

Susan is experiences the e�ects of prolonged dieting, and is falling 
victim to the mechanisms that could cause the rebound weight gain 
seen in dieters [37]. Going hungry appears to disrupt the homeostasis 
of ghrelin causing the individual to not only recoup the lost calories, 
but be better at creating fat cells, and more e�cient at storing calories. 

Anorexigenic Forces
�ere are three ways in which satiety is perceived. One way is 

passive, in other words, when the stomach �lls and hunger hormone 
levels drop, hunger decreases and satiety is experienced as the absence 
of hunger [38]. Another way is through the stretching of the stomach 
neurons as the stomach gets full [39]. Stomach muscles stretch 
triggering a�erent neurons that then send signals to the brain to [39].

Fullness is also perceived through a variety of peptides, proteins, and 
hormones. For example, as soon as the stomach �lls and metabolism of 
food has begun, peptide YY is secreted [28,40]. Peptide YY, also known 
as PY36-336, or PYY, is a circulating enzyme that communicates 
satiety to the central nervous system [41]. PYY sends a signal to the 
hypothalamus ‘turning o�” orexigenic hormones like neuropeptide Y 
and orexigen [13,42]. �ese biochemical responses point to a system 
that resists hyperphagia and calls for limited quantities of food. �is 
e�ect occurs a�er every meal, with the signal lessening as the stomach 
empties. Causing PYY to be continually infused however, does not 
continue to cause a feeling of fullness. In studies of rodents receiving 
continuous infusions of PYY, initial food intake decreases but does not 

continue [43]. While “fullness” hormones like PYY have a physiologic 
e�ect of limiting weight, with unnatural and prolonged levels, it appears 
the default is to “turn o�” fullness cues. �is phenomenon also supports 
the “overcompensation to prevent starvation” hypothesis where weight 
homeostasis protects energy stores over protecting leanness.

Leptin

Leptin was originally thought to be a long term “satiety” hormone 
[44-47]. A biochemical produced by fat cells, leptin communicates the 
number of peripheral fat cells to the central nervous system: the higher 
the level of leptin the lower the levels of hunger hormones [13,48,49]. 
In this way, in a well-nourished body with adequate fat stores, appetite 
will be reduced [50,51]. Given this normal physiology, the view that 
homeostasis exists to keep an individual at a balanced weight is 
supported.

When leptin levels are low (low amounts of stored energy), a 
“starvation” response is elicited [51] including many of the responses 
seen with high ghrelin levels: hyperphagia, decreased thermogenesis, 
and decreased sympathetic energy expenditure [12]. When this 
homeostatic response leads to a rise in leptin levels, appetite is 
suppressed [49]. With extra fat, energy expenditure increases and 
thyroid function also rises in energy recouping states [12,48,52]. �is 
compensatory increase in metabolism once again causes leptin levels to 
fall. Responding to low leptin levels in this way prevents succumbing to 
starvation, leading to the conclusion that weight homeostasis involving 
leptin not only communicates energy status that limits hunger but 
works to “defend against loss of adiposity” in times of deprivation [36].

Leptin excess

�e kind of leptin sensitivity illustrated above means that the 
amount of stored energy is communicated to the CNS and hunger 
hormones, including neuropeptide Y and orexigen are suppressed. 
Sustained high levels of leptin, as seen in prolonged overweight states, 
do not appear to trigger the same increase in energy expenditure and 
fat cell lipolysis [46,53]. �is �nding has led researchers to conclude 
that the CNS can become resistant to leptin [54]. 

Leptin resistance at �rst glance may argue against viable weight 
homeostasis, with excess fat leading to excess fat. However, keeping 
in mind that the default in weight homeostasis is to resist starvation, 
the phenomenon of leptin insensitivity in the overweight may not be 
so counterintuitive. A similar kind of resistance to the fullness signal 
of PYY is seen with prolonged infusion [55]. Unfortunately, in leptin 
resistance the CNS cannot receive the communication, negatively 
impacting the health of the severely overweight person. Unable to 
receive leptin signals, the central nervous system of the leptin resistant 
individual responds much the same way as someone truly de�cient in 
fat cells; through compensatory overeating and reducing the amount of 
energy expended [54,56]. 

When looking at physiologic changes during weight loss, 
contradictory forces appear to be at work. In the initial period of weight 
loss, leptin sensitivity increases helping to facilitate weight loss [12]. 
However, because low leptin levels induce a “starvation response”, 
hyperphagia, decreased sympathetic tone, decreased thyroid, and 
overall decreased metabolism soon follows causing rebound weight 
gain. [12,57-60]. 

Ultimately, leptin works to curb appetite when neither hunger or 
fullness cues are overridden. Both overeating and undereating appear 
to reduce this e�ect long term. 
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physiologic forces aimed at preserving energy stores. �is means that 
while it may be relatively easy to lose weight initially, regaining lost 
weight over time is o�en inevitable [69,77,78]. �is �nding has in turn 
has led to increased investigation into medical and surgical weight 
loss [79], leading to a simultaneous and ironic side e�ect of a better 
understanding of weight homeostasis [outland]. 

If weight education could focus on tuning into both hunger and 
fullness cues rather than decreasing calories, perhaps some of the excess 
weight gain could be prevented [75]. All humans were born with the 
ability to eat intrinsically [80]. �e current trend in infant feeding [81] 
and eating disorder treatment [82] uses homeostatic friendly ways to 
guide consumption. A growing number of commercial and therapeutic 
treatments are also helping train chronic dieters to eat in this innately 
oriented way [83-88]. Tuning into homeostatic cues avoids overriding 
fullness and eating too much as well as ignore hunger and initially 
eating too little only to overcompensate at a later date. Eating in an 
“Intuitive” or “intrinsic” way may be a low cost, easily accessible and 
e�ective way to ease and prevent obesity in at least a portion of the 
population.
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