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diet and health

Overview
A diet rich in high quality protein is gaining scientific sup-
port as a successful strategy to promote weight loss, pre-
vent weight-regain (following weight loss), or to simply 
maintain a healthy body weight.   One key factor in the 
effectiveness of higher protein diets includes the improve-
ment in appetite control and satiety.  this paper provides 
clinical evidence supporting the role of higher protein 
meals and/or diets to combat obesity and promote overall 
health across the lifespan.  in addition, recommendations 
regarding protein quantity and timing/frequency of pro-
tein consumption are provided. 

Dietary PrOtein requirements
the minimum amount of protein required to support over-
all health, growth, and maintenance is 0.80 g protein·kg-

1·d-1 for adults, which is approximately 48 g/d for women 
and 56 g/d for men [1].  When expressed as a percent-
age, this is roughly 10% of daily intake as protein [1].  
although most americans consume adequate amounts 
of dietary protein (i.e., between 12-15% of daily intake), 
additional benefits may be experienced when protein is 
consumed above this amount.  

weight LOss 
One of the ‘hallmark’ studies supporting the role of in-
creased protein for body weight management was per-
formed by Skov et al. in 1999 [2].  in that study, 65 over-
weight and obese adults completed a 6-month dietary 
intervention consisting of two ad libitum, low fat diets.  
the higher protein (hP) group was required to eat 25% of 
daily intake as protein, whereas the normal protein (nP) 
group consumed 12% of daily intake as protein.  how-
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ever, both groups were permitted to eat ad libitum in 
terms of daily energy content.  the control (COn) group 
maintained their habitual eating patterns.  although both 
diet groups led to significant weight loss over the 6 month 
period vs. COn, the hP group experienced greater weight 
loss (-8.9 kg) vs. nP (5.1 kg; p<0.05).  in fact, more hP 
volunteers lost >10 kg by 6 months compared to those in 
the nP group.  additionally, the hP group lost more fat 
mass than nP (7.6 vs. 4.3 kg, p<0.05). in a more recent 
study, Weigle et al. [3] completed a single arm, control 
trial involving 19 overweight adults over a period of 4 
months.  the volunteers completed 2 weeks of a weight 
maintenance normal protein (15%) diet followed by 2 
weeks of a weight maintenance higher protein (30%) diet.  
For the remainder of the 12 weeks, the volunteers were 
permitted to eat ad libitum but were required to continue 
the 30% protein composition.  the hP, ad libitum diet 
led to an average weight loss of 5 kg; and, 76% of the 
weight lost was fat mass.  One potential explanation for 
the greater weight loss experienced with the high protein, 
ad libitum diets might be the increase in voluntary under-
eating and subsequent energy restriction.  a discussion of 
this mechanism is explored in subsequent sections.  

Other investigators have examined the effects of pre-
scribed, iso-caloric, energy restriction diets comparing 
normal vs. higher protein intakes [4, 5].  the prescribed 
energy restriction in these studies (i.e., between -500 and 
-750 kcal reduction in eucaloric intake/d) would lead to a 
theoretical weight loss between 6-9 kg over a 12 week pe-
riod.   Regardless of protein content, all energy restriction 
diets led to significant weight loss over the 12-week pe-
riods (range: -7.6 to - 8.8 kg).  despite the similar weight 
loss, high protein diets led to greater reductions in fat 
mass [4] and a greater preservation of fat free mass [5] vs. 
normal protein diet.  the similar weight loss between diets 
may be due to the inability to voluntarily restrict intake in 
these controlled feeding trials.  Re-stated, in the iso-calor-
ic, controlled feeding diets, the volunteers were required 
to consume all foods provided and/or prescribed, regard-
less of perceived sensations of hunger, fullness, or desire 
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to eat.   however, it is important to remember that, despite 
similar weight loss, energy restriction, high protein diets 
improve body composition, which has beneficial implica-
tions for a host of health outcomes including obesity, type 
ii diabetes, cardiovascular risks, metabolic syndrome, and 
sarcopenia in older individuals.

weight maintenance
losing at least 10% of initial body weight is critical to 
improve numerous health risks over the short-term.  how-
ever, a more meaningful marker of improved health is 
whether the weight lost during the energy restriction diets 
is maintained over the long-term.  Several studies have 
been performed to identify whether increased dietary pro-
tein could prevent or diminish weight re-gain following 
significant weight loss.  As shown in Westerterp-Plantenga 
et al. [6],  148 overweight or obese volunteers completed 
a very low-energy, normal protein diet (500 kcal/d) for 4 
weeks; this led to an 8% reduction in initial body weight.  
Following the energy restriction diet, the volunteers fol-
lowed a normal protein (15%) weight maintenance diet or 
increased their protein intake by +48.2 g protein/d (18%).  
the additional protein led to a lower percentage of weight 
re-gain (17 vs. 37% of weight loss) compared to the nor-
mal protein diet. Further, the majority of weight re-gained 
in the additional protein diet was fat free mass, whereas 
the weight re-gained in the normal protein group was pri-
marily fat mass.  Similar findings were also evident in a 
subsequent study extended to 6 months of weight mainte-
nance (i.e., weight regain:  20 vs. 55% of weight loss)[7].  
again, the weight re-gained was primarily fat free mass 
with the additional protein intake.

in a 16 month, energy restriction (1340 kcal/d) study, 
volunteers were prescribed a normal protein (17%) or 
high protein (34%) diet[8].  The first 12 weeks were tightly 
controlled, while the remaining 52 weeks was free-living.  
When adjusted for actual protein consumption, the higher 
protein diet led to greater, sustained weight loss at the end 
of the 16 week period vs. the normal protein diet (6.5 
vs. 3.4 kg, P<0.05).  in a more tightly controlled study, 
overweight and obese adults were prescribed a normal 
protein (15%) vs. higher protein (30%) diet during 12 
weeks of energy restriction (-500 kcal/d) followed by 32 
weeks of weight maintenance[4].  Weight loss was similar 
between the high vs. normal protein diets during the en-
ergy restriction (-8.2 vs. -7.0 kg, respectively; p=0.10) and 
subsequent weight maintenance period (-10.4 vs. -8.4 kg, 
respectively; p=0.18).  however, more volunteers attained 
a weight loss of >10% of initial body weight in the high 
vs. normal protein group (31 vs. 21%, p<0.05).  addition-
ally, the high protein group experienced greater fat mass 
loss vs. the normal protein group.  Collectively, these data 
show that the majority of weight lost during energy re-
striction can be maintained over the longer-term with the 
incorporation of increased dietary protein.

energy intake
the next step in this paper is to provide evidence re-

garding the potential mechanisms that lead to differential 
weight loss and weight maintenance between normal and 
higher protein diets.  Generally speaking, weight loss re-
sults from an energy imbalance, specifically a negative 
energy balance.  this can occur as a result of increased 
energy expenditure above habitual energy intake or from 
a reduction in energy content below energy needs.  

increased protein consumption has been promoted to 
increase energy expenditure for several reasons.  dietary 
protein requires more energy for metabolism and storage 
compared to carbohydrates and fat.  For example, protein 
requires 20-30% of energy to be expended in metabolism, 
whereas carbohydrates require 5-10% and fat 0-3% [9].  
this has been shown through respiration chamber stud-
ies to identify diet-induced thermogenesis.  in one such 
study, a protein-rich diet led to greater energy expended 
throughout the day compared to a high fat diet (309 vs. 
222 kcal, p<0.05) [10].  if extended over time, the 100 
kcal differential could lead to significantly greater energy 
deficits and subsequently greater weight loss.  Other stud-
ies also confirm these differences [9].  

On the other end of the energy balance equation, 
protein-rich diets might lead to negative energy balance 
through spontaneous reductions in daily intake.  although 
many of the previously mentioned studies incorporated 
controlled-feeding of prescribed energy content, a few al-
lowed the participants to eat ad libitum energy as long as 
specific proportions of dietary protein were maintained.  
as shown in Skov et al. [2], increased protein consump-
tion over a 6-month period led to significant weight loss 
which was accompanied by  voluntary reduction in daily 
intake of approximately 450 kcal/d compared to the nor-
mal protein diet.  Similar reductions in voluntary intake 
(-440 kcal/d) were also observed over a 12-week period 
of high protein, ad libitum intake by Weigle et al [3].  the 
substantial, spontaneous reduction in daily intake with in-
creased dietary protein then raises the question as to the 
mechanism(s)-of-action for this phenomenon.  Much at-
tention has been shown concerning the effects of dietary 
protein on satiety to reduce daily intake and thus body 
weight.

aPPetite cOntrOL anD satiety
Appetite control is generally defined as the overall drive 
to eat based on the summation of perceived feelings of 
hunger, desire to eat, and satiety, which is the overall feel-
ing of fullness.  appetite control is typically assessed in 
various ways including, but not limited to, repeated mea-
surements of 1) perceived sensations of hunger or fullness; 
2) key peripheral, hormonal signals which either stimulate 
hunger (i.e., ghrelin) or satiety (i.e., PYY, GlP-1, CCK) and 
3) subsequent eating. 
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One of the first studies designed to address the long-
standing debate regarding ‘which macronutrient is the 
most satiating’ included the development of the satiety 
index (Si) [11].  Si is a cumulative measure of the 2-h sa-
tiety response following the consumption of a given food.   
in this study, 38 different foods were consumed, grouped 
according to food type (i.e., carbohydrate-rich, protein-
rich, baked items, breakfast cereals, fruits, and snacks) 
and compared to white bread.   Retrospective analyses 
revealed a satiety hierarchy with foods rich in protein ex-
hibiting the greatest satiety followed by carbohydrate-rich 
foods and food high in fat.  to further support this relation-
ship, Batterham et al. [12] completed an acute, cross-over 
design study in which adults were fed, on separate days, 
a high protein (178 g, 65%) meal or 2 low protein (46 
g, 17%) meals high in either fat or carbohydrates.  Post-
meal satiety, as assessed through questionnaires and PYY 
concentrations, was found to be greater following the 
high protein vs. high carbohydrate and high fat meals.  in 
a similar study, Bowen et al. compared 255 kcal meals 
containing high protein (55 g, 84%) vs. low protein (7 
g, 11%) over a 3 h period [13].  the high protein meal 
led to greater satiety, as assessed through increased CCK 
and perceived fullness sensations) and reduced hunger 
(i.e., reduced hunger-stimulating ghrelin concentrations), 
leading to a 120 kcal reduction in subsequent intake.  al-
though these data provide convincing evidence that high 
protein meals are satiating, many of the previously men-
tioned meals incorporated extremely large quantities of 
protein (55-178 g, 65-85% of meal as protein).  

Using a more feasible, practical protein quantity, we 
examined the effects of a normal protein (17g, 18%) vs. 
high protein (28 g, 30%) meal on appetite control and 
satiety [14].  We found that perceived, post-meal sati-
ety was greater following the higher vs. normal protein 
meal; additionally, post-meal perceived hunger and ghre-
lin concentrations were lower following the higher vs. 
normal protein meal.  We then extended our findings to 
determine whether increased dietary protein, provided 
at every meal, would lead to sustained satiety and/or re-
duced hunger throughout the day and into the evening 
hours [15, 16].  We found that higher protein meals (46 g/
meal) led to sustained increases in satiety throughout the 
day compared to normal protein meals.  these responses 
were observed into the evening and late-night hours.  the 
higher protein meals also reduced evening desire to eat 
and preoccupation with thoughts of food more so than the 
normal protein meals.  

Collectively, these data provide clear evidence support-
ing the role of increased dietary for improved appetite con-
trol and satiety.   however, a fundamental question still re-
mains:  how much protein is required to elicit these benefits. 

PrOtein quantity
While a minimum required intake for dietary protein is 
set at 0.8 g protein·kg-1·d-1 (~10% of intake as protein) for 

adults, no tolerable upper limit has been established [17].  
however, the dietary reference intakes (dRi), established 
by the institute of Medicine and the Food and nutrition 
Boards, set the acceptable macronutrient distribution 
range (aMdR) for protein at 10-35% [1].  this range was 
established to reduce the risk of chronic diseases.  how-
ever, it is still unclear as to what quantity of protein is 
‘optimal’ to combat obesity.  

in collectively examining the past studies focusing on 
changes in body weight and/or body composition, a dai-
ly intake range between 1.4-1.6 g protein·kg-1·d-1 (~25-
30% of intake as protein) provides the greatest amount of 
weight loss, particularly from fat mass during energy re-
striction [5, 18].  to prevent weight re-gain, a daily intake 
of 1.2 g protein·kg-1·d-1 (~20% of intake) appears sufficient 
[6, 7].  in order to implement these quantities into daily 
life, it is then imperative to know how much protein is 
optimal in meals and/or snacks.  

 table 1 includes acute, controlled feeding studies com-
paring normal vs. high protein snacks and/or meals.  a 
summary of perceived and hormonal markers of appetite 
control and satiety are shown.  the majority of studies 
report improved appetite control and satiety following 
higher vs. normal protein meals and/or snacks.  With that 
said, incorporating daily meals containing the larger pro-
tein quantities (e.g. > 50 g) reported in some of the stud-
ies would lead to substantial protein intake well above 
the aMdR.  thus, a more appropriate strategy would be 
to incorporate more moderate quantities.  two examples 
include the following:  1) 3 meals/d containing 35 g pro-
tein/meal or 2) 3 meals and 1 snack/day containing 24 
g of protein/eating occasion.  Both strategies would lead 
to appropriate protein intakes within the 20-30% aMdR 
but would yield protein-related improvements in appetite 
control and satiety. 

timing Of cOnsumPtiOn
the last point of discussion includes the topic of timing of 
protein consumption.  One of the specific areas of interest 
includes the breakfast meal.  We previously compared the 
effects of increased dietary protein consumed at break-
fast, lunch, or dinner on perceived satiety [21].  We found 
that a breakfast meal containing 25% of the meal as pro-
tein led to greater initial and sustained feelings of fullness 
throughout the day (and evening) compared to higher pro-
tein lunch and dinner meals.  these data suggest a unique 
benefit of consuming a protein-rich breakfast for appetite 
control and satiety.  

another reason surrounding the emphasis on breakfast 
stems from the strong association between breakfast skip-
ping and obesity.   in fact, over the past 20 years, there has 
been a dramatic decline in breakfast consumption which 
has closely mirrored the dramatic increase in obesity [31].  
the shift in breakfast consumption also coincides with 
the shift in food choices at breakfast.  in the past, bacon, 
eggs, and whole milk were once staples in the american 
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breakfast and have now been replaced with ready-to-eat 
cereals, breads, and juices.  although the current meals 
are lower in saturated fat, they are missing a significant 
dietary factor: dietary protein.  Based on the previous lit-
erature supporting increased dietary protein, we are now 
focused on the addition of a protein-rich breakfast meal in 
those who habitually skip the morning meal.    

Our most recent study examined whether the daily con-
sumption of a protein-rich breakfast, containing 35 g of 
high quality protein, leads to daily improvements in ap-
petite control, satiety, and energy intake compared to a 
normal protein breakfast (i.e., 13 g protein) comprised of 
ready-to-eat cereals[29].  We found that the addition of a 
high protein breakfast led to daily reductions in perceived 
hunger and hunger-stimulating ghrelin concentrations 
along with increases in perceived fullness and plasma 
PYY responses compared to skipping breakfast as well as 
the normal protein breakfast.  additionally, the high pro-
tein breakfast led to reductions in evening snacking (~200 
kcal), particularly of foods high in fat compared to skip-
ping breakfast or following the normal protein breakfast.  
these data suggest that the daily addition of a high protein 
breakfast improves appetite control, satiety, and reduces 
over-eating in the evening.   

summary
Scientific evidence indicates that higher protein diets, 
containing 25-30% of intake as protein, lead to significant 

weight loss and beneficial changes in body composition 
compared to normal protein diets.  the mechanism-of-
action is due, in part, to improvements in appetite con-
trol and satiety, leading to voluntary reductions in energy 
intake, particularly evening snacking.  to date, the mini-
mum amount of protein required to elicit these responses 
is 24 g of protein/eating occasion, which is approximately 
one serving of high quality protein-rich foods.  lastly, 
breakfast has emerged as an ideal eating occasion for the 
implementation of increased dietary protein due to the 
sustained effects throughout the day and into the evening 
hours.  Collectively, these data illustrate that a diet rich in 
protein appears to be an optimal strategy to prevent and/
or treat obesity in america.
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