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ABSTRACT

International Journal of Exercise Science 10(8): 1275-1296, 2017. Compared to investigations on
hypocaloric diets, the effects of chronic overfeeding have been less studied. It has been posited that consuming
calories in excess of daily caloric requirements will result in a gain in body weight and in particular fat mass
regardless of which macronutrient(s) are consumed. However, recent evidence suggests that there is a
quantitative difference in protein versus carbohydrate and/or fat overfeeding as it relates to body composition.
Protein overfeeding or the consumption of a high protein diet may not result in a gain in body weight or fat mass
despite consuming calories that exceed one’s normal or habitual intake. Therefore, this review will provide an up-
to-date narrative on the current scientific literature on various combinations of macronutrient overfeeding and its
effects on body composition.
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INTRODUCTION

Intentional overfeeding or eating more calories than required to maintain bodyweight is a
common practice among athletes, especially bodybuilders, looking to increase their skeletal
muscle mass. When combined with resistance training aimed at promoting skeletal muscle
hypertrophy, a controlled phase of overfeeding is often referred to as “bulking.” Usually, the
goal of bulking is to maximize gains in skeletal muscle mass while minimizing gains in fat
mass.

Although it is well established that overfeeding causes weight gain, comparatively little
research has been conducted that evaluates changes in body composition. To date, only 25
overfeeding studies have reported changes in fat mass (FM) and fat-free mass (FFM) separate
from changes in body weight (table 1).



Table 1. Summary of overfeeding studies.
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Author €V0m1:4:n /" Body  Physical Dur- I;::I Protein  BW M FFM Fat gain
Age Fat % Activity ation plus (g/kg) (kg) (kg) (kg) (% wt gain)
?;17"‘1“5 et al. g 6/ 0 19% "Reduced”" 3 months +162  +104 +58 64%
Norgan & 6/0 o o o
Durnin 1980 22 15% Sedentary 9 weeks +50% 22 +6.0 +3.7 +23 62%
15% 24 +18a +1la +07 61%
Webb & 4/5 (M) + 1000 ¢z +27b  +20b +07 74%
Annis1983 46 37% Sedentary  30days °
w) 12 +27b  +21b +06 78%
Ravussin et 5/0 . 6000-7000 . .
1 1088 o 15% teps/d 9 days +60% 21 +32 +18  +14 56%
gl"‘;gggan et }; /0 12% Sedentary 22 days ;Calwoo 24 +22  +11  +11 50%
Bouchard et 24 /0 o < 30 min + 1000 o
al.1990 21 1% walkdaily ~ 100days gy *81  +54 +27 6%
Roberts et 7/0 o + 1000 o
al. 1990 o4 14% Sedentary 20 days keal 15 +25 +17 +0.8 68%
Horton et 16/0 o . o 12 +2.9 +15 +14 52%
al. 1995 33 28% Inactive 2 weeks +50% 19 +26 +15 +11 589%
Lammert et 20/0 0 . + 1200 17 +14 +038 +0.6 57%
al. 2000 2 15% Inactive 3 weeks Keal 17 +16 +11 405 69%
o L er0 3weeks  +20% 14 +0.7 +04 403 57%
2:)%2’ o etal 43/ 21% Inactive 3weeks  +40% 15 +29 +15  +14 52%
3weeks  +60% 17 +57 +36  +27 63%
Claesson et 11/ 14 o 7800  step o 2.0 +03 +0.0 +03 0%
+
al. 2009 23 24% avg 14 days 4% 1o +0.8 +03  +05 38%
29% +1.6 +09  +07 56%
Stanhope et 16 /16 M) o
al. 2009 54 41% Sedentary 8 weeks +8% +13 L0 106 549
)
15%
Ernerssonet 12/6 M) < 5000 o o
L2010 ” v teps/d dweeks  +70% 24 +64 +37  +18 58%
W)
Samocha- 21 /20 +34 +2.4 +1.0 71%
Bonet et al. 33% Inactive 4 weeks +60% 1.5 o
010 37 +22a +17  +05 77%
16%
Tchoukalov 15/ 13 M) . o
aetal 2010 29 30% Inactive 8 weeks +4.6 + 3.8 +0.8 83%
W)
5/3 24% 0.7 +31a +37 -07a  119%
238211}2] et alo /3 L Inactive 8 weeks +40% 18 +6.0b +3.5 +29b 58%
> 4/ 3 26% 3.0 +65b +34  +32b  52%
Cornford et 7/2 o < 1500 o o
+ . . + 0.
L2013 o 26% teps/d 2 weeks 70% 1.9 +21 +14 0.7 67%
Antonio et 11/9 o Resistance + 800 o
al. 2014 24 7% Training Bweeks a1 44 *17o 02 +19 0%
]e‘t’}:lm;)sff gg /0 19% Inactive Sweeks  +40% 18 +7.6 +42  +34 55%
Reitman et 27/0 . A + 480 .
al. 2014 3 15% Inactive 4 weeks keal 3.3 +0.3 -0.3 +0.6 0%
0, 0,
Rosquist et 13/ 18% — a4 70 14 +16 +08a +08a  50%
al. 2014 o /6 14% y W keal 14 +16 & ' ro3p 8%
Antonio et 24/7 o Resistance + 380 o
o015 % 18% Training weeks | 34 0.1 -1.6  +15 0%
Antonio et 12/0 o Resistance + 370 o
al. 2016 26 14% Training Bweeks a1 3.3 -05 -LL 406 0%
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0, 0,
Spillane et E / 8 18% Resistance ¢+ 1250 24 *38a  +14  +23 87%
al. 2016 20 / 22% Training kcal 1.0 +14b +1.5 +0.2 107%
Campbell et 0/ 17 o Resistance + 400 o
al. 2016 21 23% Training 0" el 24 12 A1 +2da 0%

Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years.

Thirteen of the 25 studies followed a similar study design: a single group of individuals had
their energy requirements or habitual food intake determined at baseline and were then
overfed a set amount of energy or an amount of energy proportional to their baseline intake.
Body composition measurements were taken before and after the intervention. The remaining
12 studies compared two or more overfeeding treatments providing different macronutrient
compositions, energy surpluses, and food sources. All but four studies were conducted in
sedentary populations.

The purpose of this narrative review is to examine the current overfeeding literature that
reports changes in body composition and formulate recommendations for athletes looking to
increase lean body mass. Knowledge gaps in the available evidence and future research
priorities will also be identified.

EFFECTS OF OVERFEEDING WITH A WESTERN DIET

Ten studies have evaluated the effect on body composition of overfeeding with a diet
moderately high in both carbohydrates and fats (35-50 % energy intake each) and low in
protein (11-15 %). All studies involved a single group of sedentary adults and lasted between
nine days and three months. Food intake was strictly controlled in every study except for
Ernersson et al., which used food logs for dietary analysis (16).

Three studies overfed participants by 1,000 kcal per day for the duration of the study
regardless of energy requirements for weight maintenance, meaning that the degree of energy
surplus was variable from person to person.(10, 28, 34)

Poehlman et al.(27) recruited six sedentary pairs (12 participants) of male monozygotic twins
and overfed them by 1,000 kcal for 22 days with a diet that was 15% protein (2.4 g/kg), 35%
fat, and 50% carbohydrate. Participants were housed in a hospital and under 24-hour
supervision for the duration of the study. All participants had their energy expenditure at rest
and during common sedentary tasks (sitting, standing, and slow walking) measured via
indirect calorimetry to determine total daily energy needs, of which an additional 1,000 kcal
was added for the overfeeding phase of the study. Food was provided at three meals per day
and based on the dietary preferences of the participants. The average body weight gain was 2.2
kg, of which 50% was FM. However, there was considerable variability in the response to
overfeeding. It is notable that some individuals lost FM and reduced their body fat percentage
despite eating an additional 1,000 kcal per day. Moreover, there was a significant genotype-

International Journal of Exercise Science

—

1277

http:/ /www.intjexersci.com

\—



Int ] Exerc Sci 10(8): 1275-1296, 2017

overfeeding interaction for changes in body weight, FM, and FFM, suggesting that genetics do
play a role in determining body composition changes in response to overfeeding.

Table 2. Summary of overfeeding studies using a Western diet.

Author ;‘Vomll’llf“ /" Body  Physical Dur- I;::I Protein  BW M FFM Fat gain
Age Fat % Activity ation plus (g/kg) (kg) (kg) (kg) (% wt gain)

Salans et al. 5/0 o " " o

1971 % 19% Reduced 3 months +16.2 +104 +5.8 64%

Norgan & 6/0

Durnin 1980 22 15% Sedentary 9 weeks +50% 22 +6.0 +3.7 +23 62%
ia‘{‘glg‘;m et g 4/ 0 15% g?e(ﬁ);;goo 9days  +60% 21 +32  +18  +14  56%
;"‘;1;18116‘” ot }S /0 12% Sedentary 22 days ;Callooo 24 +22  +11  +11 50%
Bouchard et 24 /0 o < 30 min + 1000 o
al.1990 21 1% walk daily ~ 100days g *81  +54 427 67%
Elog’ggtg’ ot ; 4/ 0 14% Sedentary 20 days ;Callooo 15 +25  +17  +08  68%
15%
flr_nglsgon et ;ﬁ /6 g\f} / :teps y d5000 dweeks  +70% 24 +64 +37  +18  58%
W)
16%
z‘;}:‘;‘fl%;’g ;g /13 g:)/[} /" Inactive 8 weeks +4.6 +38  +08 83%
W)
;"E‘Sfl‘;rd et ; 4/ 2 26% :teps y d1500 2weeks  +70% 19 +21 +14  +07  67%
Johannsen 29 /0 19% Inactive Sweeks  +40% 1.8 +7.6 +42  +34 55%

etal. 2014 27
Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years

In a follow-up study by the same lab, Bouchard et al.(10) repeated the experiment with 12
sedentary pairs (24 participants) of male monozygotic twins and a longer treatment duration
(100 days). Participants were overfed by 1,000 kcal per day (15% protein, 35% fat, and 50%
carbohydrate) provided at three meals and one evening snack. Energy requirements for each
participant were determined over a 14-day period prior to overfeeding in which dietary intake
under conditions of stable body weight was recorded and analyzed. Body weight increased
significantly by an average of 8.1 kg, of which 67% was FM. Considerable variation in response
to overfeeding was again noted, but this variation was not distributed randomly among the 24
participants. Rather, significant genotype-overfeeding interactions showed that within-pair
correlations were moderate to strong for changes in body weight (r=0.55), FM (r=0.50),
subcutaneous fat (r=0.47), total visceral fat (r=0.72), and percent gain in visceral fat (r=0.90).
The within-pair correlation for FFM was not significant (r=0.40). These findings further
strengthen the argument that genetics play a role in body composition changes during
overfeeding, especially as it relates to fat gain and where the fat is stored. Visceral fat gain
appears to have an especially strong genetic component.
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Roberts et al.(35) recruited seven sedentary males and overfed them by 1,000 kcal for 20 days
on a diet that was 11% protein (1.5 g/kg), 43% fat, and 46% carbohydrate. Although the
participants were free-living, the research lab provided all foods with at least one meal per day
being consumed under researcher supervision. Participants ate three meals and one evening
snack per day with 25% of energy requirements being consumed at breakfast and the
remainder partitioned between the other two meals and snack. Energy requirements for each
participant were determined over a 10-day period prior to overfeeding in which dietary intake
under conditions of stable body weight were recorded and analyzed. During overfeeding, the
additional 1,000 kcal was provided from sherbet, fruit juices, margarine, corn oil, and cookies,
with 25% consumed at breakfast and the remainder split between the other eating occasions.
The average gain in body weight was 2.5 kg, of which 68% was FM. However, some
participants gained as little as 0.25 kg while others gained 2.8 kg. The differences in weight
gain between individuals were linearly related to body fat changes (r=0.92; p<0.01), suggesting
that increased FM is primarily responsible for body weight gain with overfeeding.

Whereas the abovementioned studies fed all participants a flat surplus of energy regardless of
energy requirements, the remaining seven studies established a baseline habitual energy
intake or energy requirement to maintain weight and then overfed by 40-70 % of this baseline.
Johannsen et al.(20) used the smallest surplus among these studies. Twenty-nine healthy males
were overfed by 40% of their energy requirements for 8 weeks on a diet that was 15% protein
(1.8 g/kg), 44% fat, and 41% carbohydrate. The participants were free-living but consumed all
meals (three per day) under researcher supervision. Energy requirements were determined
during a two-week period prior to overfeeding with the use of doubly-labeled water. Average
weight gain was 7.6 kg, of which 55% was FM.

Norgan and Durnin (24) recruited six healthy males and overfed them by 50% of their energy
requirements for nine weeks on a diet that was 12% protein (2.2 g/kg body weight), 43% fat,
38% carbohydrate, and 7% alcohol. Notably, this is the only study in which alcohol was
included as part of the overfeeding diet. No information on the distribution of food intake
throughout the day is provided, but the participants consumed all meals under researcher
supervision. Body weight increased by an average of 6 kg, of which 62% was FM. The
researchers also observed a 1.8 kg increase in body water content, which represented 30% of
the increase in body weight and suggests that the majority of gains in FFM are likely due to an
increase in water content rather than actual skeletal muscle tissue.

Ravussin et al. (32) overfed five healthy men by 60% of their energy requirements for nine
days on a diet that was 15% protein (2.1 g/kg), 40% fat, and 45% carbohydrate. Energy
requirements were determined over a two-week baseline phase during which dietary intakes
under conditions of stable body weight were recorded. The participants ate three meals per
day under researcher supervision. Body weight increased by 3.2 kg, of which 56% was FM.

Cornford et al.(15) overfed seven men and two women by 70% of their energy requirements
for two weeks on a diet that was 15% protein (1.9 g/kg), 35% fat, and 50% carbohydrate. The
participants were confined to a hospital for the duration of the study and had energy
requirements determined during a one-week baseline period. Unlike previous research that
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provided food among 3-4 meals per day, this study distributed food among three meals and
four snacks between 8:00 am and 10:00 pm, thus requiring that participants eat every 2-3
hours. Body weight significantly increased by 2.1 kg, of which 67% was FM.

Salans et al.(38) recruited five healthy male inmates of the Vermont State Prison and overfed
them an unspecified energy surplus with unknown macronutrient composition for three to
four months. Energy requirements were determined during a six-week baseline period in
which food intake was manipulated until body weight remained stable. The average increase
in body weight was 16.2 kg or 1.0 to 1.3 kg per week, suggesting that the energy surplus was
quite substantial, and FM represented 64% of the gain in body weight.

Tchoukalova et al.(45) overfed 15 men and 13 women for eight weeks on a controlled weight
maintenance diet (15% protein, 35% fat, and 50% carbohydrate) supplemented with additional
energy from ice cream, chocolate nougat candy bars, and nutritional shakes. However, no
information on the magnitude of the energy surplus or the macronutrient composition of the
overfeeding diet was provided. The participants were “instructed to increase their overall food
intake by eating until they were more full than usual.” Body weight significantly increased by
4.6 kg, of which 83% was FM. Sex did not affect the response to overfeeding. This is the most
unfavorable change in body composition yet. Although no overfeeding macronutrient data is
provided, it is likely that protein intake was especially low considering that baseline intake
was only 15% of energy intake and overfeeding was on foods low in protein content.
Additionally, the current study utilized what many would consider “junk food” during
overfeeding (high in fats and sugars); therefore, this may have influenced the changes in body
composition.

Finally, work by Ernersson et al.(16) was the only study to not control food intake and instead
measured dietary intake via three-day food logs. Twelve male and six female participants
were “prescribed to double their energy intake during the intervention, by eating at least two
fast food based meals per day” for four weeks. This led to an average energy surplus of 70%
compared to habitual intake, with a macronutrient composition of 12% protein (2.4 g/kg), 43%
fat, and 45% carbohydrate. Notably, 20% of total energy intake was from sugar and 17% was
from saturated fat. Body weight increased significantly by 6.4 kg, of which 58% was FM.
Additionally, there was a significant increase in liver fat from 1.1 to 2.8 % (non-alcoholic fatty
liver disease is observed with 5-10% liver fat) and this increase was significantly associated
with increases in body weight (r=0.44) and especially body fat percentage (r=0.81).(22)

In summary, overfeeding healthy, sedentary adults with a diet moderately high in both
carbohydrates and fats (35-50 % energy intake each) and low in protein (11-15 %) primarily
results in a gain in FM. Although there is variation among studies, likely owed to differences
among the study populations and the foods used for overfeeding, FM commonly represents
60-70 % of the increase in body weight. Additionally, the increases in FFM may be due to
increases in body water content rather than skeletal muscle tissue, as suggested by Norgan
and Durnin.(24) Considering that skeletal muscle requires mechanical tension, muscle
damage, and metabolic stress for hypertrophy, it is not unlikely that changes in body water
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accounted for most changes in FFM among the sedentary adults in these studies.(39) Similarly,
changes in organ mass or non-muscle lean tissue could explain an increase in FFM. It is
interesting to note that the participants of Poehlman et al. gained less FM than those of Roberts
et al. (50 vs. 68 % of the gain in bodyweight) despite a similar energy surplus (1,000 kcal/d),
study duration (22 and 20 days), and body weight gain (2.2 and 2.5 kg).(28, 34) A major
difference between these two studies is the protein intake of the participants, which was 2.4
g/kg/d in Poehlman et al. and 1.5 g/kg/d in Roberts et al. It is well established that higher
protein diets increase thermogenesis and promote the accretion of FFM, both of which could
explain the lower gain in FM in Poehlman et al.(11, 26, 28) A favorable effect on body
composition of a higher protein intake is further supported by the finding that participants
from Ernersson et al. gained 58% of their body weight gain as FM while eating 2.4 g/kg/d of
protein, compared to the participants of Cornford et al. who gained 67% of their body weight
gain as FM while eating 1.9 g/kg/d of protein, despite both studies overfeeding by 70% of
energy requirements.(15, 16)

The discussed studies have several other notable findings as well. Poehlman et al. and
Bouchard et al. found that changes in body composition with overfeeding are partially
dependent on genetic factors, which would partly explain the notable variability in body
composition changes observed in every overfeeding study discussed.(10, 28) Roberts et al.
found that greater increases in body weight are strongly correlated with greater increases in
FM, which suggests that the majority of body weight gain in a sedentary population is
attributable to increases in FM rather than FFM and that it may not matter how much or how
quickly weight is gained, as most will be fat mass regardless.(34) Ernersson et al. demonstrated
that increases in liver fat concentrations were strongly correlated with increases in body fat
percentage, which raises questions about whether increased liver fat would lead to
unfavorable changes in body composition or vice-versa.(16) This latter finding by Ernersson et
al. is especially important to follow-up on considering that certain dietary practices may

preferentially increase liver fat concentrations, such as overfeeding on sugars and saturated
fat.(50)

Despite these observations, none of the abovementioned studies were designed to investigate
how different dietary components or participant characteristics affected changes in body
composition with overfeeding. Additionally, all the studies used sedentary populations and
unrealistic caloric surpluses (baseline energy intake plus 1000 kcal or 40-70% of baseline),
making it difficult if not impossible to extrapolate their findings to an athletic population
looking to bulk.

EFFECTS OF OVERFEEDING ON CARBOHYDRATES VERSUS FATS

Three studies have compared changes in body composition between two groups overfeeding
on diets with different amounts of fat and carbohydrate. All three studies involved a sedentary
population, used unrealistically large energy surpluses, and lasted two to three weeks.
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Table 3. Summary of overfeeding studies comparing carbohydrate to fat.

Author ;‘Vomt'l:“ /" Body  Physical Dur- I;::‘l Protein  BW M FFM Fat gain
Age Fat % Activity ation plus (g/kg) (kg) (kg) (kg) (% wt gain)
L RN S
Lome 4 /0 o e dwess L0017 M T8 e o
R R S e L U T TR SR - N

Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years

Horton et al. (17) recruited nine normal weight and seven obese men to eat a diet supplying
150% of energy requirements for two weeks in which the 50% surplus of energy came entirely
from carbohydrates or fats in a randomized crossover design. No information on the
macronutrient composition of the overfeeding or baseline diets was provided other than a
baseline fat intake of 35% of energy requirements. However, a sample menu of the overfeeding
diets was provided, including the amount of food eaten, which allowed for dietary analysis.
Using the Food Processor Nutrition Analysis Software (ESHA), the high-carbohydrate diet
was 11% protein (1.2 g/kg), 25% fat, and 64% carbohydrate while the high-fat diet was 11%
protein (1.2 g/kg), 58% fat, and 31% carbohydrate. Each overfeeding period was preceded by
one week of consuming a baseline maintenance diet and a four-week washout period
separated the overfeeding periods. All food was provided to the participants by the
researchers and at least one meal per day was to be consumed at the research facility under
supervision while the remainder was packaged to be eaten elsewhere. Body weight, FM, and
FFM increased significantly on both overfeeding diets without significant difference between
them. Overall, FM represented 52% of the gain in body weight in the high-carbohydrate group
and 58% in the high-fat group. There were also no significant differences between lean and
obese participants.

Lammert et al.(23) recruited 20 normal-weight males and overfed them by 1200 kcal for three
weeks on a diet that was either high in carbohydrates (11% protein (1.7 g/kg), 11% fat, and
78% carbohydrate) or high in fats (11% protein (1.7 g/kg), 58% fat, and 31% carbohydrate)
using a parallel-group design. The intervention was preceded by a two-week period where
participants recorded habitual food intake under free-living conditions to establish a baseline
energy intake. The overfeeding intervention itself was performed within a research facility
where the participants were under 24-hour supervision and food intake was controlled. Both
groups significantly increased their body weight and FM with no between-group differences.
The high-carbohydrate group significantly increased FFM, although this was not significantly
different from the high-fat group. Overall, the proportion of body weight gain that was FM
was 57% in the high-carbohydrate group and 69% in the high-fat group.

Finally, Claesson et al. (14) randomized 25 normal-weight men and women to eat 20
kcal/kg/day of candy or roasted and salted peanuts in addition to their regular diet for two
weeks using a parallel-group design. This led to an average daily energy intake 46% greater
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than habitual intake on diets providing 17% protein (2.0 g/kg), 48% fat, and 35% carbohydrate
(40 g fiber) with peanuts or 10% protein (1.2 g/kg), 21% fat, and 69% carbohydrate (20 g fiber)
with candy. The participants were free-living throughout the intervention and supplied with
14 individually adjusted bags of their respective snack for consumption daily (one bag/d). A
three-day weighed food log quantified food intake at baseline and during the overfeeding
period. No instruction on when to consume the snacks was provided. Only the candy group
experienced a significant increase in body weight of 0.8 kg, of which 38% was FM. The peanut
groups experienced a non-significant increase in body weight of 0.3 kg, all of which was
attributable to an increase in FFM (FM remained unchanged).

The studies by Horton et al. and Lammert et al. provide the strongest evidence for drawing
conclusions, as they both controlled food intake and matched the amount of protein between
diets.(18, 23) Both studies showed no difference in body composition with overfeeding on a
diet high in carbohydrates or high in fat. However, the participants of Horton et al. consumed
35% of their energy intake as sugar during the high-carbohydrate phase, primarily from fruit
juices, and consumed 33% of their energy intake as saturated fat, primarily from heavy
whipping cream, in the high-fat phase.(18) Similarly, the high-carbohydrate group from
Lammert et al. consumed 29% of their energy intake from purified sucrose.(23) As will be
discussed later, overfeeding on saturated fat causes more FM gain than unsaturated fat
(Rosqvist et al.).(37) Additionally, it remains unknown whether overfeeding on whole-food
carbohydrate sources such as fruits, starchy vegetables, whole grains, and legumes would
result in a different change in body composition than overfeeding on refined sugars. The study
by Claesson et al. also suggests that there is no difference between overfeeding on a high-fat or
high-carbohydrate diet.(14) However, the lack of control over the diet and physical activity
levels of the participants precludes drawing firm conclusions, especially considering that the
peanut group did not significantly change their body weight despite a reported energy surplus
of 46% per day. Previous research has shown that adding peanuts into the diet result in a
lower intake of other foods and increase in energy expenditure, both of which could explain
the marginal change in body weight.(3) Additionally, studies of walnuts, almonds, and
pistachios have demonstrated that these nuts provide less metabolizable energy to the body
than what is predicted based on Atwater factors.(8, 9, 25) It is possible that part of the energy
provided by the peanuts was simply not available for use by the body, therefore resulting in a
lower energy surplus than planned. Finally, the peanut group consumed significantly more
protein and fiber than the candy group, which makes isolating the effect of overfeeding on fat
difficult.

EFFECTS OF THE TYPE OF CARBOHYDRATE OR FAT

Two studies have compared changes in body composition between two groups overfeeding on
macronutrient-identical diets differing only their source of carbohydrate or fat. Both studies
involved a sedentary, free-living population and had participants add food to their habitual
diet.

Table 4. Summary of overfeeding studies comparing food sources of macros.
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n - Men / Kcal

Author Women Body Physical Dur- Sur- Protein BW FM FFM Fat gain
Age Fat % Activity ation plus (g/kg) (kg) (kg) (kg) (% wt gain)
29% +1.6 +0.9 +0.7 56%
T;é&pe “ ;61 e 4(11\1/[} /' Sedentary  Buweeks  +8% +13  +07  +06  54%
13/5 g‘gé/l 14 +1.6 +08a +08a 50%
Rosqist et 13/6 Sedentary 7 weeks ro750 0 - . + .1.3 .
al. 2014 27 14% kcal 14 +1.6 b +03b  81%

Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years

Stanhope et al.(43) conducted a double-blind, parallel-group study in which 32 overweight,
sedentary adults were instructed to consume a sugar-sweetened beverage in addition to their
habitual diet for eight weeks. The beverage provided 25% of energy requirements in the form
of pure glucose or pure fructose. A two-week inpatient period preceding the overfeeding
invention was used to establish maintenance energy requirements. The participants obtained
their beverage supply twice weekly from the research lab and were instructed to drink one-
third of the beverage three times per day with their main meals. Dietary intake was
determined from the average of six 24-hour food recalls performed over the telephone. Adding
the sugar-sweetened beverages into the diet of the participants resulted in an energy surplus
of 8% compared to requirements determined at baseline, with a dietary macronutrient
composition of 14% protein, 29% fat, and 57% carbohydrate. Both groups experienced
significant increases in body weight (1.3-1.6 kg) and FM (54-56% of the gain in body weight);
however, there were no between group differences. There were also no significant differences
between groups in total or subcutaneous abdominal fat. However, the fructose group did tend
(p=0.059) to show a greater increase in visceral fat than the glucose group (+ 14 vs. 3.2 %,
respectively).

While it would be intriguing to see if a longer treatment period or larger sample size would
show that consuming fructose (versus glucose) significantly increases visceral fat, the real-
world applicability of these findings is questionable. The amount of sugar consumed by the
subjects in this study, 25% of energy requirements, is considerably higher than the current
estimate for the average intake of added sugars by Americans, which range from 16.3% in
young adults to 11.8% in elderly adults.(48) Although no data is available on added sugar
consumption in athletes, we would speculate that athletes would typically consume less sugar
than the general population. Nevertheless, this investigation does show that glucose and
fructose have differential effects on fat distribution, which may impact health and body
composition over the long term. Following the overfeeding phase of Stanhope et al., the
participants were subjected to a two-week inpatient period in which dietary intake and
physical activity were strictly controlled.(43) During this period, the participants consumed a
maintenance diet composed of 15% protein, 30% fat, and 55% carbohydrate. Fructose- or
glucose-sweetened beverages supplied 25% of the carbohydrate; the remaining 30% came from
starch. It was shown that de novo lipogenesis within the liver was significantly increased by 83%
compared to baseline in the fructose group but was unaltered in the glucose group, which the
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authors propose as an explanation for the increased visceral fat from overfeeding on fructose
as compared to glucose. Additionally, consuming fructose but not glucose significantly
reduced insulin sensitivity by 17% and promoted dyslipidemia.

Further research is needed to determine if the results of Stanhope et al. are supported with a
lower intake of fructose, especially from whole fruit rather than sugar-sweetened beverages.
At least one study has shown that adding 7 kcal/kg body weight per day of fruit (average
intake of 423 kcal) to the diet for two months has no significant effect on visceral fat or blood
lipids.(2) However, energy intake and body weight were also unaffected, suggesting that the
addition of fruit to the diet resulted in dietary compensation that prevented hypercaloric
conditions. It therefore remains unknown what effect fructose from fruit consumption has on
body composition and fat distribution when overfeeding.

Rosqvist et al. (36) conducted the second study: a seven-week, double-blind, randomized
controlled trial with parallel-group design involving 37 sedentary, free-living adults. The
participants were instructed to consume muffins baked using sunflower oil high in the
polyunsaturated omega-6 fatty acid: linoleic acid or using palm oil high in the saturated fatty
acid: palmitic acid. Muffins were added to the habitual diet and the amount was individually
adjusted to achieve a 3% weight gain over the seven-week intervention. Dietary intake was
assessed by four-day weighed food records at baseline and week seven. On average, both
groups consumed three muffins per day providing 750 kcal. Food records showed no
significant difference between groups for energy or macronutrient intake. Both groups
similarly increased their energy intake by 20-25% and consumed a diet providing 12% protein
(1.4 g/kg), 37-40% fat, and 43-48% carbohydrate. However, as per study design, the sunflower
oil group consumed significantly more polyunsaturated fatty acids (13 vs. 4.5 % of energy) and
significantly less saturated fat (11.5 vs. 16.5 %) than the palm oil group. Both groups
significantly increased their body weight, FM, and FFM compared to baseline. The increase in
body weight was not significantly different between groups. However, the sunflower oil
group had significantly lower increases in FM and higher increases in FFM than the palm oil
group. Fat mass represented 50% and 81% of the body weight gain in the sunflower and palm
oil groups, respectively. Additionally, the palm oil group had significantly greater increases in
liver and visceral fat than the sunflower oil group. Changes in liver and visceral fat as well as
total FM were directly associated with changes in plasma palmitic acid, whereas liver fat and
FM were inversely associated with changes in plasma linoleic acid. Despite comparable weight
gain after overfeeding, this study showed that overfeeding on a diet rich in linoleic acid had a
more favorable effect on body composition and ectopic fat deposition than overfeeding on a
diet rich in palmitic acid. The mechanisms behind the differential effects on liver and total fat
deposition are unknown, but may involve differences in hepatic lipogenesis and/or fatty acid
oxidation and storage.(21) The authors note that the muffins contained significant amounts of
fructose (although no data on sugar intake is provided), and previous overfeeding research
has shown that fructose and saturated fat act synergistically to promote liver fat
accumulation.(41) Accordingly, future work should attempt to replicate Rosqvist et al.’s
findings using low-sugar diets.(37)
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It must also be acknowledged that different fatty acids within the same chemical class elicit
different physiological responses, thus limiting generalization of these findings.(29) Further
research is now needed to establish how palmitic acid and linoleic acid compare with other
fatty acids such as medium-chained saturated fatty acids, omega-3 polyunsaturated fatty
acids, and the primary monounsaturated fatty acid, oleic acid.

EFFECTS OF THE MAGNITUDE OF THE CALORIC SURPLUS

The investigation by Siervo et al.(40) is the only one that provides information on how the
degree of energy excess during overfeeding influences changes in body composition.

Table 5. Summary of the overfeeding study comparing energy surpluses.
n - Men / Kcal

Author Women Body Physical Dur- Sur Protein BW FM FFM Fat gain
Age Fat % Activity ation p;lus (g/kg) (kg) (kg) (kg) (% wt gain)
Siervo et al. 6/ 0 3weeks  +20% 14 +0.7 +04  +03 57%
2008 ' 43 21% Inactive 3 weeks +40% 15 +29 +15 +14 52%
3 weeks +60% 1.7 +5.7 +3.6 +2.7 63%

Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years

Six sedentary males were recruited to partake in a 17-week protocol of progressive
overfeeding. The participants were challenged with a 20, 40, and 60 % energy surplus for three
weeks each, separated by one-week washout periods. The study began with a three-week
baseline period to establish maintenance energy requirements. All food was provided to the
participants as three meals per day. The macronutrient composition of the diets was 12-13 %
protein (1.4-1.7 g/kg), 43-48 % fat, and 40-44 % carbohydrate during each of the overfeeding
phases. Notably, body composition was assessed using the four-compartment model, the gold-
standard method of measurement that removes assumptions about body hydration and bone
mineral status.(49) Body weight consistently increased during the overfeeding phases,
although statistical significance was achieved only after the 40 and 60% phases. Similar
observations were made for FM and FFM, both of which increased after each phase but only
significantly after the 60% phase. Ultimately, FM accounted for 57, 52, and 63 % of the body
weight gain during the 20, 40, and 60 % overfeeding phases, respectively. However, increases
in FFM were primarily attributable to increases in total body water, which accounted for 61,
79, and 92 % of the FFM increases during the progressive overfeeding phases.

It is reasonable to hypothesize that the larger the caloric surplus, the greater the increase in
water weight. Additionally, proportional gains in FM do not appear to be meaningfully altered
as the caloric surplus increases from 20 to 60 %. However, Siervo et al. did not compare the
overfeeding phases to one another and had a very small sample size, thus preventing firm
conclusions.(40) Rather, this study provides observations that future research should
investigate directly (e.g., a study in which multiple groups of individuals are overfed differing
amounts of energy and compared on their changes in body composition).
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EFFECTS OF OVERFEEDING WITH A HIGH-PROTEIN DIET

Seven studies have investigated the effects of protein overfeeding on body composition. Two
of these studies were conducted in sedentary individuals while the remainder involved an
athletic population that underwent a concurrent resistance training program.

Table 6. Summary of overfeeding studies.

Author ;‘Vomll’l:“ /" Body  Physical Dur- I;::I Protein  BW M FFM Fat gain
p e . A .
Age Fat % Activity ation plus (g/kg) (kg) (kg) (kg) (% wt gain)
15% 24 +18a +1la +07 61%
Webb & 4/5 M + 1000 1.7 +27b  +20b +07 74%
Annis 1983 46/ g7} /' Sedentary 30 days keal ’
) 12 +27b  +21b +06 78%
5/3 24% 0.7 +31a +37 -07a  119%
0, 0,
ZBSig et al. g ; g 24% Inactive Sweeks 4409 18 +60b +35 +29b  58%
o 26% 3.0 +65b +34  +32b  52%
Antonio et 11/9 o Resistance + 800 o
al. 2014 24 7% Training Bweeks a1 44 *17 02 19 0%
Antonio et 24/7 o Resistance + 380 o
R % 18% Training weeks | 34 0.1 -1.6  +15 0%
Antonio et 12/0 o Resistance + 370 o
al. 2016 26 14% Training Bweeks a1 3.3 -05 -LL 406 0%
0, 0,
Spillane et }é ; 8 18% Resistance o+ 1250 24 *38a 14 423 37%
al. 2016 20 22% Training kcal 1.0 +14b +1.5 +0.2 107%
Campbell et 0/17 o Resistance + 400 o
al. 2016 21 2% Training Bweeks 1 1 24 12 -1 *2la 0%

Bold indicates significant change from baseline. Different letters indicate significant between group differences
when applicable. Grey shading indicates data not available. Legend: BF - body fat, bw - body weight, d - days,
CHO - carbohydrate, FFM - fat free mass, FM - fat mass, kcal - kilocalorie, PRO - protein, PUFA -
polyunsaturated fat, SFA - saturated fat, wk - week, yr - years

Webb and Annis recruited nine sedentary adults to overfeed by 1000 kcal/d for 30 days on a
high-protein diet [20% protein (2.4 g/kg), 50% fat, and 30% carbohydrate], average diet [14%
protein (1.7 g/kg), 41% fat, and 45% carbohydrate], or high-carbohydrate diet [10% protein
(1.2 g/kg), 30% fat, and 60% carbohydrate].(47) Each of the three groups included four
participants, with three of the nine participants consuming two of the diets and the remainder
only being in a single diet group. The participants lived at home but ate all meals under
researcher supervision. Food intake was strictly controlled. A 30-day baseline period prior to
overfeeding was used to establish maintenance energy requirements. The average and high-
carbohydrate diets showed similar increases in body weight, FM, and FFM, with FM being 74
and 78 % of the gain in body weight of these diets, respectively. However, the high-protein
diet gained significantly less body weight (1.8 vs. 2.7 kg in both other groups) and FM (1.1 vs.
2.0 kg in both other groups) but similar FFM, leading to a FM gain that was 61% of the gain in
body weight.

The second sedentary population study was conducted by Bray et al.(12) Using a double-blind,
randomized, parallel-group design, 25 sedentary adults were overfed by 40% of energy
requirements for eight weeks on diets supplying 5% protein (0.7 g/kg), 15% protein (1.8 g/kg),
or 25% protein (3.0 g/kg). Carbohydrate intake was equal across groups (41-42 % energy) and
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fat was reduced to accommodate the increasing protein intake. Throughout the study,
participants were confined to a metabolic unit and under 24-hour supervision. Food intake
and physical activity were controlled, with food provided as three meals and one snack. A 13-
to 25-day baseline period was used to establish maintenance energy requirements. All groups
gained a significant amount of body weight during overfeeding, but the low-protein group
gained significantly less than the other two groups (3.1 kg vs. 6.0 and 6.5 kg in the normal and
high-protein groups, respectively). However, all three groups significantly increased FM to a
similar extent (3.4 to 3.7 kg) while only the normal-protein and high-protein groups
significantly increased FFM. The failure to increase FFM in the low protein group accounted
for its smaller weight gain. In fact, the low-protein group lost a non-significant amount of FFM
to the extent that the increase in FM represented 119% of the gain in body weight. By contrast,
the normal- and high-protein groups had a FM gain of 58 and 52 % the gain in body weight,
respectively. Based on the regression line of protein intake and change in FFM, Bray et al.
showed that the protein intake required to prevent loss of FFM averaged ~78 g/d (1.05 g/kg),
which was 30 g/d (0.35 g/kg) higher than the protein intake of the low protein group (47.0

g/d; 07 g/kg).(12)

Both the above studies suggest that a higher protein diet leads to a more beneficial change in
body composition with overfeeding. Webb and Annis showed that FFM gain was similar
across protein intakes of 1.2, 1.7, and 2.4 g/kg.(47) Bray et al. showed that the gain in FFM was
similar with a protein intake of 1.8 and 3.0 g/kg. Thus, the data suggest that FFM requires
about 1.05 g/kg to be at least maintained. It appears that eating more than 1.2 g/kg/d of
protein has no further beneficial impact on FFM among a sedentary population under
hypercaloric conditions.(12) In contrast to the agreement on FFM, the above studies show
disparate findings regarding FM. Webb and Annis show that progressing from 1.7 to 2.4 g/kg
reduces gains in FM while 1.2 and 1.7 g/kg have similar effects on FM gain.(47) Yet, there was
no difference in FM gain among the 1.8 and 3.0 g/kg groups from Bray et al.(12) The 40%
energy surplus from Bray et al. corresponded to about 900 to 980 kcal/d, which is not
meaningfully different from the 1000 kcal/d surplus of Webb and Annis. The study duration
of Bray et al. was approximately twice the length of Webb and Annis (56 vs. 30 days), but
changes in body composition showed a relatively linear increase in both studies, suggesting
that altering the duration would not explain the discrepancy in FM gain. Considering that only
Bray et al. strictly controlled physical activity, it is possible that eating more protein leads to
increases in spontaneous physical activity or non-exercise activity thermogenesis (NEAT) that
would be apparent in Webb and Annis, possibly through an effect of protein on neuropeptide
concentrations.(46) Alternatively, there may be an interaction between protein intake and fat
and/or carbohydrate intake, as both “medium” protein groups from Bray et al. and Webb and
Annis had a similar macronutrient composition, whereas the “high” protein group in Bray et
al. consumed 41 and 33 % of energy intake as carbohydrate and fat compared to 30 and 50 %,
respectively, in Webb and Annis. Regardless, Bray et al. utilized a much stronger study design
and larger sample size of both men and women than Webb and Annis, thus putting more
confidence in their finding that the amount of dietary protein does not meaningfully influence
gains in FM among an overfeeding sedentary population.
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The remaining five “high-protein” studies involved an athletic population that underwent a
resistance training program while overfeeding. None of the studies controlled food intake or
physical activity and relied on food logs to determine the dietary intake of the participants.

In a double-blind, randomized, parallel-group design, Spillane et al. recruited 21 healthy,
resistance-trained males to overfeed on 1250 kcal of carbohydrates alone (312 g/d
maltodextrin) or a combination of carbohydrates and protein (94 g, 196 g, and 22 g of protein,
maltodextrin, and fat, respectively) while simultaneously performing a standardized
resistance training routine over eight weeks.(42) The participants consumed the carbohydrate
or carbohydrate plus protein supplements in addition to their regular diet: half consumed
within 30 minutes before and 30 minutes after each resistance training session, or the entire
supplement dose upon waking on non-training days. Food logs completed by the participants
showed that neither group significantly changed their habitual diet during the intervention.
When the supplement was included in the diet, the high-protein group consumed 22% protein
(2.4 g/kg), 29% fat, and 49% carbohydrate, while the carbohydrate only group consumed 10%
protein (1.0 g/kg), 25% fat, and 65% carbohydrate. There were no significant differences
between groups for increases in body weight, FM, or FFM, but total body water content
increased significantly more in the high-protein group. However, while both groups gained a
similar amount of FM (~1.4 kg), only the high-protein group gained a significant amount of
FFM (2.3 vs. 0.2 kg). Ultimately, the gain in FM was ~100% the body weight gains in the
carbohydrate only group compared to 37% in the high-protein group. Still, the gain in FFM
could potentially be explained by the increase in body water and whether the increase was
owed to water or skeletal muscle protein is unclear. Recent evidence shows that progressive
resistance training increases total body water through a rise in cellular hydration; however, it
is unclear why total body water increased only in the high-protein group.(33) Nonetheless, a
confounding variable of this investigation is that both groups actually overfed primarily on
carbohydrate. Thus, it is somewhat misleading to describe a group that is ‘high” in protein
when in fact it was approximately twice as high in carbohydrate content. Extrapolating the
tindings of Spillane et al. to an athletic population looking to bulk is difficult because of the
massive energy surplus employed, the amount of carbohydrate consumed (i.e., this was more
of a high carbohydrate overfeed) and the lack of distribution through the day.(42) This
limitation is largely overcome by a series of studies conducted by Antonio et al. that used
energy surpluses and energy distribution patterns more typical among athletes attempting to
gain lean body mass.

Antonio et al.(7) examined 30 healthy men and women with an average of nine years of
resistance training experience. Subjects were randomized into one of two groups: consume 4.4
g/ kg of protein daily or to maintain current dietary habits for eight weeks. Both groups were
also instructed to maintain their current exercise habits. Compared to the control group, the
high-protein group consumed significantly more calories (+ 800 kcal) and protein (4.4 vs. 1.8
g/kg) derived primarily from whey protein shakes, leading to a diet that was 45% protein,
27% fat, and 30% carbohydrate. There were no statistically significant changes between groups
or within groups for any of the body composition variables. However, it is notable that the
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high-protein group increased FFM (+1.9 vs. 1.3 kg) and reduced FM (-0.2 vs. +0.3 kg)
compared to the control group despite eating an additional 800 kcal/d.

In a follow-up investigation, Antonio et al. randomized 48 healthy, resistance-trained men and
women to consume a minimum of 3 g/kg of protein daily or to maintain current dietary habits
for eight weeks while undergoing a standardized resistance training program designed to
increase lean body mass.(4) Compared to the control group, the high-protein group consumed
significantly more calories (+ 490 kcal) and protein (3.4 vs. 2.3 g/kg) from primarily whey
protein shakes, leading to a diet that was 39% protein, 27% fat, and 34% carbohydrate. Both
groups significantly increased FFM and significantly reduced FM compared to baseline, but
the reduction in FM was significantly greater in the high-protein group compared to the
control group (-1.6 vs. -0.3 kg). Accordingly, body weight gain was also significantly less in the
high-protein group compared to the control group.

Moreover, Antonio et al.(5) conducted a randomized, crossover trial in which 12 resistance-
trained men consumed a high-protein diet or their habitual diet for eight weeks each.
Throughout the 16-week intervention, the participants followed their own strength and
conditioning program. Compared to the control treatment, the high-protein treatment
consumed significantly more calories (+ 370 kcal) and protein (3.3 vs. 2.6 g/kg) from primarily
whey protein shakes, leading to a diet that was 42% protein, 28% fat, and 30% carbohydrate.
There were no significant differences between the control and high-protein treatments for any
body composition variable. However, nine of the 12 participants showed a reduction in FM
during the high-protein diet phase.

Campbell et al.(1) examined 17 resistance-trained female subjects that were matched for total
fat mass and randomized to a high-protein (2.4 g/kg/d) or control group (1.2 g/kg/d) for
eight weeks in conjunction with a resistance-training program. The high-protein group
consumed significantly more calories (+400 kcal) and protein than the control group, but there
were otherwise no restrictions or guidelines placed on their diet. The higher protein diet was
shown to be superior to a lower protein diet for increasing FFM, but both diets similarly
reduced FM.

The studies by Antonio et al. collectively suggest that a high-protein diet may reduce FM if
there is an alteration in the training regimen; however, changes in FFM are not different
between a 2.6 and 3.3 g/kg/d protein intake suggesting there may be an upper limit to protein
intake vis a vis gains in FFM. Although statistical significance was not achieved in each study,
possibly due to large individual responses to overfeeding on protein and relatively small
sample sizes that may have limited statistical power, there was a consistent observation that
consuming above 3 g/kg protein led to reductions in FM compared to eating 2.6 g/kg or less.
Importantly, the comparator diet in these studies would be considered high-protein by most
standards, so the work of Antonio et al. is comparing a high-protein diet to a higher protein
diet. Unfortunately, Antonio et al. did not control food intake in any of his studies, raising the
possibility that the increase in protein consumption led to a reduction in other foods and a
lower energy surplus than reported. However, the participants of Antonio et al.’s studies were
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all athletes who regularly tracked food intake in their normal lives and wused the
MyFitnessPal® smartphone app to log their foods. It therefore seems unlikely that
misreporting would occur. Nonetheless, misreporting error would be expected to be randomly
distributed among the groups, thus minimizing its confounding on the study outcomes if it
did occur.

The work of Spillane et al. and Campbell et al. appear to contrast the findings of Antonio et al.
by showing that a high-protein diet has a beneficial effect on FFM compared to a low-protein
diet but no effect on FM. However, these studies compared a true high-protein diet (2.4 g/kg)
to true low-protein diet (1.0-1.2 g/kg), which contrasts with Antonio et al. who compared a
high-protein diet (1.8-2.6 g/kg) to a higher protein diet (>3.3 g/kg). As such, the studies are
not in contradiction with one another. It appears that consuming 1.0-1.2 g/kg of protein is not
adequate for an athlete to maximize muscle growth. It remains unknown how consuming an
intermediate amount of protein (1.6-2.0 g/kg) would fair against the low- and high-protein
diets. Although both Spillane et al. and Campbell et al. found no effect of a high-protein diet
on FM compared to a low-protein diet, Spillane et al. reported a significant increase compared
to baseline while Campbell et al. reported a non-significant reduction. This discrepancy is
possibly explained by the distribution of the energy surplus being more even throughout the
day in Campbell et al.’s study, as opposed to a 600-1200 kcal bolus consumed around training
or in the morning in the study by Spillane et al. Additionally, the daily energy surplus itself
was lower, being a mere 400 kcal in Campbell et al. An explanation for the reduction in FM
when overfeeding on a high-protein diet is unclear. It is possible that increases in non-exercise
activity thermogenesis or diet-induced thermogenesis with increased protein consumption
played a role in reducing FM. Furthermore, recent animal data suggest that a high-protein diet
might reduce fat mass by inhibiting lipogenesis in the liver.(13) The inhibition of lipogenesis is
logical considering the high energy cost of the metabolic pathways associated with protein,
including gluconeogenesis, the urea cycle and excretion of ammonia, and protein synthesis.

CONCLUSION AND PRACTICAL APPLICATION

The majority of overfeeding research to date has been conducted in sedentary individuals and
used an energy surplus far exceeding what could be considered reasonable. This evidence
collectively shows that overfeeding increases body weight primarily through FM, and that
gains in FFM are likely due to changes in total body water rather than lean body mass.(24, 40)
Consuming less than 1.2 g/kg/d is rather insufficient in terms of gaining lean body mass.(12)
This is supported by recent evidence showing that the current RDA is not sufficient to meet
the protein requirements of various sedentary populations, including elderly women or men
aged over 65 years, of women aged over 80 years, or of young men in their twenties.(19, 30, 31,
44) Per these studies, the RDA for both young and elderly men and women should be 1.2-1.3
g/kg. Consuming a high-protein diet also appears to have an inconclusive effect on FM, with
one study showing no effect on FM and another study showing a reduction in FM gains.(12,
47) There appears to be no meaningful difference between overfeeding on a high-carbohydrate
or high-fat diet, although there may be an advantage to changes in body composition and fat
distribution with consuming glucose rather than fructose and linoleic acid rather than palmitic
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acid.(37, 43) Nonetheless, the applicability of these findings to athletes is questionable because
of how exercise alters fuel partitioning (e.g., increased glucose uptake into muscle; enhanced
muscle protein synthesis).

On the other hand, research that involves resistance-trained individuals includes a reasonable
energy surplus and is confined to the effects of manipulating protein intake. This evidence
suggests that there may be an upper limit in which additional protein intake does not result in
a concomitant gain in FFM. Considering that high protein diets have not been shown to
adversely affect kidney, bone, or metabolic health in athletes,(6) the bulking athlete (i.e.,
his/her primary goal is an increase in body weight and/or lean body mass) appears to be best
served by consuming more than 2.2 g/k/d and perhaps as high as 3.4 g/kg/d. Whether
consuming more than this provides additional benefit requires investigation.

There is a need to assess how overfeeding on primarily carbohydrates or fats, as well as the
type of carbohydrate (starch vs. sugars) and fat (medium- and long-chained saturated fats,
monounsaturated fats, and omega-6 and omega-3 polyunsaturated fats), affects body
composition in athletes. However, care should be taken to examine these differences using
whole-foods rather than isolated nutrients when possible. Athletes tend to be a health-
conscious population and the applicability of findings using refined or heavily processed diets
is questionable. For example, when comparing a high-carbohydrate diet to a high-fat diet, the
former should include greater amounts of whole grains, starchy tubers, fruits, and legumes
while the latter includes more nuts, whole-fat dairy, and fattier cuts of meat. If protein is
matched between diets, the inherent differences in nutrient and fiber content of the diets
represent real-world differences with direct application to the athletic population.

There is also a need to assess how meal timing and distribution affect body composition
during overfeeding. It has been proposed that the ideal dose of protein is approximately
0.25 g/kg per meal for young adults and 0.4 g/kg per meal for older adults to maximize
muscle protein synthesis. How would consuming the same amount of protein spread across 2-
3 meals compare to a spread across 5-6 meals? Would eating three meals affect body
composition differently if those meals were consumed within an 8-hour window compared to
a longer feeding window? How would fat gain be affected by more frequent or less frequent
eating occasions?

In conclusion, it is evident that overfeeding on carbohydrate and/or fat results in body
composition alterations that are different than overfeeding on protein. It is commonly believed
that 3,500 kcal is equivalent to 0.45 kg (1 pound) of fat and that changing energy balance in
accordance with this will produce predictable changes in body weight. However, the
overfeeding literature to date does not support this assertion. Dietary protein appears to have
a protective effect against fat gain during times of energy surplus, especially when combined
with resistance training. Therefore, the evidence suggests that dietary protein may be the key
macronutrient in terms of promoting positive changes in body composition.
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