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Abstract

Background Competitive bodybuilders are well known

for extreme physique traits and extremes in diet and

training manipulation to optimize lean mass and achieve a

low body fat. Although many of the dietary dogmas in

bodybuilding lack scientific scrutiny, a number, including

timing and dosing of high biological value proteins across

the day, have more recently been confirmed as effective by

empirical research studies. A more comprehensive under-

standing of the dietary intakes of bodybuilders has the

potential to uncover other dietary approaches, deserving of

scientific investigation, with application to the wider

sporting, and potential health contexts, where manipulation

of physique traits is desired.

Objective Our objective was to conduct a systematic re-

view of dietary intake practices of competitive body-

builders, evaluate the quality and currency of the existing

literature, and identify research gaps to inform future

studies.

Methods A systematic search of electronic databases was

conducted from the earliest record until March 2014. The

search combined permutations of the terms ‘bodybuilding’,

‘dietary intake’, and ‘dietary supplement’. Included studies

needed to report quantitative data (energy and

macronutrients at a minimum) on habitual dietary intake of

competitive bodybuilders.

Results The 18 manuscripts meeting eligibility criteria

reported on 385 participants (n = 62 women). Most studies

were published in the 1980–1990s, with three published in

the past 5 years. Study methodological quality was

evaluated as poor. Energy intake ranged from 10 to

24 MJ/day for men and from 4 to 14 MJ/day for women.

Protein intake ranged from 1.9 to 4.3 g/kg for men and from

0.8 to 2.8 g/kg for women. Intake of carbohydrate and fat

was\6 g/kg/day and below 30 % of energy, respectively.

Carbohydrate intakes were below, and protein (in men)

intakes were higher than, the current recommendations for

strength athletes, with no consideration for exploration of

macronutrient quality or distribution over the day. Energy

intakes varied over different phases of preparation, typically

being highest in the non-competition ([6 months from

competition) or immediate post-competition period and

lowest during competition preparation (B6 months from

competition) or competition week. The most commonly

reported dietary supplements were protein powders/liquids

and amino acids. The studies failed to provide details on

rationale for different dietary intakes. The contribution of

diet supplements was also often not reported. When sup-

plements were reported, intakes of some micronutrients

were excessive (*1000 % of US Recommended Dietary

Allowance) and above the tolerable upper limit.

Conclusion This review demonstrates that literature de-

scribing the dietary intake practices of competitive body-

builders is dated and often of poor quality. Intake reporting

required better specificity and details of the rationale

underpinning the use. The review suggests that high-qual-

ity contemporary research is needed in this area, with the

potential to uncover dietary strategies worthy of scientific

exploration.
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Key Points

Much of the existing research on the dietary intake of

bodybuilders is dated and of limited quality.

A number of dietary strategies long used by

bodybuilders, particularly the timing and dosing of

protein around training have been ‘ahead of the

science’.

Contemporary research on the dietary strategies used

by bodybuilders has the potential to uncover dietary

approaches worthy of future research.

1 Introduction

Competitive bodybuilders are dedicated to rigorous diet

and training practices with the aim of achieving an ex-

tremely muscular, symmetrical, and well-proportioned

physique [1–3]. The use of dietary supplements is ubiqui-

tous and, in a subset of bodybuilders, drugs designed to

enhance the accumulation of lean mass, reduce body fat, or

improve appearance are also a factor in ‘sculpting’ a more

perfect physique [4–6]. Historical evidence supports the

notion that the ideal body desired by competitive body-

builders has evolved substantially over time from some-

thing previously considered widely socially desirable to the

extreme manifestations that exist in order to win compe-

titions such as Mr. Olympia (considered the pinnacle of

bodybuilding) today [7]. For example, one of the heaviest

Mr. Olympia winners, Ronnie Coleman (weighing in at

133 kg in 2009), was some 50 kg heavier than Frank Zane,

who won Mr. Olympia on three consecutive occasions

during the 1970s, Such huge gains in muscle mass across

the decades are likely a consequence of several factors,

including more evidence-based diet and training support,

but also likely as a consequence of anabolic agent abuse

[7–14]. Low body fat is also a hallmark of bodybuilding,

with levels reported to be below 5 % for competition in

men [2, 8] and 10 % for women [1]. The combination of

both high muscle mass and low body fat enables modern

bodybuilders to display a ‘shredded’, ‘vascular’, and what

has been likened to a superhero or ‘Incredible Hulk’-type

appearance [9, 10]. Although bodybuilding has evolved

over the years, a commitment to strict dietary intake re-

mains [1, 7].

1.1 Evolution of Competitive Bodybuilding

Information on diet, supplementation, and drug use in

bodybuilding has historically been passed on by successful

competitors and bodybuilding magazines but increasingly

now via the internet [15, 16]. Although many dietary

dogmas lack scientific scrutiny, several have more recently

been evaluated by empirical research, with practices such

as consumption of protein around the time of training [17],

use of high biological value protein supplements, and fre-

quent dosing of protein ingestion over the day gaining

scientific support [13]. In fact, athletes and coaches often

emulate the diet and training strategies used by body-

builders to enhance their own physique or athletic perfor-

mance [18]. Only in more recent years have scientists taken

greater interest in examining the potential efficacy of some

of these diet strategies, a number of which are now being

applied to both athletes and clinical populations seeking to

increase lean muscle mass and reduce body fat [17, 19, 20].

In the late 1970s, bodybuilding widened its scope to

incorporate a drug-free natural bodybuilding competition

[21]. This change was prompted by concerns about the

negative health effects of drug use in bodybuilding [21].

The physiques of competitors had reached such an extreme

that they were no longer aesthetically pleasing to a wider

audience, resulting in a downturn in popularity with par-

ticipants and spectators [7, 11]. Other less extreme body-

building categories have since been introduced (e.g.,

figure/physique, sports/fitness, and swimsuit/bikini). For

example, in 2013, the Mr. Olympia contest introduced a

physique category for men, one that aims to attract com-

petitors with less extreme physiques. Greater participation

by women in newer bodybuilding categories is evident

[22]. In fact, it should be acknowledged that resistance

training and non-competitive bodybuilding is prevalent

across a wide spectrum of the population for the purpose of

improving strength, athletic performance, injury reha-

bilitation, weight management, and health promotion as

well as physical appearance [23].

1.2 Purpose of this Systematic Review

Many of the dietary approaches used in bodybuilding have

been developed and refined by bodybuilders themselves

well before efficacy was confirmed by scientific research

[13]. A more comprehensive understanding of the dietary

intakes of bodybuilders has the potential to identify ef-

fective and unique dietary approaches deserving of addi-

tional research to assist in the development of lean mass

and reducing body fat. As lean mass gains and fat loss is

commonly desired by athletes and the general community,

there is wider interest in the potential benefit of such

strategies. Evidence also exists that a number of the dietary

strategies used by bodybuilders, including multiple or

heavy supplement use, may be detrimental to health and

that these are increasingly filtering through to the general

community [24–26].
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The primary aim of this study was to systematically

review the dietary intake practices of competitive body-

builders. A secondary aim was to evaluate the quality and

currency of the existing literature and identify research

gaps to inform future studies. Bodybuilding in this review

was limited to resistance training with the specific goal of

improving muscularity (size and tone) purely for the aes-

thetic benefit to physique assessed at amateur and profes-

sional bodybuilding competitions.

2 Methods

2.1 Design

A systematic search of electronic databases, including

Allied Complementary Medicine (via OvidSP), Cumula-

tive Index to Nursing, and Allied Health Literature (via

EBSCO), MEDLINE (via OvidSP), SPORTDiscus (via

EBSCO), and Web of Science, was performed from earliest

record until March 2014. The search strategy combined the

terms ‘body building’, ‘body-building’, ‘bodybuilding’,

‘body builder’, ‘body-builder’, and ‘body builder’ with

diet, diet intake, diet supplement, and dietary supplement.

Due to the large volume of magazine and lay articles (see

Fig. 1), the search was limited to peer-reviewed journal

manuscripts. Following the search, a PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-A-

nalyses) informed systematic review process was com-

pleted [27].

2.2 Selection of Studies

To be included, studies needed to explicitly describe di-

etary energy and macronutrient consumption with or

without micronutrient and dietary supplement intake in

male and/or female bodybuilders. Participants had to be

engaged in training specifically for amateur or professional

bodybuilding competitions across any category (e.g., nat-

ural body building, sport fitness model, etc.). Dietary in-

takes needed to be described quantitatively (e.g., kcal/kJ, g,

lg) rather than qualitatively (e.g., menus, food group

servings, etc.). Studies of any phase of training or com-

petition preparation were eligible for inclusion. These

phases were divided into four distinct periods: non-com-

petition (NC:[ 6 months from competition), competition

preparation (CP: B 6 months from competition), competi-

tion (C: week of competition), and post-competition (P:

immediate days after competition). When the phase of data

collection was not specified (NS), this was also noted.

Although all study designs (e.g., randomized controlled

trials, cohort, and observational) were potentially eligible

for inclusion, only baseline data describing habitual intake

was used for intervention studies. As the study aim was to

describe free-living intakes of male and female body-

builders, studies that only provided a description of an

experimentally manipulated dietary intake (due to the study

imposing a diet or supplement prescription) were excluded,

as were studies of participants training to improve physique

but not specifically to be competitive in bodybuilding or

studies that provided only the mean of intakes for men and

women combined (as this does not provide realistic infor-

mation on the habitual intake consumed for either sex).

In longitudinal studies where dietary intake may have

been described across the different competition phases

outlined above, data from each phase described were ex-

tracted. Where multiple time points were described in a

particular phase, the data closest to the mean were calcu-

lated (if two time points), or the median (if three or more

time points) for that phase were used. When studies de-

scribed dietary intake with and without the contribution of

dietary supplements, both data sets were extracted, but the

data set with supplements incorporated was used in sum-

mary weighted means as this was considered to more ac-

curately describe total intake of nutrients. Diet intake from

food without supplements was included when it was not

possible to add on the intake derived from supplements

(i.e., they were described qualitatively not quantitatively).

When supplement intake was quantified and provided

separately to the intake from food, the intake from sup-

plements was added to the intake from food to calculate the

total nutrient intake. Drug use was noted when reported.

Studies in which participants were preparing to compete in

competition where drug testing was conducted were as-

sumed to not use prohibited substances unless otherwise

reported. Studies that only examined supplements without

reporting dietary intake from food, or case studies with

only one participant, were excluded.

Anthropometric (height, mass) and body composition

data (percent fat) was extracted for each phase described in

the manuscript. When multiple time points were provided

within a particular phase, the highest and lowest body mass

and percent fat was extracted to reflect the range and

change in these parameters across the different phases of

training and competition. The method used to measure

body composition was also extracted.

After eliminating duplicates, the search results were

screened by one reviewer (HO) against the eligibility cri-

teria. Those references that were not eliminated by title or

abstract were retrieved and independently reviewed for

inclusion by two reviewers (JS, HO). Abstracts, thesis

dissertations, and reviews were excluded. Reference lists of

all retrieved papers were manually hand searched for ad-

ditional potentially relevant manuscripts. Papers from all

languages were included; however, these were excluded if

a translation could not be made. Where a journal article
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contained insufficient information, attempts were made to

contact authors to obtain missing details.

2.3 Data Extraction, Conversions, and Statistics

Data extracted from studies included participant charac-

teristics such as age, sex, years of training, competition

caliber, weight, height, and body composition. Dietary in-

take from food, with or without supplements, notably en-

ergy, macronutrient, micronutrient, type and number of

supplements used, and method of dietary assessment used

(e.g., food diary, questionnaire, 24-h recall) were also ex-

tracted. Anthropometric parameters reported in imperial

(e.g., pounds) and dietary energy reported in kilocalories

were converted to kg and kJ (1 kg = 2.2 pounds; 1 k-

cal = 4.2 kJ), respectively. Body mass index (BMI) was

calculated [(weight/height)2] from the mean height (m) and

body mass (kg). When required, Atwater factors were used

to calculate grams of a nutrient into percent of energy

(protein 17 kJ/g or 4 kcal/g; fat 37 kJ/g or 9 kcal/g; car-

bohydrate 16 kJ/g or 4 cal/g; alcohol 29 kJ/g or 7 cal/g)

[28]. Extracted data were presented as mean and standard

deviation (SD) when SD was reported. When standard er-

ror was used, SD was calculated and used in the data tables.

Weighted means were calculated for age, anthropometric

variables, energy, and macronutrient intakes.

Macronutrient intake was compared with existing rec-

ommendations specific to nutrition for athletic performance

[29]. Adequacy of micronutrient intakes as a percent of the

Recommended Dietary Allowance (RDA) set by the

country in which the study was conducted was extracted

when reported. When not reported, adequacy was assessed

Identified through database 
search

(n =319) 

Duplicates

(n = 166)

Identified through other sources
(n = 2) 

Screened for inclusion
(n = 155) 

Excluded on bases of title/abstract
(n = 111) 

Screened for eligibility
(n = 44) 

Included in analysis
(n =18)

Excluded by criteria 
(n = 26) 

Nil or inadequate data on habitual diet 9 
Republished data    3 
Case study (n = 1)   1 
Letter     1 
Abstract only    1 
Mixed sex cohort    1 
Non-relevant cohort 10

Fig. 1 Search strategy and

results
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against the current US RDA [30], as the majority of papers

(11/18) were from the USA, and mean intakes for each

nutrient were used. The US tolerable upper intake levels

were also used [30] to assess intakes that may have reached

or exceeded these recommendations. As some studies

analysed the dietary contribution of food separately from

supplements (while in other studies supplements were in-

corporated into this calculation), the methodology of how

the food/supplement intake was calculated was extracted.

All data were independently extracted twice (JS, LM, HO),

with disagreements resolved by discussion with a third

researcher (GS, JG) if required.

2.4 Assessment of Methodological Quality

The quality of 17 (of the 18) studies meeting inclusion

criteria were independently assessed by two researchers

(JG and LM) using a modified assessment scale devised

by Downs and Black [31]. One study, by Cho et al. [15],

could not be rated for quality since an adequate English

language translation of all text was not possible. Using

the scale, 13 of the 27 criteria that logically applied

(items 4, 8, 9, 12–15, 17, 21, 23–27 were excluded) to the

identified studies were used. Two additional items ad-

dressing nutrition methodology from a nutrition-specific

quality criteria checklist were incorporated [32]. The two

items added were ‘‘Were nutrition measures appropriate

to question and outcomes of concern?’’ and ‘‘Were the

observations and measurements based on standard, valid,

and reliable data collection instruments/tests/procedures?’’

When each paper was reviewed, each reviewer checked

for internal (intra-rater) consistency across categories be-

fore scores were amalgamated. Disagreements were re-

solved by discussion with a third researcher for consensus

(HO).

3 Results

3.1 Identification and Selection of Studies

The original search netted 319 potential articles. After the

removal of duplicates (n = 166), a further 111 were re-

moved after screening using title and abstract. The full text

of the remaining 44 articles, along with an additional two

identified by hand searching, were retrieved. Of these, 28

were excluded due to not meeting the eligibility criteria,

resulting in 18 eligible manuscripts. A summary of the

systematic PRISMA process is shown in Fig. 1. One paper

[33] was excluded after attempts to contact the authors in

an effort to obtain more specific information about par-

ticipant characteristics and dietary details failed.

3.2 Demographic Characteristics, Competition

Phase/Calibre and Drug Use

Participant demographic characteristics are outlined in

Tables 1 and 2 for the male and female participants, re-

spectively. The 18 studies described a total of 385 par-

ticipants (323 men and 62 women). The majority of papers

were published in the 1980 and 1990s; four papers were

published in 2000, 2007, 2010, and 2011. The weighted

mean age of the men was 26.9 ± 4.7 years (range 21.5–30)

and of the women was 28.6 ± 4.2 years (range 18–30). Of

the 18 studies, ten described men only, three described

women only, and five contained male and female cohorts.

Most (n = 11) studies were conducted in the USA, while

two were from Korea, one was from South Africa, and the

remaining four were from Europe (Tables 1, 2). The males

had trained for a mean of 6.1 years (range 2–9.5) and the

females for 3.5 years (range 1.7–7.5). Use of anabolic

agents was reported by the participants in five of the 18

studies, with no use reported in seven studies (or implied

via the competition being a drug-tested event), leaving the

drug-taking status within the remaining six studies

unknown.

The competition caliber of the participants was not al-

ways described, but only six of the 18 studies reported

recruiting participants competing at the national level and

only one study reported inclusion of participants at the

international level. None of the studies reported whether

participants were competing in newer bodybuilding com-

petition categories (e.g., figure, model, swimsuit, etc.) and

only two papers [6, 15] reported details of the weight class

for which the competitors were preparing.

The competition phase of data collection varied across

studies, with the non-competition phase described in five,

competition preparation in four, and competition week in

eight studies (Tables 1, 2). Six papers described more than

one competition phase. A total of seven studies failed to

identify the phase of the training/competition cycle. Only

one study (in women only) reported on the post-competi-

tion period.

3.3 Anthropometric and Body Composition

Characteristics

The weighted mean height of the men and women was

175.7 ± 6.4 cm (range 169.9–180) and 163.3 ± 5.8 cm

(range 160–172), respectively (Tables 1, 2). The weighted

mean body mass, fat-free mass, and percent fat of the men

was 83.7 ± 9.1 kg (range 77.6–94.9), 77.8 ± 7.6 kg (range

67.7–83.1), and 12.1 ± 2.5 % (range 4.7–17), respectively. In

women, these parameters were 54.2 ± 5.1 kg (range

52.3–60), 48.8 ± 4.3 kg (range 47.4–51.8), and 9.3 ± 2.1 %

(range 8.4–11.1), respectively. In studies that measured body
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composition in non-competition/competition preparation

versus competition phases, body mass and fat was substan-

tially less at competition in both men (*5–7 kg lighter and

*4–5 % lower body fat) and women (*3–6 kg lighter and

*5–7 % lower body fat). When body composition was

assessed, studies used hydrodensitometry (n = 4), surface

anthropometry (n = 5), bioelectrical impedance (n = 3), or

dual energy X-ray absorptiometry (n = 1).

3.4 Dietary Intake in Men

3.4.1 Energy and Macronutrient Intake in Men

The intake of energy and macronutrients for the men are

reported in Table 3, which also shows the phase (i.e., non-

competition, competition, or non-specified) and whether

intakes included the contribution of dietary supplements.

Of the 16 studies that reported data in men, only six in-

cluded dietary supplements in the nutritional analysis, with

five of these including both powder/liquid and pill-form

supplements (the remaining study analyzed only sports

food supplements). Two of these six studies also provided

nutritional analysis without supplements, enabling the

contribution of dietary supplements to be assessed. Of the

remaining ten studies in men, six failed to specify whether

supplements were included in the analysis and four only

provided an analysis of intake from foods consumed,

omitting supplements. No studies in men reported on the

post-competition period, and a large number of participants

were from studies in which the phase of preparation was

not specified (n = 193). The majority of participants were

described in the non-competition (n = 66) or competition

(n = 63) phase, with a smaller number described in the

competition preparation phase (n = 22). Limited details

were provided on the types of dietary approaches or ra-

tionale used by the participants in these phases, i.e., whe-

ther they were ‘bulking’, ‘cutting’, restricting fluids or

sodium, etc.; rather, just the nutritional analysis was

provided.

The energy intake in the men across the 16 studies

ranged from 8572 kJ/day (102 kJ/kg/day) through to

24,104 kJ (276 kJ/kg/day) (Table 3). Energy intake varied

across competition phases, with weighted means showing it

was highest (excluding the non-specified phase data) in the

non-competition phase (15,988 kJ/day; 184 kJ/kg/day) and

lowest in the competition phase (10,029 kJ/day; 123 kJ/

kg/day) (Table 3). The protein intake in men ranged from

157 g/day (1.9 g/kg/day) to 406 g/day (4.3 g/kg/day). The

proportion of energy from protein ranged from 17.5 to

40 %. Weighted means showed that the absolute intake of

protein was highest in the non-competition phase

(220 g/day; 2.5 g/kg) and lowest in the competition phase

(194.5 g/day; 2.4 g/kg/day) (Table 3).

Carbohydrate intake across the studies in men ranged

from 243 g/day (3.0 g/kg/day) through to 637 g/day (7.2 g/

kg/day). The proportion of energy from carbohydrate ran-

ged from 34 to 64 %. Weighted means indicated the ab-

solute intake of carbohydrate was highest in the non-

competition phase (454 g/day; 5.3 g/kg/day) and lowest

during the competition phase (310 g/day; 3.8 g/kg/day)

(Table 3). The absolute intake of fat across the studies

ranged from 19 g/day (8 % of energy) through to

241 g/day (33 % of energy). Weighted means indicated the

highest absolute fat intake (aside from the mean of studies

where phase of data collection was not specified) was

during the non-competition phase (123 g/day; 28 %) and

lowest during the competition phase at 41 g/day (14 % of

energy) (Table 3).

Most studies failed to report a value for alcohol con-

sumption, so this was calculated via difference from the

sum of the proportions derived from protein, fat, and car-

bohydrate and found in most cases to be zero (Table 3).

However, this calculation was problematic for some studies

[1–3, 34], as the sum of the percent energy contribution

from protein, fat, and carbohydrate exceeded 100 %,

indicating the authors had made an error with the reported

data (see quality ratings, Table 9). Half (n = 8) of the

papers in men were found (five via calculation) to have an

energy contribution from alcohol that ranged from 1 %

[35] to 5 % of energy [36]. The absolute highest mean

intake of alcohol in any study was 23 g/day [36].

3.4.2 Micronutrient Intake in Men

Vitamin intake was reported in nine of the 16 studies in

men (Table 4). However, only five of these studies pro-

vided a comprehensive analysis of intake, which included

the contribution of dietary supplements [1, 2, 5, 35, 37].

Two of these five papers were also analysed without sup-

plements for comparison [2, 35]. The remainder (n = 4)

failed to specify whether supplements were included in the

nutrient analysis. A total of nine vitamins were reported on

across the studies, including folate, retinol equivalents, and

vitamins B1, B2, B3, B6, B12, C, and E. Of these, only

vitamins B2 and B3 had intakes below the RDA from at

least one study. Most striking was the substantially high

intakes of certain nutrients, and this occurred more often in

the intakes where supplements were included in the nutri-

tional analysis. Some nutrients were consumed at levels

more than 1000 % above the RDA. Nutrients consumed

above the upper limit (according to US recommendations)

[30] were folate, vitamin B6, and vitamin C. As intakes of

vitamin A were reported as retinol equivalents, it was not

possible to assess the upper limit (Table 4).

Mineral intake was reported in 12 of the 16 studies in

men (Table 5). Of these, six studies calculated intake with

Dietary Intake of Competitive Bodybuilders 1049

123



T
a

b
le

4
V
it
am

in
in
ta
k
es

in
m
en

R
ef
er
en
ce
s

n
P
h
as
e

F
o
la
te
,
l
g

V
it
A
,
R
E

V
it
B
1

V
it
B
2

V
it
B
3

V
it
B
6

V
it
B
1
2

V
it
C

V
it
E

B
az
za
re
et

al
.
[8
]

1
3

C
S
N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

2
7
2
±

2
5
8

(4
5
3
)

N
R

C
h
o
et

al
.
[1
5
]

3
4

N
S
S
N
R

N
A

1
1
4
3
±

1
2
0
8
(1
8
1
)

1
±

1
(1
1
4
)

2
±

0
1
(8
6
)

5
3
±

4
1

(3
1
2
)

N
R

N
R

1
8
1
±

1
3
4

(2
7
3
)

N
R

F
ab
er

an
d
B
en
ad
e

[3
7
]

4
5

N
S
?
S
,
a

6
3
2
(1
5
8
)

1
6
,1
2
7
(3
2
3
)

4
(3
2
9
)

6
(3
7
5
)

4
7
(2
6
1
)

5
(2
2
3
)

1
7
(5
6
3
)

2
6
0
(4
3
3
)

N
R

3
0

N
S
?
S
,
b

8
4
5
(2
1
1
)

2
3
,7
3
6
(4
7
5
)

1
7
(1
2
3
8
)

1
6
(9
8
1
)

9
2
(5
1
1
)

1
7
(7
5
9
)

6
8
(2
2
5
0
)

9
7
0
(1
6
1
6
)

N
R

H
ey
w
ar
d
et

al
.
[1
]

7
C
P
?
S
,
a

N
R

N
R

3
±

1
(1
7
1
)

2
±

1
(1
3
8
)

5
8
±

1
6

(3
2
3
)

4
2
±

1
8
(3
1
1
)

N
R

1
5
4
±

9
4

(2
5
6
)

1
7
±

1
0

(1
6
5
)

C
?
S
,
b

N
R

N
R

2
.1

±
0
.8

(1
2
5
)

3
±

6
(2
4
2
)

5
9
±

2
4

(3
2
7
)

4
1
±

2
4
(3
0
)

N
R

1
7
1
±

8
2

(2
8
5
)

1
0
±

3

(1
0
0
)

K
ei
th

et
al
.
[4
]

1
4

N
C
S
N
R

7
5
3
±

4
7
7

(3
7
6
)

1
5
,3
8
6
±

9
1
6
7
(3
0
4
)

4
±

2
(1
7
3
)

6
±

3
(2
0
4
)

7
3
±

3
6

(2
4
5
)

5
±

3
(2
3
6
)

1
2
±

8

(6
0
3
)

2
2
2
±

2
3
7

(3
7
0
)

1
5
±

2
0

(1
0
0
)

K
le
in
er

et
al
.
[5
]

3
5

N
S
?
S
,
a

N
R

1
7
,7
0
9
±

2
9
,9
9
0

(1
9
6
8
)c

9
±

1
4

(7
5
0
)c

1
1
±

1
5

(8
4
6
)c

8
4
±

5
0

(5
2
5
)c

N
R

N
R

4
9
3
±

3
2
6

(5
4
8
)c

N
R

L
in
se
is
en
et

al
.
[3
5
]

1
3

N
C
?
S
,
b

7
3
2
±

5
5
3

(4
8
8
)

1
±

1
(1
1
0
)

1
2
±

1
3

(5
5
3
)

1
0
±

9
(3
9
8
)

4
6
±

2
3

(2
5
8
)

5
5
±

1
5
5

(1
2
6
3
)

N
R

3
2
1
±

2
3
3

(4
2
8
)

3
9
±

3
4

(3
2
1
)

N
C
-
S

2
3
6
±

8
8

(1
5
7
)

1
±

1
(5
8
)

2
±

1
(7
2
)

3
±

1
(1
2
9
)

2
4
±

1
2

(1
3
6
)

3
±

1
(6
6
)

N
R

1
4
0
±

6
1

(1
8
7
)

1
3
±

5

(1
1
1
)

N
ew

to
n
et

al
.
[2
]

6
C
P
?
S
,
b

(1
7
4
)

(3
7
6
)

(1
3
5
3
)

(1
1
8
0
)

(4
6
3
)

(4
7
8
2
)

(7
2
3
9
)

(2
4
8
3
)

(2
1
3
)

C
P
–
S

(1
1
4
)

(2
7
4
)

(1
5
0
)

(1
5
0
)

(3
9
9
)

(2
2
4
)

(2
2
7
)

(2
8
5
)

(9
3
)

6
C
?
S
,
b

(1
7
4
)

(4
3
6
)

(1
3
2
9
)

(1
1
4
5
)

(3
8
0
)

(3
8
2
9
)

(7
6
5
9
)

(1
8
8
0
)

(3
6
9
)

C
-
S

(9
6
)

(3
5
2
)

(1
0
6
)

(9
0
)

(2
5
1
)

(1
5
7
)

(2
4
8
)

(3
0
8
)

(1
2
9
)

S
an
d
o
v
al

et
al
.
[3
]

5
C
S
N
R

N
R

N
R

2
±

1
(1
5
7
)

2
±

0
(1
3
3
)

7
8
±

3
2

(2
4
4
)

5
±

1
(2
1
1
)

N
R

1
3
7
±

7
1

(2
2
9
)

N
R

R
an
g
e
%
R
D
A

9
6
–
4
8
8

5
8
–
1
9
6
8

7
2
–
1
3
5
3

8
6
–
1
1
8
0

1
3
6
–
5
2
5

6
6
–
1
2
6
3

2
2
7
–
7
6
5
9

1
8
7
–
2
4
8
3

9
3
–
3
6
9

D
at
a
ar
e
p
re
se
n
te
d
as

m
ea
n
±

S
D

m
g
(%

R
D
A
)
u
n
le
ss

o
th
er
w
is
e
in
d
ic
at
ed

C
co
m
p
et
it
io
n
,
C
P
co
m
p
et
it
o
r
p
re
p
ar
at
io
n
,
N
C

n
o
n
-c
o
m
p
et
it
io
n
,
N
R
n
o
t
re
p
o
rt
ed
,
N
S
n
o
t
sp
ec
ifi
ed
,
R
D
A
re
co
m
m
en
d
ed

d
ie
ta
ry

al
lo
w
an
ce

o
r
in
ta
k
e
o
f
th
e
co
u
n
tr
y
in

w
h
ic
h
th
e
st
u
d
y
w
as

co
n
d
u
ct
ed
,
R
E
re
ti
n
o
l
eq
u
iv
al
en
ts
,
S
D
st
an
d
ar
d
d
ev
ia
ti
o
n
,
S
N
R
su
p
p
le
m
en
ts
n
o
t
re
p
o
rt
ed
,
-
S
d
ie
ta
ry

su
p
p
le
m
en
ts
ex
cl
u
d
ed

fr
o
m

th
e
an
al
y
si
s,
?
S
d
ie
ta
ry

su
p
p
le
m
en
ts
in
cl
u
d
ed

in
an
al
y
si
s,
V
it

v
it
am

in
,
%
R
D
A
p
er
ce
n
t
o
f
th
e
R
D
A
/A
I
in

th
e
co
u
n
tr
y
fr
o
m

w
h
ic
h
d
at
a
w
er
e
co
ll
ec
te
d

a
P
ro
te
in

p
o
w
d
er

o
n
ly

b
A
ll
su
p
p
le
m
en
ts

(p
ro
te
in

p
o
w
d
er
,
v
it
am

in
s,
an
d
m
in
er
al
s)

c
C
al
cu
la
te
d
as

re
le
v
an
t
ag
e
(f
ro
m

g
ro
u
p
m
ea
n
)
an
d
se
x
p
er
ce
n
t
R
D
A

o
f
th
e
U
S
A

b
ec
au
se

%
R
D
A

fr
o
m

co
u
n
tr
y
o
f
o
ri
g
in

w
as

n
o
t
re
p
o
rt
ed

in
th
e
p
ap
er

1050 J. Spendlove et al.

123



T
a

b
le

5
M
in
er
al

in
ta
k
es

in
m
en

R
ef
er
en
ce
s

n
P
h
as
e

C
al
ci
u
m

C
o
p
p
er

Ir
o
n

M
ag
n
es
iu
m

P
h
o
sp
h
o
ru
s

P
o
ta
ss
iu
m

S
o
d
iu
m

a
Z
in
c

B
az
za
re

et
al
.
1
9
9
2
[8
]

1
3

C
S
N
R

9
1
7
±

9
5
3
(9
8
)b

2
±

1
(2
3
3
)b

2
4
±

6
(3
0
0
)b

7
0
0
±

3
1
8

(1
7
5
)b

N
R

N
R

N
R

1
4
.3

±
5
.4
(9
5
)

C
h
o
et

al
.
[1
5
]

3
4

N
S
S
N
R

5
5
1
±

3
0
2
(7
9
)

N
R

1
7
±

7
(1
3
5
)

N
R

N
R

N
R

N
R

N
R

F
ab
er

an
d
B
en
ad
e
[3
7
]

4
5

N
S
?
S
,
c

2
5
0
2
(3
1
3
)

5
(1
8
0
)

4
1
(4
1
0
)

6
2
0
(1
7
7
)

3
4
0
4
(4
2
6
)

5
4
7
1

3
3
0
6

3
0
(2
0
0
)

3
0

N
S
?
S
,
d

2
7
1
8
(3
4
0
)

5
(2
0
4
)

5
2
(5
2
0
)

6
7
0
(1
9
0
)

3
5
4
7
(4
4
3
)

5
6
8
5

N
R

3
2
7
9

N
R

3
2
.4

(2
1
6
)

H
ey
w
ar
d
et

al
.
[1
]

7
C
P
?
S
,
c

2
1
4
1
±

1
6
7
2

(2
6
7
)

N
R

2
9
±

1
0
(2
8
6
)

6
3
1
±

2
0
4

(1
8
0
)

N
R

6
2
2
2
±

2
4
8
1

(1
6
6
)

3
9
7
1
±

2
4
7
5

(1
3
2
)

2
4
±

1
2
(1
6
3
)

C
?
S
,
d

4
1
6
±

2
0
9
(5
2
)

N
R

1
9
±

7
(1
8
8
)

4
9
4
±

1
4
6

(1
4
1
)

N
R

5
1
6
3
±

1
2
7
6

(1
3
8
)

1
4
5
1
±

8
4
2
(4
8
)

1
2
±

4
(8
1
)

K
ei
th

et
al
.
[4
]

1
4

N
C
S
N
R

2
2
7
7
±

1
6
6
6

(2
5
9
)

N
R

3
7
±

1
6
(3
4
3
)

6
8
8
±

3
7
6

(1
9
2
)

3
5
6
1
±

1
8
9
0

(4
1
2
)

6
9
5
0
±

3
5
3
3

(1
4
8
)b

5
5
1
1
±

2
0
0
3

(3
6
7
)b

2
4
.7

±
1
3
.0

(1
6
5
)

K
im

et
al
.
[8
0
]

8
N
C
?
S
,
d

2
1
7
7
±

1
5
8
8

(2
1
8
)b

N
R

N
R

N
R

3
2
6
9
±

1
0
2
3

(4
6
7
)b

5
9
5
2
±

2
1
3
6

(1
2
7
)b

4
9
0
5
±

3
1
6
8

(3
2
7
)b

N
R

K
le
in
er

et
al
.
[5
]

3
5

N
S
?
S
,
d

2
9
8
7
±

1
8
2
5

(2
9
9
)b

N
R

4
4
±

3
1
(5
5
0
)b

N
R

4
7
1
7
±

2
4
7
5

(6
7
4
)b

N
R

6
6
9
3
±

3
1
7
5

(4
4
6
)b

4
0
±

3
1
(3
6
4
)b

K
le
in
er

et
al
.
[6
]

1
9

C
–
S

6
0
5
±

5
8
6
(7
5
)

3
±

2
(1
1
1
)

1
6
±

9
(1
5
6
)

3
4
5
±

2
1
4
(9
8
)

N
R

4
4
2
0
±

2
7
6
9

(9
4
)b

1
4
4
2
±

1
3
0
0

(9
6
)b

1
1
±

6
(7
1
)

L
in
se
is
en

et
al
.
[3
5
]

1
3

N
C
?
S
,
d

2
3
1
9
±

8
9
6
(2
3
2
)

N
R

2
6
±

8
(2
6
0
)

7
4
4
±

2
3
2

(2
1
3
)

3
1
8
9
±

1
0
0
0

(4
5
6
)

5
9
4
0
±

1
6
5
0

(1
2
6
)b

3
6
5
0
±

9
8
0

(2
4
3
)b

N
R

N
C
-
S

2
0
8
2
±

7
5
9
(2
0
8
)

N
R

2
2
±

5
(2
2
0
)

6
8
7
±

2
3
7

(1
9
6
)

3
0
6
6
±

9
1
5
(4
3
8
)

5
8
0
0
±

1
6
2
0

(1
2
3
)a

3
5
5
0
±

1
0
0
0

(2
3
7
)b

N
R

N
ew

to
n
et

al
.
[2
]

6
C
P
?
S
,
d

(2
1
3
)

N
R

(3
5
4
)

(1
7
3
)

(2
8
3
)

(1
4
8
)

N
R

(3
6
2
)

C
P
-
S

(1
1
9
)

N
R

(2
4
6
)

(1
6
5
)

(2
7
8
)

(1
4
8
)

N
R

(1
0
3
)

6
C
?
S
,
d

(1
5
2
)

N
R

(3
3
2
)

(1
6
6
)

(1
7
8
)

(1
0
6
)

N
R

(5
5
0
)

C
-
S

(4
9
)

N
R

(1
8
7
)

(1
1
7
)

(1
7
0
)

(1
0
6
)

N
R

(6
9
)

P
o
o
rt
m
an
s
an
d
D
el
la
li
eu
x

[8
1
]

2
0

N
C
-
S

1
8
9
8
±

3
0
7
(9
0
)b

N
R

N
R

N
R

N
R

N
R

N
R

N
R

S
an
d
o
v
al

et
al
.
[3
]

5
C
S
N
R

4
3
3
.0

±
1
8
9
.0

(5
4
)

N
R

1
8
.8

±
6
.0

(1
8
8
)

N
R

N
R

N
R

N
R

N
R

R
an
g
e
%
R
D
A
/A
Ie

4
9
–
3
4
0

1
1
1
–
2
3
3

1
3
5
–
5
5
0

9
8
–
2
1
3

1
7
0
–
6
7
4

9
4
–
1
6
6

4
8
–
4
4
6

7
1
–
5
5
0

D
at
a
ar
e
p
re
se
n
te
d
as

m
ea
n
±

S
D

m
g
(%

R
D
A
)
u
n
le
ss

o
th
er
w
is
e
in
d
ic
at
ed

A
I
ad
eq
u
at
e
in
ta
k
e,

C
co
m
p
et
it
io
n
,
C
P
co
m
p
et
it
io
n
p
re
p
ar
at
io
n
,
N
C
n
o
n
-c
o
m
p
et
it
io
n
,
N
R
n
o
t
re
p
o
rt
ed
,
N
S
n
o
t
sp
ec
ifi
ed
,
P
p
o
st
-c
o
m
p
et
it
io
n
,
R
D
A
re
co
m
m
en
d
ed

d
ie
ta
ry

al
lo
w
an
ce
,
S
N
R
su
p
p
le
m
en
ts
n
o
t

re
p
o
rt
ed
,
-
S
d
ie
ta
ry

su
p
p
le
m
en
ts
ex
cl
u
d
ed

fr
o
m

th
e
an
al
y
si
s,
?
S
d
ie
ta
ry

su
p
p
le
m
en
ts

in
cl
u
d
ed

in
an
al
y
si
s,
%
R
D
A
p
er
ce
n
t
o
f
th
e
R
D
A
/A
I
in

th
e
co
u
n
tr
y
fr
o
m

w
h
ic
h
d
at
a
w
er
e
co
ll
ec
te
d

a
S
o
d
iu
m

fr
o
m

fo
o
d
,
d
o
es

n
o
t
in
cl
u
d
e
ad
d
ed

sa
lt

b
C
al
cu
la
te
d
as

re
le
v
an
t
ag
e
(f
ro
m

g
ro
u
p
m
ea
n
)
an
d
se
x
p
er
ce
n
t
R
D
A
,
o
f
th
e
U
S
A

b
ec
au
se

%
R
D
A

fr
o
m

co
u
n
tr
y
o
f
o
ri
g
in

w
as

n
o
t
re
p
o
rt
ed

in
th
e
p
ap
er

c
P
ro
te
in

p
o
w
d
er

o
n
ly

d
A
ll
su
p
p
le
m
en
ts

(p
ro
te
in

p
o
w
d
er
,
v
it
am

in
s,
an
d
m
in
er
al
s)

e
W
h
en

d
ie
t
in
ta
k
e
re
p
o
rt
ed

w
it
h
an
d
w
it
h
o
u
t
su
p
p
le
m
en
ts
,
ra
n
g
e
g
iv
en

w
it
h
su
p
p
le
m
en
ts

Dietary Intake of Competitive Bodybuilders 1051

123



supplements included. The minerals reported by the studies

included calcium, copper, iron, magnesium, phosphorus,

potassium, sodium, and zinc. Of these nutrients, at least

one study reported intake of calcium, magnesium, potas-

sium, sodium, and zinc below the RDA (range 48–98 %

RDA). Despite this, most of the intakes were well above

the RDA (Table 5). Comparing the mineral intakes with

the US recommendations for upper limit of intake showed

that calcium and sodium (which did not include discre-

tionary use) were above the upper limit in at least one

study, and zinc was consumed around the upper limit in

one study. No studies reported the vitamin or mineral in-

takes against the estimated average requirements (EAR). A

number of studies only reported the percent of the RDA

rather than quantifying the actual micronutrient intake.

3.4.3 Dietary Supplements and Drugs in Men (Qualitative

Data)

Six of the 16 studies in men provided a qualitative de-

scription of the dietary supplements consumed, which in-

cluded protein powders/liquid, amino acids, vitamins,

minerals, and liver tablets. Five studies reported the use of

anabolic steroids in men [4–6, 35, 38], with two of these

studies dividing cohorts into participants using anabolic

agents and participants who were not [5, 38]. Other drugs

reported to be used by participants included diuretics and

laxatives [6].

3.5 Dietary Intake in Women

3.5.1 Energy and Macronutrient Intake in Women

The intake of energy and macronutrients for the women are

reported in Table 6, which also shows the phase when the

data was collected and whether intakes included the con-

tribution of dietary supplements. Only two of the eight

studies in women provided an analysis that included di-

etary supplements and only one of these included both

powder/liquid and pill-form supplements. Four studies

failed to specify whether supplements were included in the

analysis, and the remaining two only provided an analysis

of intake from foods consumed, omitting supplements.

Most of the participants were described in the competition

phase (n = 57), followed by competition preparation

(n = 14) and non-competition (n = 12), with a small

number of participants (n = 5) for whom the phase of

competition was not described. Again, as with the men,

limited details were provided on the types of dietary ap-

proaches or rationale used by the participants in these

phases, i.e., whether they were ‘bulking’, ‘cutting’ (see

Sect. 4.3), restricting fluids or sodium etc.; instead, just the

nutritional analysis was provided.

The energy intake in women ranged from 3742 kJ/day

(66 kJ/kg/day) through to 13,595 kJ (246 kJ/kg/day)

(Table 6). The intake varied across competition phases,

with weighted means showing it was highest in the post-

competition period (13,595 ± 244 kJ/day; 246 kJ/kg/day)

and lowest in the competition preparation phase

(5081 ± 1697 kJ/day; 91 kJ/kg/day) (Table 6). The pro-

tein intake in women ranged from 48 ± 16 g/day (0.8 g/

kg/day) to 162 ± 93 g/day (2.8 g/kg/day). The proportion

of energy from protein ranged from 10 to 39 % of energy.

Weighted means showed that the absolute intake of protein

was highest in the post-competition period (119 g/day;

2.2 g/kg) and lowest in the pre-competition period

(90 g/day; 1.6 g/kg/day) (Table 6).

Carbohydrate intake across the studies in women ranged

from 160 g/day (2.8 g/kg/day) through to 415 g/day (7.5 g/

kg/day). The proportion of energy from carbohydrate ran-

ged from 48 to 78 %. Weighted means indicated the ab-

solute intake of carbohydrate was lowest during the

competition preparation phase (176 g/day; 3.1 g/kg/day)

and highest in the post-competition phase (415 g/day;

7.5 g/kg/day) (Table 6). The intake of fat across the studies

of women ranged from 9 g/day (9 % of energy) through to

124 g/day (34.5 % of energy). Weighted means indicated

the highest intake was during the post-competition period

(124 g/day; 34.5 %) and lowest (as percent of energy)-

during competition (24 g/day; 12.2 % of energy) (Table 6).

Most studies failed to report a value for alcohol con-

sumption, so this was calculated via difference from the

sum of the proportions derived from protein, fat, and car-

bohydrate and, in most cases, was found to be zero

(Table 6). As with the data for men, this calculation was

problematic for some studies [1–3, 39], as the sum of the

percent energy contribution from protein, fat, and carbo-

hydrate exceeded 100 %, indicating the authors had made

an error in the reported data (see Table 6). Only two of the

papers in women were found (via calculation) to have an

energy contribution from alcohol, which was 3 % (non-

specified competition period) [40] and 13 % (an analysis of

competition week, which incorporated the day after com-

petition) [41] (Table 6).

3.5.2 Micronutrient Intake in Women

Vitamin intake was reported in six of the eight studies in

women (Table 7). Of these, only one study [2] provided

analysis of total intake with the contribution of supple-

ments included. Another paper [1] included the contribu-

tion of protein powders but not pill-form supplements. Two

papers failed to specify whether dietary supplements were

included in the analysis. Despite the lack of inclusion of

micronutrients from supplements in a number of the stud-

ies, intakes were generally above the RDA for most of the
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nine vitamins reported (Table 7). Of these nine, only three

vitamins—folate, vitamin B6, and vitamin E—had studies

reporting levels below the RDA. Folate tended to be the

nutrient that had more studies reporting it to be below (and

also further below) the RDA.

The one study including the most comprehensive ana-

lysis of supplements also provided data on the intake from

food only and this demonstrated that, while intakes from

food alone were close to the RDA for most nutrients, when

supplements were included, the intakes for vitamin B1, B2,

B3, B6, B12, C, and E were far above the RDA, often in

excess of 1000 %. Comparison with the current US rec-

ommendations for upper limit of intake demonstrated that

this study reported ingestion rates well above the upper

limit for vitamins B3 and B6 and close to the upper limit for

vitamins C and E. As intakes of vitamin A were reported as

retinol equivalents, it was not possible to assess the upper

limit.

Mineral intake was reported in seven of the eight

studies in women (Table 8). As for vitamins, only one

study included a comprehensive analysis of dietary sup-

plements [2], another included analysis with protein

powders/liquid, not pill-form supplements [1], and the

remainder either did not include supplements in the di-

etary intake analysis or failed to report whether or not

they were included. Eight minerals were reported in the

analysis: calcium, copper, iron, magnesium, phosphorus,

potassium, sodium, and zinc. Sodium intake did not in-

clude discretionary use. In contrast to the vitamins, eight

of the minerals had at least one study with an intake

below the RDA (all except phosphorus). Intakes below the

RDA ranged from 20 % for sodium through to 84 % for

copper. As with vitamins, the study analyzing dietary

intake with and without supplements showed intakes were

substantially higher and more likely to meet the RDA

when supplements were included, but this study did report

an intake of potassium that was below the RDA (Table 8).

Comparison of the mineral intakes with the US recom-

mendations for upper limits of intake found that two nu-

trients—iron and sodium—were consumed above the

upper limit in at least one study. For iron, this was only in

the study that included dietary supplements in the analy-

sis; for sodium, it was only in the post-competition period

(Table 8). No studies reported the vitamin or mineral in-

takes against the EARs. A number of studies only re-

ported the percent of the RDA rather than quantifying the

actual micronutrient intake.

3.5.3 Dietary Supplements and Drugs in Women

Four of the eight studies in women provided a qualita-

tive description of the dietary supplements consumed,

which included protein powders/liquid, amino acids,

vitamins, minerals, and L-carnitine [2, 6, 39, 41]. In the

one study in which the women reported use of drugs,

participants indicated that they used diuretics but none of

the women reported using anabolic steroids [6]. The

authors of this paper commented that a number (un-

quantified) of the participants failed to complete the

items probing drug use in the survey used to obtain this

information [6].

3.6 Evaluation of Methodological Quality

The mean quality rating score was 7.4 ± 1.7 of a possible

15 (Table 9). All studies scored 0 for describing con-

founders and having a representative sample. The lowest

scores were for using appropriate nutrition methods (mean

score 0.1 ± 0.3); for using standard, valid, and reliable

nutrition instruments, tests, and procedures (mean score

0.2 ± 0.4); describing subject characteristics (mean score

0.2 ± 0.4); and compliance (mean score 0.2 ± 0.4). The

best scores were for describing the main findings, esti-

mating random variability, and not data dredging (all

studies scored 1).

4 Discussion

This study provides a comprehensive and systematic

summary of the literature on dietary intake in competitive

bodybuilders. Overall, the body of literature is limited,

especially in women. It is also dated (1980–1990), with

only four studies published since 2000. There are few

longitudinal studies tracking the changes in dietary intake

across different phases of preparation. The majority of

studies fail to provide detailed information on dietary

supplementation and how this contributes to energy,

macro, and micronutrient intake. Most studies fail to report

on the rationale for supplement use and sources of infor-

mation. In the few studies that included analysis of total

dietary intake from food and supplements, it is clear that

micronutrient intake is much higher than, with levels for

some nutrients well above, the US tolerable upper limit. As

expected, protein intakes were higher than recommenda-

tions [29] for the general adult population, and the intakes,

particularly in men, were often higher than sports nutrition

recommendations for strength athletes. The protein intakes

in this study were also likely underestimated, as not all

studies included dietary supplements in the nutrient ana-

lysis. No studies examined the timing of nutrient intake;

however, one study, by Cho et al. [15] investigated the

daily distribution of energy by mealtime (breakfast, lunch,

dinner, and snacks) but not macronutrient distribution.

Often the rationale for the dietary strategies used by par-

ticipants was neither provided nor explored. The
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methodological quality of the studies was poor, and several

were identified as reporting data with obvious analysis

errors in the nutrient intakes [1–3, 34, 39]. This review

highlights that contemporary, high-quality research on di-

etary intake in bodybuilders is needed.

4.1 Anthropometry, Body Composition, and use

of Anabolic Agents

As expected, the participants included in the studies were

lean with percent body fat below 11 % for women

(8.4–11.1) and 17 % for men (4.1–17.0). The caliber of

bodybuilders was not well described, and fewer studies

report on national or internationally representative com-

petitors. A number also failed to nominate the phase of

preparation during which the data were collected. This is

likely why the studies in women appear to have an upper

range of body fat lower than that of the men. However, in

studies reporting both competition preparation and com-

petition phases, there was a clear and often substantial

reduction in both body mass and fat of approximately

3–6 kg and 4–7 %, respectively (Tables 1, 2) that occurred

in the preparation for competition. All four of the papers in

women [1–3, 6] that quantified body fat percentage in the

week of competition reported mean body fat percentages

below the estimated minimum level of body fat (12 %) as

per the American College of Sports Medicine guidelines [9,

29]. Two of the six male competition week papers reported

a mean body fat percentage below the estimated minimum

level of body fat compatible with long-term health out-

comes (5 %) [10, 29]. Few of the studies reported the use

of anabolic agents; however, in one of the two studies [8]

reporting on participants who used versus those who did

not use anabolic steroids, body mass was substantially

higher in those bodybuilders using steroids.

The men, as expected, were substantially heavier than

the women, with a weighted mean body mass of ap-

proximately 84 versus 54 kg for the women. These body

masses are below what is typically seen in winners of

Mr. and Ms. Olympia where men typically weigh in

excess of 120 kg [9, 10] and women 60 kg [42]. As

stated above, range of competition caliber (and inclusion

of only one study with internationally competitive par-

ticipants) likely explains the lower mass seen in the in-

cluded studies. Most of the studies failed to report the

weight category (if any) for which competitors were

aiming; details on this would have been useful to provide

context to the anthropometric data. It is also important to

consider that the manuscripts are dated, and the mean

body mass of competitors in professional competitions

post the year 2000 is reported to be greater than in the

1980s and 1990s, when most of the included studies were

published [10, 42].T
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4.2 Energy Intake

The absolute energy intake of the male bodybuilders

(10–16 MJ/day;[13 MJ/day except for competition) was

substantially higher than that reported in a study of male

Australian Olympic athletes where mean absolute energy

intake was around 13 MJ/day (166 kJ/kg/day) [43]. Com-

pared with the energy intake of Australian Rugby League

players, that of the bodybuilders was closer to the higher

end, with a reported mean of 17 MJ/day [44]. In terms of

kJ/kg/day, the intake of the bodybuilders was at least

similar and typically higher across all phases except the

competition phase, where it was substantially lower

(123 kJ/kg/day) than that of the male Olympic athletes

[43]. In the women bodybuilders, weighted mean absolute

energy intake ranged from 5 to 10.5 MJ/day (91–176 kJ/

kg/day). In the same study of Olympic athletes reported

above [43], the female Olympians had an average absolute

energy intake of 9 MJ/day (144 kJ/kg/day) [43], which was

within a similar range to that of the female bodybuilders in

this study. Lack of empirical data on energy requirements

of resistance training makes it difficult to assess the energy

needs of bodybuilders. Unfortunately, accurately quanti-

fying the energy expenditure of a heavy resistance training

session is challenging [45–48].

In the current study, energy intakes in the men were

greater during the non-competition phase, where they

would typically undertake ‘bulking’, and lowest in the

competition phase, where the ‘cutting’ occurs (Table 3). In

the women, lowest intakes were during the competition

preparation phase (Table 4). Given the extreme changes in

training practices across the training phases, dietary needs

are of utmost importance when aiming to achieve a com-

petitive physique [49]. Unfortunately, the level of detail in

the papers in this review prohibits a comprehensive

evaluation of the dietary strategies used across the different

phases and how dietary supplements (and in some cases

drugs) and training were incorporated to manipulate energy

balance.

4.3 Macronutrient Intake

4.3.1 Protein Intake

The macronutrient intakes of the bodybuilders were gen-

erally what was expected, with a protein intake either

similar to or higher than the recommendation of 1.2–1.7 g/

kg/day for strength-training athletes [29]. The protein in-

takes in men did not fall below 2 g/kg/day and peaked at

4.3 g/kg/day. The intakes of the women were lower and

often below 2 g/kg/day, with the highest intake being

2.8 g/kg/day. The weighted mean protein intakes tended to

be higher than those reported in the abovementioned study

of male and female Australian Olympic athletes (1.7 and

1.3 g/kg/day, respectively) [43].

Research has emerged, particularly over the past

10–15 years, that supports the benefit of a higher protein

intake in athletes than is recommended for sedentary in-

dividuals [29]. Rather than an absolute need or require-

ment, protein intake in athletes could be considered within

the context of supporting optimal development of muscle

mass [50], clearly a desirable outcome for bodybuilders.

Both acute [51] and longitudinal training studies [52, 53]

support the benefit of the timing of protein intake around

resistance training sessions, with the strongest support for

ingestion of 20–25 g of high biological value protein (e.g.,

dairy, egg or lean meat) within 2 h post-training [54]. High

biological value proteins that contain all of the essential

amino acids have been shown to be superior [54], with

strong support available for dairy proteins such as whey,

with a high leucine content [55]. Up-regulation of muscle

protein synthesis has been found to be particularly re-

sponsive to signaling driven predominantly by leucine [55].

Notably, none of the studies in the review focused on

timing of protein intake.

Emerging evidence also supports the benefit of regular

protein intake over the day [13]. A recent study investi-

gating the effectiveness of different protein dosing regi-

mens compared ingestion of 80 g of additional high

biological value protein distributed as either two 40 g

doses, four 20 g doses, or eight 10 g doses of protein (whey

protein isolate) within the 12 h of recovery post-resistance

training [13]. The study found the four 20 g doses were

superior for stimulating protein synthesis, a dose (as out-

lined above) similar to that found effective for optimizing

protein synthesis post-training [56]. Bodybuilders have

also been reported to use higher protein intakes to promote

proportionally greater gains in lean mass when in energy

surplus, specifically during ‘bulking’ or predominantly

mass gaining phases of training. A recent study by Bray

et al. [57] and others supports this approach, at least in non-

athletes, demonstrating that when sedentary participants

were in a 40 % energy surplus, a higher protein diet (25 %

of energy) was superior for gaining lean mass and

minimizing fat gain [compared with a low (5 %) and

normal (15 %) protein diet] [57]. Similarly, a systematic

review by Weinheimer et al. [58] and others demonstrated

superior retention of lean mass with a higher protein diet

when in energy deficit (typically used by bodybuilders

during the ‘cutting’ phase).

A number of studies in this review raised concerns re-

garding chronic higher protein intake and health, including

increased calcium excretion and risk of bone reabsorption

and detrimental effects on renal function. A recent review

[59] on higher protein diets and bone health indicates a

positive rather than a negative relationship with bone

Dietary Intake of Competitive Bodybuilders 1059

123



density [60]. Large volumes of resistance training in

bodybuilders would also be strongly protective of bone

mass [60]. Additionally, a recent review on high-protein

diets and renal function fails to support a detrimental effect

in healthy individuals without a history of renal disease

[60]. Only one study included in this review measured

renal function parameters and it found no adverse effects

on renal function.

4.3.2 Carbohydrate Intake

The carbohydrate intake of the bodybuilders in this review

was generally lower than the sports nutrition recommen-

dations of 6–10 g/kg/day [29]. Only one study in men

exceeded the 6 g of carbohydrate/kg/day, although several

in women were above this level. Carbohydrate intakes

tended to be higher in the non-competition phase, where

bodybuilders typically aim to increase lean mass (‘bulk-

ing’) but are often less concerned with the accumulation of

additional body fat [10, 42]. Carbohydrate intake tended to

be lower in the competition phase for men (weighted mean

3.8 g/kg/day) but was higher for women (weighted mean

5 g/kg/day). Again, the small sample of women (especially

in the phases other than competition) is likely not as rep-

resentative as the men. However, the intake of carbohy-

drate was not dissimilar to the previously mentioned study

on Australian Olympic athletes who were reported to

consume 5.4 g or 4.9 g/kg/day in men and women, re-

spectively [43].

One important issue with the reported intakes was the

variability in measurement days, especially over the com-

petition week. This is important for carbohydrate intake

because evidence exists that some bodybuilders use car-

bohydrate loading during the competition week to promote

a fuller muscle appearance [61]. It is also relevant that

during the 1980s and 1990s, higher carbohydrate diets were

more popular than from the early 2000s when lower car-

bohydrate diets such as Atkins became more popular in the

wider community [62]. However, carbohydrate intakes

were around 5 g/kg/day, at least in the two studies in men

published since 2010, so not as low as recommended by

Atkins [63] and the more recent Paleo diets [64]. Again, as

not all studies included supplements, the intake of carbo-

hydrates may also be underestimated.

Although direct empirical evidence is limited, at least

one study [65] has demonstrated the importance of muscle

glycogen for resistance training, showing three sets of bi-

cep curls (8–10 repetitions per set) at 80 % of one repeti-

tion max reduced local muscle glycogen content by around

35 % [65]. Haff [66] reported a significant benefit of

consuming a carbohydrate supplement versus a placebo

during resistance training, with those taking the supplement

better able to perform a greater number of sets and

repetitions. Additionally, muscle glycogen depletion in

conjunction with aerobic exercise has been found to com-

promise muscular strength performance [67]. Therefore,

resistance training performance will be enhanced when diet

or supplementation allows the maintenance of intramus-

cular glycogen stores.

4.3.3 Total Fat and Alcohol Intake

As expected, the total dietary fat intakes of the body-

builders were low and generally well below 30 % of en-

ergy intake [29]. A number of studies reported on the

higher saturated fat intake. Although individual saturated

fatty acids do not always have a negative effect on plasma

lipid levels [68, 69], some may still negatively impact

blood lipids, vascular function, blood pressure, and in-

flammation and have other detrimental health effects [69].

Use of anabolic steroids also contributes to cardiovascular

disease risk [5, 38]. Most of the papers failed to report on

alcohol intake but by difference this was nil or negligible

across the studies. High intakes of alcohol, specifically

binge drinking, has been shown as detrimental to lean mass

gain [70].

4.4 Micronutrient Intake

Micronutrient intake across the studies was often excessive,

[1000 % of the RDA, and above the tolerable upper limit,

especially when dietary supplements were included. Use of

multiple supplements increases the risk of excessive nu-

trient consumption [25]. Unfortunately, the dietary

methodology used across the studies to assess micronutri-

ent intake was weak. However, the risk of inadequate in-

take would seem low.

4.5 Dietary Supplement Intake

Most of the supplements reported in the included papers

were vitamins, minerals, protein powders/liquid, and amino

acids. However, the majority of the papers were dated, and

a wide range of newer supplements are now available. In a

recent study, male competitive bodybuilders reported using

a combination of approximately three types of supplements

during the ‘bulking’ phase (the most popular being protein

shakes, creatine, branched-chain amino acids, and glu-

tamine) and a similar number of supplements during the

‘cutting’ phase, with the exception of a moderate propor-

tion of respondents reportedly using ephedrine/caffeine-

containing products [71]. Dietary supplements probably

pose less of a threat to the health of a bodybuilder than do

anabolic steroids [26, 43, 51, 72].
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4.6 Methodological Quality

The quality of the literature in this review rated poorly.

Confounding factors such as steroid use and training pro-

grams were typically not considered. Selection criteria

(inclusion and exclusion) and representativeness of the

participants was usually not adequately described. Only

two of 17 studies employed nutrition methodology appro-

priate to the outcomes reported. Many studies described

micronutrient intakes with 3-day food records, when most

micronutrients require more than 7 days for accurate

assessment (some more than a month) [73, 74]). Although

collection of self-reported dietary data is notorious [75, 76]

for under-reporting and evident in individuals with high

energy expenditure (e.g., athletes) [77–79], monitoring and

compliance was mostly not indicated. None of the studies

utilized statistical techniques, a secondary measure of di-

etary intake, or measured energy expenditure or weight

stability during recording to give an indication of internal

validity, and most did not include a referenced statement of

validity for the methodology employed.

Only seven studies specifically indicated that the ex-

pertise of qualified dietitians was utilized for dietary data

collection or analysis (although two others listed investi-

gators who were dietitians). Five studies did not indicate

computer analysis of dietary data, and nutrient intake was

presumably calculated by hand. Of five studies where er-

rors and inconsistencies were noted in Tables 3 and 4, three

collected information on foods or supplements that were

added to the main database for analysis, one collected

further information and most likely added this to the

database for analysis (although not indicated), and one

appeared to calculate nutrient intakes without the use of a

computer. These factors may have contributed to errors in

the dietary analysis.

4.7 Strengths, Limitations, and Future Directions

The strengths of this study include the systematic nature of

the search and the rigorous nature of data extraction and

quality assessment of the papers. The quality of the papers

was a major limitation. Representation of women in studies

was also inadequate. The majority of the papers failed to

adequately incorporate the contribution made by dietary

supplements. As dietary supplements are known to be used

extensively by bodybuilders, not incorporating them into

the dietary analysis, particularly those providing energy

and macronutrients, seriously compromised the accuracy of

the intakes. The phases of preparation could also only be

generally defined. As preparation time frames vary from

one bodybuilder to another, a better approach would be to

capture different dietary strategies used, i.e., ‘cutting’,

‘bulking’, ‘carbohydrate loading’, so that the parameters of

these practices can be more accurately defined. Collection

of rationale with the dietary intakes would also be useful to

better understand how and why bodybuilders take the di-

etary approaches they do. A wider variety of body com-

position assessment methods are also now available, so

these, when used in combination, may provide a better

description of participant physique.

Bodybuilding has evolved from a sport that was un-

dertaken by relatively few individuals to now incorporate a

range of newer categories with less extreme muscular de-

velopment required to be competitive. Participation has

expanded, particularly in women [22]. Little is known of

the dietary strategies of these newer bodybuilder groups.

The lack of rigor in many of the included studies clearly

indicates that a comprehensive and contemporary descrip-

tion of the dietary practices of the traditional categories of

bodybuilding is still needed.

Greater involvement of more individuals in bodybuild-

ing and the wider use of resistance training to optimize

health, athletic performance, and rehabilitation, and for the

management of a range of diseases, brings the community

in closer contact with bodybuilders. Clearly, bodybuilders

have pioneered a number of highly effective dietary

strategies for optimizing the development of lean mass and

reducing body fat. Some of these strategies, particularly

those revolving around the timing and dosing of high-

quality proteins are translatable to elite athletes and the

wider community. However, we also need to understand

the translation of some of the riskier practices of body-

builders, which include the use of drugs and multiple

supplements (which may also contain prohibited sub-

stances), which filters out into the community, including to

elite athletes and adolescents.

5 Conclusion

This review demonstrates a number of research gaps and

weaknesses in the current literature. It highlights that

bodybuilders have a strong commitment to dietary ma-

nipulation and that many of the strategies used have been

‘ahead of the science’. A deeper and rigorous approach to

evaluating the dietary strategies of bodybuilders would

inform future research that may benefit groups other than

bodybuilders who aim to increase lean mass and reduce

body fat. This review supports that high-quality contem-

porary research is needed in this area.
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