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Abstract: Significant factors affecting body composition and consequently professional and amateur body-
builders’ performance are both training loads and diet.
The aim was to assess dissimilarities in anthropometrical traits and body composition between males prac-
ticing bodybuilding professionally and as amateurs, considering their diet and training.
The study comprised 55 athletes, i.e. 29 professionals attending national championships and 26 amateur 
bodybuilders. All participants underwent anthropometric measurements involving body height, waist, arm 
and thigh circumferences and skinfolds covering trunk and extremities. The original nutritional behavior 
questionnaire and a 24-hour survey were used. An electronic scale was used to measure body weight and 
body composition was analyzed with the BIA method. In statistical analysis, the Shapiro-Wilk (W-test), 
t-student and Mann-Whitney U test were applied.
An adipose tissue, assessed on the basis of skinfolds was significantly lower in professionals (p<0.05),
whereas lower mean values of body fat free mass (FFM) were found in amateur bodybuilders (p<0.01).
Diet survey presented differentiation both in the amount of consumed protein in the diet (1.98 g/kg), in
its percentage participation in the diet (21.2%) in favor of the professionals (p<0.05). Significant differen-
tiation was between the groups in the amount of consumed fats (p<0.05). In case of resistance trainings
time, energy expenditure and number of trainings were higher for professionals (p<0.05).
Bodybuilders feature better developed muscle mass of extremities and a smaller share of percentage of fat
mass in body composition in comparison to amateurs. Professional bodybuilders consume proper amount
of carbohydrates and fats and significantly higher level of protein, fiber and energy in diet compared to
amateur group. In contrary, higher intake of fats is typical for amateur bodybuilders.
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Introduction

The body build profile of athletes is the 
result of both athlete selection criteria 
and training loads. Proper body build 
proportions and body composition can 

determine the success of athletes in re-
spective sports disciplines (Pastuszak 
et al. 2016; Pietraszewska et al. 2015). 
Adapting to exercise, developed during 
training and the selection process, has 
resulted in a decrease of body composi-
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tion diversity among athletes of similar 
disciplines, but the competitors’ sports 
advancement in bodybuilding is tightly 
connected with body composition.

Bodybuilding athletes prepare for 
competitions in following categories: 
male bodybuilding which contains cer-
tain body weight limits, classical body-
building which relies on limiting body 
weight in relation to body height (e.g. 
for an athlete 175 cm high, body weight 
limit is 89 kg) and male beach fitness 
where competitors perform in categories 
of body height (PZKFiT 2020).

A significant factor affecting body 
composition, level of muscular power, re-
generation, training adaptation and con-
sequently bodybuilders’ performance is 
their diet. Properly selected diet consider-
ing caloric value, proportion of nutritional 
components and proper supplementation 
can allow a maximal use of the athlete 
potential (Lambert and Flynn 2002; Slat-
er and Phillips 2011). The factors that 
undoubtedly influence body composition 
are performance enhancing drugs (Van 
Eenoo and Delbeke 2003) still applied by 
many bodybuilders despite being forbid-
den by the World Anti-Doping Agency in 
the Polish Association of Bodybuilding, 
Fitness and Powerlifting (WADA 2018). 
Application of doping among bodybuild-
ers is frequent disregarding the risk of 
disqualification. Popular substances in 
bodybuilding include anabolic-andro-
genic steroids (AAS) which enable an 
increase of muscle mass by 20% in 12 
weeks (Griggs et al. 1985; Saeidinejat et 
al. 2018). Strict monitoring of drugs ap-
plication takes place in competitions of, 
so called, natural bodybuilders federation 
as in the group the process of hypertrophy 
is physiologically limited and catabolism 
of skeletal muscles during preparations 
for competitions higher if compared to 

athletes from different federations (Hack-
ett et al. 2013; Chappell et al. 2018). An 
increased engagement in bodybuilding is 
accompanied by a higher risk of mental 
disorders, muscles dysmorphia and sub-
sequently risky and unhealthy activities 
such as improper diet or drug overuse 
undertaken in order to enhance perfor-
mance (Smith and Hale 2004).

Bodybuilding is a sport in which mass 
is developed and symmetry of skeletal 
muscles is shaped. Body proportions of 
bodybuilders are characterized by partic-
ularly high mass of thigh and arm mus-
cles in comparison to body proportions 
of athletes practicing other weight sports 
(Huygens et al. 2002; Pietraszewska et al. 
2013). Moreover, bodybuilders feature 
low level of adipose tissue and correct 
proportions of torso length/height ratios, 
chest circumference/abdominal ratios, 
and biacromial diameter/bi-iliac diameter 
ratio (Fry et al. 1991). While performing 
in competitions, bodybuilders are charac-
terized by low level of adipose tissue af-
fecting assessment of the figure (Fry et al. 
1991). The competitors use nutritional 
methods and trainings leading to reduc-
tion of adipose tissue below the norm, 
usually not exceeding 7% (de Moraes et 
al. 2019; Spendlove et al. 2015).

Wide access to fitness clubs has in-
creased the popularity of resistance 
training which improves muscle mass, 
strength, endurance and physical fitness. 
In a study analyzing fitness club users 
the respondents most often indicated 
bodybuilding as the goal of their training 
besides improving health and physical 
condition. Amateur bodybuilders make 
many eating mistakes, such as incorrect 
selection of nutrients, energy value of 
diet and fiber (Gondek et al. 2018).

The aim of the work was to indicate 
differences in anthropometrical traits 
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and body composition in males practic-
ing bodybuilding professionally (the lev-
el of Championship of Poland) and at an 
amateur level in relation to the their diet 
and performed training.

Material and Methods
The examinations comprised 29 
male professional bodybuilders, aged 
28.5±5.9 y competing in the Females, 
Males and Couples Championship of Po-
land in Bodybuilding and Fitness. The 
control group included 26 males aged 
27.5±5.5 y who practiced bodybuilding 
at an amateur level. The data of profes-
sional bodybuilders were collected on 
the day of competition, and data of un-
professional athletes in the week of com-
petition. In the professional bodybuild-
ers group a significant majority of them 
(93%) declared dehydration before com-
petitions and 97% applied diuretics. The 
period of refraining from drinking was 
27±13 hours. Declared change of body 
mass during dehydration was 4.7±2 kg.

All participants were informed about 
the aim and the course of the study and 
about the possibility of immediate with-
drawal from the study without giving 
a cause. All subjects agreed to the con-
ditions and the study was performed 
in accordance with the Declaration of 
Helsinki.

The anthropometric measurements 
involved body height B-v (cm), waist 
circumference (cm), arm circumference 
(cm), and thigh circumference (cm). 
The skinfold thicknesses were measured 
on the trunk and extremities with the 
skinfold caliper of Harpenden type with 
the pressure force at 10 g/mm2 on the 
contact surface: chest: a diagonal skin-
fold taken one-half the distance between 
the anterior axillary line and the nipple 

(mm), abdomen: a transversal skinfold 
taken about 1 cm down and 5 cm from 
umbilicus (mm), thigh anterior midline 
of the thigh: a vertical skinfold taken 
midway between the proximal border of 
the patella (upper knee) and the inguinal 
crease (hip) in standing position, with 
the leg slightly flexed at knee and mus-
cles relaxed (mm). The anthropometric 
measurements were taken on the right 
side of the body. Calculation of the adi-
pose tissue content (%BF) based on the 
equation:

% F = [(4.95 / BD) − 4.5] × 100; (Siri 
1961),

where: BD – Body Density – 1.10938 − 
(0.0008267 × sum of chest, abdomen 
and thigh skinfolds in mm) + (0.0000016 
× square of the sum of chest, abdomen 
and thigh) − (0.0002574 × age) (Jack-
son and Pollock 1978).

An electronic scale was used to mea-
sure body weight (kg) and an analysis of 
body composition with the method of 
bioelectrical impedance analysis (BIA) 
was performed with the Body Explorer 
(Juwell Medical) analyzer. Body mass 
index (BMI) – a quotient of body mass 
(kg) and squared body height (m2) as 
well as waist to height ratio (WHtR) – a 
quotient of waist circumference (cm) to 
body height (cm) were calculated.

In order to quantitatively assess nu-
trition methods, a 24-hour diet survey 
was conducted with the method of diet 
history. The survey results were intro-
duced to the DietaPro (4.01 version) 
program.

The athletes filled in an original 
questionnaire answering the following 
questions: What category do you repre-
sent? (1=male bodybuilding, 2=classical 
bodybuilding, 3=male beach fitness), 
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how long have you trained?, how long 
is you power training?, how often do 
you have aerobic trainings?, what time 
do you have your power training?, how 
many power trainings do you have dai-
ly?, do you use performance enhancing 
drugs? (1=yes, 2=no), how long before 
the competition do you refrain from 
drinking fluids?, how much did your 
weight change during dehydration?

Data regarding the resistance training 
(weightlifting – free weight, nautilus or 
universal-type, jog/walk combination) 
with certain times per day and number 
of days per week were used to assess 
the level of physical activity. According 
to the Compendium of Physical Activi-
ties (Ainsworth et al. 2011), each form 
of activity received a certain number of 
metabolic equivalents (METs) and the 
measure of physical activity was the sum 
of METs. The value of 6 METs was used 
for calculating energy expenditure for 
both strength training and cardio train-
ing (usually basing on running or fast 
walking).

The statistical analysis of the data em-
ployed the Statistica (version 13.1) soft-
ware pack. The data distribution was de-
termined with the Shapiro-Wilk (W-test) 
test. When the sample was from a normal 
distribution (p-value<0.05), the t-stu-
dent test for independent samples was 
used to compare the groups. For distri-
bution other than normal (W-test p-val-
ue>0.05), the Mann-Whitney U test was 
applied. The size effect was assessed by 
r= |Z|/√n, where n is a total number of 
the subjects. The following interpreta-
tion was adopted 0.1 ≤ r < 0.3 small, 0.3 
≤ r < 0.5 medium, and r ≥ 0.5 large (Co-
hen 2013). The statistical analysis of the 
BMI variable for bodybuilders before and 
after dehydration employed the t-student 
test for dependent groups.

Results

The performed analysis did not demon-
strate a significant differentiation in age 
as well as in body weight and height 
between the professional and amateur 
groups of bodybuilders (Table 1). The dif-
ference in mean values of arm circumfer-
ence between the groups was 5.38 cm, in 
waist circumference 5.76 cm and in thigh 
circumference 5.12 cm. Higher values of 
extremities circumference are character-
istic for professional bodybuilders and 
higher average values of waist circumfer-
ence are typical for amateur bodybuild-
ers. An analysis of skinfolds thickness 
confirms significantly lower mean values 
of all three skinfolds in professional ath-
letes compared to amateur ones. The size 
effect indicates large differences between 
groups in relation to the measured skin-
folds thickness as well as circumferences 
of waist, arm and thigh.

The percentage content of adipose 
tissue, assessed both on the basis of 
skinfolds and the BIA method, was sig-
nificantly lower in professionals, where-
as lower mean values of body fat free 
mass (FFM) were found in amateur 
bodybuilders (Table 2). BMI was signifi-
cantly higher in professionals, the dif-
ference of the mean was 2 kg/m2. The 
dependencies are confirmed by the size 
effect that indicates remarkable differ-
entiation at the level of BMI, WHtR, BF 
and FFM between the professional and 
amateur groups.

The analysis of the results obtained 
from the diet survey presented significant 
differentiation between the examined 
groups both in the amount of consumed 
protein in the diet (difference in means: 
1.98 g/kg) and in its percentage partici-
pation in the diet (difference in means: 
21.2%) in favor of the professionals (Ta-
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ble 3). Significant differentiation was 
found between the examined groups in 
the amount of consumed fats (difference 
in means: 0.34 g/kg) and its percentage 
part in the diet (difference in means: 
12.5%). Higher fats intake was observed 

in the amateur group. No significant 
differentiation was noticed between the 
groups in the amount of consumed pro-
tein in their diet per g/kg of body weight. 
Statistically significant differences could 
be observed in the level of fiber and ca-

Table 1. Statistical characteristics of basic anthropometric features in professional bodybuilders (n1=29) 
and amateur ones (n2=26)

Feature Group Mean SD Median Size effect Test t-student/
U Mann-Whitney

Age [years] n1 28.50 5.85 28.00
0.18 p > 0.10

n2 27.46 5.47 26.50
Body height [cm] n1 178.25 6.65 176.00

0.02 p > 0.10
n2 178.13 6.02 176.00

Body weight [kg] n1 86.86 14.08 85.00
0.49 p > 0.10

n2 80.37 12.10 79.25
Chest skinfold [mm] n1 3.63 0.8 3.50

0.65 p < 0.001
n2 10.9 5.54 10.00

Tight skinfold [mm] n1 5.37 1.35 5.00
2.11 p < 0.001

n2 17.06 7.73 15.00
Abdomen skinfold [mm] n1 5.34 2.97 5.00

0.46 p < 0.001
n2 22.1 9.08 22.00

Waist circumference [cm] n1 83.93 6.14 82.00
1.32 p < 0.001

n2 89.69 7.9 89.00
Arm circumference [cm] n1 39.04 3.99 38.00

1.90 p < 0.001
n2 33.66 4.3 33.00

Thigh circumference [cm] n1 61.52 8.74 59.00
7.68 p < 0.001

n2 56.4 5.44 56.25

Table 2. Statistical characteristics of basic anthropometric indices in professional bodybuilders (n1=29) 
and amateur ones (n2=26)

Indices Group Mean SD Median Size effect Test t-student/
U Mann-Whitney

BMI [kg/m2] n1 27.26 3.61 26.73
0.6 p < 0.005

n2 25.26 3.00 24.97
WHTR n1 0.47 0.03 0.47

0.85 p < 0.005
n2 0.50 0.04 0.50

BF skinfold [%] n1 5.68 3.51 5.68
2.80 p < 0.001

n2 18.75 5.61 20.50
BF BIA [%] n1 10.67 3.24 10.29

2.80 p < 0.001
n2 20.05 5.08 19.40

FFM BIA [kg] n1 81.35 12.31 89.70
1.87 p < 0.001

n2 60.32 10.02 59.40

BMI – body mass index, WHTR – waist to height ratio, BF skinfold – percentage of body fat obtained from 
skinfold measurements, BF BIA – percentage of body fat obtained from bioelectrical impedance analysis 
measurements, FFM BIA – fat free mass obtained from bioelectrical impedance analysis measurements.
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loric value of the diet. Professionals con-
sumed 66% more fiber and delivered 
circa 700 kcal more than amateurs. The 
size effect confirms considerable differ-
entiation in groups regarding content of 
protein and fats in the diet, percentage 
part of carbohydrates and fiber as well as 
caloric value of the diet. Low differenc-
es between groups were observed in the 
amount of carbohydrates calculated per 
g/kg of body weight.

The examined groups differed both 
in the number of resistance trainings 
undertaken weekly and in the level of 
daily energy expenditure per a train-
ing (difference in means: 566.41 kcal). 
In case of time for resistance training, 
there occurred significant differences 
between the groups of professionals and 
amateurs. Time, number and energy ex-
penditure of resistance trainings were 
higher for professionals. The size effect 

Table 3. Proportion of nutrition components, nutrients and caloric values of professional bodybuilders diet 
(n1=29) and amateur ones (n2=26)

Variable Group Mean SD Median Size 
effect

Test t-student/
U Mann-Whitney

Amount of protein in diet [g/kg] n1 3.71 0.96 3.45
1.95 p < 0.001

n2 1.73 1.07 1.51
Part of protein in diet [%] n1 43.84 8.33 42.68

2.42 p < 0.001
n2 22.64 9.15 20.51

Amount of fats in diet [g/kg] n1 0.76 0.48 0.63
1.27 p < 0.025

n2 1.10 0.54 0.99
Part of fats in diet [%] n1 20.53 14.74 16.01

0.94 p < 0.0001
n2 32.68 10.95 32.33

Amount of carbohydrates in diet [g/kg] n1 3.86 2.50 3.77
0.28 p > 0.10

n2 3.61 1.23 3.50
Part of carbohydrates in diet [%] n1 44.68 10.93 36.92

0.66 p < 0.05
n2 35.64 15.90 47.92

Nutritional fiber [g] n1 34.84 21.52 31.85
0.7 p < 0.05

n2 22.95 10.35 22.07
Caloric value of diet [kcal] n1 3089.89 1108.73 2883.61

0.77 p < 0.001
n2 2395.72 632.82 2336.16

Table 4. Differentiation of trainings and energy expenditure in professional bodybuilders (n1=29) and 
amateur ones (n2=26)

Variable Group Mean SD Median Size 
effect

Test t-student/
U Mann-Whitney

Number of resistance trainings per week n1 5.26 0.81 5.00
1.50 p < 0.001

n2 3.56 1.38 3.00
Duration of resistance training  [min] n1 85.17 24.73 90.00

0.69 p < 0.05
n2 70.96 15.62 70.00

MET [weekly] n1 65.54 17.92 65.9
3.06 p < 0.001

n2 21.35 9.82 21.01
Daily energy expenditure for training [kcal] n1 817.11 274.73 820.61

4.07 p < 0.001
n2 250.70 140.60 242.84

MET - metabolic equivalent of work.
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indicates remarkable differences in the 
number of resistance trainings weekly, 
the MET index and daily energy expendi-
ture for trainings.

Discussion
Following the recommendations of the 
American College of Sports Medicine 
(Rodriguez et al. 2009) the mean per-
centage of adipose tissue in the athletes’ 
body should vary close to 12%. The re-
sults obtained in our tests, performed 
on the day of competitions, indicate low-
er than recommended (5.7%) percent-
age of adipose tissue assessed based on 
skinfolds thickness in professional body-
builders. Similar results were obtained 
by other authors analyzing body compo-
sition in athletes on the day of competi-
tions: 4.9± 1.6% (Bazzarre et al. 1992), 
6.0±1.8 (Kleiner et al. 1990) and from 
4.1% to 10.9% in the research of Chap-
pell et al. (2018) in the British federation 
of natural bodybuilders. Beyond the com-
petitions season and at the beginning of 
preparations for it, the body composition 
of bodybuilders may differ due to the 
aim of trainings, their character and the 
organism energy balance (Heyward et al. 
1989). During that period the athletes fo-
cus mainly on muscular hypertrophy and 
often increased deposition of adipose tis-
sue takes place (Ogita 2010). When the 
preparations for competitions start, the 
superior aim is to reduce adipose tissue 
while maintaining the achieved level of 
muscle mass. Last weeks of preparations 
are characterized by the lowest content 
of adipose tissue (Heyward et al. 1989; 
Ogita 2010). Its percentage lowers usu-
ally up to the level of 4–7% (Spendlove 
et al. 2015) before the competitions. 
Spendlove et al. (2015) demonstrated 
in their meta-analysis of eighteen works 

devoted to bodybuilders that mean per-
centage of adipose tissue in that group of 
athletes amounts at 12.1±2.5 % during 
the whole season. The analysis of the ob-
tained results included values of adipose 
tissue based on the skinfolds thickness. 
Also, the comparison of the results from 
the body composition analyzer (the BIA 
method) and those of the skinfold thick-
ness measurement was performed. The 
achieved results indicated occurrence of 
significant differences between methods 
applied in professional bodybuilders. The 
mean level of adipose tissue measured 
with a caliper in the professional group 
was 5.68% ± 3.51%, whereas the result 
of the body composition analyzer was 
10.67% ± 3.24%. In the amateur group 
no significant differentiation was found. 
The BIA method used in assessing the 
content of adipose tissue in bodybuilders 
is not reliable due to the condition of tis-
sues hydration (Huygens et al. 2002). Ap-
plication of this method can be useful for 
people who do not practice sport profes-
sionally (Suder 2009; Söğüt et al. 2018).

The main structure shaping body mass 
in bodybuilders is fat free mass (FFM) 
amounting in the professional group at 
81.75 kg on average. Other authors also 
observed high level of FFM on the day 
of competition of mean values at 80.1kg 
± 11.7 kg (Bazzarre et al. 1992), 76.1kg 
(Kleiner et al. 1990), and during prepa-
ration periods: 83.7kg ± 9.1kg (Spend-
love et al. 2015). The values of FFM are 
lower by 26% for amateur athletes. High 
level of FFM allows to keep low level of 
adipose tissue by maintaining high body 
thermogenesis increasing the basic me-
tabolism (Stiegler and Cunliffe 2006). 
Moreover, skeletal muscles are endocrine 
organs producing adiponectin, among 
others, which positively affects metab-
olism of glucose in the organism and 
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increases oxidation of fatty acids (Mat-
tchew et al. 2019).

The value of BMI in the professional 
group was 27.26 m2/kg. In the BMI clas-
sification for an average population, it 
indicates overweight (25–29.9 m2/kg), 
and for 14% of professional bodybuilders 
it amounted above 30 m2/kg indicating 
obesity (WHO, 2004). Close values in 
professional bodybuilders on the day of 
competitions were obtained by Bazzarre 
et al. (1992) – 27.6 m2/kg and Kleiner 
et al. (1990) – 27.7 m2/kg. However, dif-
ferent values of BMI are found in natural 
bodybuilders who do not use performance 
enhancing drugs. Despite long time of 
practice (mean 12.6 years), they had BMI 
at the level of 24,5m2/kg (Chappell et 
al. 2019). Also in the second research, 
the experience of natural bodybuilders 
was, on average, 11.6 years whereas BMI 
24.3 m2/kg (Chappell et al. 2018). In case 
of natural bodybuilders BMI indicated 
proper body weight during participation 
in competitions (WHO, 2004). BMI does 
not reflect the level of adipose tissue, 
which for natural bodybuilders and those 
using drugs amounts usually below 7% 
(Spandlove et al. 2015). It is mainly de-
termined by FFM. There should be con-
ducted research to investigate whether 
applying performance enhancing drugs 
is the main factor differentiating BMI in 
professional bodybuilders.

An important aspect of taking part in 
bodybuilding competitions is a dynamic 
change of body weight just before them. 
The examined athletes decreased their 
BMI by 1.5 kg/m2 (on average) during 
last days before competitions as a result 
of applied practices aiming at improving 
the shape of presented figure. While de-
hydrating, bodybuilders use diuretics, 
limit the number of liquids which chang-
es body weight and BMI. In the group of 

professional bodybuilders their bodies 
were measured on the day of competi-
tions and the values before dehydration 
were obtained on the basis of the survey. 
In order to achieve more precise results, it 
would be necessary to perform measure-
ments of body weight and composition 
before and after dehydration. Results of 
other authors’ tests confirm changes in 
body composition in the period before 
competitions in case of bodybuilders. 
The factors that influence athletes’ body 
composition hours before their perfor-
mance are, among others, dehydration 
drugs, changes in intake of electrolytes 
and liquids, and the level of carbohy-
drates in the diet (Kleiner et al. 1990; 
Mitchell et al. 2017). BMI of amateur 
bodybuilders amounting at 25.26m2/kg, 
can be compared to professionals beyond 
competition season because the latest 
are not dehydrated with the level of ad-
ipose tissue above 12%. As for natural 
bodybuilders, their BMI beyond season 
is, on average, 28.9m2/kg (Chappell et 
al. 2019) whereas in athletes using drugs 
29.8m2/kg (Keith et al. 1996).

The performed measurements of 
chest, abdomen and thigh skinfolds 
indicate lower values in professional 
bodybuilders. Moreover, circumstances 
of thighs and arms are higher whereas 
waist circumference is lower in compar-
ison to amateur athletes. The tendency 
of higher thigh and arm circumferences 
in bodybuilders in comparison to other 
athletes, professionally practicing weight 
sports, was also confirmed by Huygens 
et al. (2002).

The examined professional body-
builders featured carbohydrates intake 
at 44.7% ± 11% of energy whereas fats 
at 20.5% ± 14.7%, meeting the recom-
mendations of consumption for Polish 
population (Jarosz 2017). The presented 
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proportion of nutrition components was 
calculated based on survey collected on 
the day of competitions. At this stage 
of preparations the bodybuilders limit 
their intake of carbohydrates and fats to 
achieve a negative energy balance of the 
diet (Mitchell et al. 2017). Application 
of a carbohydrate-rich diet is the best 
choice for professional athletes in order 
to increase efficiency of trainings (Helge 
2017). Carbohydrates deliver energy 
in the form of glucose and are particu-
larly important in high intensity sports 
(Stepto et al. 2002). Resistance training 
using moderate loads and aiming at hy-
pertrophy of skeletal muscles leads to 
the highest losses of glycogen (Pascoe et 
al. 1993), particularly on the type two fi-
bers. A single resistance training session 
can decrease glycogen storage in muscles 
even by 24–40% (Koopman et al. 2006). 
Low level of glycogen can limit muscu-
lar hypertrophy stimulated by resistance 
training (Churchley et al. 2007) and 
increase proteolysis (Blomstrand and 
Saltin 1999). In order to achieve maxi-
mal benefits from the power training, it 
should be begun with completed store of 
glycogen (Knuiman et al. 2015). Benefits 
resulting from carbohydrates intake can 
be achieved by an increase of insulin level 
itself through anti-catabolic activity lim-
iting release of muscle proteins (Chow et 
al. 2006). An alternative for a carbohy-
drate-rich diet is a high-fat one. Applica-
tion of a high-fat diet leads to keto-ad-
aptation in which the body limits usage 
of glycogen in the process of energy re-
duction, and obtains it from, practically 
unlimited, reserve of fatty acids (Volek et 
al. 2015; Helge 2017). However, apply-
ing carbohydrates as the main source of 
energy in a diet brings better results than 
using high-fat diet in case of resistance 
sports (Burke et al. 2017) and sports of 

high intensity (Stepto et al. 2002). The 
level of fibre for the professional group 
was, on average, 33.84g meeting the rec-
ommendations of the Institute of Food 
and Nutrition (Jarosz 2017). High in-
take of fiber in healthy people positively 
affects stabilization of the sugar level in 
blood (Anderson et al. 2004), increases 
feeling of satiety after a meal (Burton et 
al. 2002), prevents occurrence of consti-
pations (Bienkiewicz et al. 2015) which 
tend to appear more frequently in carbo-
hydrate-rich diets.

It is advisable to analyze consumption 
of proteins in bodybuilders’ diet in rela-
tion to percentage part of protein in the 
diet energy value as well as calculating 
protein content per kg of body weight. In 
the professional group the level of pro-
tein was, on average, 44% and 3.71g/
kg of body weight. So high protein con-
sumption exceeds recommended values 
for athletes amounting at 15% (Philips 
2004) of daily energy value or, in the pe-
riod of body weight reduction, 2g/kg of 
body weight (Philips and Van Loon 2011). 
Application of a high-protein diet in ath-
letes aims at preventing a loss of muscles 
mass and promoting lipolysis (Philips 
and Van Loon 2011). High part of pro-
tein in a diet at the level of 34% of calor-
ic value in case of obesity and reduction 
diet (low caloric – 1000 kcal/daily) can 
bring benefits connected with improving 
body composition and biochemical pa-
rameters of blood. It should be empha-
sized that the percentage part of protein 
in a low caloric diet does not prove high 
consumption of protein per kilogram of 
body weight (Luis et al. 2015). In case 
of professional bodybuilders the energy 
value of a diet is 3089±1108 kcal daily 
and consequently the level of protein 
was 3.7±1g/kg of body weight, exceed-
ing the norm for athletes almost twice. 
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The factor that may influence metabo-
lism of muscles proteins and an increase 
of protein demand in bodybuilders’ diet 
can be applying anabolic steroids. Sup-
plementing the diet with anabolic-andro-
genic steroids (AAS) –testosterone en-
anthate at 3 mg/kg of body weight once 
a week for 12 weeks increased synthesis 
of muscles proteins by 27% (Griggs et 
al. 1985). A consequence of using AAS 
are side effects though only 4.7% body-
builders possess thorough knowledge 
on their occurrence (Saeidinejat et al. 
2018). Therefore, high values of protein 
in bodybuilders’ diet may be connected 
with an inner belief of its key role in the 
process of hypertrophy and reduction 
of adipose tissue. This way of thinking 
can be compensation of mental disorders 
such as dysmorphophobia occurring in 
athletes of body shaping sports (Smith 
and Hale 2004). Chronic high consump-
tion of protein above 2g per kg of body 
weight may result in disorders of blood 
circulation and digestive systems and 
nephrological ones (Wu 2016). While 
increasing protein in a diet to such a 
high level, it is necessary to consider an 
increase in the amount of fruit and vege-
tables (Haney and Layman 2008). More-
over, there are reports on a higher risk of 
death in high-protein diets than in car-
bohydrate-rich or high-fat ones (Hernán-
dez-Alonso et al. 2015). Athletes con-
suming protein in amounts exceeding 
recommendations found in literature can 
significantly lower the amount of con-
sumed carbohydrates and increase intake 
of fats. Consequently, a fall of glycogen in 
skeletal muscles may lead to a decrease 
of trainings abilities and their efficiency 
(Ortinau et al. 2014, Leidy et al. 2015). 
Professional athletes have between 5 and 
6 resistance trainings per week lasting, 
on average, 85 minutes. Mean daily en-

ergy expenditure for resistance and aer-
obic trainings was 817 ± 275kcal. Un-
like other sports which use resistance 
exercises as a supplement of a training 
specific for a given sport, bodybuilding 
uses resistance training as the main type 
of training. While Olympic athletes and 
weight lifting ones concentrate most-
ly on increasing strength and power, 
bodybuilding training aims at inducing 
hypertrophy of skeletal muscles mainly. 
Therefore, bodybuilders’ trainings pro-
grams usually have a higher content than 
programs of other athletes, using higher 
ranges of repetition with many exercises 
on the same group of muscles and short 
breaks between the sets (Lambert and 
Flynn 2002; Schoenfeld 2010).

Conclusions
The anthropometrical characteristics of 
professional bodybuilders differ from 
the amateur ones with far better devel-
oped muscle mass of extremities and a 
smaller share of percentage of fat mass in 
body composition. In case of professional 
athletes the body mass index indicating 
overweight or obesity does not reflect 
the level of adipose tissue which usually 
does not exceed the lower border of the 
norm during participation in competi-
tion. Professional bodybuilders consume 
proper amount of carbohydrates and fats, 
however, they significantly exceed the 
level of protein in a diet. Higher intake of 
fats is typical for amateur bodybuilders. 
Professional ones consume more fiber 
and deliver more kcal in relation to the 
amateur group. The data of this study 
provide anthropometrical characteristics 
of professional bodybuilders that will 
allow comparison of aspects of the body 
build and dietary patterns with other 
athletes in this sport.



	 Body composition and dietary patterns in bodybuilders	 235

Acknowledgments

The authors are gratefully indebted to all 
participants of the present study for their 
kind cooperation.

Authors’ contributions

KM data collection, interpretation, analy-
sis and article writing; AS interpretation 
of the data, article writing, reviewer of 
the article; SK data collection and article 
writing; KK article writing, reviewer of 
the article

Conflict of interest

The authors declare that there is no con-
flict of interest.

Corresponding author

Agnieszka Suder, Department of Anato-
my, University of Physical Education, al. 
Jana Pawła II 78, Cracow 31-571, Poland
e-mail: agnieszka.suder@awf.krakow.pl

References
Ainsworth BE, Haskell WL, Herrmann SD, 

Meckes N, Bassett DR, Tudor-Locke C, 
Greer JL, Vezina J, Whitt-Glover MC, Leon 
AS. 2011. Compendium of Physical Activi-
ties. Med Sci Sports Exerc 43(8):1575–81.

Anderson JW, Randles KM, Kendall CW, Jen-
kins DJ. 2004. Carbohydrate and fiber 
recommendations for individuals with 
diabetes: a quantitative assessment and 
meta-analysis of the evidence. J Am Coll 
Nutr 23:5–17.

Bazzarre TL, Kleiner SM, Ainsworth BE. 
1992. Vitamin C intake and lipid profiles 
of competitive male and female body-
builders. Int J Sport Nutr 2(3):260–71.

Bienkiewicz M, Bator E, Bronkowska M. 
2015. Błonnik pokarmowy i jego znacze-

nie w profilaktyce zdrowotnej. Probl Hig 
Epidemiol 96(1):57–63.

Blomstrand E, Saltin B. 1999. Effect of mus-
cle glycogen on glucose, lactate and ami-
no acid metabolism during exercise and 
recovery in human subjects. J Physiol 
514:293–302.

Burke LM, Ross ML, Garvican-Lewis LA, 
Welvaert M, Heikura IA, Forbes SG, et 
al. 2017. Low carbohydrate, high fat di-
et impairs exercise economy and negates 
the performance benefit from intensified 
training in elite race walkers. J Physiol 
595(9):2785–807.

Burton-Freeman B, Davis PA, Schneeman BO. 
2002. Plasma cholecystokinin is associat-
ed with subjective measures of satiety in 
woman. Am J Clin Nutr 76:659–67.

Chappell AJ, Simper T, Barker ME. 2018. Nu-
tritional strategies of high level natural 
bodybuilders during competition prepara-
tion. J Int Soc Sports Nut 15:4.

Chappell AJ, Simper T, Helms E. 2019. Nu-
tritional strategies of British professional 
and amateur natural bodybuilders during 
competition preparation. J Int Soc Sports 
Nut 16(1):35.

Cohen J. 2013. Statistical power analysis for 
the behavioral sciences. Academic Press.

Chow LS, Albright RC, Bigelow ML, Toffolo 
G, Cobelli C, Nair KS. 2006. Mechanism 
of insulin’s anabolic effect on muscle: 
measurements of muscle protein synthe-
sis and breakdown using aminoacyl-tRNA 
and other surrogate measures. Am J Physi-
ol Endocrinol Metab 291(4):E729–36.

Churchley EG, Coffey VG, Pedersen DJ, 
Shield A, Carey KA, Cameron-Smith D, 
et al. 2007. Influence of preexercise mus-
cle glycogen content on transcriptional 
activity of metabolic and myogenic genes 
in well-trained humans. J Appl Physiol 
102(4):1604–11.

de Luis DA, Izaola O, Aller R, de la Fuente 
B, Bachiller R, Romero E. 2015. Effects of 
a high-protein/low carbohydrate versus a 
standard hypocaloric diet on adipocyto-
kine levels and insulin resistance in obese 



236	 Karol Makiel et al.

patients along 9 months. J Diabetes Com-
plications 29(7):950–4.

de Moraes WMAM, de Almeida FN, Dos San-
tos LEA, Cavalcante KDG, Santos HO, 
Navalta JW, et al. 2019. Carbohydrate 
loading practice in bodybuilders: effects 
on muscle thickness, photo silhouette 
scores, mood states and gastrointestinal 
symptoms. J Sports Sci Med 18(4):772–9.

Gondek E, Świniarska K, Nowak D, Janczar-
-Smuga M, Kamińska-Dwórznicka A, 
Wiktor A. 2018. Ocena sposobu żywienia 
mężczyzn uprawiających amatorsko spor-
ty siłowe. Zeszyty Naukowe Państwowej 
Wyższej Szkoły Zawodowej im. Witelona 
w Legnicy 3(28):9–19.

Fry AC, Ryan AJ, Schwab RJ, Powell DR, Krae-
mer WJ. 1991. Anthropometric character-
istics as discriminators of body-building 
success. J Sports Sci 9(1):23–32.

Griggs RC, Kingston W, Jozefowicz RF, Herr 
BE, Forbes G, Halliday D.1985. Effect of 
testosterone on muscle mass and mus-
cle protein synthesis. J Appl Physiol 
66(1):498–503.

 Hackett DA, Johnson NA, Chow CM. 2013. 
Training practices and ergogenic aids used 
by male bodybuilders.  J Strength Cond 
Res 27:1609–17.

Heaney R, Layman DK. 2008. Amount and 
type of protein influences bone health. 
Am J Clin 87(5):1567–70.

Helge JW. 2017. A high carbohydrate diet re-
mains the evidence based choice for elite 
athletes to optimise performance. J Physi-
ol 595(9):2775.

Helge, JW. 2000. Adaptation to a fat-rich diet: 
effects on endurance performance in hu-
mans. Sports Med 30(5):347–57.

Hernández-Alonso P, Salas-Salvadó J, 
Ruiz-Canela M, Corella D, Estruch R, Fitó 
M, et al. 2016. High dietary protein in-
take is associated with an increased body 
weight and total death risk. Clin Nutr 
35(2):496–506.

Heyward VH, Sandoval WM, Colville BC. 
1989. Anthropometric, body composi-
tion and nutritional profiles of bodybuild-

ers during training. J Strength Cond Res 
3(2):22–29.

Huygens W, Claessens AL, Thomis M, Loos 
R, Van Langendonck L, Peeters M, et al. 
2002. Body composition estimations by 
BIA versus anthropometric equations in 
body builders and other power athletes. J 
Sports Med Phys Fitness 42(1):45–55.

Jackson AS, Pollock ML. 1978. Generalized 
equations for predicting body density of 
men. Br J Nutr 40(3):497–504.

Jarosz M, 2017. Normy żywienia dla popula-
cji – nowelizacja. Instytut Żywności i Ży-
wienia. Warszawa.

Keith RE, Stone MH, Carson RE, Lefavi RG, 
Fleck SJ. 1996. Nutritional status and lip-
id profiles of trained steroid-using body-
builders. Int J Sport Nutr 6(3):247–54.

Kleiner SM, Bazzarre TL, Litchford MD. 1990. 
Metabolic profiles, diet, and health practic-
es of championship male and female body-
builders. J Am Diet Assoc 90(7):962–7.

Knuiman P, Hopman MT, Mensink M. 2015. 
Glycogen availability and skeletal muscle 
adaptations with endurance and resis-
tance exercise. Nutr Metab 12:59.

Koopman R, Manders RJ, Jonkers RA, Hul 
GB, Kuipers H, van Loon LJ. 2006. In-
tramyocellular lipid and glycogen content 
are reduced following resistance exercise 
in untrained healthy males. Eur J Appl 
Physiol 96(5):525–34.

Lambert CP, Flynn MG. 2002. Fatigue during 
high-intensity intermittent exercise: ap-
plication to bodybuilding. Sports Med 
32(8):511–22.

Leidy HJ, Hoertel HA, Douglas SM, Higgins 
KA, Shafer RS. 2015. A high-protein 
breakfast prevents body fat gain, though 
reduction in daily intake and hunger, in 
‘‘Breakfast skipping’’ adolescents. Obesi-
ty 23(9):1761–4.

Matthew P. Krause, Kevin J. Milne, Thomas 
J. Hawke. 2019. Adiponectin – Consid-
eration for its Role in Skeletal Muscle 
Health. Int J Mol Sci 20(7):1528.

Mitchell L, Hackett D, Gifford J, Estermann 
F, O’Connor H. 2017. Do Bodybuilders 
Use Evidence-Based Nutrition Strategies 



	 Body composition and dietary patterns in bodybuilders	 237

to Manipulate Physique? Sports (Basel) 
5(4):76.

Ogita S. 2010. The effects of body compo-
sition differences on placement at body-
building competition among male ama-
teur bodybuilders. Research Papers 26.

Ortinau LC, Hoertel HA, Douglas SM, Leidy 
HJ. 2014. Effects of high protein vs high-
fat snacks on appetite control, satiety, and 
eating initiation in healthy women. Nutr 
J 13:97.

Pascoe DD, Costill DL, Fink WJ, Robergs RA, 
Zachwieja JJ. 1993. Glycogen resynthesis 
in skeletal muscle following resistive exer-
cise. Med Sci Sports Exerc 25(3):349–54.

Pastuszak A, Buśko K, Kalka E. 2016. Somato-
type and body composition of volleyball 
players and untrained female students – 
reference group for comparison in sport. 
Anthropol Rev 79(4):461–70.

Phillips SM, Van Loon LJ. 2011. Dietary pro-
tein for athletes: from requirements to op-
timum adaptation. J Sports Sci 29(1):29–
38.

Phillips SM. 2004. Protein requirements and 
supplementation in strength sports. Nu-
trition 20(7–8):689–95.

Pietraszewska J, Burdukiewicz A, Stachoń A, 
Andrzejewska J, Pietraszewski B. 2015. 
Anthropometric characteristics and lower 
limb power of professional female volley-
ball players. S Afr J Res Sport Phys Educ 
Recreation 37(1):99–112.

Pietraszewska J, Burdukiewicz A, Stachoń 
A, Andrzejewska J. 2013. Morphological 
and functional effects of the resistance 
training and high physical activity of rec-
reational type in young men. Medical and 
Biological Sciences 27(4):39–45.

Polska Agencja Antydopingowa. Roczny ra-
port, Antydopingowa Polska 2018. [pdf] 
Warszawa: Polska Agencja Antydopingo-
wa. Available at https://www.antydoping.
pl/wp-content/uploads/2019/08/Rapor-
t-Roczny-2018.pdf [Accessed 4 January 
2020].

Polski Związek Kulturystyki, Fitness i Trój-
boju Siłowego. Available at: https://www.
pzkfits.pl/przepisy_/ dostęp 25.01.2020.

Rodriguez NR, Di Marco MN, Langley S. 
2009. American College of Sports Med-
icine position stand. Nutrition and ath-
letic performance. Med Sci Sports Exerc 
41(3):709–31.

Saeidinejat S, Hooshmand E, Zahra H, Na-
jar AV. 2018. Evaluating the pattern of 
anabolic androgenic steroid use and its 
relation with mental health of male mem-
bers of bodybuilding clubs of Iran, in 
2015. Asian Journal of Sports Medicine 
9(1):e60164.

Schoenfeld BJ. 2010. The mechanisms of 
muscle hypertrophy and their application 
to resistance training. J Strength Cond 
Res 24(10):2857–72.

Siri WE. 1961. Body composition from flu-
id space and density. In J. Brozek and A. 
Hanschel (Eds.), Techniques for mea-
suring body composition (pp. 223–44). 
Washington, DC: National Academy of 
Science.

Slater G, Phillips SM. 2011. Nutrition guide-
lines for strength sports: sprinting, 
weightlifting, throwing events, and body-
building. J Sports Sci 29(1):67–77.

Smith D, Hale B. 2004. Validity and factor 
structure of the bodybuilding dependence 
scale. Br J Sports Med 38(2):177–81.

Söğüt M, Altunsoy K, Varela-Silva MI. 2018. 
Associations between anthropometric in-
dicators of adiposity and body fat percent-
age in normal weight young adults. An-
thropological Review 81(2):174–81.

Spendlove J, Mitchell L, Gifford J, Hackett D, 
Slater G, Cobley S, et al. 2015. Dietary in-
take of competitive bodybuilders. Sports 
Med 45(7):1041–63.

Stepto NK, Carey AL, Staudacher HM, 
Cummings NK, Burke LM, Hawley JA. 
2002. Effect of short-term fat adaptation 
on high-intensity training. Med Sci Sports 
Exerc 34(3):449–55.

Stiegler P, Cunliffe A. 2006. The role of di-
et and exercise for the maintenance 
of fat-free mass and resting metabol-
ic rate during weight loss. Sports Med. 
36(3):239–62.



238	 Karol Makiel et al.

Suder A. 2009. Body fatness and its social and 
lifestyle determinants in young working 
males from Cracow, Poland. J Biosoc Sci 
41(1):139–54.

The World Anti-Doping Agency. 2018. The 
world anti-doping code international 
standard prohibited list. [pdf] Available 
at https://www.wada-ama.org/sites/de-
fault/files/prohibited_list_2018_summa-
ry_of_modifications_en.pdf [Accessed 4 
January 2020].

Van Eenoo P, Delbeke FT. 2003. The preva-
lence of doping in Flanders in comparison 
to the prevalence of doping in internation-
al sports. Int J Sports Med 24(8):565–70.

Volek JS, Noakes T, Phinney SD. 2015. Re-
thinking fat as a fuel for endurance exer-
cise. Eur J Sport Sci 15(1):13–20.

World Health Organization, 2004. WHO 
global strategy on diet, physical activity 
and health. Food Nutr Bull 25, 292–302.

Wu G. 2016. Dietary protein intake and hu-
man health. Food Funct 7,1251–65.


