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Abstract 
Bodybuilders follow various diets, with some posing health risks. The study aimed to determine the baseline 
information on serum lipids and micronutrients, implement meal plans and evaluate the impact on these profiles 
of bodybuilders. An intervention study was conducted with 26 affiliated bodybuilders. The study was divided into 
baseline, intervention and post-intervention phases. In the baseline phase, anthropometry, serum lipid and certain 
micronutrient profiles were measured. The intervention phase was informed by baseline results, with athletes 
randomly assigned either to the experimental (n=14) or control (n=12) group. The experimental group received 
designed meal plans for three months. The post-intervention phase repeated measurements of the same variables 
in the baseline. Independent t-test and Wilcoxon test were used to determine the impact of meal plans between 
baseline and intervention variables. Total cholesterol (TC) and triglyceride (TG) serum levels were within 
acceptable standards, with a mean TC of 4.2 mmol/L for the experimental group and 3.8 mmol/L for the control 
group, and TG of 0.8 mmol/L for the experimental group and 0.7 mmol/L for the control group. High-density 
lipoprotein (HDL) and low-density lipoprotein (LDL) levels were within normal ranges for both groups. Dietary 
micronutrient intake and serum levels were mostly within the recommended daily allowance (RDA) and tolerable 
upper intake level (UL) in both groups. The nutrition intervention maintained bodybuilders' serum lipid and 
micronutrient profiles within acceptable standards 
Keywords: Bodybuilding, Lipid profile, Serum micronutrients, Nutrition intervention 
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A. Introduction  

Optimal nutritional status is essential for 
improved sport performance 
(Barjaktarovic-Labović et al., 2015). For 
bodybuilders, body fat percentage (BF%) 
should be minimal to demonstrate certain 
muscle cuts during a competition. To 
achieve this, bodybuilders engage in an 
intense training schedule and follow 
adapted diets or nutrition (Garthe et al., 
2013; Masoga et al., 2024). Physical 
activity in the form of exercise is important 
for optimal health (Kim et al., 2024) as it 
is thought to improve the serum lipid 
profile of athletes (Rashid et al., 2023). 

Also, limiting dietary intake of saturated 
fats reduces hepatic lipid production 
(Smart et al., 2024). Combination of the 
latter two strategies is associated with a 
lifelong optimal health and improved sport 
performance (Garthe et al., 2013). 
However, this rigorous training practised 
by bodybuilders may leave athletes with 
unbalanced biochemical characteristics 
(Melnik et al., 2022) such as serum lipid 
and suboptimal micronutrient levels. 
Furthermore, the dietary intake of these 
athletes is often reported insufficient for 
some micronutrients, for example, vitamin 
C and calcium (Masoga et al., 2019). These 
micronutrients imbalances combined with 
dyslipidaemia are both risk factors for the 
development of cardiovascular diseases 
(CVDs) (Galin et al., 2020; Purva et al., 
2020). 

To the authors' knowledge, there is a 
lack of published information on the 
biochemical profile (serum lipid and 
micronutrients), and nutrition intervention 
studies among bodybuilders in Limpopo 
Province, South Africa (SA). The province 
has a small but increasing number of 
athletes who are participating in 
bodybuilding sport on a part-time basis, 
particularly in the Capricorn District 
(Masoga et al., 2024; Masoga et al., 2023; 
Masoga et al., 2019). 

 

These bodybuilders use different 
training techniques and adjusted diets to 
attain the required anthropometry for 
competitions. Some of the diets, however, 
promote imbalanced nutrient intake, which 
may pose a risk to altered serum lipid and 
micronutrient profiles of athletes. 
Adherence to optimal nutritional practices 
by athletes is recommended (Amawi et al., 
2024). Therefore, this study aimed to 
investigate these overlooked gaps with the 
purpose of suggesting possible nutrition 
intervention in the form of optimal meal 
plans tailored to meet bodily and training 
needs of athletes.  

Optimising nutrition according to bodily 
and training needs for competition 
performance and recovery (Amawi et al., 
2024), and optimal health. This study 
contributes towards the achievement of the 
United Nations' Sustainable Development 
Goal 3.4 on good health and wellbeing 
(World Health Organization [WHO], 
2024), which sports practitioners might 
find of significance.  
Serum lipids 

Laboratory assessment is a sensible 
indicator for monitoring health (Melnik et 
al., 2022) and risks of CVD among athletes 
(Bülbül et al., 2022; Umakanth & Ibrahim, 
2018). Although serum lipid levels among 
athletes are generally assumed to be 
controlled (Beschasnyi et al., 2021), there 
remains a need to regularly monitor these 
lipids (Umakanth & Ibrahim, 2018). 
According to the World Heart Report 
(WHO, 2024), more than 80% of deaths is 
due to cardiovascular diseases in 
developing countries, with a higher 
incidence in males. 

Behavioral and metabolic factors such 
as insufficient physical activity and 
increased serum lipid profile have been 
reported as some of the leading causes of 
these deaths (Di Cesare et al., 2023). 
Elevated serum lipids such as low-density 
lipoproteins (LDL) and cholesterol are 
linked to an elevated risk for developing 
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CVDs (Celik et al., 2024; Das & Ingole, 
2023; Sovilj, 2012). However, these risks 
of CVDs are preventable through regular 
physical activity (Bülbül et al., 2022; 
Sovilj, 2012) and optimal nutrition or diet 
(Das & Ingole, 2023; Safari et al., 2020). 

Bodybuilders use rigorous training and 
different diets to transform and shape the 
body to the required standards (Kairaitis et 
al., 2024; Smoliga et al., 2023; Oborný & 
Ferenc, 2019). This type of training used 
by bodybuilders is associated with 
increased HDL and reduced LDL (Celik et 
al., 2024). However, noting the practices of 
bodybuilders that involve intense training 
schedules and altered diets, it is concerning 
whether these athletes do control their 
serum lipids to optimum levels through 
combining strategies to confer these health 
benefits (Smoliga et al., 2023; Kraus et al., 
2002). 

Generally, total cholesterol (TC) and 
triglycerides (TG) are the two serum lipids 
of interest in sport (Umakanth & Ibrahim, 
2018). These lipids are often assessed in 
combination with transport proteins called 
LDL, HDL and very low-density 
lipoproteins (VLDL) (Das & Ingole, 2023; 
Rashid et al., 2023; Sovilj, 2012). 

The duration and intensity of training 
have an effect on the levels of these serum 
lipid parameters (Melnik et al., 2022; 
Rashid et al., 2023; Sovilj, 2012). Besides 
posing a CVD risk, serum lipids are the 
major contributors of energy for athletes 
during intense training (Purdom et al., 
2018) with the TG lipid being the main 
energy provider (Bülbül et al., 2022). 
During training, serum lipids are exposed 
to oxidative stress from lipid peroxidation, 
which can negatively affect endothelial 
function (Beschasnyi et al., 2021). 

However, in the presence of HDL 
cholesterol (HDL-C), this effect can be 
minimised due to its anti-inflammatory 
properties (Bülbül et al., 2022). This 
lipoprotein is thought to minimise 
inflammation by transporting the excess 
cholesterol back to the liver for excretion 

in bile (Das & Ingole, 2023).  
Serum micronutrients  

Sport training may negatively affect 
serum levels of micronutrients, 
electrolytes and minerals (Melnik et al., 
2022). Therefore, athletes should consume 
a variety of foods to obtain optimal 
nutrients (Grozenski & Kiel, 2020; 
Bytomski, 2017). These nutrients are 
required for physiological and metabolic 
functions (Tidmas et al., 2022), energy 
production, haemoglobin synthesis 
(Ravindra et al., 2020) and maintenance of 
bone health (Dunford & Doyle, 2019). 
Optimal micronutrient consumption in 
heavy training sports, for example, 
bodybuilding, optimises training and 
prevents deficiencies (Odysseos & 
Avraamidou, 2017). Increased 
micronutrient requirements in sport often 
results from increased urine and sweat 
output (Carlsohn et al. 2020), including 
decreased intestinal absorption (Grozenski 
& Kiel, 2020). 

Adherence to nutritionally inadequate 
diets or "fad diets" may further aggravate 
micronutrient deficiencies in some athletes 
(Bytomski, 2017; Thomas et al., 2016). 
These "fad diets" often encourage reduced 
consumption of essential micronutrients 
that are necessary for antioxidant 
functioning, and those needed for the 
conversion of carbohydrates (CHO), fat 
and protein to usable energy (Grams et al., 
2016). Micronutrient deficiencies often 
influence athletes' general health and sport 
performance (Wardenaar et al., 2017). 
Different micronutrients can be implicated 
for bodybuilding athletes; however, this 
research focused on selected vitamins and 
minerals identified as vital in sport. 
Water-soluble vitamins 

Water-soluble vitamins such as the 
vitamin B group and vitamin C are 
essential in facilitating metabolic 
processes and prevent cell destruction 
during exercise (Ghazzawi et al., 2023; 
Brancaccio et al., 2022; Kerksick et al., 
2018). These vitamins can be classified on 
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solubility and according to their effects on 
energy metabolism, red blood cell 
formation, antioxidant function, and 
growth and development (Dunford & 
Doyle, 2019). For example, vitamin C is 
water-soluble (Escalante et al., 2021) and 
an antioxidant (Kerksick et al., 2018). 

The antioxidant properties of vitamin C 
include scavenging of free reactive oxygen 
species (ROS) and reducing vascular 
inflammation (Pietrzak et al., 2020). In 
addition, vitamin C promotes collagen 
synthesis and facilitates glycogen storage 
(Bytomski, 2017). Accordingly, 
bodybuilding athletes can benefit from this 
vitamin as their training generally 
stimulates increased oxidative stress 
(Pietrzak et al., 2020; Heaton et al., 2016). 
Furthermore, vitamin C is used by 
bodybuilders during the "peak week" to 
induce the loss of bodily fluids, given its 
diuretic effect (Chappell & Simper, 2018). 
To obtain the antioxidant effects of vitamin 
C, intake of approximately ≤ 250 mg/day 
is recommended (Carlsohn et al., 2020). 

In sport, however, doses of 500–1000 
mg may be feasible to prevent 
inflammation within 12–24 hours leading 
to the competition (Escalante et al., 2021). 
Noting possible adverse effects of high 
vitamin C doses such as stimulating renal 
stones (Chappell & Simper, 2018) and 
osmotic diarrhoea (Escalante et al., 2021) 
in human health, athletes are advised to 
limit intake to the recommended dose 
(Grozenski & Kiel, 2020). On the other 
hand, athletes should maintain serum 
vitamin C levels of 0.40–0.99 mg/dL to 
achieve the stipulated protective effects 
(Tian et al., 2022). 

Similarly, the B-vitamins are significant 
in sport as they participate in the body's 
chemical reaction and energy systems, 
particularly thiamine (B1) and riboflavin 
(B2) (Inês, 2019). Therefore, the need for 
these vitamins may increase with an 
increase in energy intake (Carlsohn et al., 
2020; Inês 2019). B-complex vitamins, 
particularly vitamin B1, is responsible for 

conversion of carbohydrates (CHO) into 
usable energy for the muscles (Inês, 2019). 
Another important micronutrient in sport is 
vitamin B12 that is responsible for red 
blood cell formation (Krzywański et al., 
2020) and repair of damaged tissues 
(Ravindra et al., 2020). Due to sports 
anaemia that is common among athletes, 
vitamin B12 is required for red blood cell 
formation (Krzywański et al., 2020).  
Minerals and vitamin D 

Minerals are important for structural 
tissue development (Guleria et al., 2018). 
Calcium and fat-soluble vitamin D are 
responsible for constructing bone structure 
(Madden et al., 2017). Athletes adhering to 
diets restrictive of some nutrients for a 
prolonged period or female athletes 
undergoing menstrual cycles, may 
encounter, for example, calcium 
deficiencies (Grozenski & Kiel, 2020). 
These calcium deficiencies among athletes 
often impose a risk of stress-related 
osteopenia and eventually osteoporosis 
(Ravindra et al., 2020). As a result, athletes 
should maintain optimal serum calcium 
levels of 2.10–2.50 mmol/L to prevent 
undesirable bone-related outcomes 
(Cooper & Gittoes, 2008). Furthermore, 
training reduces serum calcium levels due 
to increased dermal loss (Sale & Elliott-
Sale, 2019). 

Linked to calcium is vitamin D 
(Grozenski & Kiel, 2020), which also 
regulates bone health and inflammation 
(Bytomski, 2017). Vitamin D facilitates 
the absorption and metabolism of calcium 
and phosphorus (Grozenski & Kiel, 2020; 
Kreider et al., 2010) and improves muscle 
strength (Kerksick et al., 2018). While this 
vitamin may be activated from the 
cholesterol in the body through ultraviolet 
light, dietary sources can cover 10% of 
vitamin D requirements when consumed 
optimally (Carlsohn et al., 2020; 
Grozenski & Kiel, 2020). 

Although controversies remain around 
optimal serum vitamin D levels for 
athletes, values of 50–125 nmol/L (20–50 
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ng/mL) are considered optimal (Carlsohn 
et al., 2020; Sikora-Klak et al., 2018; 
Larson-Meyer & Willis, 2010;). Athletes 
should avoid a state of insufficient serum 
vitamin D levels (12–19 ng/ml) as this 
triggers metabolic reactions that maximise 
calcium resorption from the bones, posing 
a risk for osteoporosis (Larson-Meyer & 
Willis, 2010). 

Magnesium (Mg) is another mineral of 
importance in sport as it supports the 
neuromuscular system functions and 
prevents cramps (Ravindra et al., 2020). 
The use of supplementary Mg is common 
practice among bodybuilders (King et al., 
2021), although this practice is not entirely 
supported (Garthe & Maughan, 2018). 

Therefore, it was of interest to establish 
the profile of anthropometry, serum lipids 
and micronutrients among bodybuilding 
athletes and further develop meal plans for 
intervention to encourage optimal health 
and maintenance on these profiles. 
Information from this research may assist 
bodybuilders and other athletes in making 
informed decisions about their overall 
health and wellbeing while involved in 
sport. The objective of the research was to 
provide a platform to establish sport health 
discussions on biochemical parameter 
dynamics, particularly in bodybuilders and 
athletes in other sporting codes. 

 
B. Methods  

An intervention case-control study 
design was carried out to purposively 
recruit 54 part-time bodybuilders in 
Capricorn district, Limpopo Province. 
These athletes were affiliates of the 
International Fitness and Bodybuilding 
Federation (IFBB) in SA. Ethics approval 
to conduct the study was obtained from the 
University of the Free State Health Science 
Research Ethics Committee (ethics 
clearance number UFS-
HSD2020/1680/2302), while permission 
was sought from IFBB Limpopo, 
gymnasiums management and 
bodybuilding coaches. 

Of the 54 athletes recruited, 26 (48.1%) 
consented for blood withdrawal. The other 
28 athletes discontinued due to cultural and 
religious sensitivity around blood 
withdrawal. Athletes signed an informed 
consent form before participating in the 
study. The study took place in the off-
season (non-competitive) period and was 
divided into the baseline, intervention and 
post-intervention phases (described 
subsequently). The micronutrient intake 
and anthropometric profiles of athletes 
were collected in various gymnasiums 
(gyms) in the afternoons (16h00 – 18h00) 
while the biochemical profiles were 
collected at the Laboratory in the morning 
between 08h00 and 10h00. 
Baseline 

In the baseline phase, the general 
characteristics of the 26 athletes, such as 
age, gender and training profile were 
collected. The anthropometric status of 
athletes which included weight and height 
to calculate body mass index, body fat 
percentage (BF%) and waist circumference 
(WC) were measured. Digital scale 813 
with high capacity and portable stadiometer 
213 from SECA were used to measure 
weight and height respectively. Body 
composition was measured using non-
stretchable ergonomic circumference 
measuring tape and Harpenden skinfold 
calliper from SECA. 

Measurements were conducted at 
various gymnasiums in accordance with 
standards by International Society of 
Advancement for the Kinanthrometry 
(ISAK). Micronutrient intake was 
determined from the athletes' dietary 
information collected using two separate 
24-hour-recall questionnaires, one during 
the week and the other over the weekend. 
The record was filled by the researchers 
while athletes were in the food and 
beverage recall process. Food mannequins 
(from Nesco company) and marked 
household food utensils were used to assist 
athletes in quantifying food or fluids 
consumed. The 24-hour-recall 
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questionnaire was validated by Food 
Frequency Questionnaire (FFQ). 

Biochemical profiles were measured 
on different appointment days immediately 
following dietary data collection of each 
athlete. These profiles included serum 
lipids (lipogram) included TG, TC, LDL, 
HDL and VLDL, and micronutrients which 
comprised selected vitamins and minerals 
in sport such as vitamins C, B1, B12, D, Mg 
and calcium (Ca2+). The specimens to 
determine these biochemical parameters 
were collected by a phlebotomist at Ampath 
Laboratories, a private pathology service, 
Limpopo Province (Polokwane city), in the 
morning after a fasting period of 10–12 
hours. The researchers arranged with the 
laboratory a day before each group of 
athletes was brought for withdrawals to 
minimise waiting and anxiety. 

Measurements were collected in a quiet 
consulting room of the laboratory. Results 
obtained in this phase informed the design 
of meal plans for intervention. These meal 
plans were determine using the 
bodybuilding weight categories following 
energy and macronutrient 
recommendations stipulated by the 
International Society of Sports Nutrition 
(ISSN) (2018). The meal plan incorporated 
the South African Food Based Dietary 
Guideline (SAFBDG) messages (Voster et 
al. 2013) and incorporated indigenous 
foods of the area. 
Intervention 

In the intervention phase, 26 athletes 
were randomly assigned to the intervention 
(experimental; n=14; 54%) and control 
(n=12; 46%) groups. The intervention 
group was provided with meal plans 
according to body weight categories based 
on guidelines by the IFBB (IFBB, 2024). 
The meal plans were designed by the 
researchers (registered dietitians) in 
accordance with principles or messages by 
the South African Food-Based Dietary 
Guidelines (SAFBDG) (Vorster et al., 
2013) and incorporated certain indigenous 
food items such as African green leafy 

vegetable given their consumption 
popularity in the area (Rankoana, 2021; 
Faber et al., 2010). 

Calculations of the nutritional 
requirements for these meals adhered to the 
recommendations by the International 
Society of Sports Nutrition (ISSN) 
(Kerksick et al., 2018). The macronutrient 
distribution ranges of the meal plan were 
analysed for adequacy. These meal plans 
were further evaluated and approved for 
nutritional adequacy by experts in the field 
of dietetics and nutrition. 

Athletes in the intervention group were 
administered with the suggested meal plans 
according to their weight categories and 
monitored for compliance at least three 
times a week while those in the control 
group were being observed on their routine 
practices. During monitoring, athletes were 
inquired of any dietary difficulties brought 
by the meal plans. Athletes mostly inquired 
about food alternatives from the indigenous 
category to match or substitute nutrient 
values. 

Adherence was further encouraged 
through continuous nutrition education on 
the SAFBDG and by collection of the 24-
hour-recall intake at random visit days. On 
the other hand, the control group only 
received nutrition education. The 
intervention period lasted for three months 
which was followed by the post-
intervention period.  
Post-intervention phase 

The post intervention phase involved 
measurement of the variables similar to 
those in the baseline to determine the 
effects of nutrition intervention (meal 
plans). Procedures and tools applied in the 
baseline phase were repeated again the 
post-intervention phase for reliability. 
Twenty-six athletes participated in this 
phase, as the experimental (n=14; 54%) and 
control (n=12; 46%) groups. The post-
intervention phase took place at various 
gyms for dietary data collection and the 
laboratory for biochemical parameters. This 
phase lasted for two months given the 
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diverse group of athletes the study had.  
Data analysis 

Micronutrients intake of athletes was 
analysed using the South African Food 
Finder Software (version 3) (Medical 
Research Council; Cape Town, South 
Africa). The mean micronutrient intake of 
the 24-hour recalls was considered for 
further analysis. Biochemical profile for 
serum lipids and micronutrients was 
analysed by the Ampath Laboratory 
Medical Scientist and results issued for 
each athlete within 24-hours. The Statistical 
Package for Social Sciences (SPSS) (IBM 
SPSS Statistics for Windows, v-28.0; 
Armonk, NY, USA) was used to analyse 
anthropometric, micronutrients intake and 
biochemical data for each athlete in the 
baseline and post-intervention phases. 

Descriptive statistics (means and 
standard deviations) were used to report 
general characteristics, anthropometry, and 
biochemical profiles of athletes in the 
baseline and post-intervention phases. The 
independent t-test (normally distributed 
data) and non-parametric, Wilcoxon signed 
rank test (for skewed data) were calculated 
to characterise the developments and 
compare means among variables of the 
intervention and control groups 
respectively. The p-value was set at 0.05 for 
variables to be significant to each other with 
confidence interval of 95%. 

The WHO (2011) standards, Dunford 
and Doyle (2018) guidelines, and 
recommendations by Larson-Meyer et al. 
(2018) and the Institute of Medicine (US) 
Panel on Dietary Antioxidants and Related 
Compounds (2000) were used to evaluate 
the participants' anthropometric status, 
serum lipids and micronutrients. Results 
obtained during the baseline were 
compared to those in the post-intervention 

phase for the entire group (Table 1 – 4) and 
as also as randomised into intervention and 
control groups (Table 5 – 8). and are 
reported as below, within or above 
standards or recommendations.. 
 
C. Result and Discussion  
Result  

The study included 26 bodybuilders, of 
whom 21 (80.8%) were male. The mean 
(SD) age was 23.4 (3.4) years. With regard 
to level of education, the athletes either had 
grade 12 (male 42.8%; female 20%) or a 
tertiary degree (male 47.6%; female 
60.0%). However, the majority were 
unemployed (male 76.2%; female 100%). 
Less than half of the males (42.8%) and 
60% of females used ergogenic substances. 
Athletes participated in bodybuilding sport 
for a mean period of 2.1 (0.9) years, training 
once (1.5 [0.5]) per day; three times per 
week (3.5 [0.9] times) at baseline. On 
average, athletes spent two hours per day on 
training (males, 2.2 hours versus 2.0 hours 
for females). Athletes showed no 
statistically significant change (p<0.05) 
from baseline in the frequency of training 
per day or week between males and females 
in either the intervention or control group. 

Table 1 shows the anthropometric 
characteristics of athletes at baseline and 
post-intervention. On average, athletes had 
normal anthropometry. Body mass index 
(BMI) was within standards for both male 
and female participants at baseline and 
slightly increased for males at the post-
intervention phase. The BF% for males 
were also slightly above recommendations 
both at baseline and post-intervention. The 
athletes' waist circumference (WC) was 
within normal limits. Similarly, athletes had 
acceptable anthropometry during the post-
intervention phase. 

 
Table 1. The anthropometry of athletes at baseline and post-intervention (N=26). 

Variable Gender Range Mean (SD) Reference values 
(WHO, 2011) Min–Max 

Baseline 
Height (cm) Male (n=21) 152.0–184.0 169.4 (7.5)  
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Variable Gender Range Mean (SD) Reference values 
(WHO, 2011) Min–Max 

Female (n=5) 155.0–164.0 158.6 (3.4) 
Weight (kg) Male (n=21) 51.7–88.0 69.6 (10.4)  

Female (n=5) 44.3–71.9 60.9 (12.9) 
BMI (kg/m2) Male (n=21) 19.2–32.6 24.4 (2.9) <18.5 underweight 

18.5–24.9 normal 
25–29.9 overweight Female (n=5) 19.9–29.3 24.2 (4.4) 

BF% Male (n=21) 4.8–25.0 10.1 (11.2) 5–8%* 
Female (n=5) 11.2–22.7 14.6 (4.6) 10–15%* 

WC (cm) Male (n=21) 65.0–95.5 75.5 (7.5) < 88 cm 
Female (n=5) 61.0–95.5 74.5 (8.7) < 101 cm  

Post-intervention (after 3 months) 
Height (cm) Male (n=21) 152.0–184.0 169.4 (7.5)  

Female (n=5) 155.0–164.0 158.6 (3.4) 
Weight (kg) Male (n=21) 53.8–112.3 73.6 (12.0)  

Female (n=5) 52.2–68.4 61.2 (6.8) 
BMI (kg/m2) Male (n=21) 21.0–31.6 25.2 (2.8) <18.5 underweight 

18.5–24.9 normal 
25–29.9 overweight Female (n=5) 21.0–25.4 23.9 (1.9) 

BF% Male (n=21) 3.9–26.2 8.9 (4.7) 5–8%* 
Female (n=5) 9.0–17.0 13.3 (2.9) 10–15%* 

WC (cm) Male (n=21) 69.0–93.0 79.0 (6.5) < 88 cm 
Female (n=5) 68.5–83.0 76.1 (5.7) < 101 cm  

*Jeukendrup and Gleeson (2019). 
BF%, body fat percentage; BMI, body mass index; cm, centimeter; kg, kilogram; kg/m2, kilogram per 
meter squared; Min–Max, minimum and maximum; SD, standard deviation; WC, waist 
circumference; WHO, World Health Organization. 
 
According to Table 2, the baseline dietary 
micronutrients intake was imbalanced. The 
calcium intake was notably lower in 
females compared to males in the baseline. 
However, both genders had lower intake in 
the post intervention phase. Conversely, 
both genders consumed vitamin D below 

the recommended daily allowance (RDA) 
while vitamin B12 and Mg were mostly 
consumed above the tolerable upper intake 
levels (UL). The intake of vitamin C and B1 
was within recommendations in both 
genders during the base line and post-
intervention phases.  

 
Table 2. Dietary micronutrient intakes of athletes at baseline and post-intervention (N=26). 

Variable Gender  Range Mean (SD) RDA* UL Min–Max 
Baseline  
Calcium (mg/day)# Male (n=21) 115.0–4 811.0 1 033.6 (1 142.3) 1000 2500 Female (n=5) 33.0–1 286.0 639.2 (484.4) 1000 
Magnesium (mg/day) Male (n=21) 57.0–965.0 489.0 (218.5) 400 420  

Female (n=5) 8.6–527.0 291.5 (89.0) 310 321 
Vitamin C (mg/day) Male (n=21) 3.0–168.0 57.8 (50.3) 90 2000 Female (n=5) 12–170.0 89.0 (77.3) 75 
Vitamin D (µg/day)# Male (n=21) 0.5–45.4 12.0 (12.7) 15 100 Female (n=5) 7.2–28.7        11.7 (9.4) 15 
Vitamin B1 (mg/day) Male (n=21) 0.2–5.6 1.9 (1.3) 1.2 – Female (n=5) 0.1–3.9 1.5 (1.4) 1.1 
Vitamin B12 (µg/day) Male (n=21) 0.0–46.9 10.6 (10.7) 2.4 – 
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Variable Gender  Range Mean (SD) RDA* UL Min–Max 
Female (n=5) 5.6–10.4 7.9 (1.9) 2.4 

Post-intervention (after 3 months) 
Calcium (mg/day) Male (n=21) 141.0–2 390.0 805.5 (544.1) 1 000 – Female (n=5) 29.1–1 286.0 775.2 (540.5) 1 200 
Magnesium (mg/day) Male (n=21) 228.0–3415.0 549.7 (671.4) 400 420 

Female (n=5) 288.0–527.0 384.4 (105.5) 310 321 
Vitamin C (mg/day) Male (n=21) 422.0–50.5 143.2 (111.3) 90 2000 Female (n=5) 56.0–371.0 183.4 (119.8) 75 
Vitamin D (µg/day)# Male (n=21) 0.3–49.0 12.8 (11.1) 15 100 Female (n=5) 11.7–28.7 19.3 (6.5) 15 
Vitamin B1 (mg/day) Male (n=21) 0.0–2.1 1.4 (0.5) 1.2 – Female (n=5) 1.0–5.2 2.2 (1.6) 1.1 
Vitamin B12 (µg/day) Male (n=21) 0.0–51.4 9.2 (12.9) 2.4 – Female (n=5) 6.6–19.5 11.1 (5.0) 2.4 

*Institute of Medicine (US) Panel on Dietary Antioxidants and Related Compounds (2000). 
#Ross et al. (2011). 
mg/day, milligram per day; µg/day, microgram per day; Min–Max, minimum and maximum; RDA, 
recommended daily allowance; SD, standard deviation; UL, tolerable upper intake level. 
 
Table 3 summarises the athletes' serum 
lipid levels. The mean TC and TG levels 
were within acceptable standards both at 
baseline and post-intervention. However, 
males had higher levels of HDL-C (mean 
1.4 [0.3] mmol/L) compared to the 
recommended range of 1–1.3 mmol/L. 
Also, at baseline, the athletes had higher 
mean VLDL-C levels (males, 1.3 mmol/L 

and females, 1.6 mmol/L) than the standard 
(< 1.0 mmol/L), which decreased when 
measured post-intervention. The other 
serum lipid levels were maintained within 
acceptable standards in the post-
intervention phase, except for LDL-C 
which was lower than 2.5–3.3 mmol/L in 
both genders. 
 

Table 3. Serum lipid profile of athletes (N=26). 

Variables  Gender Range Mean (SD) Cut-off 
values* Min–Max 

Baseline 
Triglycerides (mmol/L) Male (n=21) 0.4–1.7 0.7 (0.3) < 1.7 Female (n=5) 0.4–2.2 1.1 (0.7) 
Total cholesterol (mmol/L) Male (n=21) 2.7–6.6 4.4 (0.8) < 5.1 Female (n=5) 2.2–5.1 3.8 (1.1) 
HDL-C (mmol/L) Male (n=21) 0.6–2.5 1.4 (0.3) 1–1.3 

Female (n=5) 1.3–1.8 1.4 (0.2) 1.3–1.5 
LDL-C (mmol/L) Male (n=21) 1.2–4.9 2.7 (0.8) 2.5–3.3 Female (n=5) 0.6–3.4 1.9 (1.1) 
VLDL-C (mmol/L) Male (n=21) 0.3–3.6 1.3 (1.0) <1.0 Female (n=5) 0.1–3.6 1.6 (1.4) 
Post-intervention (after 3 months) 
Triglycerides (mmol/L) Male (n=21) 0.3–2.0 0.8 (0.3) <1.7 Female (n=5) 0.4–1.0 0.6 (0.2) 
Total cholesterol (mmol/L) Male (n=21) 2.0–6.3 4.1 (0.9) <5.1 Female (n=5) 2.3–4.6 3.7 (1.0) 
HDL-C (mmol/L) Male (n=21) 1.0–1.8 1.3 (0.2) 1–1.3 

Female (n=5) 1.1–1.6 1.3 (0.1) 1.3–1.5 
LDL-C (mmol/L) Male (n=21) 0.9–4.4 2.4 (0.8) 2.5–3.3 
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Variables  Gender Range Mean (SD) Cut-off 
values* Min–Max 

Female (n=5) 0.8–2.9 2.0 (1.1) 
VLDL-C (mmol/L) Male (n=21) 0.2–1.0 0.6 (0.2) <1.0 Female (n=5) 0.2–0.8 0.5 (0.2) 
*Larson-Meyer et al. (2018). 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Min-Max, 
minimum and maximum; mmol/L, millimoles per liter; SD, standard deviation; VLDL-C, very low-
density lipoprotein cholesterol. 
 
The serum micronutrients of athletes at 
baseline are shown in Table 4. The median 
micronutrient levels of the athletes were 
within acceptable standards at baseline. 

Athletes maintained their serum 
micronutrient levels within acceptable 
standards at post-intervention 
investigations.  

 
Table 4. Serum micronutrient levels of athletes at baseline and post-intervention (N=26). 

Variable Gender Range Median* Reference 
values# Min–Max 

Baseline 
Calcium (mmol/L) Male (n=21) 2.2–2.5 2.3 2.15–2.50 Female (n=5) 2.3–2.5 2.3 
Magnesium (mmol/L) Male (n=21) 0.7–0.9 0.8 0.66–1.07 Female (n=5) 0.7–0.8 0.8 
Vitamin C (nmol/L) Male (n=21) 20.9–50.6 32.5 10.0–45.1 Female (n=5) 23.5–50.6 44.9 
Vitamin D (nmol/L) Male (n=21) 15.1–40.4 29.5 20–60 Female (n=5) 22.5–34.1 24.3 
Vitamin B1 (nmol/L) Male (n=21) 8.8–18.2 12.6 6.65–20.0 Female (n=5) 10.3–15.2 12.6 
Vitamin B12 (pmol/L) Male (n=21) 106–521.0 279.0 107–418 Female (n=5) 114.0–521.0 266.8 
Post-intervention (after 3 months) 
Calcium (mmol/L) Male (n=21) 2.2–2.5 2.3 2.15–2.50 Female (n=5) 2.3–2.5 2.3 
Magnesium (mmol/L) Male (n=21) 0.7–0.9 0.8 0.66–1.07 Female (n=5) 0.7–0.8 0.8 
Vitamin C (nmol/L) Male (n=21) 20.9–50.6 32.5 10.0–45.1 Female (n=5) 23.5–50.6 41.7 
Vitamin D (nmol/L) Male (n=21) 15.1–83.0 29.5 20–60 Female (n=5) 22.5–34.1 24.3 
Vitamin B1 (nmol/L) Male (n=21) 8.8–18.2 12.6 6.65–20.0 Female (n=5) 10.3–15.2 12.3 
Vitamin B12 (pmol/L) Male (n=21) 106.0–789.0 279.0 107–418 Female (n=5)  114.0–521.0 265.0 
*Wilcoxon test; #Larson-Meyer et al. (2018). 
Min–Max, minimum and maximum; mmol/L, millimoles per liter; nmol/L, nanomoles per liter; 
pmol/L, picomoles per liter. 
 
Table 5 shows that after the intervention, 
athletes in the experimental group had a 
normal BMI (mean 24.7 [2.7] kg/m2) 
compared to the control group (mean 25.3 

[2.6] kg/m2). The BF% of athletes in both 
the experimental and control groups were 
higher than recommendations for 
bodybuilding sport. However, athletes in all 
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groups (experimental and control) had 
acceptable WC values. There was no 

significant difference between the two 
groups regarding their anthropometry.  

 
Table 5. Bodybuilders' post-intervention anthropometric profile: comparison of the 
experimental and control group (N=26). 

Variables 
Experimental group (n=14) Control group (n=12) 

P-value Range 
(Min–Max) Mean (SD) Range 

(Min–Max) Mean (SD) 

Height (cm) 156.0–180.0 168.7 (7.2) 154.0–179.0 166.9 (8.2) 0.568 
Weight (kg) 52.2–86.3 70.8 (9.8) 53.8–112.3 71.8 (14.8) 0.830 
BMI (kg/m2) 21.0–31.6 24.7 (2.7) 21.0–31.0 25.3 (2.6) 0.610 
BF% 5.0–15.0 9.0 (3.3) 3.9–26.2 10.7 (5.9) 0.368 
WC (cm) 68.5–92.0 79.4 (6.8) 69.0–93.0  77.3 (1.7) 0.428 

BF%, body fat percentage; BMI, body mass index; Min–Max, minimum and maximum; SD, standard 
deviation; WC, waist circumference. 
 
The post-intervention dietary micronutrient 
intake of athletes is summarised in Table 6. 
Vitamins C, D and B12 were consumed 
within the RDA, but lower than the UL in 
both the experimental and control group, 
while calcium intake was suboptimal in 

both groups. Conversely, Mg and vitamin 
B1 were consumed excessively. There was 
a statistically significant difference 
observed between the two groups for 
vitamin D consumption.  

Table 6. Dietary micronutrients profile post-intervention: comparison of the experimental 
and control group (N=26). 

Variables 
Experimental group (n=14) Control group (n=12) 

P-value* Range 
(Min–Max) Median Range 

(Min–Max) Median 

Calcium (mg/day) 29.1–1 289 937.0 314.0–2 390.0 733.0 0.810 

Magnesium (mg/day) 228.0–3415.0 462.0 256.0–715.0 357.0 0.271 
Vitamin C (mg/day) 30.0–3460 153 26.0–422.0 92.0 0.616 
Vitamin D (mg/day) 2.5–45.9 15.2 0.3–32.4 7.9 0.021* 
Vitamin B1 (mg/day) 0.0–5.2 1.7 0.6–2.0 1.2 0.142 
Vitamin B12 (mg/day) 0.0–39.9 7.7 1.2–51.4 9.4 0.566 
*Wilcoxon test (p<0.05). Min–Max, minimum and maximum. 
 
In Table 7, almost all athletes in the 
experimental and control groups had 
normal serum lipid profiles within the 

recommended standards. There was no 
statistically significant difference between 
the experimental and control groups.  

 
Table 7. Serum lipid profile post-intervention: comparison of the experimental and control 
group (N=26). 

Variables 

Experimental group 
(n=14) 

Control group 
(n=12) P-

value* Range 
(Min–Max) Mean (SD) Range 

(Min–Max) Mean (SD) 

Triglycerides (mmol/L) 0.3–2.0 0.8 (0.4) 0.4–1.1 0.7 (0.1) 0.580 
Total cholesterol (mmol/L) 3.0–6.3 4.2 (1.0) 2.3–5.2 3.8 (0.8) 0.305 
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Variables 

Experimental group 
(n=14) 

Control group 
(n=12) P-

value* Range 
(Min–Max) Mean (SD) Range 

(Min–Max) Mean (SD) 

HDL-C (mmol/L) 1.1–1.8 1.3 (0.2) 1.1–1.7 1.3 (0.2) 0.928 
LDL-C (mmol/L) 0.8–4.4 2.4 (0.8) 0.9–4.4 2.3 (0.9) 0.859 
VLDL-C (mmol/L) 0.2–1.5 0.7 (0.2) 0.2–0.9 0.5 (0.2) 0.113 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Min–Max, 
minimum and maximum, SD, standard deviation; VLDL-C, very low-density lipoprotein cholesterol. 
According to Table 8, athletes in both 
groups maintained their serum 
micronutrient levels within the 

recommended ranges, and no statistically 
significant difference occurred between the 
experiment and the control group. 

Table 8. Serum micronutrients profile of athletes' post-intervention (N=26). 

Variables 

Experimental group 
(n=14) 

Control group 
(n=12) P-value* Range 

(Min–Max) Median Range 
(Min–Max) Median 

Calcium (mmol/L) 2.3–2.5 2.4 2.2–2.5 2.3 0.142 
Magnesium (mmol/L) 0.7–0.9 0.8 0.7–0.9 0.8 0.994 
Vitamin C (nmol/L) 21.2–50.6 35.9 20.9–50.6 36.7 0.271 
Vitamin D (nmol/L) 21.9–28.3 25.3 15.1–39.7 27.4 0.382 
Vitamin B1 (nmol/L) 8.8–14.3 13.3 10.1–18.2 14.5 0.375 
Vitamin B12 (pmol/L) 118.0–704.0 289.5 106.0–789.0  447.5 0.896 
*Wilcoxon test.            Min–Max, minimum and 
maximum. 

 
 
Discussion 

To our knowledge, this study is the 
first to investigate the serum lipid and 
micronutrient profiles of bodybuilding 
athletes in the Limpopo Province of South 
Africa. Athletes had normal anthropometric 
status, optimal serum lipid and 
micronutrient profiles at baseline. They 
maintained the status for WC, serum lipid, 
serum micronutrients into the post-
intervention phase. 

Although not statistically 
significant, athletes in both the intervention 
and control group had slightly higher BMI 
and BF%, with optimal WC in both groups. 
Varying body composition results from 
experimental studies supporting our 
findings were also reported among athletes 
elsewhere. For instance, a study in Brazil 
compared 11 male bodybuilders (mean age 
26.8 [2.3] years) assigned either to an 
experimental (high energy intake: mean 

67.5 [1.7] kcal/kg/day; n=6) or control 
(lower energy intake: mean 50.1 [0.5] 
kcal/kg/day; n=5) group over a period of six 
weeks (Ribeiro et al. 2019). 

This study reported a significant 
change (increase) of BF% (p<0.01) in 
higher amount of energy group during from 
the pre-intervention (mean 16.2 [4.6] to the 
post-intervention phase (17.4% [4.6]) 
compared to the moderate energy group 
(mean 13.3% [2.7] pre-intervention and 
13.4% [2.6] post-intervention). 

In another study, body composition 
of four amateur bodybuilders was evaluated 
for a two months' pre-contest preparation 
period (De Souza et al., 2018). In this study, 
athletes showed lower BF% during the pre-
contest phase (male one, 4%; male two, 
8.6%; female one, 17.3%; female two, 
8.9%) compared to pre-cutting values (male 
one, 13.3%; male two, 17.4%; female one 
23.6%, female two 18%). However, higher 
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BF% was reported among novice and elite 
groups in another study involving 20 
bodybuilders (10 elite and 10 novice) in 
Thailand (Sukwong et al., 2022). It is 
possible that the increased BF% in the latter 
study could have resulted from using 
anabolic steroids, which is common among 
bodybuilding athletes (Smoliga et al. 2023). 

Significant variations with regard to 
BF% between 29 male professional 
competitive and amateur bodybuilders were 
reported (Makiel et al., 2020). In the latter 
study, professional bodybuilders had lower 
BF% (5.6% [3.5]) compared to the amateur 
group (18.7% [5.6]). However, the 
professional athletes had increased BMI 
(27.2 kg/m2) values compared to the 
amateur group (25.2 kg/m2). The primary 
goal of bodybuilding athletes is to increase 
muscle mass, possibly explaining the BMI 
results in our study and those reported by 
Makiel et al. (2020). 

Although specific training 
programs followed by athletes in our study 
were not extensively studied as per se, 
researchers acknowledge the role physical 
activity might have contributed towards the 
control of serum lipids to within acceptable 
standards (Celik et al., 2024; Melnik et al., 
2022; Dunford & Doyle 2019; Sovilj, 
2012). Engaging in vigorous intensity 
physical activity in the form of, for 
instance, bodybuilding training for 75–150 
minutes two or more days a week, has been 
associated with additional health benefits 
(WHO, 2020), optimal serum lipid levels 
(Celik et al., 2024) and improved body 
composition (Garthe et al., 2013). 

We suspect that the post-
intervention outcomes of the current 
research might partly be explained by the 
training frequency of three days per week 
that these athletes adhered to. The training 
frequency observed in the current study 
might have possibly been influenced by the 
nutrition education offered to athletes on 
the SAFBDG (2013) during the 
intervention phase. 

The education encouraged, among 
others, physical activity in the form of 

exercise for three days or more to 
accomplish optimal health benefits. The 
effect of training on serum lipid 
improvements is supported in the literature 
(Barakat et al., 2020; Barjaktarović-
Labović et al., 2015; Celik et al., 2024; 
Elsayyad et al., 2015). Therefore, a 
combination of training with practice of 
optimal nutrition can be assumed to make a 
positive contribution towards serum lipids 
and body composition control. 

We found that athletes in our study 
had the required level of BF% for 
bodybuilding sports, which is associated 
with improved cardiovascular functioning 
and controlled serum lipids (Turocy et al., 
2011). The decreased BF% with increased 
muscle mass in bodybuilding is associated 
with success during competitions (Barakat 
et al., 2020). In this study, athletes' lipid 
profile was mostly within acceptable 
standards at baseline and post-intervention 
phases. Although intake of energy and 
macronutrients were reported imbalanced 
in this group (Masoga et al., 2023), results 
in the current study are not surprising as 
athletes mostly mentioned boiling and 
steaming as their primary methods of 
cooking their foods. 

These cooking methods are thought 
to minimise the intake of trans-fatty acids 
as divergent to deep frying, which 
suppresses HDL-C and increases LDL-C 
(Dunford & Doyle, 2019), explaining the 
lipid outcomes in this study. Additionally, 
the athletes' breakfast as suggested in the 
meal plans included food items such as 
oats, known to contain soluble fibre. This 
could also have contributed towards the 
control of the serum lipids as this fibre is 
thought to reduce the absorption of 
cholesterol and fatty acids (Reamy & 
Thompson, 2004), ultimately improving the 
TC serum levels (Hannon et al., 2018). 

During the delivery of nutrition 
education, athletes in our study were 
encouraged to trim off fat from food items 
such as meat and poultry, avoid processed 
food products that may contain hidden fats, 
consume plant protein and oils, and 
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consume more fruit and vegetables. Our 
results were different from findings 
reported by De Souza et al. (2018), who 
investigated the biochemical profile and 
body composition alteration among four 
amateur athletes (two male and two female) 
during the pre-contest phase. Their results 
showed increased levels of serum lipids 
(TC, LDL-C and decreased HDL-C) in 
females compared to baseline values. The 
use of anabolic androgen steroids (AAS) is 
a common practice among bodybuilders 
(Smoliga et al. 2023). Therefore, the 
increased serum lipid levels among females 
in the study by De Souza et al. (2018) could 
possibly be explained by the use of AAS 
reported in that group. 

Dietary intake of same athletes was 
also investigated and imbalanced nutrients 
(suboptimal energy and carbohydrates, 
optimal protein and increased fat) intake of 
were reported elsewhere (Masoga et al., 
2023). In the report by Masoga et al. (2023), 
limited use of supplements among athletes 
(40%) was reported as well. The dietary 
micronutrients intake analysis in the current 
revealed optimal intakes with reference to 
the RDAs and UL for vitamins C and B1, 
including Ca for males, at baseline. Similar 
results were found during a 12-week study 
investigating the dietary strategies of 16 
male modern bodybuilders (Lenzi et al., 
2021). In their research, athletes' vitamin C 
(174.1 [114.5] mg/day [bulking] versus 
162.2 [311.1] mg/day [cutting]) intake was 
optimal (higher than RDAs but lower than 
UL) in all phases of the quasi-experimental 
research. 

In another study conducted among 
52 bodybuilders in Polokwane 
municipality, athletes consumed vitamin C 
optimally (Masoga et al., 2019). 
Conversely, athletes in our research 
consumed vitamins C, and B1 optimally, 
while calcium and Magnesium intake was 
suboptimal and excessive in both the 
experimental and control group. Optimal 
intake of vitamin C is beneficial to reduce 
risks associated with kidney stones 
formation and gastrointestinal symptoms 

such as diarrhoea (FAO/WHO, 2001), and 
promote the training recovery process 
(Close et al., 2006). 

Minerals such as Mg offer 
antioxidant benefits while participating in 
many cellular metabolic processes (Lee, 
2017). However, hypermagnesemia can 
induce diarrhoea and kidney malfunction 
and substantially reduces the absorption of 
calcium (Dunford & Doyle, 2019). Vitamin 
D intake was imbalanced between the 
groups (optimal in the experimental group 
versus suboptimal in the controls). Optimal 
vitamin D status has been linked to various 
health benefits including calcium 
phosphate regulation (El Hoss et al., 2023).  

Excessive oral intake of water-
soluble vitamins has minimal risks 
(Richardson, 2014) as are readily excreted 
due to its solubility (Rafeeq et al., 2020). 
Generally, excessive intake of Mg and 
vitamins such as vitamins C, and B1 is 
unusual among athletes (Dunford & Doyle, 
2019), particularly in bodybuilders around 
the Limpopo province. For instance, 
optimal intake of vitamins B1 and Mg was 
reported in a study among the 52 
bodybuilding athletes (Masoga et al., 
2019). This was also the case regarding the 
serum micronutrients findings in our group 
as micronutrients (calcium, Mg, vitamins 
C, D and B1) were retained within 
acceptable standards among almost all 
athletes (experimental and control group). 

Excesses for vitamin B12 were 
observed in the control group which can be 
explained by frequent intake of dairy 
products, fish and chicken, which appeared 
on the 24-hour-recall questionnaires of 
athletes. These food items are rich sources 
of B12, thus preventing possible 
development of anaemia (Watanabe et al., 
2014) in this group. Excessive serum levels 
of vitamin B12 (5.3 [3.8] versus 4.7 [4.9] 
µg/day) were reported among bodybuilders 
during bulking and cutting phases (Lenzi et 
al., 2021). 

Training is considered to alter 
serum biomarkers (Melnik et al., 2022). 
Although increased consumption of 
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vitamin C might be prominent during 
training, the solubility nature (water-
soluble) and increased oxidative role it 
plays and vulnerability to excretion during 
training could be the reasons explaining 
suboptimal serum levels of this vitamin in 
our group. Optimal vitamin D levels were 
expected in our group as ultraviolet B 
(UVB) exposure from the sun may have 
served as a boost (Ghazzawi et al., 2023) as 
athletes resided in a country that exposed 
them to sufficient ultraviolet B (UVB) 
sunlight for promoting vitamin D synthesis 
(Wright et al., 2012).  

Generally, laboratory intervention 
studies involving blood withdrawal are 
rarely conducted among bodybuilders in 
Limpopo. Therefore, trypanophobia (fear 
or phobia for needles) was a barrier for 
many of our participants. Of the total who 
participated (n=54), less than half (n=26) 
completed the study. Lastly, other 
biochemical variables such as hormonal, 
kidney and liver tests could not be 
measured due to budget constraints 
 
D. Conclusion  

The aim of this study was to assess the 
effect of nutrition intervention on the 
serum lipid and micronutrient profiles of 
bodybuilding athletes in Capricorn 
District. Bodybuilding athletes in this area 
had mostly normal anthropometric status 
and optimal serum lipid levels. However, 
athletes had varying dietary and serum 
micronutrient profiles at baseline and post-
intervention. Therefore, the nutrition 
intervention through meal plans in this 
research optimally maintained the serum 
lipid and some dietary and serum 
micronutrient levels of bodybuilders. 
Interventions involving biochemical 
markers specifically in bodybuilding still 
warrant further research. More studies 
using larger numbers of bodybuilding 
athletes are recommended to cover 
existing gaps. 
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