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Abstract.  The aim of the study was to examine the impact of adequate energy intake and energy balance on the athletic 

performance and health of top female volleyball (VB) athletes. Female VB athletes present energy needs at an average 

of 50% higher than basal metabolic requirements, with a daily energy expenditure of 2400-4200 kcal (10.080-17.640 

kJ). A high-level female VB player, needs about 37.5-50 kcal/kg of body weight (BW) on a daily basis, rising by 20-

50% during high intensity training and competitive seasons. The athletic dietary intake should contain 58-60% 

carbohydrates (CHO), 15-16% proteins and 25-28% fat. More specifically, 6-10g/kg BW carbohydrates, 1.4-2g/kg BW 

proteins and 1.7-2.4g/kg BW fat are recommended. Even though micro-nutrients are not a source of energy, they play a 

significant role in its production. Studies on selected female VB athletes have demonstrated inadequate dietary energy 

intake, with deficiencies in macro-nutrients (CHO) and micro-nutrients (vitamins C, D, Ca, Iron, Zinc, Mg). Female 

athletes with long-lasting energy deficiencies are at risk for muscle mass loss, increase of injuries, reduction of basal 

metabolism, high fatigue, female athletic triad syndrome etc. Preventing and treating inadequate muscle fuelling 

through a well-balanced diet is highly significant. In conclusion, the lack of appropriate energy availability has negative 

consequences on female athletes‟ both athletic performance and health, particularly in adolescent girl athletes. Dietary 

guidance and further education of elite female VB athletes is imperative, in order to optimize their athletic performance 

and protect their overall health status.  
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Introduction 

A full and well-balanced diet constitutes a 

substantial parameter in the training procedure for 

achieving the maximum athletic performance. 

Inadequate energy intake in relation to energy 

expenditure leads to a negative energy balance 

significantly limiting athletic performance (1).   

Meeting energy needs is the first and basic 

nutritional priority for athletes (2). In order to 

secure the best possible conditions for lean tissue 

mass, immune and reproductive system, along 

with optimal sports performance, it is highly 

essential to achieve energy balance. According to 

Larson-Meyer (2003), the term „Energy Balance‟ 

is defined as “a state when energy intake (the sum 

of energy from food, fluids, and supplement 

products) equals energy expenditure (the sum of 

energy expended as basal metabolism, the thermic 

effect of food, and any voluntary physical 

activity)”. However, the condition when energy 

intake is lower than energy expenditure, clearly 

limits athletic performance and diminishes  

 

 

benefits deriving from training. The explanation 

for this is simple: the human body reacts by using 

fat and lean tissue mass as its fuel, in order to 

make up for the inadequate energy intake (EI). 

Yet, the ultimate result turns out to be completely 

the opposite: as muscle volume decreases, levels 

of strength and endurance drop.  

Furthermore, long-lasting low energy intake 

commonly leads to nutrient deficiency in general, 

and micro-nutrient deficiency in particular (3, 4). 

Even though micro-nutrients (vitamins - minerals) 

are not energy sources themselves, they do play a 

significant role in energy production. In addition, 

they maintain bone mass, enhance hemoglobin 

synthesis, compose and repair muscle tissue, 

restore immune function and protect cells and 

tissues from oxidative stress (5, 2). Therefore, an 

adequate and energy-balanced diet - containing 

proper amounts of both macronutrients 

(carbohydrates, proteins, fat) and micronutrients 

(vitamins, minerals)-has the potential to maximize 
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the performance of team sport athletes, as 

opposed to inappropriate and insufficient nutrition 

that may seriously jeopardize their health 

condition (6-11). 

The diet of Greek elite female athletes has been 

investigated by only a small number of studies 

that have revealed inadequate energy and nutrient 

intake (11-17). 

The aim of the study was to examine the impact 

of adequate energy intake and energy balance on 

the athletic performance and health of top female 

volleyball (VB) athletes. 

 

Energy requirements 

Volleyball is a high intensity, predominantly 

anaerobic sport based on high aerobic endurance. 

High generation of aerobic energy and anaerobic 

energy release have to do with different metabolic 

pathways of energy sources.  Due to the long 

volleyball game duration, the human body relies a 

lot on carbohydrates as its primary energy source 

(9, 13). Carbohydrate is the only fuel that can 

sustain high-level activity such as constant 

sprinting, continuous jumping, ball hitting, 

digging etc (2). Insufficient carbohydrate intake is 

likely to lead to premature muscle glycogen 

depletion during training or competition, as well 

as to inhibition of glycogen resynthesis following 

exercise, ultimately restricting athletic 

performance (18). 

Nutritional and health related habits differ among 

different sports (17). Energy needs of Volleyball 

players vary depending on their competitive level, 

gender, age, anthropometric traits, body 

composition, general physical activity, 

environmental conditions etc (16, 4).
 
In addition, 

energy expenditure is even further affected by a 

variety of hereditary factors and other parameters, 

such as body size, fat-free mass and physical 

activity. As far as athletes are concerned, it is 

recommended to analyze the intensity, frequency 

and duration of the type of sports activity they 

perform, and accordingly calculate the energy 

required to carry out a normal daily activity (19, 

20). 

Female VB athletes present energy needs at an 

average of 50% higher than basal metabolic 

needs, with a daily energy expenditure of 2400-

4200 kcal (10.080-17.640 kJ) (2). A high-level 

female VB player needs about 37.5-50 kcal/kg of 

body weight (BW) on a daily basis, rising by 20-

50% during high intensity training and 

competitive seasons (5). The athletic ΕΙ with 

regard to macro-nutrients diet should contain 58- 

 

 

60% carbohydrates (CHO), 15-16% proteins and 

25-28% fat. More specifically, 6-10 g/kg BW 

carbohydrates, 1.4-2 g/kg BW proteins and 1.7-

2.4 g/kg BW fat are recommended (5). Most VB 

athletes can meet their needs for vitamins - 

minerals (micro-nutrients), which play an 

important role in energy production, through a 

sufficient and well-balanced diet containing a 

variety of wholesome foods (2). A high 

percentage of elite female VB players (92.2%) use 

supplement products in order to maximize their 

athletic performance (17). 

Surveys on top-level female VB athletes have 

demonstrated inadequate dietary ΕΙ, with 

deficiencies in macro-nutrients and micro-

nutrients.  

More analytically, the study of Papadopoulou et al 

(2008), examining the dietary intake differences 

between elite Greek VB and Handball (HB) 

women athletes, revealed that top female players 

in total presented insufficient energy, macro- and 

micro-nutrient intake. More specifically, VB 

athletes had significantly lower ΕΙ (1183 kcal or 

15.87 kcal/Kg BW) than HB athletes (1751 kcal 

or 25.73 kcal/Kg BW). Also, VB athletes 

consumed significantly fewer CHO, proteins and 

fats, compared to HB athletes. Yet, with regard to 

fat intake, both VB and HB athletes presented 

higher values than the recommended ones (32.2% 

EI and 35.5% EI respectively). In addition, VB 

athletes failed to meet the Recommended Daily 

Allowances (RDA) for most vitamins (except 

vitamins A and B3) and all minerals.  

Another study which evaluated and compared the 

nutritional intake between selected VB and 

basketball (BB) women athletes demonstrated -as 

above- showed that all athletes had energy and 

nutrient intake that prohibited them from 

achieving and maintaining a maximum athletic 

performance.  

More specifically, VB athletes had significantly 

lower EI than BB athletes (1167 kcal or 15.87 

kcal/Kg BW and 1344 kcal or 19.29 kcal/Kg BW 

respectively). Also, VB athletes consumed 

significantly less CHO compared to BB athletes. 

In addition, VB players did not meet the RDA 

recommended values for vitamins A, B1, B2, B6, 

B12, C, D, E, biotin, folic and pantothenic acid, 

and the minerals-trace elements Ca, Fe, Mn, Se 

and Zn (16).  

Similarly, another study in a sample of high-level 

adolescent Greek female VB players also showed 

lack of proper nutrition in terms of both quantity 

and quality.  
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Their mean daily EI was 1648 kcal/day -an 

amount which was below the RDA- while the 

consumption of CHO was 45.9% EI, which is far 

less than the suggested 60% EI. Young female VB 

athletes consumed higher quantities of fat (37.5% 

EI) at the expense of carbohydrates. In addition, 

they did not meet the RDA values regarding 

vitamins A, B1, B2, B6, Ca, Fe, folic acid, Mn, 

and Zn (13). 

Other studies investigating female VB athletes -

either individually or in comparison with 

respective athletes of other sports - have 

demonstrated findings similar to the above (12, 

21, 22, 15, 11, 23, 24, 25). 

It should be noted that energy deprivation is 

induced purposefully by VB female athletes, often 

due to their desire to lose weight or maintain low 

body weight, or even because of their body image 

dissatisfaction, something which is commonly 

seen in other sports, as well (21, 26, 17, 23, 27). 

The study by Frideres and Palao Andres (2005) 

showed that some women VB players consume 

inappropriate diets of low density food concerning 

both nutrients and kilocalories; this is actually 

attributed to lack of nutritional knowledge. 

Nutritional education should be provided to 

athletes and their families for promoting a 

healthy, balanced, nutrient-dense dietary intake 

(11, 27). 

 

Negative effects of inadequate energy intake  

When levels of energy intake are low compared to 

the high energy requirements of elite female VB 

athletes, they turn out to be insufficient to 

maintain their intense physical activity and proper 

metabolic functions. The human body recruits its 

energy ‘reserves' in order to make up for the 

unfulfilled energy.  

Energy deficiency caused by inadequate food 

intake is then tried to be covered by the 

catabolism of glycogen, proteins and body fat 

(28). Furthermore, in a given energy expenditure, 

the high intensity rates during volleyball training 

sessions and games may lead to increase of the 

negative energy balance and further loss of even 

higher amounts of fat mass (29, 30). 

The athletic performance is clearly reduced in 

female athletes with chronic energy deficiency, 

which actually presents a real risk for health 

complications. More specifically, there is high 

risk for decline of the players’ physical and 

mental abilities required for the effective 

implementation of technical-tactical  volleyball  

 

 

 

skills (9, 21, 4), increase of fatigue and recovery 

time (4), reduction of the basic metabolism rate 

(8, 4), loss of muscle mass and bone density (2, 4, 

31, 4), undesirable body weight loss (4), as well 

as increase of injuries and various other diseases 

(7, 4).  

Furthermore, there is always the risk for 

nutritional disorders (31-33, 4), and hormonal and 

menstrual irregularities (32, 34, 8, 10, 31), that are 

correlated with the occurrence of the Female 

Athlete Triad Syndrome (nutritional disorders, 

amenorrhoea, osteoporosis) (21, 33, 4). 

The unmet energy requirements, in combination 

with the heavy training and competition 

burdening, are factors responsible also for skeletal 

growth abnormalities that may occur in the elite 

female preadolescent and adolescent athletes (8, 

10).  

The sufficient fulfillment of dietary needs of 

female athletes that are in their growing process 

requires good knowledge concerning the different 

stages of natural growth. Particularly, during 

adolescence, the demand in energy intake is 

higher than in any other phase of human life (35). 

Thus, it is highly significant for elite VB female 

athletes during the period of pubertal development 

to receive through nutrition the required energy 

and essential nutrients supporting their growth 

and intense sports activity.   

  

Prevention and treatment 

Preventing and treating inadequate muscle 

fuelling through a well-balanced diet is highly 

significant. In female VB athletes, this can be 

successfully achieved by implementing daily 

energy intake that meets the human body basic 

energy requirements in connection with the 

respective needs of the specific sport (4). In 

addition, the quality of dietary energy intake is 

provided by establishing a balanced diet 

containing sufficient amounts of all macro- and 

micro-nutrients (4, 36). It is also considered to be 

important that the nutritional options established 

are adjusted to the athletes’ taste preferences (36). 

Lastly, energy needs are covered with the 

consumption of frequent meals or snacks (6-8) 

throughout the day (2, 4).  

Ηigh-level female VB athletes must be supported 

with professional nutritional information and 

guidance, so that they manage to adopt a balanced 

diet–in both energy and nutrients-that will help 

them cope with the high demands of volleyball 

training and competition (21, 17, 37, 24, 38). 
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Conclusions 

An adequate and balanced diet–with regard to 

both quantity and quality-fulfilling ΕΙ needs of top 

female VB athletes is of critical importance. Lack 

of appropriate energy availability has negative 

consequences on female athletes’ both athletic 

performance and health, particularly in adolescent 

girl athletes. Dietary guidance and further 

education of elite female VB athletes is 

imperative, in order to optimize their athletic 

performance and protect their overall health 

status.  
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