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ABSTRACT 
 

 Background: Female aesthetic athletes strive to attain an ideal body image for their sports. 

Dancers in particular pose an addition issue in that they are performing artists and are often not 

considered athletes. The physical demands placed on dancers from choreography and performance 

schedules make their body composition, phyisiology and optimal fitness just as important as their 

technique development. Body composition, specifically fat mass (FM) and lean mass (LM), has 

shown positive changes in response to increased protein intake in lean populations (119, 200). A 

diet higher in protein may be a simple way to optimize body composition and dance performance 

without dramatically changing or adding to classical dance training. Improvements in body 

composition from supplemental protein alone may improve aesthetics of dance performance. To 

date, no studies have investigated the impact of increased protein intake on body composition and 

performance in a dance population. Purpose: To determine the extent to which supplemental whey 

protein (PRO) consumed three times daily (75g total/day) for 12 weeks will optimize body 

composition and dance performance in female collegiate dancers when compared to an isocaloric 

placebo (PLA). Methods: Twenty-one (19.6 ± 1.4 years) female collegiate dancers from Florida 

State University’s School of Dance completed this randomized, double-blind, placebo controlled 

study. Participants were randomly assigned a PLA or PRO supplement (25g, 3x/day) and were 

instructed to consume one scoop (25g protein) with water between major meals of breakfast, lunch, 

and dinner. Following familiarization, participants completed laboratory testing at baseline, mid, 

and post-testing of the 12-week intervention. Laboratory testing included, 24-hour urine collection, 

body composition assessment (dual x-ray absorptiometry; DXA), resting metabolic rate (indirect 

calorimetry), venous blood draw, whole body circumferences scan, performance tests, and a 

functional dance performance assessment. Additionally, participants completed weekly 3-day food 

logs and satiety questionnaires to assess dietary changes throughout the study. Data were reported 

as mean ± SD. Dependent variables were analyzed by two-way (group x time) analysis of variance 

(ANOVA). Post hoc test were used to compare group or time differences. Significance was 

accepted at p<0.05. Results: There were no significant differences in participant demographics, 

body composition, or diet at baseline. PLA consumed significantly lower protein (g/kg/day) than 

PRO every week of the study (p<0.001). Body weight, FM, and LM did not change between groups 

or over time. LM (%) at post-testing trended toward significance between PLA and PRO (+0.5 ± 

3.0%, -2.7 ± 5.2%, respectively; p=0.057). Lean mass index (LMI= (LMpost-LMpre)+(FMpre-
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FMpost)) was significantly lower in PLA (-1.8 ± 3.1) compared to PRO (+0.6 ± 1.9; p=0.048) at 

post-testing. PLA achieved a higher hamstrings-to-quadriceps ratio at mid (63.4 ± 9.2% vs. 54.7 

± 7.8%; p=0.031) compared to PRO and significantly increased absolute (746.4 ± 92.9 W, 856.3 

± 51.6 W; p=0.005) and relative (12.7 ± 1.4 W, 14.6 ± 1.4 W; p=0.004) peak power during the 

Wingate anaerobic power test from baseline to post-testing. Although not significant, PLA 

completed the study in negative nitrogen balance whereas PRO was in positive nitrogen balance. 

Differences detected in aesthetic presentation from baseline to post-testing were significantly 

lower in PLA (1.9 ± 0.5, on a 1.0-5.0 scale) compared to PRO (2.6 ± 0.8, on a 1.0 to 5.0 scale; 

p=0.048). Conclusion: Protein supplementation for 12 weeks was well tolerated and significantly 

improved LMI as well as aesthetic presentation during dance performance. Although overall body 

composition was more optimal in PRO, individual measures (FM and LM) were not significantly 

different between groups. PRO supplementation did not significantly impact laboratory testing. 

Protein supplementation has no adverse side effects on a dance population and improves LMI and 

aesthetics in dance performance. In addition, protein supplementation provides a simple way to 

improve the diet as well as LMI in a group of dance athletes that need more nutritional attention.
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CHAPTER 1 

INTRODUCTION 

Elite athletes strive for perfection within the context of their sport. Athletes, particularly 

female athletes, participating in aesthetic sports (dancers, gymnastics, figure skaters, divers, etc.) 

strive to attain an ideal body image (240). This subpopulation of athletes experiences greater 

pressure to reduce body weight and improve body composition than athletes who compete in 

sports which do not consider leanness to be of primary importance (242, 255). Additionally, 

optimal performance for aesthetic athletes is often associated with a lean body composition. In 

response to dangerous health behaviors such as extreme caloric deficit, use of laxatives, and 

active dehydration that have developed among aesthetic and weight class athletes (242), efforts 

have been made to identify problems, create assessment tools, and develop potential solutions to 

these critical health issues (170, 183, 185, 242). As a result, research has focused primarily on 

dietary intake and nutritional status with a focus on caloric density of athletes participating in 

aesthetic sports (85, 103, 171, 234, 242, 281). However, these data are typically cross-sectional 

in nature and few have implemented dietary interventions that can be applied in aesthetic athletes 

to improve nutritional status and performance (25, 215, 227). The available data using dietary 

interventions in aesthetic sports are limited partly due to sensitivity toward body image by both 

athletes and Western culture.  

Among these aesthetic athletes, dancers pose an addition issue in that they are performing 

artists and are often not thought of as athletes. However, the physical demands placed on dancers 

from current choreography and performance schedules make their body composition, 

phyisiology and optimal fitness just as important as their technique development (8). Although 

dancers are categorized as performing artists, they are subjected to elevated demands of their 

“sport” as all other athletes. Modern dance, which emerged after classical ballet, has a more 

athletic approach in regards to choreography placing greater demands on physical fitness on 

today’s dancer. However, supplemental training to classical dance training is not widely 

practiced to improve physical fitness parameters such as strength, power, or mobility. It has been 

suggested that there are two primary physiological requirements dancers need for optimal 

performance in both modern and classical ballet (8, 130). The first is enough power to perform 

explosive jumps lasting only a few seconds (the phosphocreatine system). The second 

requirement is muscular endurance which needs to be maintained at high power output for 
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movements including a series of jumps lasting up to 60 seconds. Although supplemental strength 

and aerobic training have shown positive improvements in performance for a dance population 

(129, 131), hours of supplemental training in addition to classical dance training may not be a 

realistic way to optimize performance. Dietary modifications may be a way to optimize 

performance without additional training and lengthy time commitments. Currently there is a 

paucity of data showing how dancers should properly fuel for their events (234, 235, 277) and no 

current literature on how diet modifications could optimize body composition and performance 

in a dance population.  

 Athletes require specific nutrition strategies in order to optimize performance. In 

particular, dietaty protein consumption is increased for athletes due to their increased activity 

levels and muscle damage that occurs with training (201). The current Reccomended Dietary 

Allowance (RDA) for protein consumption in a healthy adult population is 0.8 g/kg/day and is 

aimed at avoiding deficiency as opposed to optimizing functionality or performance. For healthy 

repair and recovery for athletes, the protein recommedation increases to 1.2 to 1.4 g/kg/day for 

endurance atheltes and as high as 1.7 g/kg/day for strength atheltes (201). Although regular and 

repeated exercise stimulates the rebuilding of skeletal muscle protein, muscle protein balance 

may remain negative unless amino acids are provided to stimulate protein synthesis (29, 205, 

212, 254). Chronic negative muscle protein balance can lead to decrements in performance 

which has been observed more frequently in female athletic populations compared to male (108). 

Higher protein consumption in both obese and lean populations has been found to not only lower 

body weight and fat mass (FM) but attenuate lean mass (LM) loss (9, 13, 36, 169, 202). 

However, to observe these changes a great enough protein spread (> 58.4%) should to be 

achieved (35). Based on previous dietary findings (1.4 ± 0.5 g protein/kg body weight/day) in a 

dance population (46) supplementing with an addition 75 g of protein per day is estimated to 

provide an additional 1.27 g/kg/day of protein to the diet. Supplementing this average protein 

intake (1.4 ± 0.5 g protein/kg body weight/day) with 75 g of protein for a high protein group 

(2.66 g/kg/day total) would achieve a protein spread of approximately 60% assuming the daily 

diet remains consistent from baseline.  

Increasing protein consumption in a dance population may provide a healthy alternative 

to maintain the lean aesthetic demand of dance while providing adequate calories and nutrients to 

repair muscle damage and prevent injury. A diet higher in protein may be a way to optimize 
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body composition and dance performance without physically changing or adding to classical 

dance training. Improvements in body composition from supplemental protein alone may 

improve aesthetics of dance performance regardless of changes in common laboratory 

performance measurements (aerobic fitness, strength, power, etc.). Although positive 

performance outcomes have been observed with supplemental training studies in dancers (8, 129, 

131), no studies to date have investigated a protein supplementation intervention alone to 

optimize body composition and dance performance. In addition, other possible health benefits 

including improved resting metabolic rate (RMR), lower blood glucose and/or insulin, and lower 

low density lipoproteins cholesterol (LDL-C) and triacylglycerol (TG) concentrations have been 

shown with high protein diets (88, 98, 239). A protein supplementation intervention is warranted 

in a dance population to determine if diet alone can optimize aesthetic and performance quality 

for a dancer without changes to classical dance training. 

 

1.1 Purpose 

The purpose was to determine the extent to which supplemental whey protein (PRO) 

consumed three times daily (75g total/day) for 12 weeks will optimize body composition and 

dance performance in female collegiate dancers when compared to an isocaloric placebo (PLA). 

 

1.2 Research Questions 

The present study was designed to answer the following research questions: 

1. To what extent will 12 weeks of PRO (75g/day) improve body composition (FM and 

LM) compared to an isocaloric placebo (PLA; 75g/day) in 30 female collegiate dancers? 

2. To what extent will 12 weeks of PRO (75g/day) improve muscular strength and 

endurance, anaerobic power, jump height, and aerobic fitness compared to PLA 

(75g/day) in 30 female collegiate dancers? 

3. To what extent will 12 weeks of PRO (75g/day) improve RMR, whole body nitrogen 

balance, and metabolic biomarkers of health and appetite (total cholesterol (TC), TG, 

high-density lipoprotein cholesterol (HDL-C), LDL-C, Non-HDL, LDL:HDL ratio, 

glucose, cortisol, leptin and insulin) compared to PLA (75g/day) in 30 female collegiate 

dancers? 
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4. To what extent will 12 weeks of PRO (75g/day) improve control of movement, power, 

aesthetic presentation, and fatigue during a 60 second choreographed dance phrase 

compared to PLA (75g/day) in 30 female collegiate dancers? 

 

1.3 Research Hypotheses 

The hypotheses of the present study included the following: 

1. Female collegiate dancers consuming PRO (75g/day) will demonstrate greater 

decrements in FM and greater increases in LM compared to female collegiate dancers 

consuming PLA (75g/day). 

2. Female collegiate dancers consuming PRO (75g/day) will demonstrate no difference in 

muscular strength and endurance, anaerobic power, jump height, and aerobic fitness 

compared to PLA (75g/day) in 30 female collegiate dancers. 

3. Female collegiate dancers consuming PRO (75g/day) will demonstrate greater 

improvements in RMR, nitrogen balance, and metabolic biomarkers of health and 

appetite (TC, TG, HDL-C, LDL-C, Non-HDL, LDL:HDL ratio, glucose, cortisol, leptin 

and insulin) compared to female collegiate dancers consuming PLA (75g/day). 

4. Female collegiate dancers consuming PRO (75g/day) will demonstrate greater 

improvements in control of movement, power, aesthetic presentation, and fatigue during 

a 60 second choreographed dance phrase compared to female collegiate dancers 

consuming PLA (75g/day). 

 

1.4 Assumptions 

Assumptions for the present study included the following: 

1. All participants accurately reported their current dietary intake. 

2. All participants followed the instructions given to them regarding the maintenance of 

their current dietary habits and current daily dance training in addition to the prescribed 

intervention. 

3. All participants followed the instructions given to them regarding PRO or PLA 

supplement consumption and accurately reported their adherence to the supplementation. 
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1.5 Delimitations 

The delimitations of the present study included the following: 

1. Only trained (>8 years) female collegiate (18-30 years of age) dancer majors were 

allowed to participate in the present study. Recreational dancers, male dancers, or female 

dancers not in the Florida State University School of Dance were not eligible to 

participate in the present study. 

2. Individuals with contraindications to exercise based on the American College of Sports 

Medicine and American Heart Association (ACSM/AHA) risk stratification criteria 

including uncontrolled hypertentions, currently taking blood pressure medications, or 

have been diagnosed with cardiovascular disease, stroke, diabetes, thyroid, or kidney 

dysfunction were not eligible to participate in the study. 

3. If injured, participants must be a minimum of 6 months post injury prior to participation. 

4. Participants consumed 25g of supplement mixed with water in a shaker bottle three times 

per day. The participants consumed their first supplement between breakfast and lunch, 

second supplement between lunch and dinner and third supplement following dinner. 

 

1.6 Limitations 

Th limitations of the present study included the following: 

1. Only female collegiate dancers were included in the study, therefore the results obtained 

may not be generalized to male dancers or dancers outside of a collegiate environment. 

2. Participants were recruited on a volunteer basis, thus may be more motivated than the 

average collegiate female dancer. Therefore, the results may not be generalized to the 

entire female dancer population. 

3.  Participants were asked to complete weekly diet logs and consume daily supplements 

and therefore the results obtained will rely on participant honesty in recordings and 

weight of supplement containers. 

4. Participants were recruited from only Florida State University School of Dance Program. 

Therefore, the results obtained may not be generalized to female collegiate dancers in 

other geographical regions. 
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1.7 Definition of Terms 

• Aesthetic Athlete: althetes competing in sports such as gymnasts, divers, dancers, and 

figure skaters, which place greater pressure to reduce weight than athletes competeing in 

sports in which leanness and/or a specific weight are considered less important for 

performance (241). 

• Acceptable Macronutrient Distribution Range (AMDR): a range of intakes for a 

particular energy source that is associated with reduced risk of chronic disease while 

providing adequate intakes of essential nutrients. Expressed as a percentage of total 

energy intake, AMDR’s have been established for protein, carbohydrate, and fat (216). 

• Body Composition: the relative proportions of fat-free mass and FM in the body. Body 

composition can be expressed as a percentage of body fat and percent LM (162). 

• Bone Mineral Density (BMD): average concentration of minerals in your bones. BMD is 

corrected for bone size and is also called bone density (nof.org/osteopedia/607). 

• Dance Phrase: a choreographed piece of movement to demonstrate various qualities of 

dance including control, strength, endurance, and aesthetic presentation. 

• Disordered Eating: refers to a wide range of abnormal eating behaviours, many of which 

are shared with diagnosed eating disorders. The two main differences between disordered 

eating and eating disorders are the level of severity and frequency of behaviours (243). 

• Dual enery x-ray absorptiometry (DXA): use of low-dose x-radiation of two different 

energies to measure BMD at different anatomic sites (170). 

• Female Athlete Triad: the combination of disordered eating and irregular menstrual 

cycles eventually leading to a decrease in endogenous oestrogen and other hormones, 

resulting in low BMD (185). 

• Lean Mass Index (LMI): the index the represents overall positive changes toward LM, 

decerases in FM and increases in LM. 

• Mammalian target of rapamycin (mTOR): a signaling pathway which integrates both 

intracellular and extracellular signals and serves as a central regulator of cell metabolism, 

growth, proliferation and survival (140). 

• Recommended Daily Allowance (RDA): the amount of nutrient and calore intake per day 

considered necessary for maintenance of good health, calculated for males and females of 
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various ages and recommended by the Food and Nutrition Board of the National 

Research Council (165). 

• Relative Energy Deficiency in Sport (RED-S): refers to impaired physiological function 

including, but not limited to, metabolic rate, menstrual function, bone health, immunity, 

protein synthesis, cardiovascular health casued by relative energy deficiency (185). 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 Aesthetic Sports 

Aesthetic sports (dance, gymnastics, figure skating, and swimming) fall under the 

umbrella term weight-sensitive sports, which also include gravitational sports (running, cross-

country skiing, and ski-jumping), and weight class sports (wrestling, boxing, and rowing) (242). 

Athletes involved in any of the aforementioned sports require specific body weight, body 

composition, or aesthetic endpoints. An athlete participating in aesthetic sports, in particular, 

usually begin training at a young age (as early as three years old) when the child can be strongly 

influenced by her surroundings (71). The aesthetic required is often contrary to how a young 

adolescent female develops through puberty, which can have a detrimental effect on the athlete’s 

perception of her appearance and performance. It is most common for these athletes to be weight 

conscious or develop eating disorders between the ages of 14-17 years when they are focused on 

a particular aesthetic sport (55, 242). Aesthetic sports intense focus on the body revolves around 

the maintenance of extremely low subcutaneous body fat levels and less focus is placed on total 

body weight (48, 49, 242). Due to the stringent demands of aesthetic sports, athletes often rely on 

extreme measures which may result in inadequate nutrient intake ultimately hindering 

performance (234, 242).  In fact, 20% of elite athletes (243) involved in weight sensitive sports 

(13%), struggle with disordered eating and may develop eating disorders to meet the high 

demands of their sport (170, 186, 242, 243). Additionally, aesthetic sports such as dance and 

gymnastics can begin as early as three years of age and with combined high physical activity and 

focus on diet normal reproduction and growth can be hindered.  

 
2.1.1 Menstrual Cycle 

The normal menstrual cycle (Figure 1) occurs every 28 days in a specific sequence of 

follicular development, ovulation, and formation and degradation of the corpus luteum (66). 

Figure 1 depicts the normal menstrual cycle and the variation between pituitary and ovarian 

hormones. The menstrual cycle can be divided into two phases, the follicular phase (days 1-14) 

and the luteal phase (days 14-28). Between the two phases, at the midpoint of the cycle, is when 

ovulation occurs (approximately day 14). The hypothalamic-pituitary-ovarian axis acts in a 

pulsatile manner and controls the menstrual cycle and can be altered during different phases in a 
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woman’s life. The axis begins with the release of gonadotropin releasing hormone (GnRH) every 

60-90 minutes where it acts directly on the anterior pituitary gland to stimulate the pulsatile 

secretion of follicle stimulating hormone (FSH) and luteinizing hormone (LH) (66, 196, 264).  

 

 
 
 

 

 

 

FSH stimulates the growth of granulosa cells located in the ovaries as well as estradiol synthesis, 

which further enhances the action of FSH on the ovaries. LH stimulates ovulation by rapidly 

increasing in concentration and inducing the rupture of the follicle thereby releasing the oocyte. 

Additionally, LH stimulates the formation of the corpus luteum in the luteal phase. Depending 

upon the phase of the menstrual cycle, both FSH and LH are under negative feedback and 

positive feedback control (66).  

 During the follicular phase, FSH and LH stimulate the secretion of 17β-oestradiol (E2), 

which acts on the anterior pituitary to inhibit continued secretion of FSH and LH through a 

negative feedback system. At midcycle, when the level of E2 production surpasses 200 pg/mL in 

plasma (66), known as the E2 surge, the signal to the anterior pituitary changes to positive 

FIGURE 1 Gonadotropic & sex steroid hormones 
The variation of gonadotropic and sex steroid hormones, and the subsequent changes in body temperature across 
the full menstrual cycle. FSH, follicle stimulating hormone; LH, luteinizing hormone; FP, follicular phase; LP, 
luteal phase Adapted from Shechter (228). 
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feedback through upregulation of GnRH receptors and increased secretion of FSH and LH 

causing the ovulation of the developing oocyte. The luteal phase is dominated by the secretion of 

progesterone. Progesterone acts on the anterior pituitary to slow FSH and LH production through 

negative feedback. The production of E2 prior to progesterone occurs in order to prepare the 

tissue to respond to progesterone by upregulating progesterone receptors (66, 196).  

A link has been established between the inhibition of GnRH pulsatile secretions and 

chronic energy deficiency (273). Inhibition of GnRH limits the secretions of FSH and LH which 

can eventually diminish the stimulation to the ovaries and suppress or cease E2 production (196). 

A variety of abnormalities can occur in response to suppressed E2 including decreased frequency 

or amplitude of LH pulses and, to a lesser extent, FSH causing prolonged follicular phases or 

complete absence of the LH and E2 surge midcycle (196, 264). Prolonged follicular phases or 

the absence of the critical LH surge are what contributes to oligomennorhea and amenorrhea, 

infrequent menstruation and absence of menstruation respectively. Abnormal body composition 

was originally hypothesized to be the cause of amenorrhea when body fat fell below 12% of total 

body weight for height in women (90). However, in many cases body composition does not vary 

significantly between female athletes who are eumenorrheic and amenorrheic (264). Current 

accepted values for minimal body fat for maintenance of menstrual cycle function ranges from 

11-15% as opposed to the original critical body fat level of 12% (164). Another proposed 

hypothesis is based on the theory that exercise is a stressor, which activates the hypothalamic-

pituitary-adrenal axis disrupting GnRH pulses and menstrual function. However, evidence 

attempting to induce menstrual dysfunction showed that exercise in conjunction with caloric 

restriction suppresses LH secretion whereas exercise alone does not affect LH. Menstrual cycle 

dysfunction in aesthetic female athletes may be more likely due to a neuroendocrine adaptation 

to calorie deficit (264).  

 

2.1.2 The Female Athlete Triad 

Energy availability is defined as the amount of ‘unused’ dietary energy remaining for all 

metabolic processes after the energy cost of exercise training is subtracted from daily energy 

intake (186, 220, 242). Inadequate energy availability can disrupt normal reproductive function 

leading to oligomenorrhea or amenorrhea, a menstrual cycle longer than 45 days or three 

consecutive absent cycles, respectively (151, 186). Low energy availability and decreased 
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estrogen over time can lead to imbalances in bone remodeling increasing risk for low bone 

density (22, 48). Extreme dieting practices can often lead to a series of events known as the 

Female Athlete Triad, which includes disordered eating, amenorrhea, and low BMD 

(osteoporosis or osteopenia). Although it is possible for one of these problems to occur 

independent of the others, when inadequate energy availability is combined with high levels of 

physical activity, like that of an athlete, all three will likely occur in sequence (220). 

 

2.1.2.1 Disordered eating. Low energy availability due to disordered eating ranges 

widely from abnormal eating patterns to clinical manifestations such as anorexia or bulimia 

(220). Distorted body image, dramatic weight fluctuations, and additional medical complications 

are all associated with disordered eating (186, 220). It is important to distinguish between the 

clinical diagnoses of an eating disorder from disordered eating patterns. Eating disorders are 

classified as a psychiatric illness (i.e. anorexia nervosa and bulimia nervosa) and disordered 

eating patterns are defined on a scale from eating disorders to preoccupations with body weight 

and restrictive eating (281). The pathology of clinical eating disorders is multifactorial with 

familial, cultural, environmental, and genetic factors all being contributors (186). Athletes 

commonly fall within the sub-clinical eating disorder category and some researchers have termed 

this ‘anorexia athletica’ due to the sport specific diagnosis (49, 244). As of 2014, disordered 

eating was prevalent among 20% of adult and 13% of adolescent female athletes, differing 

greatly between sports (243). Some studies have reported the highest frequencies (42%) of 

disordered eating among female athletes participating in sports which emphasize leanness such 

as weight sensitive sports, specifically aesthetic sports (54, 233, 243). Energy deficiency, which 

is often induced by low energy availability and high energy expenditure, may hinder normal 

physiological functions essential for health such as immune function, growth and maintenance of 

tissue turnover and reproductive function. In addition, energy deficiency may impair growth 

during adolescence due to reduced rate of bone formation, suppressed growth factor and 

reproductive hormone secretion, and increased rate of bone resorption (153). During negative 

energy balance the body will access other sources of fuel including proteins from muscle mass 

breakdown causing loss of FM and LM.  
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2.1.2.2 Menstrual irregularities. Inadequate body fat for good health and menstrual 

regularity (< 15% for women) and intense exercise, both which are common among elite 

athletes, are hypothesized to cause menstrual irregularities in female athletes. However, it is low 

energy availability that disrupts hormone secretion due to alterations in the pulsatile release of 

LH (151, 152). Amenorrheic athletes present with several other metabolic deficiencies as well as 

low RMR (amenorrheic female runner: 1,115 ± 43.9 kcal/day vs. sedentary female control: 1,473 

± 43.9 kcal/day; p < 0.05) as a result of low energy availability (151, 187, 220, 236, 252). This 

poses a concern for female athletes required to maintain a lean body composition while 

simultaneously optimizing sport performance. In addition, chronic energy restriction leads to 

metabolic abnormalities such as decreased glucose utilization and RMR, increased lipolysis, and 

disruption of LH secretions (152). Although it is commonly thought that extreme levels of 

energy expenditure typically experienced by elite athletes contributes to menstrual irregularities, 

energy availability has been shown to have a greater impact (153, 186, 220). Elite athletes can 

maintain high levels of energy expenditure and remain metabolically healthy as long as energy 

intake provides balance. Fortunately, metabolic abnormalities are fully restored through 

increasing dietary intake without compromising regular training (220).  

 

2.1.2.3 Bone health. The third component of the Female Athlete Triad is osteoporosis, a 

degenerative bone disease which is more commonly associated with postmenopausal women 

(186, 220). Bone is a network of blood vessels, nerves, and bone marrow. It is continuously in a 

state of turnover through a process called bone resorption through the action of osteoclasts and 

osteoblasts, regulated by the action of osteocytes (Figure 2). The process of bone turnover and 

the interaction between osteoclasts and osteocytes is depicted in Figure 2. The World Health 

Organization (WHO) classified BMD into the following categories: 1) Normal; BMD above -1 

standard deviation (SD) of the average BMD for young adult women, 2) Osteopenia; ‘low bone 

mass’ BMD between -1 SD and -2.5 SD for young adult women, and 3) Osteoporosis; more than 

-2.5 SD below the average BMD for young adult women (288). 

Osteoclasts break down bone mineralization, which is followed by osteoblast activity, 

which builds new bone. Osteocytes, mature bone cells, play an important role in the regulation of 

bone turnover through stimulating the release of sclerostin, an inhibitor of bone formation that 

stimulates the release of receptor-activator of NFКβ ligand (RANKL), an osteoclast stimulator 
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(192). Osteocytes also inhibit osteoclast activity through the activation of osteoprotegerin (OPG) 

and nitric oxide (NO).  Osteoblasts are responsible for the deposition of the bone matrix as well 

as osteoclast regulation. During the process of depositing bone, osteoblasts differentiate to 

secrete bone matrix and express specific proteins one of which is osteocalcin. It is suggested that 

osteocalcin plays a primary role in the regulation of bone matrix mineralization (192). 

Osteoblasts also secrete osteoprogenerin (OPG), which acts as a decoy on the RANKL receptor 

thereby inhibiting further osteoclast activity.  

 

 

 

 

 

 

In a healthy adult, there is little change in BMD due to the similar work rate of 

osteoclasts and osteoblasts. It was once thought that female athletes with low BMD and 

amenorrhea had these coexisting conditions due to hypoestrogenism, because of the critical role 

estrogen plays in suppressing osteoclast activity (115, 153). However, it is now hypothesized that 

chronic negative energy balance may act through an estrogen-independent mechanism to impair 

bone formation because BMD has been observed to remain low despite administration of 

estrogen therapy and restoration of menses (68, 263). Among the hypothesized mechanisms in 

FIGURE 2 Bone cell interaction 
Osteocytes, osteoblasts, and osteoclasts during bone remodeling Osteocytes activate osetoclasts via RANKL and 
inhibit their activity via OPG and NO. Adapted from Niedzwiedzki (192). 
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extreme cases of anorexia nervosa are increased cortisol levels which correlate with negative 

bone formation markers, specifically osteocalcin and type I procollagen  (r = -.64; p < 0.001) 

(73, 176). Restricted energy availability and suppressed bone formation can lead to deterioration 

of the skeleton architecture and place the athlete at risk for fractures. Athletes who have been 

oligomenorrheic or amenorrheic for more than 6 months are at an increased risk for low BMD. 

To avoid these effects it is recommended that athletes focused on weight control and aesthetics 

should maintain energy intake above 30 kcal/kg LM (115).  

 

2.1.3 Relative Energy Deficiency in Sport (RED-S) 

In 2014, the International Olympic Committee (IOC) published a consensus statement 

redefining the Female Athlete Triad as Relative Energy Deficiency in Sport (RED-S) (186). The 

new term casts a wider net to the problem that the Female Athlete Triad once tried to define. The 

commonality between the old and new terms is low energy availability. RED-S encompasses 

both genders, because low energy availability does not only affect women but can equally impact 

men. It is evident that the negative outcomes from low energy availability go far beyond just low 

BMD and menstrual irregularities as originally explained in the Female Athlete Triad (Figure 3) 

(186). Figure 3 illustrates the additional health components that were added to what was 

originally the Female Athlete Triad. Recently, the IOC published a supplemental RED-S report 

to clarify that low energy availability occurs when an individual’s energy intake is insufficient to 

support energy expenditure for health, daily living, and exercise (184). RED-S specifically refers 

to impaired physiological functioning caused by relative energy deficiency which includes but is 

not limited to metabolic rate, menstrual function, bone health, immunity, proteins synthesis, and 

cardiovascular health (184, 186). According to the IOC report, optimal health and performance 

requires 45 kcal/kg LM as opposed to the previously stated recommendation of 30 kcal/kg LM 

for bone health. These recommendations are for optimizing health in athletes. However, it is 

important to recognize that low energy availability can occur even in the presence of energy 

balance in an athletic population due to the energy costs of exercise and activities required for 

the sport due to the energy costs of repeated high-level exercise and nutrition needs for optimal 

performance (183). 
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2.1.4 Body Weight & Composition 

Emphasis on body weight or body composition differs among weight-sensitive sports. As 

discussed earlier, athletes such as wrestlers are under great pressure to achieve a specific body 

weight to compete in a weight-class whereas rhythmic gymnasts must achieve a lean 

composition focusing on low body fat often resulting in low body weight. Pressure to meet these 

demands often leads to dieting, extreme weight loss methods, disordered eating, impaired health, 

and compromised performance (241).  

Current data on the relationship between sport participation, extreme dieting methods, 

and the overall effect on health and performance are inconsistent due to variation among sports, 

competitive levels of athletes, and study methodologies (69, 81, 85, 287). Although it is simple 

to classify aesthetic sports into one category it is challenging to compare results of studies 

because training and performance expectations for each sport varies greatly. It is also common 

for aesthetic sports to begin at an earlier age than other sports which makes it challenging to 

compare the abundant strength and endurance research to adolescent aesthetic athletes (23, 52, 

80, 85). Variations in body composition measurement in the literature include the use of dual 

FIGURE 3 Health consequences of relative energy deficiency in sports (RED-S) 
Comparison to the Female Athlete Triad to acknowledge a wider range of outcomes and the application to male 
athletes. Adapted from Constantini (65). 
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energy x-ray absorptiometry (DXA), air displacement plethysmography (BodPod), bioelectrical 

impedance analysis (BIA), underwater weighing, and skinfold measurements (169, 221, 240, 

282). Error associated with these forms of body composition assessment ranges from 0.7-5.0% 

and can often be due to improper technique of measurement (162). Variations in body 

composition assessment and lack of standardization complicate comparisons among studies in 

the literature (170). For the reasons above it is challenging to draw conclusions about ideal body 

weight and body composition for specific aesthetic sports.  

 

2.1.5 Dietary Patterns 

 It is well established that dietary intake can dramatically influence performance as well as 

recovery from exercise which has prompted nutrition guidelines to be created for pre and post 

exercise (53, 118, 160, 197). Aesthetic sports are of particular importance in the realm of sports 

nutrition due to the practice of excessive weight control strategies including self-induced 

vomiting, use of laxatives, and/or diuretics (49). However, a meta-analysis in 2000 revealed no 

differences in disordered eating between aesthetic and non-aesthetic athletes (233). Interestingly, 

greater body image dissatisfaction has been reported in a non-athletic populations compared to 

athletes (107, 233). It has been suggested that the practice of excessive weight control in an 

athletic population may be induced by the desire to win and/or coach pressure as opposed to 

body image dissatisfaction (107, 243). There are many contributing factors to the dietary choices 

made by aesthetic athletes and understanding the nutritional intake of aesthetic athletes is 

pertinent to ultimately providing proper dietary recommendations. 

 Using three or seven day food logs, adolescent aesthetic athletes have been shown to 

have a total daily caloric between 1,641-1,935 kcal/day (23, 171, 234). Interestingly, adult 

aesthetic athletes show a reduced caloric intake range from 1,497-1,701 kcal/day (80, 106, 286, 

287). There is a tendency for aesthetic athletes to follow a very low fat diet (<23.0% total daily 

calories) due to the perception that low fat will maintain a low body weight (80, 197). As such, 

high carbohydrate consumption (>55% total daily calories) is commonly observed among 

aesthetic athletes as well as vegetarianism to avoid high fat intake (69, 171, 197, 234). However, 

this is not always the case as recently a group of adolescent ballet dancers reported carbohydrate 

and fat consumption of 48.9 ± 5.3% and 33.8 ± 5.2% of their total daily energy intake (1,935.3 ± 

515.2 kcal/day), respectively (23). Likewise, dietary analysis from our laboratory observed 
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similar results (51.5 ± 10.0% carbohydrate, 34.1 ± 7.0% fat) in collegiate ballet dancers (46). 

Hassapidou et al. (2001) investigated the differences in macronutrient distribution among 

aesthetic athletes. It was reported through seven day weighed food logs that ballet dancers 

consumed greater carbohydrate (53.0% vs. 44.0%, respectively) and lower fat (36.0% vs. 40.0%, 

respectively) during competition season compared to the training season (106). There is a lack of 

consistent evidence for aesthetic athletes in regard to the normal distribution of carbohydrate and 

fat within the diet and even less evidence for optimal body composition and performance. 

However, the evidence on protein consumption does appear to be more consistent.  

Adolescent and adult aesthetic athletes reportedly consume an average of 15.0 ± 2.2% of 

total calories from protein (80, 106, 171, 234, 286, 287). The acceptable macronutrient 

distribution range (AMDR) as defined by the Institute of Medicine for protein consumption is 

10-35% of total daily calories for the average adult (201). Based upon retrospective analysis of 

nitrogen balance, recommended protein consumption for endurance athletes is 10-20% and for 

strength athletes is 20-40% of total daily calories (201, 205, 248). In relative terms, protein 

consumption is approximately 1.38 g/kg body weight/day for aesthetic athletes (80, 106, 171, 

234, 286, 287). Similarly, research from our laboratory observed an average protein consumption 

of 1.5 ± 0.5 g/kg/day in female collegiate dancers (20 ± 2 years) (46). In the context of an 

average adult, this protein consumption appears sufficient, however, when compared to other 

athletic populations such as strength/power athletes it falls short. Diet analysis of strength and 

power trained athletes and bodybuilders indicate protein intake as high as 2.0-3.0 g/kg body 

weight/day (84, 94, 126). Interestingly, if relative protein consumption were to meet the upper 

limit of the AMDR, 35% protein, it would translate to approximately 3.0 g/kg/day for a female 

athlete consuming 2,000 kcal/day (175, 207). Although adequate, protein consumption among 

aesthetic athletes may not be great enough to elicit optimal body composition and performance.  

 

2.2 Training Effects on Body Composition 
 

An athlete’s predisposition to one sport or another depends greatly on his or her 

physique. Somatotyping, developed by William Herbert Sheldon in the 1940’s categorizes 

physique into three groups (162). Athletes can be categorized as thin (ectomorph), muscular 

(mesomorph), or fat (endomorph) (162, 164). Lean-to-fat ratio and percent body fat are two 

common methods to classify athletes. Female aesthetic athletes (gymnasts, divers, ballet dancers) 
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lean-to-fat ratio is approximately 5:1 kg compared to 3:1 kg for athletes that participate in sports 

where body image is not a major focus of the sport (162). Body fat percent among female 

aesthetic athletes is commonly between 15 and 20% (40, 85, 162, 234). Female endurance 

athletes on average have 15% body fat (40, 162, 209) and female body builders can be as low as 

13% body fat during the height of competition season (40, 162, 164). Female strength athletes 

such as shot-put, discuss, basketball, and soccer athletes fall within the range of 20-30% body fat 

(40, 162, 164). It has been well established that the specific training required by different sports 

greatly impacts body composition and overall physique (85, 162, 164, 170, 209). Type of 

training, intensity, and duration can all influence body weight, FM, and LM (21). 

 
2.2.1 Aerobic Training 

Aerobic exercise may not elicit changes in cross-sectional area of skeletal muscle or 

promote the maintenance of LM to the same extent as resistance exercise, but it may be more 

effective in promoting metabolic adaptations such as oxidation of fatty acids (41, 42, 93, 112, 

162, 210). Lipids are an important source for fuel during low to moderate intensity (<65% 

maximal oxygen consumption; VO2Max) exercise as well as prolonged exercise (>90 minutes) 

that leads to glycogen depletion (41, 210). Lipids are a good fuel source for many reasons 

including the large storage capacity in the body which can be found in adipose tissue (17,500 

mmol in a lean adult male), skeletal muscle (~300 mmol), and plasma (~0.5 mmol) (112). The 

chemical structure of lipids allows them to produce more energy per gram than carbohydrate (1g 

fat yields 9 kcal vs. 1g carbohydrate yields 4 kcal), thus permitting sustained exercise and 

delayed glycogen depletion if lipids are used as a fuel during activity (112, 210). Many factors 

contribute to the increase in fat oxidation that occurs during low to moderate intensity (45-65% 

VO2max) aerobic exercise, including increased mitochondrial and capillary density, increase fat 

oxidation capacity and fatty acid delivery and increased metabolic enzymes such as carnitine 

transferase which helps to facilitate the transport of fatty acids into the inner mitochondrial 

membrane (41, 112).  

 During submaximal exercise, lipids are mobilized primarily from adipose tissue stores 

through the activation of hormone sensitive lipase (HSL) which is stimulated by the 

catecholamines epinephrine and norepinephrine (41). The action of HSL hydrolyzes TG into 

glycerol and three free fatty acids (FFA), which enter the blood circulation. FFA circulate bound 
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to albumin whereas glycerol circulates independently (41, 112). The catecholamine response to 

exercise increases lipolysis of both adipose tissue triacylglycerols and intramuscular 

triacylglycerols (IMTG). It is suggested that IMTGs contribute a considerable (>50%) amount of 

the total amount of fat oxidized as a fuel source for during exercise and for muscle contractions 

(41, 112). Uptake of FFA into the muscle largely depends upon the rate of blood flow which 

explains why enhancements in cardiac output is a major factor in determining the rate of lipid 

oxidation during exercise (41, 112). Once taken up by the muscle via the sarcolemma fatty acid 

binding protein (S-FABP) and fatty acid transporter (FAT), FFA are activated by coenzyme A 

(CoA) and adenosine triphosphate (ATP) to create fatty acyl-CoA which forms a complex with 

carnitine to gain entry into the inner mitochondrial membrane through the enzyme carnitine acyl 

transferase-1 (41). Once in the mitochondrial matrix, carnitine acyl transferase-2 catalyzes the 

reverse reaction, leaving carnitine in the membrane and releasing fatty acyl-CoA into the 

mitochondrial matrix to proceed to β-oxidation (41, 210). Acetyl-CoA molecules are cleaved 

through the process of β-oxidation which then enter the tricarboxylic acid (TCA) cycle resulting 

in energy production (210) (Figure 4). Both processes of lipolysis and further oxidation in the 

mitochondria are depicted in Figure 4. 

 

 

 

 

 

Moderate intensity exercise (45-65% VO2Max) is associated with a 5 to 10 fold increase in 

fat oxidation compared to rest, which is provided primarily by lipolysis of adipose tissue and 

with increased duration of exercise IMTG contribution decreases (112, 210) (Figure 5). Figure 5 

shows at low intensities plasma FFA primarily contribute to total fatty acid oxidation and at 

FIGURE 4 Biochemical pathways of lipid metabolism 
Pathways in human myocyte leading to esterification and/or to oxidation of free fatty acids into the mitochondria 
through the β-oxidation process. Lipolysis is in blue and oxidation is in black. MGL, monoglyceride lipase; ACS, 
acyl-coenzyme A synthase; TCA, tricarboxylic acid cycle; CPT-1, carnitine palmitoyltransferase I. Adapted from 

  



20 
 

moderate and high intensities IMTG contribution increases. During high intensity exercise (> 

85% VO2Max) fat oxidation is suppressed due to the decline in circulating FFA which can be 

attributed to a trapping effect of FFA in adipose tissue during high intensity exercise due to 

decreases in adipose tissue blood flow and FFA removal (112, 218). Data suggest that lipolysis 

of adipose tissue is greater in endurance trained subjects compared to untrained subjects 

contributing to lower body weight (-1.2 kg; p < 0.05) and FM (-1.5 kg; p <0.05) in endurance-

trained subjects (21, 67, 125). Conversely, previously sedentary populations enrolling in 

endurance exercise training programs have also demonstrated no change in body weight or FM 

(93, 190, 223). Although regular aerobic training can induce body weight and FM losses, LM 

may stay the same or decrease (-2.3 kg; p < 0.001) during weight loss. Those involved in regular 

strength training can also successfully decrease body weight and FM, however, LM is 

maintained or increased (21, 93, 190). For the purposes of weight loss alone, aerobic training and 

dieting independent of one another exhibit similar results in regards to loss of LM. In a 

moderately obese (>20 % ideal weight) dieting population (N = 65; 19-48 years; 8-week 

intervention) Geliebter et al. (93) reported that 8% of total weight loss was attributed to LM loss 

in a resistance trained group, whereas in the aerobic trained and diet-only groups, 20% and 28% 

of total weight loss was attributed to LM loss, respectively. Although aerobic training does not 

increase LM in conjunction with dieting, it is a critical component for attenuating LM loss as 

well as overall weight reduction. 

 

 

 

 

 

FIGURE 5 Fatty acid contribution during exercise 
 Estimated contribution of plasma fatty acid and intramuscular triacylglycerol’s to total fatty acid oxidation during 
30 min of exercise performed at 25%, 65%, and 85% of maximal oxygen uptake (VO2max) in trained participants. 
Adapted from Klein (125). 
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2.2.2 Resistance Training 

It is well established that resistance training enhances muscular strength as well as 

attenuates LM loss during weight loss (32, 42). Mechanical stress imposed on the muscle from 

resistance exercise stimulates greater frequency of motor unit recruitment and increased 

mechanical load (force) against the muscle contraction (42, 238). Activities using free weights or 

resistance exercise machines elicit this stimuli which data have shown to enhance muscle fiber 

size (32, 38, 42, 238, 271). The major training adaptation to resistance exercise resulting from 

repetitive stimuli to the muscle is an increase in cross-sectional area of the muscle cell, known as 

hypertrophy (38, 42). In addition to hypertrophy, increased LM, strength, and power, are 

adaptations to resistance training (95, 271).  

 The purpose of resistance training is to stress the muscular and skeletal systems so that 

they can improve the capacity for further exercise as long as they can adapt to the stress or load. 

Muscle will increase in size and strength when contracted at near maximal tension for adequate 

time and intensity to overload the system (43, 163). In an untrained population, initial 

improvements in strength from resistance training can be attributed to improved neural drive 

resulting in enhanced activation of the working muscle (32, 42, 238). Progressive resistance 

training will lead to improvements in the nervous system response to muscle contraction to 

optimize and coordinate the actions of the exercise. Improvements in neural activation allow 

more force to be exerted by the working muscle (43). Neural adaptations include increased 

electrical activity of the muscle, increased rate of motor-unit activation, and optimized 

synchronization of recruitment (43). Enhancements in neural activity occur prior to hypertrophy 

adaptations, which are suggested to take as little as three weeks (74, 226) or as long as 6-7 weeks 

(204, 238). Muscle hypertrophy is an increase in the cross-sectional area of individual myofibrils 

whereas, increases in the number of fibers is called hyperplasia. It has been suggested that 

athletes with well-developed muscle mass such as bodybuilders have more muscle fibers than 

untrained participants (142), however, this has not been supported in other research (157). Cell 

hypertrophy is the primary mechanism involved in increasing muscle size in response to 

overload or stress. 

 Skeletal muscle adaptations to resistance training aid in maintenance of and increases in 

LM (+0.7 kg) with short term (4 weeks) training in young (21.4 ± 1.9 years) men (32). When 

resistance training and diet modifications are utilized over a longer period of time (16 weeks), 
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previously sedentary men and women (46.0 ± 9.4 years) also improve LM (+0.9 kg) (13, 109, 

245). While the increases in LM may lead to increases in body weight, this is not a universal 

finding. In fact, Campbell et al. (57) reported both increases in LM (+1.4 ± 0.4 kg) and decreases 

in FM (-1.8 ± 0.4 kg) resulting in no change in body weight. Similarly to aerobic training, 

resistance training (10 weeks; 90-minutes running and cycling at ventilatory threshold) results in 

FM loss (-1.22± 0.73%; p < 0.05) (198). However, resistance training has also shown no change 

in body weight due to the increases in LM (+4%; p < 0.05) (37, 57, 93). Resistance training 

alone can increase RMR (+36 kcal/day) and thereby increase energy requirements for those 

participating in regular resistance exercise (57). Aristizabal et al. (17) examined RMR in 

recreationally active healthy men and women (N = 61) participating in a resistance training 

program while supplemented with whey (n = 18), carbohydrate (n = 22) or soy protein (n = 21). 

All groups showed an increase in RMR (+73 ± 158 kcal/day; p < 0.01) with no differences 

among supplementation groups. A meta-analysis (22) revealed that RMR increases more in 

males (+213.3 ± 3.6 kcals/day) when compared to females (+132.0 ± 3.7 kcals/day; p < 0.05). It 

is suggested that the variability between intensity of training as well as the inherent differences 

in anabolic hormones contribute to gender differences (18). Resistance training elicits increases 

in LM and therefore is believed to be a major contributor to increases seen in RMR although the 

association may be gender specific (21). 

 

2.2.3 Dance Training 

It is important to distinguish between forms of dance when discussing training 

adaptations due to differences in performance demands. Ballet and contemporary are the most 

commonly researched styles in dance performance in the literature and are best represented in 

universities (130, 148, 177, 229, 257, 280). In order to interpret the training adaptations 

associated with dance it is necessary to understand what is involved in dance training as it is far 

different from either aerobic or resistance training. 

 Dance training can be greatly influenced by aesthetic pressures and should therefore be 

considered when evaluating training adaptations. Optimal aesthetics for a ballet dancer include 

both modifiable and non-modifiable physical characteristics (257). Non-modifiable 

characteristics of the ideal body type for ballet dancers include height, long legs and arms, 

shorter torso, long neck, narrow pelvis, and extreme mobility at hips and spine (27, 123, 130, 
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262). Modifiable characteristics include body weight, FM and LM, joint range of motion, 

muscular flexibility, strength, and power. It is the modifiable characteristics that dancers will 

attempt to manipulate and achieve for success as a performing athlete. For this reason it is 

important to understand the safest and most effective ways to achieve optimal aesthetics and 

performance in dance. 

 

 2.2.3.1 Ballet & contemporary background. There are multiple components to ballet 

training or a typical ballet class. A ballet class lasts approximately 90 minutes progressing from 

stable axial movements at the barre to unstable locomotor movements across the floor. Focus is 

placed on individual basic techniques at the barre all in an externally rotated position from the 

hip in ballet and a combination of external rotation and neutral rotation in other dance forms 

(50). Barre exercises are always repeated symmetrically, mostly low intensity, where each barre 

exercise typically lasts for 60 seconds with 30 seconds of rest before the next exercise (50, 257). 

Center floor exercises are focused on the aesthetic portion of movement while maintaining 

technique of the lower limbs. Technique refers to the alignment, clarity of lines in space, tension, 

quality, effort, smoothness, and expressiveness of movement. Proper alignment must be 

automatic so that the dancers can be free to learn complex dance choreography (50). During 

class, there is little emphasis on increasing muscular strength. This is mostly due to the innate 

artistry of dance as well as concerns of muscle hypertrophy. Rather, the training focuses on 

improving range of motion (ROM), overall flexibility, precision, agility, strength, and power 

within a specific movement (99, 123, 149). Intensity progressively increases throughout a typical 

ballet class, which allows the dancers to emphasize one movement at a time. 

 Contemporary dance takes a slightly different approach to training. Classical ballet 

training is integral to development of technical abilities, however, in contemporary dance there is 

less emphasis on ballet training as the sole source for training (149, 229). A contemporary class 

typically lasts for 60 to 90 minutes and begins with an extensive warm-up including stretching, 

balances, and basic technique movements to warm-up the appropriate joints and muscles, with 

special emphasis on the hips and spinal articulation. Contemporary movement is usually lower to 

the floor requiring more strength in the lower body as well as cardiorespiratory fitness due to the 

nature of moving through different levels, to the floor and back up to standing (64, 280). 

Although there is still an aesthetic quality to contemporary movement there is a strong athletic 
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approach to training contemporary dancers (132, 177). The athletic approach in contemporary 

dance is another reason why body image is not stressed as much in comparison to ballet training. 

Contemporary dance performance roles tend to be more diverse and even gender unspecific, 

while ballet roles tend to emphasize the long, lean body type common in adolescent female 

dancers. Dancers training at universities face the unique challenge of training their bodies to 

satisfy both forms – ballet and contemporary. 

 These variations in training type have shown dramatic differences in physiological 

training adaptations and is important to understand differences in types of dance (130, 149, 229). 

Training adaptations seen in dance will likely depend upon style of training (intensity) as well as 

years of training (104). However, training adaptations from dance do not appear to be different 

from body composition or fitness adaptations observed after either aerobic and resistance 

training in healthy sedentary people (130).  

 

 2.2.3.2 Aerobic fitness. Data suggest that dancers’ aerobic fitness levels (VO2max = 39.0 

– 51.5 ml/kg/min) are similar to athletes participating in nonendurance sports due to the minimal 

stimulus on the cardiovascular system during training (VO2 in class: 17.4 ± 2.8 ml/kg/min; VO2 

in rehearsal: 10.2 ± 6.63 ml/kg/min; VO2 in performances: 23.3 ± 3.83 ml/kg/min) (177, 224, 

278, 280). In regards to training type, the literature consistently reports contemporary dancers to 

have greater VO2Max than ballet dancers (62, 269). Female ballet and contemporary dancers have 

been reported to achieve VO2Max values ranging from 39.0-45.0 mg/kg/min and 39.0-51.0 

ml/kg/min, respectively (62, 269, 277). Data from female ballet dancers report that barre 

exercises, which are low to moderate intensity, elicit VO2Max values around 15.0 ml/kg/min and 

center floor exercises, the highest intensity portion of a ballet class, elicits on average 20.0 

ml/kg/min (63, 278). Such intensities are not adequate enough to stimulate aerobic fitness 

improvements (63, 224). The duration of most ballet exercises are less than 90 seconds, most of 

which are isometric and static in combination with sprint or burst motions. Although center floor 

work, rehearsals, and performances would seem to stimulate aerobic fitness, it does so only 

modestly or not frequently enough for the dancer (8, 63, 177, 257).  

 

 2.2.3.3 Strength & power. The muscular strength that is needed in dancers differs from 

the muscular strength that is needed in other athletes because the positions that dancers need 
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strength in are externally rotated positions with an emphasis on aesthetic whereas other athletes 

are generally not concerned with joint rotation (100). The five primary positions in ballet require 

turnout to be achieved through the hip while minimizing external rotation in the knee and ankle. 

The ultimate goal in dance is to have each leg externally rotated 90o while connecting the upper 

and lower body movements. The hip muscles are critical for dancers because they stabilize the 

pelvis for balance and generate force for larger movements (27, 100). Even at a young age, 

dancers begin to develop leg strength in an externally rotated position. For example, female 

novice ballet dancers aged 8-11 years old showed a greater increase in relative isometric strength 

in the hip abductor (+1.6kg vs +0.8kg; p < 0.05), adductor (+6.1kg vs +5.7kg; p < 0.01), and 

external rotators (+6.5kg vs +5.5kg; p < 0.01) than in an age matched control group (27). In 

comparison to the non-dancer control group, the dancers had significantly greater strength in all 

hip measurements and hip external rotators where abductors showed the greatest difference (27). 

This supports the notion that even at a young age, hip muscle strength, especially external 

rotators and abductors are strengthened with ballet training.  

 Athletes and other non-dancers have been shown to have greater torque in an internally 

rotated position than an externally rotated position whereas dancers show the opposite (100). To 

evaluate this, Gupta et al. investigated hip external rotation strength between female dancers and 

non-dancers. Both ballet and contemporary dancers had greater angle specific hip external 

rotation strength in comparison to controls; however ballet dancers maintained slightly higher 

strength at greater angles. The authors did note that with increasing rotation, there was a decrease 

in strength production for all groups. Differences in external rotation strength between dancers 

and non-dancers can be attributed to an adaptive response to the requirement of extreme hip 

external rotation used in dance (86, 100). There is a consistent pattern in the literature that 

explains a discrepancy between leg strength in a dancer population. Right and left leg isokinetic 

strength at the location of the hip differs dramatically as measured by a KinCom 500H 

dynamometer (100). This could be due to favoring of legs in single leg balances and pirouettes 

during training. Most dancers have a dominant gesture leg for both jumping and turning, which 

contributes to the strength differences between legs. The dancer may develop a favored 

supporting or gesture leg, however teachers are expected to balance loads bilaterally. To 

accurately assess musculoskeletal characteristics of dancers strength measurements at angles 
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specific to the demand of a certain position or move must be included because of the external 

rotation that is required by dancers (100, 147). 

 Ballet dancers exhibit lower muscular strength in the torso, quadriceps, and hamstrings 

compared to weight predicted strength norms (133, 257).  This could be attributed to dancers LM 

contributing to 40% of their total body weight which is mostly comprised of slow twitch muscle 

fibers (~60% type I, ~40% type IIa/b) (70, 257, 282). Dance movements are comprised of mostly 

sustained movements and less of explosive power moves which explains the composition of fiber 

type. Supplemental training has been used for injury prevention and in more recent years has 

been thought of as a way to improve performance. It is common to see injury in dancers in the 

area that they are weakest, usually lower back and hamstrings (133). Dancers also commonly 

exhibit a strength imbalance between opposing muscles, which can lead to injury as well.  The 

most common site in dance for muscular imbalance is at the quadriceps and hamstrings (133, 

257). During isokinetic testing it is common to see significantly higher values in knee extensors 

than knee flexors (100). In dance training there is little to no specific strength training for the 

hamstrings and most movement in dance is controlled by the quadriceps leading to unbalanced 

strength between the two muscle groups (76, 133, 257). Torque production in professional ballet 

dancers (N = 12; 25.0 ± 1.3 yr.) has been observed on average as 60 Nm (hamstrings) and 120 

Nm (quadriceps) (131) where female soccer players exhibit peak torque of  90 Nm (hamstrings) 

and 169 (quadriceps) (7). Muscular imbalance between these two muscle groups is measured by 

the hamstrings-to-quadriceps peak torque ratio. Isokinetic hamstrings-to-quadriceps peak torque 

ratio on a healthy athlete is typically 50-80% depending upon angular velocity. Likewise, 

dancers isokinetic hamstrings-to-quadriceps peak torque ratio commonly falls between 50-60% 

(62, 131, 257). This imbalance is not only a common predictor for injury, but it is also inhibits 

the dancer from reaching full performance ability. Muscular power is the ability to exert force 

rapidly which is a key component in most athletic events, including dance, and it is the 

functional application of speed and strength combined (130). Muscle power is the explosive 

aspect of strength and is necessary for dancers during jumps and rapid ballistic movements with 

the legs and arms (i.e. grand battements, frappé, grand jeté). There are two main power needs for 

ballet. The first is during grand jumps that last for one to three seconds in which energy is 

supplied by immediate stored energy through the adenosine triphosphate-phosphocreatine system 

(ATP-PC; breakdown of high energy phosphates) and the second is during 30-60 second adagios, 
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which is supplied by glycolysis (breakdown of glucose) (130, 257). The latter can be explained 

as a series of smaller jumps and one-leg balances executed in a seamless series. In dance, it is 

important to achieve effortless power while making movements look effortless which, ironically 

can be more effortful in ways unique to dance. Both ballet and contemporary dance require 

repetitive jumping, however there is a difference in emphasis between styles (124, 130). When 

compared to other collegiate athletes such as soccer and basketball, professional ballet dancers 

exhibited the lowest power output out of all athletes during a mechanical jumping test (soccer: 

20.9 ± 3.50 W/kg; basketball: 22.2 ± 5.8 W/kg; ballet: 18.1 ± 2.2 W/kg; p < 0.05;) (34, 62, 124, 

257). This test may not accurately describe the power output of professional ballet dancers 

because the test is not specific to the movement they are trained to accomplish. The elastic 

component of the muscle stores energy during the eccentric portion of movement, which the 

Wingate test is incapable of measuring (123). For athletes who use movements with eccentric 

components which involve jumping, direction change, deceleration, and acceleration, measuring 

the elastic stored energy would be highly beneficial to understanding power output (62, 124). 

 Vertical jump height is thought to improve with age and training, however some research 

shows that soloists generally have higher vertical jump than principal dancers (who are of higher 

rank in a ballet company) indicating that skill level does not determine jump height (262, 279). 

This would indicate that female dancers who receive ballet training alone might not be sufficient 

for maximizing jump height. When comparing men and women, vertical jump height differences 

are attenuated when accounting for lower body LM (257, 262, 279). This poses a problem for 

female dancers because if vertical jump height is indicative of increased thigh and calf mass 

there could be opposition to the aesthetic look they are seeking as dancers. Aside from gender 

differences there is an important association between vertical jump height and Hoffman reflex 

(H-reflex) threshold (283). The lower the H-reflex, the more explosive the movement (128, 283). 

Ballet dancers appear to have lower H-reflex (~35%) in comparison to other well trained athletes 

(57%; p < 0.01) (193). Therefore, ballet dancers may have an adaptive response to training, 

which positively influences the excitability of spinal reflexes. Research indicates that power 

athletes produce greater force per number of motor units recruited whereas endurance athletes 

produce lower force per motor unit recruitment but possess greater motor unit excitability (128). 

Greater excitability of motor units occurs when the threshold for an action potential is decreased 

which greatly influences the rate at which the muscle can contract. Although endurance athletes 
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produce lower force compared to strength athletes they are able to reach the excitation threshold 

quicker resulting in a greater motor unit firing rate (123, 128). It is difficult to categorize ballet 

dancers as power athletes or endurance athletes, however, in regards to H-reflex and power 

output they are more similar to endurance athletes (128, 193). Ballet training results in increased 

power output in the lower limbs with little to no change in LM and hypertrophy. Therefore, 

muscle fiber type and motor unit recruitment play a significant role in power production for 

ballet dancers (124, 193). 

 

 2.2.3.4 Flexibility. Flexibility and joint mobility are defined as the ability of the joints to 

move through a full ROM, which is dependent upon adhesions or abnormalities and anatomical 

or muscular limitations around the joint (4, 92). According to Magnusson et al. (159) there are 

three explanations for acutely increasing ROM following stretching. The first is a 

neurophysiological explanation, which suggests that the limiting factor in stretching is muscular 

resistance after reflex activity. The goal of stretching is to inhibit reflex activity, reduce 

resistance, and improve ROM (159). The second explanation is that there may be an acute 

adaptation to amplified stretching tolerance. It is proposed that increased intensity of the stretch 

may be due to greater tolerance as opposed to changes in reflex activity at the muscle. The third 

explanation for the acute effects of stretching is a possible change in the actual mechanical 

properties of the muscle tissue. In fact, it has been shown that muscle tissue properties remain 

unchanged following a 6-week training period whereas stretch tolerance is significantly 

increased, demonstrated by increases in ROM (100, 159). It may be that the muscle does not 

change physiologically, but rather the athlete becomes more tolerant to the stretching of the 

muscle.  

 In terms of overall flexibility, aesthetic athletes such as dancers and gymnasts have 

greater ROM and joint laxity compared to an age matched physically active population (4, 79, 

92). Of all areas chronically stretched for the dancer, the hip joint appears to be the first joint to 

increase in ROM as early as 8 years of age (27). Previous studies show that dancers are more 

flexible in general than other age-matched counterparts and they exhibit a more dramatic ROM 

due to heredity (selection) and years of practice in extreme positions (4, 104). Therefore, it can 

be assumed that flexibility associated with dancers could be trained to a certain degree. In 

support of this, when dance training is applied to other athletes, increases in ROM of the spine, 
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hip flexion, abduction, and external rotation are observed (4, 5). This demonstrates that dance 

training can have an effect on flexibility and is not completely dependent upon non-modifiable 

factors. ROM and flexibility can be optimized through training for dancers as well as other 

athletic populations. Gymnasts have a similar need for flexibility in their sport and have shown 

similar ROM at the lumbar spine as dancers in comparison to controls (p < 0.01; gymnasts: 

240.5 ± 19.8o; dancers: 256.5 ± 19.8o; controls: 191.1 ± 22.6o). However, gymnasts also exhibit 

greater body weight most likely contributing to their need for more strength or willingness to 

trade aesthetic for functional ability as relative priorities, which differentiates them from dancers 

(92). 

 There are different thoughts on how to best improve flexibility and ROM without 

compromising strength for the dancer. Static and dynamic stretching are both common for the 

dancer and are used as a warm up. Static stretching appears to enhance ROM alone more than 

dynamic stretching, yet it may compromise strength and power due to the inhibitory effect on the 

Golgi tendon organ (GTO) (181, 219, 283, 284). The GTO acts as a protective mechanism to 

control tension in the muscle by causing relaxation before tension becomes too high. This reflex 

stimulated by GTO works as a feedback to the central nervous system to control muscle length. 

In contrast to static stretching alone, a combination of static stretching and dynamic stretching 

improves ROM without compromising muscular power (283, 284). It is important to note that 

there is ambiguity regarding the effects of static stretching on dance performance due to varying 

repetitions and time for each stretch in different studies (193, 283). The effects of static 

stretching on ROM and power output remains a controversial topic. Proprioceptive 

neuromuscular facilitation stretching decreases musculotendinous stiffness, allowing for 

improved ROM however may compromise explosive power (284). Decreases in stiffness may be 

attributed to increases in body temperature during dynamic stretching and increased metabolic 

function as opposed to static stretching that is not usually accompanied by an increase in body 

temperature (181, 284). Dynamic stretching may also enhance neuromuscular function leading to 

more rapid and forceful muscle contractions and result in greater power production (181). 

However, after acute bouts of static stretching and proprioceptive neuromuscular stretching there 

are similar improvements seen in ROM immediately following the stretch (219). It is argued that 

during this type of stretching the GTO and its reflex is responsible for the decreased motor 

neuron excitability in the muscle that it innervates during contraction which lasts only as long as 
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the contraction. Therefore, it is likely that the GTO does not play a large role during the 

relaxation phase of the stretch (179).  

Muscle flexibility in dance holds a strong relationship with joint mobility (75). ROM at 

the hip is associated with the length of the iliofemoral ligament and can provide up to 58% of 

total leg turnout (external rotation) (75). Unlike flexibility, joint physiology is largely genetic, 

therefore a dancer’s potential to achieve optimal ROM for aesthetic purposes is predetermined 

by his or her genes (27, 75). Therefore, overcoming predetermined genetic ROM and flexibility 

can lead a dancer to extreme practices to attain a certain aesthetic that would be appealing. 

However, this is a common explanation for injuries in dance, extreme hypermobility (92, 213). 

Hypermobility is mostly attributed to joint laxity that a dancer has prior to training as opposed to 

an adaptive training response. It is necessary in dance for there to be a balance between 

flexibility and strength due to the increased risk of injury with increased mobility (117). 

Hypermobility can predispose a dancer to ligament injuries as well as joint dislocation (117). 

Joint mobility seems to be both an asset and a liability to dancers unless proper muscular control 

is achieved through the complete ROM (4, 92, 104, 117). 

When comparing types of dance training, primarily ballet and contemporary, classical 

ballet training results in greater ROM at the extremities and the spine, which can be attributed to 

the training of ballet. This requires explicit design in space utilizing extreme external rotation 

and movement at the end ROM whereas contemporary allows for a more open interpretation to 

the movement in addition to a far greater spinal articulation. Although contemporary classes are 

not attached to a century-old history like ballet, there are very clear and precise movements that 

must be executed through a technique base (229). Both styles of dance require extreme 

flexibility, yet the way that they are applied effects the type and degree of flexibility emphasized 

in each style of dance. Dancers with ballet training specifically are more flexible in passive hip 

external rotation, flexion, abduction, and knee extension compared to contemporary dancers 

(257). Ballet also requires a high degree of flexibility in an externally rotated position, whereas 

contemporary dancers utilize rotated and parallel positions. Interestingly, contemporary dancers 

may have more strength in external hip rotation throughout the full ROM since ballet dancers 

commonly train in a limited range. Currently, there is a trend among several active 

choreographers to combine the unusual capabilities of dancers from each form, which raises the 

demand on dancers training for the profession today. In physically active people (N = 55, 30 
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female/25 male; 22 ± 6 yr.), as joint angle increases (>144 degrees), peak isometric torque 

decreases (191). Joint angle can dramatically change the amount of force produced and ballet 

dancers in particular can produce more force in an extreme externally rotated position as opposed 

to non-dancers (dancers: ~32 Nm vs. non-dancers: ~24.4 Nm) (100). This indicates ballet 

training results in greater flexibility with angle specific strength (27, 100). 

 

2.3 Optimizing Body Composition & Performance: Protein Supplementation 
 

Current recommendations for protein consumption are 0.8 g/kg body weight/day to meet 

98% of the populations needs (216). The American College of Sports Medicine position stand on 

protein consumption for an athletic population recommends 1.2 and 1.7 g/kg/day for aerobic- 

and resistance-trained athletes (216). Bosse and Dixon have proposed that a protein spread 

(58.4%) or change (28.6%) between groups needs to be achieved to observe body composition 

and anthropometric differences (35). In many cases, increased protein intake can be achieved 

through food sources but when trying to achieve a dramatic increase, supplementation may be 

required. For protein to positively influence the body energy intake and body weight must be 

sufficient due to the constant state of protein degradation occurring in the body in an athletic 

population with increased training demands (200). The current recommendations for athletes are 

based on nitrogen balance (nitrogen intake minus nitrogen loss), which, although it has 

drawbacks, suggests protein intake may need to be twice the RDA (> 1.2-1.7 g/kg/day) (89, 250). 

The literature shows that exercise causes muscle protein breakdown thereby stimulating muscle 

repair (207). Although regular and repeated exercise stimulates the rebuilding of skeletal muscle 

proteins, muscle protein balance may remain negative unless amino acids are provided to 

stimulate protein synthesis (29, 205, 212, 254). Although nitrogen balance is a useful indicator 

for protein needs, it is important to understand that optimal protein intake for various athletes 

may not fall within the scope of nitrogen balance due to differences in training. Optimizing 

performance, which often includes adjustments in body composition, is the primary concern for 

the athlete and body composition will therefore be the focus in regards to protein intake for 

aesthetic athletes in the remainder of this review. 

 

 

 



32 
 

2.3.1 Protein Supplementation 

Protein supplementation following resistance training enhances muscle protein synthesis 

while inhibiting additional muscle protein breakdown resulting in a positive protein balance 

during recovery (28, 29, 59, 199, 254). Protein supplementation is a common practice among 

many athletic populations due to the evidence in support of increases in LM particularly when 

paired with resistance exercise (6, 58, 59, 105, 119, 120, 122, 260). However some studies have 

failed to confirm increases in LM (11, 24, 56, 114, 137, 146, 173, 211, 259). While FM has been 

shown to decrease with protein supplementation (105, 119, 272) studies have also found no 

change in FM (56, 114, 122, 137, 173, 259). This discrepancy may be due to differences in study 

design including age of the population, fitness level (trained vs. untrained), duration of 

intervention (6-24 wks.), amount of protein (6-106 g) or type of protein (whey, casein, soy, milk, 

leucine, or combination) supplementation, and choice of placebo (carbohydrate, water, low 

protein, isocaloric or unmatched calories) (59).  

 

2.3.2 Protein Spread & Change Theories 

 In an attempt to explain various findings among the protein supplementation literature, 

Bosse and Dixon have proposed two different theories, the protein spread and protein change 

theories (35). The protein spread theory states that in order to observe changes in body 

composition or anthropometric measurements there must be an adequate percent difference in 

g/kg/day between groups. The protein change theory states that in order to observe changes in 

body composition or anthropometric measurements there must be an adequate change from 

baseline protein consumption in g/kg/day to intervention consumption. Specifically, the body 

composition changes and anthropometric differences used for the purpose of their review were 

body weight, FM, LM, and waist circumference (35). 

 A total of 51 studies, all which involved overweight and obese adults, were reviewed in 

an attempt to explain the protein spread and change theories. Beneficial body composition and 

anthropometric measurements were observed in 35 of the 51 studies and 16 studies showed no 

benefit of high protein consumption. On average the protein spread (g/kg/day) between a high 

protein group and control group was 58.4% in the 35 studies which demonstrated beneficial 

changes in body composition and anthropometrics. For example, Baer et al. had overweight and 

obese participants consume either a whey, soy, or isocaloric carbohydrate control for 23 weeks 
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(20).  The whey protein group consumed 1.4 g of protein/kg/day, while the carbohydrate control 

group only consumed 0.8 g of protein/kg/day which resulted in a 73.5% protein spread between 

groups. Waist circumference, body weight, and FM all decreased in the whey protein group 

compared to the carbohydrate control when the 58.4% protein spread was achieved (20). The 16 

studies that did not reveal any body composition or anthropometric benefits achieved an average 

protein spread (g/kg/day) of 38.8%. In order to observe changes in body composition comparing 

pre-intervention and post-intervention protein consumption a 28.6% change in protein intake 

(g/kg/day) must be achieved (35). Protein change greater than 28.6% from baseline to 

intervention results in body composition and anthropometric benefits such as FM loss and 

smaller waist circumference. In the 25 studies that achieved this spread, 17 showed benefit in 

anthropometric measurements following a high protein diet. Studies which changed protein 

intake greater than 28.6% showed more fat loss over a 4-26 week intervention period (35). Both 

protein spread and change theories suggest a sufficient spread or change be accounted for to 

ensure difference in body composition and anthropometrics can be achieved (35). 

 

2.3.3 Protein Type 

Protein supplementation is commonly administered in the form of amino acids (28, 29, 

254), however, recent research has used high-quality whey, casein, and soy protein (59, 169, 

174, 216, 253). Similarly, all three of these proteins are high-quality because they contain all 

eight essential amino acids: histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 

threonine, tryptophan, and valine. All three proteins, although easy digestible, vary in their rate 

of digestion thereby influencing how they impact muscle protein synthesis (202). Milk proteins 

(whey and casein) differ in amino acid composition from plant protein sources (soy and pea) due 

to higher levels of methionine, leucine, isoleucine, valine, lysine, and proline in milk proteins 

(33). Differences in amino acid composition affect digestibility in the gut and availability for use 

at the tissue level influencing catabolic and anabolic effects at the whole body level (31, 33). 

However, protein quality scores among whey, casein, and soy are very similar on the protein 

digestibility corrected amino acid score (PDCAAS), which classifies them all as “high-quality” 

proteins (200). Protein sources come in various forms, concentrate, isolate, or hydrolysate, which 

can also impact rate of digestion.  
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About 3.5% of cow milk consists of protein which is 20% whey and 80% casein (222, 

261). When extracted and used in food products, whey and casein exist as concentrate, isolate, 

and hydrolysate forms that all differ depending on the extent of processing. Concentrates are the 

most minimally processed and contain the lowest amount of protein with varying amounts of 

lactose and fat (261). During the processing of isolates, lactose and fat are removed resulting in a 

higher protein content compared to concentrates. Both concentrates and isolates can be processed 

further and hydrolyzed to create smaller molecules aiding in the rate of absorption (261).   

Ingestion of whey, the “fast” protein, results in a rapid increase in plasma amino acid 

concentration (100 min after ingestion) due to the quick digestion and passage from the stomach 

into the duodenum (26). This increase in total body protein is associated with increases in protein 

synthesis with minimal change in protein breakdown (31). Ingestion of casein, the “slow” 

protein, results in a delayed yet a more sustained increase in plasma amino acid concentration 

(330 min after ingestion) due to clotting that occurs in the stomach by the action of chymosin 

thereby increasing transit time into the duodenum (31). Chief cells in the stomach secrete 

chymosin, a proteolytic enzyme that coagulates casein in the stomach to slow the transit time and 

allow for complete digestion (101). Although to a lesser extent than whey (+68%), protein 

synthesis increases with casein ingestion (+31%; p < 0.05, whey vs. casein), however protein 

breakdown is distinctly inhibited upon ingestion of casein (+34.0%) but not whey (+2.0%; p < 

0.05). Soy protein is derived from soybeans, which contain protein and antioxidant properties 

(138). However, isoflavones present in soybeans are removed during processing to create soy 

isolate, which is the primary commercial form of soy protein. Soy protein has a slightly different 

amino acid composition than milk proteins and is digested quicker than casein and slower than 

whey giving it the term “intermediate” protein (33). The branched chain amino acids (BCAA) 

composition is also lower in soy protein compared to both milk proteins. 

Although soy protein supplementation is less common then whey or casein 

supplementation, literature suggests that soy protein may produce similar effects in promoting 

hyperaminoacidemia and stimulating muscle protein synthesis (MPS) (202).  In a population of 

young healthy men (N = 8, 21.6 ± 0.3 y) who regularly participated in resistance exercise (≥ 4 

d/week), ingestion of milk and soy protein promoted an anabolic environment for muscle protein 

accretion (272). However, milk protein (18.2 g) elicited a more sustained net positive protein 

balance following exercise compared to an equal dose (isonitrogenous, isoenergetic, 
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macronutrient matched) of soy protein (18.2 g). It has been proposed that this difference between 

milk and soy proteins is not due to the amino acid content but more likely due to rate of digestion 

and, therefore, a slower rate of delivery to the muscle. Ingestion of milk proteins results in a 

moderate sustained increase in blood amino acids, whereas soy protein ingestion produces a 

quick rise and fall in blood amino acid concentration (Figure 6) (33, 272). Figure 6 depicts the 

differences between blood amino acid concentration following ingestion of whey, casein, and 

soy protein as well as leucine concentrations. Whey protein results in the greatest immediate 

increase in blood amino acid and leucine concentrations and casein and soy have sustained 

release over a three-hour period. 

More recent evidence suggests that whey protein may not be more beneficial than soy 

when investigating body weight and composition outcomes. Baer et al. (20) compared the effects 

of adding whey protein, soy protein (isonitrogenous), and isocaloric carbohydrate 

supplementation (each ~ 56g/day; 224 kcal/day) to habitual diets on free-living overweight and 

obese but otherwise healthy adults for 23 weeks. Body weight and composition did not differ 

between soy and whey or soy and carbohydrate, although body weight and FM were lower for 

those consuming whey by 1.8kg (p < 0.006) and 2.3kg (p < 0.005), respectively, when compared 

to carbohydrate supplementation. LM did not differ among any of the supplementation groups 

and waist circumference was lower for only those consuming whey protein when compared to 

either soy or carbohydrate. In addition to resistance training (6wks), both whey and soy 

supplementation (each 0.5 g/kg ingested 3x/day) demonstrated increases in LM and strength 

compared to an isocaloric placebo in untrained healthy participants (N = 18 female, 9 male; 18-

35y) (58). Similarly, following 9 weeks of resistance training in addition to ingestion of whey or 

soy protein bars (11g protein, 3x/day) LM increased in both protein groups but not with 

resistance training alone (47). Additionally, antioxidant status decreased in the whey and training 

alone groups and remained unchanged in the soy group indicating greater oxidant stress when 

soy is not present (47). These data suggest that whey and soy may be equal in their ability to 

increase LM in conjunction with resistance training (47, 58) and soy may be more beneficial in 

offsetting oxidative stress produced during exercise (47). Although research supports the benefits 

of soy protein supplementation, whey protein supplementation continues to be the preferred type 

of protein to stimulate muscle protein synthesis (202, 245, 253). 
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Whey, casein, and soy are all high-quality complete proteins and when compared in an 

isonitrogenous manner, whey protein has the greatest capacity to stimulate muscle protein 

synthesis at rest and following resistance exercise (200, 202). The literature is unclear in the 

attempt to explain the superiority of whey over soy in regards to muscle protein synthesis but it 

is suggested that the amino acid leucine (possibly in conjunction with the other BCAAs) could 

be key in the activation of the mammalian target of rapamycin (mTOR) pathway, which is 

responsible for stimulating muscle protein synthesis and further muscle hypertrophy (200, 202). 

Additionally, in response to resistance exercise, satellite cell activation provides nuclei to already 

existing muscle fibers to enhance repair and contribute to MPS through increased transcription 

capacity (38). 

 
2.3.4 Muscle Protein Balance 

Skeletal muscle plays a crucial role not only in human movement but also in whole body 

metabolism as it comprises 40-50% of total body weight. The maintenance of LM is critical and 

can change rapidly from various stimuli such as mechanical load, nutrients, neural activity, and 

FIGURE 6 Rate of appearance of amino acids  
Blood concentration of essential amino acids and leucine after ingestion of whey hydrolysate, casein, or soy 
protein. *Significantly different from casein (p < 0.05), # significantly different from soy (p < 0.05). All values 
are means ± SD; n = 6/groups. Adapted from Tang (246). 
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hormones (96). All of these stimuli regulate LM by altering the balance between synthesis and 

degradation. Protein turnover is a continual process in the body and to maintain LM the body 

must be in muscle protein balance. Muscle protein balance is achieved when MPS is equal to 

muscle protein degradation (MPD). MPS results in muscle hypertrophy and MPD results in 

muscle wasting. MPS and MPD signaling have been studied and reviewed extensively in the 

literature (39, 96, 140, 265). In short, the mTOR pathway functions as a primary regulator of 

MPS and the ubiquitin proteasome and autophagic/lysosomal systems are both regulators for 

MPD (96).  

 

2.3.5 Mechanisms of Muscle Protein Synthesis & Degradation 

The mTOR protein is a 289-kDA serine threonine kinase which is part of the 

phosphoinositide 3-kinase (PI3K) family of which there are at least two distinct complexes, 

mTOR1 and mTOR2 (140). The complex which controls MPS is mTOR1 has 5 primary 

components: mTOR which is the catalytic subunit, regulatory-associated protein (Raptor), 

mammalian lethal with Sec13 protein 8 (mlst8/GβL), proline-rich AKT substrate 40 kDA 

(PRAS40), and DEP-domain-containing mTOR-interacting protein (Deptor) (Figure 6) (96, 140). 

mTOR1 signaling begins with phosphorylation of the eukaryokic initiation factor 4E (eIF4E) 

binding protein 1 (4E-BP1) and the p70 ribosomal S6 kinase (S6K1) (140). Phosphorylation of 

4E-BP1 prevents further binding of eIF4E to the 7-methyl-guanosine ‘cap’ (located on the 5’ end 

of mRNA), which allows cap-dependent translation initiation to begin. Phosphorylation of S6K1 

leads to increases in cap-dependent translation, and the translation of ribosomal proteins such as 

ribosomal protein S6 (rpS6) and eukaryotic initiation factor 4B (eif4b). Ribosomal proteins 

increase translation initiation and MPS. Amino acids are strong positive promoters of the mTOR 

pathway, however, leucine, one of the BCAA’s is required for mtor1 activation and stimulation 

of MPS (140). Devkota and Layman have define the dose of leucine required to stimulate MPS 

to the greatest extent and retain muscle protein as 2.5g (77).  

 Exercise and protein supplementation have a profound effect not only on MPS but also 

on MPD. Forkhead box containing protein, O-subclass (FoxO) proteins are members of a DNA 

binding transcription factor family which initiate the expression of ubiquitin ligases atrogin-1 

and muscle ring finger 1 (MuRF1) which are expressed during protein degradation (96). 

Additionally, FoxOs appear to play a part in the regulation of autophagic/lysosomal protein 
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degradation. FoxO3 in particular binds to microtubule-associated protein 1 light chain 3 (LC3) 

which stimulates lysosomal protein degradation (96).  The primary determinant of FoxOs 

location in the cell (cytoplasm vs. nucleus) is phosphorylation status. Many kinases are known to 

phosphorylate FoxO’s causing translocation from the nucleus to the cytoplasm inhibiting further 

transcription activity (96). FoxO1 and FoxO3 are upregulated when AKT is inhibited thereby 

reducing the phosphorylation of FoxO transcription factors and increasing MPD (96).  

 

2.3.6 Nitrogen Balance 

Nitrogen is a main element in the body, which is required for growth and the synthesis of 

hormones, neurotransmitters, and various tissues. Therefore, it is a priority to maintain nitrogen 

status to have proper functioning of most bodily systems. The majority of nitrogen in the body is 

contained within the amino acid structure of proteins. Protein is unique in this way from 

carbohydrate and fat, because nitrogen is not present in its chemical structure.  Therefore, 

measuring nitrogen intake and excretion is used to analyze oxidation/catabolism or amino acids 

and protein metabolism.   

 The equivalence of protein to nitrogen is 6.25g protein to every 1 g of nitrogen (251). 

Nitrogen excretion and losses from the body happen through different routes including in the 

urine, feces, sweat, hair, and through the skin. In a protein-free diet, protein turnover continues 

through reutilization of amino acid breakdown, however, some amino acids are lost through 

urine and feces, which represents what is known as obligatory nitrogen loss. These losses have 

been estimated to be 36 mg/kg/day in the urine, 12 mg/kg/day in the feces, and 8 mg/kg/day 

from sweat, hair, and the skin (251). In terms of total protein this accounts for approximately 

0.35 g/kg/day excreted from the body as obligatory nitrogen loss. Nitrogen is lost through the 

deamination and transamination of amino acids where it enters the urea cycle and is excreted or 

incorporated into ammonia. Urinary nitrogen is commonly used to predict muscle protein 

balance and dietary protein requirements. The minimum recommendation for protein intake is 

0.6 g/kg/day to maintain a net balance in the body, however, to prevent additional losses the 

acceptable macronutrient distribution range (AMDR) for protein intake is 0.8 g/kg/day (251). 

Although this amount may achieve a net nitrogen balance in the body, many populations (i.e. 

athletes and elderly) require a greater protein consumption to remain in positive nitrogen balance 

and to optimize performance and functionality.  
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2.3.7 Resting Metabolic Rate 

RMR is the amount of energy expended by the cells throughout the body to maintain 

normal daily function at rest. RMR is largely dependent on body weight and LM as well as many 

other factors such as age, hormonal status, sex, and genetic components (239). During weight 

loss it is common to see a related drop in RMR, which can be explained mostly by losses in LM. 

Loss of adipose tissue results in decreased secretions of leptin which have been suggested to also 

impact RMR (239).  To maintain or improve RMR, LM maintenance is critical as it is one of the 

only modifiable factors contributing to RMR. Maintenance of LM can be approached through 

modifications in the diet as well as mechanical load applied to skeletal muscle. 

 As previously discussed, ingestion of protein can stimulate the mTOR pathway which 

further downstream increases MPS and ultimately leads to muscle hypertrophy. With greater LM 

and metabolically active tissue RMR can directly impact the magnitude of weight loss (239). In 

regards to dietary effects on RMR the literature is less clear than dietary effects on satiety and 

thermogenesis (2, 102, 158, 188). Protein consumption results in a greater (~23%) energy cost 

(thermogenesis) for digestion, absorption, and metabolism than carbohydrate (~6%) or fat (~3%) 

which has been shown in human clinical trials (2, 239, 247). Protein is known to increase satiety 

as well as RMR often promoting weight loss and maintenance (2). In a lean healthy population 

(N = 3 men, 3 women; 36 ± 3 y; 50 ± 8 kg LM) infusion of exogenous amino acids resulted in an 

increase in energy expenditure by 0.215 kcal/min which corresponds to an energy cost increase 

of ~23% over a 4-hour period (247). Skov et al. (231) assigned either a low fat, high 

carbohydrate (HC) or a low fat, high protein (HP) diet to overweight and obese participants (N = 

60; 18-56 y) for 6 months. Body weight (HP: -8.7kg, HC:-5.0kg; p < 0.001) and FM (HP:-7.6kg, 

HC:-4.3kg; p < 0.001) both decreased in the HP and HC groups, however, the HP groups 

achieved greater weight and FM loss (p < 0.001) (231). This can be partially attributed to the 

satiating effect of protein and the resulting decrease drive to eat. However, research has also 

failed to show any differences in RMR comparing a low fat (29.0 ± 1.0%), high protein (34 ± 

0.8%) diet to a high fat (45.0 ± 0.6%), standard protein (18.0 ± 0.3%) diet (156). More recently, 

Arciero et al. (15) showed increases in postprandial thermogenesis with a high protein diet 

(~35%) consumed more frequently throughout the day (6x/day) in overweight/obese (BMI: 30.3 

± 5.9 kg/m2) physically inactive (<30 min, 2d/week) men and women (N = 30) compared to high 

protein consumed less frequently (3x/day) and low protein intake (15%; p < 0.05). 
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 Overall, the data suggest that increased protein intake may be advantageous to change 

body composition which can be partly attributed to increased thermogenesis, induced MPS from 

a greater amino acid load, and possible increases in RMR from maintenance or increases in LM 

(239). The physiological responses associated with protein intake and RMR are not completely 

understood and continued research is warranted. 

 

2.3.8 Body Composition 

Manipulating dietary intake for the purpose of alleviating increased health issues has 

been gaining more support and research in macronutrient composition has been of particular 

interest. Currently, the RDA for healthy adults in the United States for protein intake is 

0.8/kg/day and the World Health Organization recommends 0.8 g/kg/day of high quality protein 

(35). Evidence argues that the current recommendation is a minimum value for health as opposed 

to optimal intake for health parameters such as body composition (16, 20, 26, 35). Although 

substantial evidence supports a need for increased protein intake there is resistance to making a 

change to the current recommendation. There is evidence to support both sides of the argument 

for both overweight and obese populations as well as for lean individuals however there is more 

focus on overweight and obese populations due to the associated health risks. 

In an overweight/obese population body weight and FM have been shown to decrease 

with increased protein (> 0.8 g/kg/day) in the diet (14, 16, 20, 83, 143). Both men and women (n 

= 58 men, n=72 women; BMI 32.5 ± 0.5 kg/m2; 40-56y) participating in a protein diet 

intervention (1.6 g/kg/k, ~30% total kcal) reduced body weight and FM more than those that 

followed the food guide pyramid recommendations (83). However, more of the total weight loss 

was from adipose tissue relative to LM in men compared to women as well as in the high protein 

diet compared to CHO. The greater changes in FM seen in men undergoing weight loss are not 

well understood although it is speculated that men have a greater post-meal diet induced 

thermogenesis (83). Weight regain is often a result of participants who have undergone weight 

loss from diet modifications alone. However, there are observed patterns of macronutrient 

distribution that may help to create a more efficacious weight loss program where 

recommendations focus on more than just energy deficit to focus on quality of weight loss as 

opposed to quantity (203). Higher quality weight loss, FM loss and LM attenuation, promotes the 

greatest amount of weight loss with maintaining a high percentage of LM. Particularly in an 
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overweight/obese population, when weight loss is focused on quantity, loss of LM is jeopardized 

leading to continued declines in RMR and a blunted reduction in weight loss. Emerging evidence 

supports the need to lower carbohydrates and replace lost carbohydrate with protein to promote 

greater quality of weight loss and FM loss (1, 135, 206). Diets slightly restricted in carbohydrate 

(~35%) and fat and moderately high in protein (~35%) may be more beneficial for the purpose of 

improving body composition (1, 135, 206). A meta-analysis has shown that studies conducted for 

less than 12 weeks of increased protein intake (>1.1 g/kg/day) is associated with a 0.60 kg LM 

retention when compared to lower protein intakes and when studies were longer than 12 weeks a 

greater retention of 1.2 kg in LM was observed (135). These differences in body composition 

were observed independent of energy intake allowing the authors to conclude that the 

macronutrients alone contributed toward the changes in body composition.  

Weight loss and calorie restriction is also prevalent among lean weight-sensitive athletes 

and there is evidence to support an even greater increase in protein intake in this population due 

to the extremes these athletes go to make weight. Research is lacking for this particular 

population and guidelines have not yet been developed for optimizing body composition and 

performance (110). Various recommendations have been made for endurance and strength 

athletes due to different demands of the sport (146, 200, 201); however some weight sensitive 

sports cannot be categorized as endurance or strength athletes (i.e. figure skating, diving, dance,) 

which remains a gap in the literature. Although metabolic demands among sports differ, protein 

needs can be significantly higher in an aesthetic population due to restrictions often leading to 

caloric deficits. Rapid weight and FM loss in athletes is often associated with LM loss and 

possible decreases in performance (110, 169). In an extremely lean population, those with body 

fat lower than 10% use up to three times more energy from protein and excrete twice the amount 

of urinary nitrogen than participants with over 20% body fat (82). The amount of FM appears to 

have an impact on changes in LM. In an aesthetic athletic population it is particularly important 

to find an optimal balance between maintenance of LM and decreased FM. Determining optimal 

protein intake for athletes during calorie restriction is highly important because when one 

macronutrient is greatly increased another could drop very low resulting in poor performance 

(169, 201). Phillips and Van Loon (200) recommend 1.8-2.7 g of protein/kg/day depending upon 

the caloric deficit to prevent LM loss and promote FM loss in an athletic population, whereas 

Helms’ systematic review of the literature suggest 2.3-3.1 g of protein/kg/day is the most 
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consistent for having a protective effect on LM during caloric restriction. However, there does 

seem to be a ceiling for increased protein intake and positive effects it has on body composition. 

Antonio et al. (10) investigated the response of resistance trained men and women (N = 29 men, 

11 women; 24.1 ± 5.6 y) to an extremely high protein diet (4.4g/kg/day) or a moderately-high 

protein diet (1.8g/kg/day) and observed no changes pre vs post or between groups  for body 

weight, FM, or LM after the 8-week intervention. However, the group consuming higher protein 

(HP) had an average of 800 more calories with no significant change in body weight (HP: +1.7 

kg; Control: +0.8kg) or FM (HP: -0.2 kg; Control: +0.3 kg) indicating that protein calories in 

excess of current recommendations may not be metabolized in the same way that excess 

carbohydrate is metabolized. Increased caloric intake can lead to increases in FM, however due 

to differences in metabolic processing, increased calories from protein also results in increased 

LM likely due to the stimulatory effect on MPS (10). To date, this study provided the highest 

protein dose to resistance-trained men and women currently in the literature.  

Large caloric deficits and chronic negative energy balance are likely to result in loss of 

LM and compromise athletic performance as well as recovery. Therefore, it is particularly 

important for the aesthetic athlete to consume sufficient protein in the diet to attenuate possible 

losses in LM from caloric restriction. Data show that higher protein diets (>25% total calories) 

are associated with decreased FM, maintenance of LM, and increased satiety and RMR when a 

small energy deficit method is used (143, 169, 255).  

 

2.3.9 Review of Hormones Involved in Dietary Intake & Body Composition 

2.3.9.1 Insulin & glucagon. Insulin and glucagon are both necessary for glucose 

regulation and homeostasis in the body. Both are secreted from the pancreas, beta cells secrete 

insulin and alpha cells secrete glucagon, however, they are secreted in response to different 

scenarios. Insulin is secreted in response to increased blood glucose levels after a meal, which 

stimulates glucose to be taken up into the blood and stored in various tissues (i.e. liver, muscle, 

adipose) via the glucose transporter type 4 (GLUT-4). High protein intake increases the amino 

acid pool in the blood, which also stimulates insulin secretion. However, not all amino acids 

elicit the same insulin secreting response. The branched chain amino acids (BCAA’s) (leucine, 

isoleucine, and valine) as well as arginine and lysine have a more potent effect on insulin 

secretion than other amino acids and are thought to be potential inhibitors of glucagon (127, 
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189). Insulin secretion also promotes glycogen and protein synthesis, which classifies insulin as 

anabolic. Outside of its anabolic role, insulin also stimulates TG accumulation and storage 

through the shuttling of lipoproteins from the liver to adipose tissue. Although amino acids act to 

stimulate the secretion of insulin, they also act to inhibit glucose utilization. This is due to a 

hierarchy which oxidizes amino acids first thereby inhibiting glucose transport and 

gluconeogenesis temporarily (189). Conversely to insulin, glucagon is catabolic and it is secreted 

during times of fasting, prolonged exercise, and starvation. Circulating glucagon acts on the liver 

and adipose tissue to mobilize stored nutrients for entry into gluconeogenesis. 

In a lean population (N = 6 men; BMI = 22.5 ± 1.1 kg/m2; 26.7 ± 5.5 years), Speechly 

and Buffenstein (237) showed a negative correlation between insulin concentration prior to food 

consumption and to the amount of food consumed whereas this relationship was not observed in 

an obese population (N = 6 men; BMI = 39.1 kg/m2; 39.8 ± 19.0). This suggests that insulin may 

play a role in satiety, however, it is unclear because insulin plays a primary role in metabolism 

(97). Insulin will increase with ingestion of protein and also plays a crucial role in maintaining 

muscle protein. In contrast, ghrelin quickly decreases with ingestion of a meal and returns to 

normal concentrations shortly after. Glucagon responds to food intake and in particular the 

ingestion of protein and carbohydrate which suggests that there is a mechanism to prevent low 

blood sugar and to maintain blood glucose levels (72). Glucagon secretion in response to the 

ingestion of protein in particular may prevent proteolysis to spare protein as a source of energy 

during a fasted state. 

 

2.3.9.2 Growth hormone & insulin-like growth factor-1. Growth hormone (GH) is 

secreted from the anterior pituitary when stimulated by the release of growth-hormone releasing 

hormone from the hypothalamus and inhibited by the release of somatostatin. Unlike insulin and 

glucagon, GH is both anabolic and catabolic. GH will help to preserve glucose and protein and 

will simultaneously stimulate lipolysis and the mobilization and oxidation of fat from adipose 

tissue resulting in a significant increase in circulating FFA (37). Baseline FFA concentrations 

double after two to three hours following a single pulse of GH (178). GH has anti-insulin activity 

due to its suppressive action on insulin to maintain blood glucose as well as enhancing glucose 

synthesis in the liver. GH also stimulates protein anabolism through amino acid uptake, 

increased protein synthesis, and decreased protein breakdown. GH stimulates the secretion of 
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insulin-like growth factor-1 (IGF-1) primarily from the liver but also from bone and adipose 

tissue. In plasma, IGF-1 is transported complexed to a binding protein which controls the 

concentration of free IGF-1 for the tissues to utilize (141). Of the many binding proteins in 

humans 80% of IGF-1 is carried by IGFBP-3, and a protein called acid labile subunit (ALS; 88 

kDa protein). IGFBP-3 is regulated mainly by GH but also by IGF-1. Similarly to GH, IGF-1 has 

powerful anabolic effects through facilitation of protein and glucose transport and glycogen 

synthesis. IGF-1 also contributes to positive nitrogen balance likely due to its ability to stimulate 

MPS (44, 141, 161). In regards to body composition, GH and IGF-1 both appear to work 

together to decrease FM (-3.0 ± 4.3%; p < 0.001) and increase LM (+3.6 ± 5.8 kg; p < 0.001; N = 

8 GH deficient patients; 16 weeks) (161). IGF-1 has receptors on almost all tissues, however, 

lacks receptors on adipocytes and therefore does not directly mediate fat metabolism (78, 141, 

161). Athletes (N = 20 males; 18-48 years) in a hypocaloric state (60% of habitual diet) show 

significant decreases (-9%; p <0.05) in IGF-1 after 2 weeks for both average protein (15% total 

calories) and high protein diets (35% total calories) (169).  

GH is only stimulated by protein ingestion and acts to spare protein at the expense of fats 

(127). It is suggested that the response of GH to protein ingestion provides one of the greatest 

anabolic effects. It could be surmised that the influence protein has on GH concentrations 

contribute to positive effects on body composition such as MPS and fat oxidation.  

 

2.3.9.3 Cortisol. Cortisol is a glucocorticoid synthesized from cholesterol and is the 

primary hormone secreted in response to stress. During periods of stress or low blood glucose 

levels the hypothalamus secretes corticotropin-releasing factor which stimulates the release of 

adrenocorticotropin (ACTH) from the anterior pituitary in turn stimulating the release of cortisol 

from the adrenal cortex into the blood (45). Cortisol has both catabolic and anabolic actions and 

functions to increase blood glucose by mobilizing fats and protein to provide substrates for 

gluconeogenesis and spare glucose utilization for the brain. Cortisol concentrations are determined 

based on the activity of 11-beta hydroxysteriod dehydrogenase types 1 and 2 (11-βHSD1/2).  11-

βHSD1 converts inactive cortisone to the active form cortisone whereas 11-βHSD2 mediates the 

reverse reaction. Greater 11-βHSD1 in adipose tissue has been associated with individuals with 

greater FM indicating that cortisol has an anabolic effect in regards to adipose tissue storage (225). 

In contrast to GH, cortisol promotes adverse effects on body composition. In a prolonged fasted 
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state, cortisol promotes glycogenesis in preparation for starvation state, which leads to the anabolic 

effect of breaking down proteins (proteolysis) and causing decreases in LM (225). It is suggested 

that extreme underweight and overweight states (aesthetic athletes and obese) may activate the 

axis which stimulates cortisol secretion contributing to increases in FM in the setting of calorie 

excess (225). During chronic calorie restriction, cortisol increases and contributes to losses in LM 

(225). 

In response to protein consumption, cortisol has been shown to decrease slightly (-15%) 

or not change in concentration (111). Therefore, in an aesthetic athlete population, increased 

protein consumption while monitoring total caloric consumption may stimulate beneficial effects 

in body composition without negative impacts on the endocrine system. Cortisol concentrations 

do not significantly change with protein consumption and it can be concluded that higher levels 

of protein in the diet does not create a stress response in the body. 

 

2.3.9.4 Leptin & ghrelin. Leptin and ghrelin are both peptide hormones involved with 

regulating appetite. Leptin is produced and secreted by adipose tissue and its concentration 

directly correlates to adipose tissue quantity. In lean healthy individuals, leptin acts as a satiety 

signal. Leptin is secreted in a pulsatile manner and has diurnal variation, with higher levels 

secreted in the evening and lower levels in the morning (121). During energy homeostasis leptin 

signals to the hypothalamus to maintain food intake and possibly energy expenditure for 

maintenance of stable body weight (121). When FM is low and leptin levels are below normal, 

leptin increases the drive to eat as to increase FM in the body (162). Individuals with high FM 

can develop leptin resistance, decreasing signals to the hypothalamus and thereby reducing 

satiety signals. It has been show in female athletes with RED-S symptoms, leptin replacement 

can normalize estrogen, thyroid hormones, menstruation, and improve markers for bone 

formation (268). When starvation induced decreases in leptin (hypoleptinemic) fall below 2.8 

nm/mL, signaling to the central nervous system to maintain neuroendocrine processes including 

reproductive function becomes inadequate (121).  

Leptin, which also responds to caloric intake, is a satiety hormone which also appears to 

be a mediator of reproductive function (264, 266). Leptin is produced by adipose tissue and it is 

secreted in response to energy availability. Additionally, circulating leptin concentrations are 

decreased in response to low caloric intake and, in amenorrheic women, the normal diurnal 
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pattern of leptin is absent (266). In female rats, leptin receptors have been found on 

hypothalamic neurons, which control the pulsatile secretion of GnRH. This suggests a potential 

connection between leptin as a signal for low energy intake and reproductive function (61). 

Energy production in the body is derived from many sources and in a state of chronic energy 

deficiency the body can adapt by suppressing normal physiological functions (i.e. the 

reproductive system) to maintain critical systems.  

Ghrelin is a peptide hormone produced in the stomach and small intestine and is the only 

well-established appetite stimulator in the gastrointestinal tract (162). Concentrations of ghrelin 

increase prior to a meal and decrease immediately following a meal. Ghrelin also promotes the 

secretion of GH and may impact the secretion of IGF-1 (3). Unlike leptin, ghrelin circulates in 

two different forms, acylated and desacyl ghrelin, where acylated ghrelin is an appetite stimulant 

and desacyl ghrelin is suggested to inhibit appetite signals (19). However, it appears that ghrelin 

may not exert its effects acutely (232). Smeets et al., (232) showed the effects of a high protein 

diet on satiety and diet induced thermogenesis do not occur simultaneously with plasma ghrelin 

concentration changes (232). However, ghrelin decreases over time (> 4 days) in response to a 

higher protein diet (30% total calories) (145). 

Although protein can increase satiety it is unclear if the mechanism is mediated by the 

appetite hormones, leptin and ghrelin (267). It has been suggested that the anorexic effect of 

protein may be partly due to the increased sensitivity of the central nervous system to circulating 

leptin concentrations. Energy deficits longer than 24 hours show decreases in leptin 

concentrations (97) and a strong negative correlation with food intake. Increased sensitivity to 

leptin may also be greater than the orexigenic effect of ghrelin that is often observed with high 

protein diets (267). Insulin also appears to act synergistically with leptin suggesting that insulin 

may also contribute to the satiating effect of protein intake (97, 267). 

 

2.4 Conclusion 

Data are limited specifically in the area of protein supplementation for female aesthetic 

athletes. However, overweight/obese individuals and strength and endurance athletes show 

positive outcomes on body composition with increased protein intake. Weight-sensitive athletes 

in particular require macronutrient redistribution during hypocaloric states when LM loss is 

likely. Maintenance of LM in this population is essential to performance and metabolism. 
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Evidence suggests that the current RDA for protein (0.8g/kg/day) is not enough to optimize body 

composition for an athletic population. Data suggest that increased protein (>25%; ~2.0-

3.0g/kg/day) has the potential to achieve lower body weight and FM as well as maintenance of 

LM or possible increases in LM. Increases in LM have mostly been observed in research, which 

incorporates resistance training. However, training associated with aesthetic sports is far 

different from the mechanical load experienced in resistance training and therefore protein 

supplementation in addition to everyday aesthetic training and the effects on body composition is 

warranted. There is potential for increased protein intake to alleviate the stress involved with 

maintaining a particular physique and give an alternative to unhealthy weight management 

behaviors for aesthetic athletes that focus much more on how the body looks than strictly body 

weight. Performance is often hindered from continued caloric deficit in dancers (255), so it can 

be assumed that with increased protein intake there may be an indirect improvement in 

performance. The area of opportunity for improving both body composition and performance for 

female aesthetic athletes may be with macronutrient manipulation focused on increased protein 

intake. 

 Importantly, the current evidence showing positive changes or no changes at all 

associated with increased protein intake have not reported negative health side effects. 

Gastrointestinal discomfort was associated with 4.4 g/kg/day of protein which is likely due to the 

extreme increase in caloric intake (10). Evidence has shown protein intake four times the 

recommended amount (~3.2g/kg/day) is associated with improvement in body composition with 

no adverse side effects (10). Given the evidence that protein supplementation both with and 

without exercise is a safe and effective way to improve body composition in different 

populations, future research should try and identify protein requirements that would support 

optimal performance and nutrition for aesthetic athletes. Future research should incorporate 

specific sport training regimes with protein supplementation to help determine if protein 

supplementation can benefit athletes in aesthetic sports. 
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CHAPTER 3 

RESEARCH DESIGN & METHODOLOGY 

3.1 Study Overview 

This study was a randomized double blind placebo-controlled trial designed to examine 

the extent to which supplemental whey protein (PRO) consumed three times daily (75g total/day) 

for 12 weeks will optimize body composition and dance performance in female collegiate 

dancers when compared to an isocaloric placebo (PLA). 

 

3.2 Inclusion Criteria 
 

 Thirty female collegiate dancers (with a minimum of 8 years of dance experience), ages 

18-30 years, with no prior musculoskeletal injuries within the past 6 months, were recruited from 

the Florida State University School of Dance. Dancers enrolled as dance majors at the University 

were eligible to participate in the study, to ensure that all participants were on the same dance 

training schedule that included a minimum of four dance-specific classes per day (1.25 hr/class; 

5 hr/day), four days per week. Participants were recruited via classroom recruitment 

announcements, flyers posted throughout the dance department, and email announcements. This 

study was approved by the Florida State University Institutional Review Board (Appendix A) 

prior to beginning the study.  

 Sample size was determined based upon a study by Baer et al (18) in overweight men and 

women with a primary outcome variable of FM (FM loss, where significant differences were 

reported after 23 weeks between an isocaloric control group (maltodextrin, Maltrin M180, Grain 

Processing, 52g/day) and a whey protein group (whey concentrate, 52g/day)). With an α-level of 

0.05 and power of 80% with a difference to detect between groups of 2.3 ± 1.1 kg FM, a 

minimum of 10 participants per group was determined to be required for the present study. In 

order to account for attrition, thirty participants (15/group) were recruited to participate.   

 

3.3 Exclusion Criteria 
 
 Male collegiate dancers were not eligible to participate in this study. Female collegiate 

dancers with less than 8 years of formal dance training, those that were not enrolled as a dance 

major in the School of Dance; those with known allergies to milk proteins; those with a self-
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reported history of uncontrolled hypo- or hyper-thyroidism or any other diseases known to 

influence metabolism; those with self-reported uncontrolled hypertension (≥160/100 mmHg), 

uncontrolled diabetes (blood glucose > 250 mg/dl), heart disease, kidney disease; those with a 

clinically diagnosed eating disorder; those that had smoked cigarettes in the past 6 months were 

not able to participate in the study.  

 

3.4 Data Collection 
 
  In response to recruitment announcements, interested participants were given a 

recruitment handout (Appendix B) to complete in order to gather general information. After 

verification of all inclusion criteria, participants were invited to the School of Dance at Florida 

State University for further in-person orientation to the study. During orientation, the time 

commitment demands and protocol were explained in detail. Participants were given the 

opportunity to ask questions and if they decided to participate and eligibility was confirmed, they 

signed the written informed consent document (Appendix C). Participants then completed a 

medical history questionnaire (Appendix D) to identify past injuries or any conditions that would 

contraindicate participation in the study. Participants were asked to indicate whether their 

menstrual cycle was normal or abnormal, however, menstrual cycle stage was not controlled for 

during the study. Additionally, participants then signed up for a familiarization visit to the 

Institute of Sports Sciences and Medicine (ISSM) at Florida State University. Familiarization 

testing spanned a two-day period in which laboratory tests were completed in the exact order of 

testing for laboratory testing days as described below (3.4.4). At baseline and post-testing only 

(Figure 7A), participants were videotaped while performing a functional dance assessment, 

which is explained in detail below (3.4.3). The functional assessment was conducted between 

1700 and 1900 hours following a typical day of dance classes (4.5 hours) and no other outside 

exercise. Laboratory (3.4.4) and performance testing (3.4.4.6) were conducted at least 24 hours 

following the functional assessment. Laboratory and performance testing occurred at baseline, 

mid and post-testing (Figure 7B). Laboratory testing was conducted between 0500 and 0900 

hours in the following order: 24-hour urine collection, anthropometrics, dual x-ray 

absorptiometry (DXA scan), RMR, venous blood draw, and body circumferences scan. 

Performance testing was conducted between 1400 and 1800 hours in the following order over 

two consecutive days: Day 1: wall sit for maximum time, vertical jump height, Wingate 
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anaerobic power test, Biodex isokinetic strength testing, and Day 2 : maximal oxygen 

consumption (VO2max; Bruce protocol). 

 

3.4.1 Diet Intervention 

 Prior to implementing the nutrition intervention, participants were asked to discontinue 

any lifestyle or sports supplements (meal replacement shakes, powders, bars, etc.) for one week 

prior to baseline testing. However, participants were allowed to continue any multivitamin or 

mineral supplements normally consumed. Following familiarization and baseline testing (Figure 

7A), each participant was randomized into one of two intervention groups: 1) whey protein 

(PRO; 75g/day) or 2) an isocaloric maltodextrin placebo (PLA; 75g/day). Randomization was 

completed with online randomization software (258). At baseline, all participants were given a 

bag to carry their weekly supplies that included three supplement containers (500g each with a 

different flavored PLA or PRO powder), serving size scoopers, a shaker bottle (25oz), and the 

first of twelve, three-day food logs with an appetite assessment questionnaire. The assigned 

supplement was to be taken in addition to the normal daily diet and not as a meal replacement. In 

addition, participants were asked to maintain their habitual daily diet for all 12 weeks of the 

study with no modifications from baseline and record a weekly three-day food log.  

  For the duration of the 12-week study, both groups were instructed to consume three 

shakes (25g/shake) per day for a total of 75g (300kcal) daily from each supplement. PLA 

received an isocaloric carbohydrate supplement (maltodextrin, Dymatize Enterprises, LLC, 

Dallas, TX) and PRO received a texture and flavor matched protein supplement (ISO100, whey 

isolate, Dymatize Enterprises, LLC, Dallas, TX). Each participant had three 500g supplement 

containers with flavor choices of vanilla, chocolate, or cookies and cream. Participants were 

instructed to mix the supplement with water and consume the first shake between breakfast and 

lunch, the second shake between lunch and dinner, and the third shake after dinner and before 

bed. This dose of protein was has previously been shown to positively influence body 

composition in overweight/obese and lean populations (13, 14, 20). Additionally, a 75g/day dose 

was used to achieve the minimum protein spread (58.4%) (35) between groups to be effective for 

body composition improvements based upon pilot data showing habitual protein intake in a 

similar population to be 1.5g/kg/day.  

 



51 
 

 
  

 

 

 

   

 

   

 

 

3.4.2 Weekly Supplement & Food Log Meetings  

  For the duration of the 12-week study, participants met once per week with the 

researchers to return their three supplement containers from the previous week and receive new 

supplements for the following week (Figure 7A). Weekly group meetings were held at 0800 

(prior to ballet class) to collect, weigh (for exact amount of PLA or PRO consumed weekly), and 

refill (to 500g) all three supplement containers (500g/container; 1,500g total). A log of pre-

weight and post-weight of all containers was maintained weekly to ensure compliance of 

75g/day (525g/week). Weekly distribution of supplements aided in ensuring compliance. The 

FIGURE 7 Methodology outline 
      , indicates where the intervention began and ended; » indicates when weekly supplement and food log meetings occurred; , indicates 

when laboratory testing occurred; , indicates when the functional dance assessment occurred; , indicates when performance testing 
occurred;     indicates baseline, mid, post-testing weeks. 

 

A 

B 
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weekly meetings also involved a brief nutrition education seminar from the research team to 

encourage participants to follow their regular diet in addition to the supplementation provided. 

At each weekly meeting, participants submitted a completed three-day food log with 

accompanying food photos to ensure accurate quantity entry of each meal. In addition to food 

logs, weekly appetite assessment was completed using a visual analogue scale (VAS), which has 

been validated (87) to assess hunger, satiety, and desire to eat (Appendix E). The VAS was a 100 

mm horizontal scale with opposing extremes (0 = ‘not at all’, 100 = ‘extremely’) of different 

appetite sensations (hunger, satiety, and desire to eat). Upon arrival to the morning weekly 

meetings, participants rated their subjective feelings by placing a vertical line on the horizontal 

scale. At the time to complete the appetite assessment, diet was not controlled and participants 

were instructed to rate their subjective feelings based on their overall feeling from the previous 

week. The ratings were converted to a score in mm by using a standard ruler and measuring from 

zero to the vertical line that was drawn. Higher scores indicated greater subjective feelings of 

each sensation. Appetite assessments were completed during each weekly meeting.  

 

3.4.3 Functional Dance Assessment 

The functional dance assessment was based on a specific 60-second dance phrase 

developed for this study to evaluate control of movement, power, aesthetic appeal and 

endurance. The functional assessment procedures at baseline and post-testing included learning a 

pre-choreographed phrase for 30 minutes from the same dance instructor to avoid potential 

differences in performance from various teaching styles (Figure 7B). The phrase was filmed 

only with the dancer, videographer, and dance instructor in the room. Each participant was 

filmed individually at the School of Dance in the same room and clothing for consistency. 

Dancers were instructed to consume their habitual diet on the day of videotaping. Videos were 

blinded and complied onto one video file so that judges were unaware of the order of testing. 

Videos were then scored by professional dance judges from the Florida State University School 

of Dance using the functional assessment rating form (Appendix F) developed to critique the 

phrase. The judges scored differences detected (1.0-5.0 scale) between each participant’s two 

videos for four categories of importance to dancers; control, power, aesthetics, and endurance. 

Additionally, judges selected the best overall performance between each participant’s two 

videos. Detected difference scores were averaged for statistical analysis. 
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3.4.4 Laboratory Visits 

  Laboratory visits were completed at baseline, mid, and post-testing and spanned over the 

course of two consecutive days at the ISSM (Figure 7B). Participants were instructed to abstain 

from caffeine and exercise outside of their regular dance class schedule for 24 hours prior to 

performance testing. Day 1 included a morning session and an afternoon session. Participants 

arrived in the morning after an 8 hour fast (0500 to 0900 hours) for the following tests (in order; 

detailed methodology below): Submission of a 24-hour urine jug, DXA scan, metabolic testing, 

blood draw and body circumference scan all from trained and certified personnel. The 

participants returned to the ISSM in the afternoon (1400 to 1800 hours) after consuming their 

normal dietary intake and their assigned supplement two hours prior to arrival (no other food or 

drink other than water was allowed in the two hours prior to arrival) to complete performance 

testing. Participants completed (in order; detailed methodology below): wall sit for maximum 

time, vertical jump height, Wingate anaerobic power test, and isokinetic strength tests (Biodex). 

There was a timed three-minute rest period between each performance test and a five-minute rest 

period between the Wingate anaerobic power test and the Biodex strength tests. The next day 

(Day 2) included one afternoon session under identical conditions as afternoon testing on Day 1. 

Participants returned to the ISSM in the afternoon (1400 to 1800 hours) after consuming their 

normal dietary intake and their assigned supplement two hours prior to arrival (no other food or 

drink other than water was allowed in the two hours prior to arrival to complete a maximal 

graded exercise test (GXT) on a motorized treadmill. 

  
  3.4.4.1 Urine analysis. Participants received a urine collection jug (1000 mL) three days 

prior to their Day 1 morning laboratory visit. Participants were given a funnel upon request to aid 

in urine collection. Participants were instructed to collect urine for 24 hours prior to their arrival 

to ISSM. During the 24 hours of collection, participants were asked to keep the jug refrigerated 

when it was not being used. Upon submission of the urine jug to the researchers, total volume 

(mL) collected was recorded. The total volume was thoroughly mixed via hand-inversion and 

then aliquoted into two, 15 mL falcon tubes (Corning Inc. ®, Corning, NY). Samples remained 

frozen (-80o C) until completion of the study. Urinary urea nitrogen was measured using standard 

assay procedures according to manufacturer instructions (Beckman Coulter Inc., DxC600i, 

Fullerton, CA). Change in absorbance (measured at 340 nm) was directly proportional to the 
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concentration of urea in each sample and used to calculate and express urinary urea 

concentration as g/24 hours (urinary urea nitrogen; UUN). Nitrogen balance (NBAL) was then 

calculated using total protein intake (g/day) and UUN (g/day) in the following equation: NBAL = 

[(protein intake (g)/6.25)-((UUN (g)/0.8)+2.5))].  

 

  3.4.4.2 Dual x-ray absorptiometry scans. Height was measured using a wall-mounted 

stadiometer (SECA, Hamburg, Germany) and body weight was assessed using a digital scale 

(Detecto®, Webb City, MO). Body composition was determined by DXA (Discovery QDR 

Series, Hologic Inc., Bedford, MA). All participants were asked to confirm regular menses and 

sign a DXA consent (Appendix G) indicating awareness of the minimal risk involved and 

verification of not being pregnant. One anteroposterior (AP) scan was performed with 

participants in the supine position according to the manufacturer’s instructions by a certified x-

ray technician. Results were analyzed with APEX software, version 4.5.2.1 (Hologic Inc. 

Discovery QDR Series). The quality analysis for the densitometer was conducted daily using a 

standard aluminum spine block (Hologic Phantom) provided by the manufacturer. Measurements 

of the phantom fell within the manufacturer’s precision standard with a coefficient of variation < 

0.5%. Lean mass (LM) and FM (% and kg), visceral adipose tissue (VAT; g) appendicular 

skeletal muscle mass (ASM; kg), and appendicular skeletal muscle mass index (ASMI; kg/m2), 

were obtained for analysis. Lean mass index was calculated (LMI = (LMpost-LMpre)+(FMpre-

FMpost)) to evaluate overall positive body composition changes.   

 

  3.4.4.3 Resting metabolic rate. Resting metabolic rate (RMR) was measured using 

indirect calorimetry (ParvoMedics TrueOne 2400 metabolic cart, Sandy, Utah, USA). Prior to 

testing duplicate calibrations of a pneumotach using a 3.0 L-syringe and gas calibration with a 

known gas mixture (16% O2, 1% CO2) according to manufacturer specifications were performed. 

During this non-invasive test, participants rested in a semi-recumbent position in a dark, quiet, 

and climate controlled room with a ventilated hood covering their head and chest. Gas exchange 

was measured for 30 minutes and the last 20 minutes was used for data analysis. 

 

  3.4.4.4 Blood draw & analysis. Fasting venous blood samples (~10mL) were collected 

from the antecubital vein into one non-coated vacutainer for serum analysis. Collected samples 
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were allowed to clot at room temperature for 20 minutes before being centrifuged (ST 16R 

Multispeed Centrifuge, Thermo Fischer Scientific, Waltham, MA) for 15 min at 3500 rpm at 4 

degrees C. Serum aliquots of 300 μL were transferred into microtubes and stored at -80 ˚C for 

later batch analysis.  Serum was analyzed for total cholesterol (TC), triacylglycerols (TG), high 

density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), LDL: 

HDL ratio, and glucose (Cholestech LDX®, Alere San Diego, Inc. San Diego, CA). 

Additionally, serum was analyzed for cortisol, leptin, insulin and IFG-1 using commercially 

available enzyme-linked immunosorbent assay kits. The average of duplicate samples was used 

for statistical analysis. 

 

  3.4.4.5 Body circumferences scan. The whole body circumference scan was the final 

laboratory test completed the morning of Day 1. Whole body circumference measurements were 

taken using the TC2-19 three dimensional body scanner ([TC]2, Cary, NC). Procedures were 

followed in accordance with instructions set forth by the manufacturer. Participants were asked 

to stand with feet apart, looking forward with eyes closed, and arms away from the body with 

hands holding the provided handles inside the scan room. The scan room was dark to ensure 

accurate measurements from the 60-seconds of flash scans. Participants were asked to wear light 

colored tight fitted clothing, such as spandex dancewear. One scan was conducted which lasted 

for approximately one-minute.  

 

  3.4.4.6 Performance testing. Lower body muscular endurance testing was measured by 

a wall sit for maximum time. Participants were instructed to stand with their back to a wall in 

second position (externally rotated at the hips) and bend at the knee until a 90º angle was 

achieved. Arms were crossed over their chest. The test was terminated when participants could 

no longer maintain the required knee-bend or external rotation at the hip with arms crossed 

across the chest. Water was allowed throughout performance testing ad libitum.  

Participants performed a vertical jump test, using the VERTEC (Sports Imports, Inc., 

Columbus, OH, USA) vertical jump assessment tool. Participants were instructed to begin in a 

parallel, hip-width position and plié before each jump. Three attempts were given and the best of 

the three attempts (cm) was used for data analysis.  
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Lower-body anaerobic power was measured by the Wingate anaerobic power test. First, 

adjustments were made to properly fit each participant on the Velotron DynaFit Pro cycle 

ergometer (RacerMate, Seattle, WA, USA), including seat height and angle, foot strap tension, 

and handlebar height. Participants were instructed to stay seated for the entire duration of the 

test. A 5-minute self-paced warm-up was completed prior to the test. Participants were given an 

additional 20-second warm-up followed by a 5-second acceleration phase, during which they 

were instructed and encouraged to pedal as fast as possible to achieve peak cadence. Following 

the acceleration phase, a load equal to 7.5% body weight was immediately applied to the 

flywheel through the electronic braking system, and participants continued to pedal for 30-

seconds. Absolute and relative values for mean and peak power were recorded using Velotron 

software in addition to fatigue index. Following the Wingate anaerobic power test, participants 

were given a 5-minute rest interval prior to moving on to the next test. 

Lower-body isokinetic (5 repetitions and 50 repetitions, 180º·s-1 unilateral knee 

extension/flexion) strength of the dominant leg was determined using the Biodex System 3 

(Biodex Medical Systems, Shirley NY, USA) exercise dynamometer. Each participant sat in an 

upright position on the Biodex, where seat height and position was adjusted to align the 

instruments axis with the participant’s knee. Once aligned correctly and secured, range of motion 

and weight of the limb was determined. Participants were instructed to cross their arms over their 

chest through the duration of the tests. Five repetitions of consecutive maximal extension and 

flexion (180º·s-1) tests were conducted followed by a 1-minute rest interval. A 50-repetition 

isokinetic unilateral knee extension/flexion test (180º·s-1) was conducted and intended to fatigue 

the lower limb.  

Participants performed a maximal graded exercise test (GXT) using a Woodway® 

treadmill (Woodway Inc., ELG 70, Waukesha, WI) to determine maximal oxygen consumption 

(VO2max), and indicator of aerobic fitness. All participants exercised to volitional exhaustion 

using the Bruce protocol. The treadmill began at 1.7 mph at a gradient of 10%. At three-minute 

intervals the gradient was increased by 2% and the speed increased as follows: 1.7, 2.5, 3.4, 4.2, 

5.0, 5.5, 6.0 mph. A heart rate (HR) monitor was strapped to the participant prior to the test to 

monitor HR (Polar Electro Inc. ©, T31-coded, Lake Success, NY). VO2max was measured by 

indirect calorimetry using a metabolic measurement system (Parvo Medics, TrueOne 2400, 

Sandy, UT, USA) following calibration of a pneumotach using a 3.0 L-syringe and gas 
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calibration with a known gas mixture (16% O2, 4% CO2) according to manufacturer 

specifications. During the maximal GXT the participants HR, respiratory exchange ratio (RER), 

VO2 (L/min and mL/kg/min), and rate of perceived exertion (RPE) were recorded at the end of 

each three-minute interval. To determine the achievement of VO2max at least two of the following 

three criteria had to be met (113, 167): 1) HR within 15 beats of age predicted HRmax (220-age), 

2) plateau of VO2 with increased work load, 3) RER ≥ 1.10.  

 

3.5 Recruitment Retention & Compliance 

 Incentives were provided ($25 at mid-testing, $75 following post-testing) and group 

social gatherings were implemented to reinforce compliance for the study. Weekly supplement 

and food log meetings described above (3.4.2) provided participant-researcher interaction to 

improve compliance. Daily reminders to consume supplements and weekly reminders to attend 

meetings were sent using a group texting phone application (EZ texting) to help participants 

remember tasks to complete on a daily and weekly basis. Each participant received a phone call 

the evening prior to morning laboratory visits to reinforce compliance and appointment times.  

 

3.6 Statistical Analyses 

  Descriptive statistics were conducted for all variables and included means and standard 

deviations for normally distributed continuous variables. Distributions of dependent variables 

(diet composition, body composition, body circumferences, RMR, nitrogen balance, blood 

biomarkers, performance measures) were examined graphically for normal distribution and 

location of outliers (>2 SD from mean).  

  A student’s t-test was used to analyze differences between groups at baseline for all 

dependent variables. Additionally, dependent variables were analyzed in a group (PLA, PRO) by 

time (baseline, mid-, post-testing) 2x3 analysis of variance with repeated measures. When 

interactions were significant, a student’s t-test test was used to compare between groups as well 

as time point values within groups. All significance was accepted at p ≤ 0.05. All analysis was 

performed using SPSS Statistics (IBM, v.21) program. Analysis included tests to determine 

whether the intervention was effective for those participants that adhered to (≥80% to 

supplementation) and completed the 12-week study.  
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CHAPTER 4 

RESULTS & DISCUSSION 

4.1 Results 

 Of the 30 participants recruited, 24 dancers enrolled (N=12/group). Three participants fell 

below 80% supplementation compliance (PLA, N=1; PRO, N=2). Therefore, 21 participants 

(19.6 ± 1.4 years; 15.2 ± 2.9 years of dance training) completed the study at 93.0 ± 5.2% 

supplementation compliance (PLA, N=11; PRO, N=10). Participant demographics are shown in 

Table 1. There were no significant differences in anthropometrics at baseline between PLA and 

PRO. 

 

   

 Total (N=21) PLA (N=11) PRO (N=10) 

Age (yrs) 19.6 ± 1.4 19.4 ± 1.5 19.9 ± 0.7 

Dance training (yrs) 15.2 ± 2.9 15.2 ± 3.5 15.3 ± 2.0 

Height (m) 1.6 ± 0.1 1.7 ± 0.1 1.6 ± 0.1 

Weight (kg) 59.1 ± 5.4 59.0 ± 4.0 59.1 ± 6.9 

BMI (kg/m2) 21.8 ± 2.1 21.8 ± 1.9 21.7 ± 2.4 

Body fat (%) 26.6 ± 4.2 27.5 ± 4.7 25.7 ± 3.7 

VO2max (ml/kg/min) 40.0 ± 3.8 39.4 ± 3.8 40.6 ± 3.8 

 

 

 

4.1.1 Diet Intervention 

 Supplementation provided an additional 75 grams (300 calories) of either maltodextrin 

carbohydrate (PLA) or whey protein (PRO) in powder form. Protein spread and change data are 

depicted in Figures 8A and 8B. At baseline, protein spread between groups was 16.7 ± 6.1% 

(0.2 g/kg/day; p=0.333). At mid-testing, protein spread increased to 60.4% (p=0.001), which 

provided a -15.2 ± 5.6% (p=0.648) and +44.0 ± 4.4% (p=0.001) protein change for PLA and 

PRO, respectively. At post-testing, protein spread was 60.3 ± 4.6% (p=0.001). Although protein 

change decreased in PRO from mid to post-testing (+44 ± 4.4% vs. 38.7 ± 6.5%; p=0.707, 

respectively) both protein spread and change remained above theory threshold ((35); spread: 

58.4%, change: 28.6%) throughout the entirety of the study. 

TABLE 1 Participant characteristics at baseline1 

1Means±SD. PLA, placebo; PRO, protein; Yrs, years; m, meters; kg, kilograms; 
BMI, body mass index; VO2max, maximal oxygen consumption 
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4.1.2 Macronutrient & Micronutrient Analysis 

 All 21 participants completed three-day foods logs every week of the study. Baseline and 

even week (weeks 2, 4, 6, 8, 10, 12) food logs were analyzed for data analysis. Macronutrient, 

omega fatty acids, and micronutrient data are shown in Table 2. Total calorie, carbohydrate, fat, 

protein, and micronutrient intake were not different between groups at baseline (p>0.05). Upon 

supplementation, protein intake (g, kcal, %, g/kg/day) was different between groups while total 

caloric intake remained unchanged at all time points throughout the 12-week intervention 

(Figure 9). Changes in macronutrient distribution (% total calories) are depicted in Figure 10. 

Following supplementation, carbohydrate intake (%) was greater in PLA compared to PRO at 

both mid (p=0.001) and post-testing (p=0.001). Fat intake (g, kcal, %) did not differ among 

groups at any time point. Protein intake (g, kcal, %, g/kg/day) was lower in PLA compared to 

PRO across all measures at both mid and post-testing (p=0.0001).  

FIGURE 8 Protein spread & change 
Differences in protein intake between groups and time points. A Spread is the protein difference between groups at each 
week, * indicates p<0.05 between groups. B Change is the protein difference from baseline for each group, * indicates 
p<0.05 from baseline.  
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 TABLE 2 Dietary characteristics1 

1 Means±SD. PLA, placebo; PRO, protein; g, grams; kcal, kilocalories; CHO, carbohydrate; Vit, vitamin; IU, international units; mg, milligrams; mcg, micrograms; DFE, 
dietary folate equivalent. a PLA, N=11; b PRO, N=10; c reported values include supplementation.* indicates p<0.05 between groups, # indicates p<0.05 compared to baseline  
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PLA remained slightly above (0.9 ± 0.4 g/kg/day) the Recommended Dietary Allowance (RDA, 

0.8 g/kg/day) where PRO achieved 2.4 ± 0.8 g/kg/day at mid-testing. At post-testing, PRO 

consumed 2.2 ± 0.5 g protein/kg/day and remained higher than PLA (0.9 ± 0.3 g/kg/day; 

p=0.0001). Carbohydrate-to-protein ratio was not different between PLA and PRO at baseline. 

Upon supplementation, at both mid and post-testing, PLA significantly increased (+32%, +27%; 

p=0.004, 0.026, respectively) and PRO significantly decreased from baseline values (-50%, -

50%; p= 0.001, 0.001, respectively). 

 Omega-3 (p=0.005) and omega-6 (p=0.010) fatty acids were significantly lower in PLA 

compared to PRO at baseline but not mid or post-testing. Sodium intake was lower in PLA 

compared to PRO at mid-testing (p=0.05), but not at baseline or post-testing. Figure 11 depicts 

that both PLA and PRO consumed less than the RDA for folate (RDA: 400 DFE/day), calcium 

(RDA: 1,000 mg/day) magnesium (RDA: 300mg/day) and phosphorus (RDA: 700 mg/day) 

across all time points of the 12-week intervention.  

Visual analog scale measurements representing feelings of hunger, satiety, and desire to 

eat are depicted in Figure 12A, 12B, and 12C. There were no differences between time points 

for either PLA or PRO throughout the study regarding hunger, satiety, or desire to eat. However, 

at post-testing, although not statistically significant, both PLA and PRO had a reduced desire to 

eat. 

 

 
FIGURE 9 Total calorie & protein intake  
A calorie intake at baseline and even weeks, B protein intake (g/kg/day) at baseline and even weeks. PLA, placebo, N=11; 
PRO, protein, N=10.  kcal, kilocalorie; g, grams; kg, kilograms. * indicates p<0.05 main effect of group, time, and group by 
time for PRO only. 
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FIGURE 10 Macronutrient distribution  
A macronutrient intake at baseline, B macronutrient intake at mid, C macronutrient intake at post. PLA, placebo, N=10; 
PRO, protein, N=10. * indicates p<0.05 between groups, # indicates p<0.05 from baseline. 

 

FIGURE 11 Micronutrient deficiencies  
PLA, placebo, N=11; PRO, protein, N=10; RDA, recommended dietary allowance; DFE, dietary folate equivalent; mg, 
milligrams. Folate RDA=400 DFE; Calcium RDA=1,000 mg/day; Magnesium RDA=300 mg/day; Phosphorus RDA=700 
mg/day. 
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4.1.3 Body Composition & Circumference Measurements 

 Body composition data are shown in Table 3. Test-retest interclass coefficient of 

variation (CV; %) using DXA for FM and LM (kg) were 1.3% and 0.8%, respectively. Body 

weight (kg) and BMI (kg/m2) were not different between PLA and PRO at baseline and did not 

change over the 12-week intervention (p>0.05). FM (kg and %) did not differ between PLA and 

PRO at baseline (p=0.553, p=0.338), mid (p=0.321, p=0.155), or post-testing (p=0.270, 

p=0.094). FM (kg and %) did not change from baseline to post-testing for either PLA (p=0.502, 

p=0.467) or PRO (p=0.993, p=0.964). LM (kg) did not differ between PLA and PRO at baseline 

(p=0.689), mid (p=0.568) or post-testing (p=0.149) and LM (%) did not differ at baseline 

(p=0.406) or mid-testing (p=0.186). Upon completion of the intervention, LM (%) approached 

significance when comparing PLA and PRO (67.1 ± 3.8% vs. 70.5 ± 3.9%, respectively; 

p=0.057). LM (kg and %) did not change from baseline to post-testing for either PLA (p=0.469, 

p=0.331) or PRO (p=0.935, p=0.961). 

FIGURE 12 Visual analog scale  
Representation of hunger, satiety and desire to eat over 12 weeks of supplementation (0.0-100.0mm scale). A Hunger ratings 
by time point, B Satiety ratings by time point, C Desire to Eat ratings by time point. mm, millimeters; PLA, placebo, N=11; 
PRO, protein, N=10 
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Visceral adipose tissue (VAT; g) did not differ between groups or time points throughout 

the intervention (p>0.05). Percent change in FM and LM are depicted in Figure 13. Although 

not statistically significant, PLA increased FM (+4.8 ± 8.8% Δ, range: -3.6 to +24.3% Δ) and 

decreased LM (-2.7 ± 5.2% Δ, range: -12.7 to +5.3% Δ) and PRO decreased FM (-0.5 ± 8.5% Δ, 

range: -17.9 to +7.5% Δ) and increased LM (+0.5 ± 4.0% Δ, range: -5.6 to +8.2% Δ) from 

baseline to post-testing. Figure 14 depicts LMI. PLA resulted in an overall negative (-1.8 ± 3.1 

kg) LMI where PRO resulted in an overall positive (+0.9 ± 2.0 kg, p=0.029) LMI. Table 4 

shows whole body circumference measurements at baseline and post-testing. There were no 

differences between groups or time points.  

 

 

 

 

 

 

 

 FIGURE 13 Percent change in fat & lean mass 
Represents percent change in kilograms from week 0 to week 12. kg, kilograms; PLA, placebo, N=11; PRO, protein, N=10 

TABLE 3 Body composition1 

1 Means±SD; a PLA, placebo, N=11; b PRO, protein, N=10. kg, kilograms; m, meters; ASM, appendicular 

skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; VAT, visceral adipose tissue; ♦ 
indicates p=0.06. 
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4.1.4 Performance Testing 

 Performance characteristics for PLA and PRO are shown in Table 5. At baseline, there 

were no differences between PLA and PRO for any performance measure (p>0.05). PLA 

increased absolute and relative peak power during the Wingate anaerobic power test at post-

testing when compared to baseline only (p=0.005, p=0.004, respectively). PLA achieved a higher 

hamstrings-to-quadriceps ratio at mid-testing only (p=0.031) when compared to PRO. Wall sit, 

vertical jump, fatigue index, peak extension and flexion, and VO2max did not exhibit any group, 

time, or group by time interactions throughout the 12-week study.  

FIGURE 14 Lean mass index  
Index based on a points scale for positive changes in fat and lean mass from week 0 to week 12. Values are Means±SD.  LMI, 
lean mass index; PLA, placebo, N=11; PRO, protein N=10; * indicates p<0.05 between groups. LMI = ((LMpost-LMpre)+(FMpre-
FMpost)). 

TABLE 4 Whole body circumferences1 

1 Means±SD; a PLA, placebo, N=11; b PRO, protein, N=10; R, right; L, left; cm, centimeters 
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4.1.5 Resting Metabolic Rate & Nitrogen Balance Analysis 

 Resting metabolic rate (RMR) was not different between PLA and PRO or across time 

points (Figure 15 and Table 6). Similarly, nitrogen balance was not different between PLA and 

PRO or across time points (Figure 16). PLA and PRO were both in positive nitrogen balance at 

baseline and mid-testing. Although not statistically different, at post-testing, PLA was in 

negative nitrogen balance and PRO remained positive (p=0.341) (Table 7). 

 

 

 

 

 

 

FIGURE 15 Resting metabolic rate  
RMR, resting metabolic rate; kcal, kilocalories; PLA, placebo, N=11; PRO, protein, N=10 

TABLE 5 Performance characteristics1 

1 Means±SD; a PLA, N=11; b PRO, N=10; PLA, placebo; PRO, protein; sec, seconds; in, inches; PP, peak power; 
W, watts; Nm, newton metre; ml, milliliter; kg, kilogram; min, minute. # indicates p<0.05 from baseline 
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4.1.6 Cardiometabolic Markers of Health 

  Health markers measured in serum blood samples are shown in Table 8 based on group 

and time points. Test-retest interclass coefficient of variation (CV; %) for cholestech LDX was 

6.1%. Inter- and intra-assay CV for hormone markers were as follows - cortisol: 5.4%, 8.4%; 

leptin: 6.5%, 4.1%; insulin: 9.6%, 6.8%; and IGF-1: 5.6%, 5.6%, respectively. No differences 

were detected for any measurements between groups at baseline, mid, or post-testing (p>0.05), 

except for TG. At post-testing only PLA had significantly higher TG when compared to PRO 

(p=0.030).  

FIGURE 16 Nitrogen balance  
Nitrogen balance estimation (NBAL, g/day) using protein intake (g/day) and urinary urea nitrogen (g/day). g, grams; PLA, 
placebo, N=11; PRO, protein, N=10. NBAL = [(protein intake (g)/6.25)-((UUN (g)/0.8)+2.5))] 

TABLE 6 Resting metabolic rate1 

1 Means±SD; a PLA, placebo, N=11; b PRO, protein, N=10; kcal, kilocalories 

TABLE 7 Nitrogen balance1 

1 Means±SD; a PLA, placebo, N=11; b PRO, protein, N=10; kcal, kilocalories 
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4.1.7 Functional Dance Assessment 

 Group ratings for control, power, aesthetics, and endurance in the functional dance 

assessment videos are depicted in Figure 17. PRO scored a greater difference detected rating in 

aesthetics compared to PLA (2.6 ± 0.8 vs. 1.9 ± 0.5, p=0.048). Detected differences for control, 

power, and endurance in PLA and PRO were not different from each other (control: PLA, 2.4 ± 

0.6; PRO, 2.6 ± 0.6; p=0.562; power: PLA, 2.1 ± 0.5; PRO, 2.5 ± 0.6; p=0.122; endurance: PLA, 

1.9 ± 0.4; PRO, 2.2 ± 0.6; p=0.117). Figure 18A and 18B show frequencies of the video selected 

as the best overall video for each group based on the judged categories. Although not statistically 

significant, the post-testing video was selected more frequently as the best overall video in PRO 

(77.8%) compared to PLA (63.6%; p=0.518).  

 

 

 FIGURE 17 Functional assessment category ratings  
Rating based on 1.0-5.0 scale. Differences detected between baseline and post-testing videos from the functional dance 
assessment Bars represent mean rating. PLA, placebo, N=11; PRO, protein, N=9; * indicates p<0.05 

TABLE 8 Cardiometabolic markers of health1 

1Means±SD; a N=11; b N = 10; c N=7; d N=8; e N=9; f N=5. HDL, high density lipoprotein cholesterol; LDL, low 
density lipoprotein cholesterol; mg, milligrams; dL, deciliter; mL, milliliter; ng, nanogram; * indicates p<0.05 
between groups 
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4.2 Discussion 

 It is well established that inadequate energy intake in an athletic population can have 

detrimental effects on body composition, performance, and overall health. Abnormal eating 

behaviors are especially common among dance populations due to the strong emphasis placed on 

appearance and aesthetics. However, evidence suggests that increasing protein intake in the diet 

may attenuate LM loss and increase FM loss, thus improve what we term the LMI, in 

populations trying to lose weight (9, 169). Protein supplementation provides a simple way to 

increase protein consumption in collegiate dancers. To our knowledge, this study is the first to 

investigate the impact of 12 weeks of protein supplementation on body composition, 

performance, and metabolic health in female collegiate dancers. The primary findings of the 

present study demonstrate that 12 weeks of protein supplementation (75 g/day) improved overall 

LMI and aesthetic presentation in dance performance in female collegiate dancers.    

FIGURE 18 Frequencies of best overall video  
Frequency represents the percent of PLA or PRO that had either baseline or post-testing video chosen as the best overall 

performance. PLA, placebo best video, N=11; PRO, protein best video, N=9 
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  Our hypotheses that protein supplementation at a level high enough to meet the 

spread/change (%) (35) would decrease FM and increase LM significantly more than PLA was 

not supported. Although FM and LM were not significantly different following 12 weeks of 

supplementation, LMI was significantly different between PLA and PRO upon completion of the 

study. PRO resulted in positive body composition changes where PLA resulted in overall 

negative changes upon completion of the 12-week intervention in collegiate female dancers. 

Arguably, observing FM and LM changes together (LMI) gives a more cohesive representation 

of optimizing body composition.  As seen in Mettler et al., (169) who studied weight loss in a 

resistance trained population (males, 18-40 years) both control (protein: 15% total caloric intake) 

and high protein (protein: 35% total caloric intake) groups lost FM. However, the control 

resulted in an overall negative LMI (-0.4 kg) due to additional losses in LM whereas the high 

protein group resulted in an overall positive LMI (+1.1 kg). Optimal body composition in an 

athletic population comprises not only FM loss but, attenuation of LM, which further validates 

the importance of considering LMI. 

 

4.2.1 Body Composition  

  As suggested by Bosse et el., (35), a sufficient protein spread  of 58.4% between groups 

and change from baseline intake of 28.6% is needed to observe significant differences. In the 

present study, this was achieved at both mid (60.4%) and post-testing (60.3%) between PLA and 

PRO and protein change from baseline to post-testing for PRO was 36.4%. Although sufficient 

protein spread and change were achieved, body weight, FM or LM were not significantly 

different between PLA and PRO after 12 weeks. However, LM (%) approached significance 

between groups at post-testing. Similar to our findings, others have reported sufficient protein 

spread between groups and have not observed statistically significant differences in body 

composition (10, 155, 276). Antonio et al. (10) reported no changes over time or between groups 

in body weight, FM or LM following an 8 week high-protein (4.4 ± 1.8 g/kg/day) intervention 

compared to a moderate protein group (1.8 ± 0.8 g/kg/day). Additionally, Antonio et al. (10) 

recruited a lean resistance trained population of men who were instructed to maintain their 

habitual training regime, similarly to the present study. Thus, the lack of body composition 

changes in the present study may be partially attributed to the fact that it is challenging for an 

already lean population to lose body weight and FM while maintaining LM without changing 
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habitual training. A follow up study conducted by Antonio et al. (9) demonstrated that the 

addition of resistance training to an 8 week high-protein (3.4 g/kg/day) supplement period 

resulted in maintenance of body weight, decreases in FM (-1.6 ± 5.75 kg), and increases in LM 

(+1.5 ± 11.6 kg), in an already resistance trained male and female population. This resulted in a 

positive LMI (3.1 ± 7.3 kg), which was calculated for this study. The authors concluded from 

this study that previously trained individuals require a minimum of 2.0 g/kg/day of protein in 

addition to altering habitual resistance training regimes to observe positive changes in body 

composition. Furthermore, Wycherly et al. (276) achieved a 67.7 g/kg/day protein spread during 

a 16-week protein intervention in an obese population and found no differences in body weight 

or FM between the control (0.8 g/kg/day) and higher protein (1.3 g/kg/day) groups. However, the 

group consuming higher protein (1.3 g/kg/day) in conjunction with resistance training 

significantly decreased body weight (-13.8 ± 6.0 kg) and FM (-11.4 ± 3.9 kg). It appears that in 

both lean and obese populations, beneficial body composition changes are amplified when 

resistance training is added to a higher protein diet.  The present study did not add resistance 

training to the dance training already in place. Although this may have contributed to the lack of 

significant changes in FM or LM, it is interesting that LM (%) approached significance after 12 

weeks of protein supplementation without added resistance training.  

  The distribution of macronutrients upon supplementation is another important aspect to 

consider with regard to body composition. In the present study, it appears that PRO increased 

protein intake at the expense of mostly fat at mid-testing and mostly carbohydrate at post-testing.  

As previously discussed, Mettler, et al. (169), intentionally increased protein intake at the 

expense of fat in resistance trained men to keep carbohydrate levels identical between groups. 

However, when comparing the healthy resistance trained men on either the low protein diet (0.97 

± 0.02 g/kg/day) or high protein diet (2.32 ± 0.08 g/kg/day) (169), FM loss was not different. 

Additionally, Mettler et al. (169), reported that the high protein diet resulted in reduced fat intake 

(-10%) more so than carbohydrate (0%) all while observing no changes in FM. Similarly, our 

findings showed reductions in fat intake (-15%) greater than reductions in carbohydrate intake  

(-6.5%) at mid-testing, which had no impact on FM. This finding may be partly explained by 

evidence of high carbohydrate diets (75% total caloric intake) (214) reducing whole body fatty 

acid oxidation due to increased malonyl-CoA, an inhibitor of , carnitine palmitoyltransferase I 

and thereby fat oxidation, from increased availability of glucose (166, 275). Although the present 
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population did not consume 75% carbohydrate, the maintenance of carbohydrate intake over the 

course of the study may explain the lack of differences observed in FM for PLA and PRO at 

mid-testing. This inhibitory mechanism on fat oxidation has been demonstrated in both lean and 

obese populations when high protein diets do not adjust carbohydrate intake for increased protein 

intake (143, 169, 195). Contrary to the Mettler study, the present findings showed at post-testing 

that reductions in carbohydrate intake (-17%) greater than reductions in fat intake (-15%) also 

had no impact on FM. Interestingly, PRO in the present study consumed significantly greater 

omega-6 and omega-3 fatty acids than PLA at baseline. Additionally, PRO consumed a higher 

average (all time points) omega-6/omega-3 fatty acid ratio in PRO (15.2) than PLA (8.9) which 

has recently been associated with increased risk of obesity and body fat maintenance or gain 

(230). PRO consumed a higher omega-6/omega-3 fatty acid ratio than the current U.S. average 

(16.74) (230). Even though PRO consumed significantly greater protein than PLA, fat reduction 

may have been limited by high omega-6/omega-3 fatty acid ratio in the diet which are known to 

activate signaling pathways in adipose tissue proliferation and differentiation and inflammation 

(230).  

  Despite the non-significant changes in LM (kg), attenuation of LM in PRO (+0.5 kg) 

compared to loss in LM in PLA (-1.1 kg) may be physiologically important. This is further 

supported by LM (%) approached significance between PLA (67.1%) and PRO (70.5%) upon 

completion of the 12-week study (p=0.06). Similar results from Mettler et al (169) showed that 

those on the high protein diet (2.32 ± 0.08 g/kg/day) lost significantly less LM (-0.3 kg vs. -1.6 

kg, p=0.006) than the low protein diet (0.97 ± 0.02 g/kg/day). This finding is supported 

consistently in the research in both overweight/obese and lean populations (9, 14, 15, 83, 135, 

144, 276). In regards to the attenuation of LM, it is reasonable to surmise that protein intake 

facilitates the synthesis and repair of damaged myofibrilar tissue in response to dance training, as 

seen in resistance exercise (53). This may partly explain why PLA experienced a -1.1 kg LM loss 

over 12 weeks which is commonly seen in athletic populations consuming a hypocaloric low 

protein (1.0 g/kg/day) diet (169, 208). Although PLA was not on a hypocaloric diet in the current 

study, total caloric intake (~1,800 kcal/day) was not sufficient to meet the needs of RMR in 

addition to estimated energy expenditure of 3-4 dance classes per day (~600 kcal) (103). Another 

important aspect to consider is the timing of protein supplementation in relation to training bouts 

or, in this case, dance classes. Even though exercise can substantially increase both muscle 
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protein synthesis and muscle protein breakdown an exogenous source of protein is required to 

prevent breakdown from being greater synthesis especially in cases where carbohydrate intake is 

low (29, 53). Rasmussen et al., (212) has suggested to enhance muscle protein synthesis, 

ingestion of amino acids (6 g) in conjunction with carbohydrate (35g), one to three hours 

following resistance exercise is ideal. As demonstrated by Biolo et al. (29), amino acid 

supplementation following exercise increased muscle protein synthesis compared to rest and the 

usual increase in muscle protein breakdown was blunted, which resulted in positive muscle 

protein balance. Greater protein intake may additionally aid in injury prevention through muscle 

mass maintenance (increased MPS and/or prevention of MPD) over the course of a semester of 

dance training in a collegiate setting due to the anabolic effect of protein. 

  It is important to acknowledge that for a dance population, both low FM and adequate 

LM are critical. Therefore, quantifying body composition as one entity may be more impactful 

than observing FM and LM individually. Despite the non-significant changes in LM and FM, 

there was a clear direction that the data were moving. To further explore this movement, LMI 

was used. The index adds together the loss in fat with the gain in muscle to show an overall 

index of lean mass or desirable body composition changes, particularly for aesthetic athletes. The 

present study demonstrated no differences between PLA and PRO when observing FM and LM 

individually but observed differences when analyzing LMI. PLA increased FM and decreased 

LM resulting in an overall negative LMI (-1.8 ± 3.1 kg) where PRO decreased FM and LM 

resulting in an overall positive LMI (+0.6 ± 1.9 kg; p=0.048). Similarly, in lean populations 

where habitual training was maintained throughout protein interventions, the high protein group 

achieved greater LMI without observing individual changes in FM (10, 169). For example, 

Mettler et al., (169) observed an overall negative LMI (-0.4 ± 0.2 kg) in a lower protein group 

(0.97 ± 0.02 g/kg/day) and a positive LMI (+1.1 ± 0.3 kg) for a high protein group (2.32 ± 0.08 

g/kg/day). Even at very high levels of protein intake (4.4 g/kg/day) investigated by Antonio et 

al., (10), FM did not change when compared to moderate protein intake (1.8 g/kg/day). However, 

LMI was more positive for those consuming high protein (+2.1 ± 3.0 kg) than moderate protein 

(+1.0 ± 1.0 kg) (10). Previous studies as well as the current study have shown that with increased 

protein intake and maintained habitual training, LMI can be greater when compared to the 

control without observing optimal changes in FM (10, 169). Thus, the attenuation of LM in PRO 

resulted in a significantly greater LMI than PLA at end of the 12-week intervention. 



76 
 

4.2.2 Performance Testing 

  Performance measurements (VO2max, isometric leg strength, and flexibility) in a dance 

population have shown to improve over the course of a 12-week training intervention when 

enrolled in an aerobic and resistance training program (129). Likewise, protein consumption in in 

conjunction with resistance training has shown improvements in vertical jump height (6, 270), 

isokinetic peak torque (6), and bench press and leg press (274) in both trained and untrained 

populations. However, this is the first study to implement a protein intervention in a dance 

population and investigate changes in performance. Due to the fact that we did not implement an 

exercise training program in addition to dance training, we hypothesized there would be no 

change in performance. Increasing dietary protein alone did not provide enough of a change in 

body composition to improve muscular endurance, strength, power, or aerobic fitness in the 

present study. Although substantial differences were not observed, the performance results of the 

present study demonstrate that the participants were well trained in dance and performed 

comparatively to professional ballet and contemporary dancers (8, 129, 131, 257).  

  The performance data from the present study corroborate those data from previous 

studies that have implemented a protein intervention alone (169) or protein with added resistance 

training (122). No group, time, or group by time interactions were noted for vertical jump in the 

present study. Data from Mettler et al. (169) agree in that no changes were noted in vertical jump 

for their group of resistance trained males following a high protein diet (2.3 g/kg/day) for four 

weeks. Interestingly, in the present study, both absolute and relative peak power significantly 

improved from baseline to post-testing in PLA only.  It is possible that carbohydrate 

supplementation provided a greater immediate fuel stores for the 30-second Wingate test (122). 

PLA was consuming significantly more carbohydrate (%) than PRO at both mid (60.2 ± 7.7% vs. 

45.1 ± 6.7%) and post-testing (59.4 ± 4.0 vs. 43.4 ± 8.1%). Additionally, both groups completed 

the performance trials in different fed, although isocaloric, conditions (75 g carbohydrate or 

protein 2 hours prior to testing). However, this is likely not the case because 45% (~230g) of 

carbohydrate in PRO is still adequate intake to fuel optimal performance (216). At post-testing, 

PRO approached significance for longer maximum wall sit time compared to PLA (p=0.058). 

The maintenance in LM in PRO (+0.2 ± 0.6 kg) and decrease in LM in PLA (-1.1 ± 0.7 kg) could 

have contributed to this observation between groups in wall sit at post-testing. Loss of LM has 

previously been associated with decrements in performance in an athletic population trying to 
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lose weight (51, 168) and the present study supports the suggestion that 2.3-3.1 g protein/kg/day 

may be more effective in preventing decreases in both LM and performance compared to lower 

protein intake. At both mid and post-testing, PLA fell short of this recommendation (1.4 ± 6.4 

g/kg LM, 1.3 ± 5.3 g/kg LM, respectively) whereas PRO reached the upper end of the 

recommendation (3.4 ± 10.4 g/kg LM, 3.2 ± 5.8 g/kg LM, respectively). 

  Although there were no group, time, or group by time interactions observed, at baseline, 

vertical jump height among PLA and PRO (45.7 ± 6.6 cm, 47.2 ± 6.4 cm, respectively) was 

greater than professional female ballet and contemporary dancers (39.0 ± 6.0 cm), however, 

variability in testing procedures may contribute to these differences (parallel vs. turned out 

takeoff) (257, 279). Although there were no group or group by time interactions observed, 

anaerobic peak power for PLA and PRO at post-testing (856.3 ± 51.6, 812.8 ± 175.4, 

respectively) achieved peak power that was approximately 50-100 W lower than intermediate 

(917.7 ± 120.1 W) or professional (907.50 ± 140.7 W) contemporary dancers (60). Isokinetic 

peak torque for PLA and PRO at post-testing (180o/s-1) for quadriceps (97.7 ± 10.4 Nm, 105.9 ± 

16.9, respectively) and hamstrings (60.2 ± 7.1 Nm, 65.4 ± 14.3, respectively) were similar to 

previous findings from Koutedakis et al. (131), who examined quadriceps and hamstrings 

strength pre (Q: 120.0 Nm, H: 65.0 Nm, respectively) and post 12 weeks of strength training (Q: 

140.0 Nm, H: 78.0 Nm, respectively). Our muscular strength findings further support the notion 

that dance training alone provides suboptimal loading and may result in reduced lower body 

muscular strength compared to non-dancer controls (131). Additionally, studies have shown 

improvements in quadriceps and hamstrings strength without observing changes in 

circumferences, which indicates a maintenance of aesthetic competence (131, 256). Aerobic 

fitness of the current population at post-testing was not different (PLA: 42.1 ± 3.0 ml/kg/min, 

PRO: 42.8 ± 4.1 ml/kg/min; p=0.292) and supports previous findings among professional ballet 

dancers (42.8 ± 4.32 ml/kg/min) (280), professional contemporary dancers (43.6 ± 2.3 

ml/kg/min) (60), collegiate ballet dancers (40.8 ± 1.6 ml/kg/min) (269), and collegiate 

contemporary dancers (47.5 ± 3.1 ml/kg/min) (62). Aerobic fitness of the current population is 

congruent with numerous studies that have investigated aerobic fitness of both professional and 

collegiate dancers (60, 62, 129, 257, 280). It is likely that the achieved VO2max for both PLA and 

PRO did not change over the course of the 12-week study or in response to supplementation 

because there were no changes in body weight and dance training alone does not provide 
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development of the aerobic system (257). The literature demonstrates that dancers consistently 

achieve a VO2max far lower than other athletic populations (ex: gymnastics, swimming, 

volleyball) and are more similar to a sedentary population (8, 257). 

 

4.2.3 Resting Metabolic Rate & Nitrogen Balance 

  Resting metabolic rate (RMR) has been investigated in previous studies where diet and 

exercise are manipulated because changes in metabolism are largely dependent upon 

maintenance of LM. On average, both PLA (1,293.7 ± 91.9 kcal/day) and PRO (1,269.5 ± 118.0 

kcal/day) were similar compared to previous RMR testing using female ballet dancers (age 17.1 

± 0.9 years) whose measured RMR was 1,198 ± 142.0 kcal/day (139).  However, the hypothesis 

that RMR would be greater in PRO compared to PLA due to increases in LM cannot be 

supported in the present study. Even when RMR is adjusted for LM in PLA and PRO (32.8 ± 3.1 

kcal/kg LM/day vs. 31.3 ± 2.0 kcal/kg LM/day, respectively), there were no observed differences 

(p=0.116). This may be partly due to the fact that the minimal changes in LM (PLA: -1.1 ± 0.7 

kg; PRO: 0.2 ± 0.6 kg) were too small to induce changes in RMR. Geliebter et al. (93) measured 

body composition and RMR in a diet intervention providing 1.0 g/kg/day with either strength 

training, aerobic training, or diet only in an obese population. Although LM was attenuated in the 

diet with strength training when compared to the diet with aerobic training or diet alone, 

attenuation of LM did not translate to conservation of RMR, which supports our current findings. 

Additionally, Arciero et al. (16) observed no changes in RMR in an obese population following a 

56-day high protein (35% total caloric intake) diet regardless of the observed LM increases (+0.9 

kg). Lack of changes in RMR in previous studies (16, 93, 139) as well as the present study may 

be explained by factors other than LM (i.e., FM and sex) that are known to contribute 

independently to RMR (12). As previously noted, menstrual cycle was not controlled for during 

the present study, which may have caused fluctuations in RMR from baseline, mid, and post-

testing. Studies have previously demonstrated that RMR can fluctuate as much as 3% (~200 

kcal/day) depending upon the menstrual cycle stage (30, 93). However, studies have also 

observed no changes in RMR in a female population consuming adequate energy intake (15, 17, 

171, 267), thus it is more reasonable to conclude that RMR was likely not influenced by 

menstrual cycle stages. 
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  Previous research suggests that in order to prevent declines in RMR in an athletic 

population, protein intake great enough to prevent negative nitrogen balance may be of 

significant importance (207, 239). Although RMR did not increase in PRO compared to PLA 

after 12 weeks of supplementation, PRO had positive nitrogen balance where PLA was in 

negative nitrogen balance. Even though nitrogen balance was not statistically different between 

groups, the nitrogen data may be meaningful for LM over a longer duration of time. It could also 

be suggested, even though our data show no differences, that attenuation of LM was in response 

to positive nitrogen balance. However, nitrogen balance cannot be used as a direct indicator of 

LM (207, 248, 249). It can be concluded, however, that protein intake was insufficient for 

dancers in PLA who consumed an average of 0.9 g protein/kg/day resulting in a negative 

nitrogen balance. Thus, dance training alone may not provide enough of a stimulus for muscle 

protein synthesis, and to avoid negative balance, higher exogenous protein is needed. Data from 

the current study suggest that in order for dancers to maintain a positive nitrogen balance, protein 

intake should be ~ 2.2 g protein/kg/day (average PRO consumption at post). However, we cannot 

conclude that moderate consumption (1.0-2.1 g protein/kg/day) would suffice as a minimum 

dose because we only observed low (0.9 g/kg/day) and high (2.2 g/kg/day) protein intake. The 

recommendation of 2.2 g of protein/kg/day is further supported by the notion that LM cannot be 

maintained while in negative nitrogen balance as seen in PLA at post-testing (LM: -2.7 ± 5.2 % 

Δ; NBAL: -2.0 ± 5.5 g). Additionally, Phillips and Van Loon (200) suggest in order to optimize 

FM and LM in an athletic population ~1.8-2.7 g protein/kg/day is ideal. It is important to note 

that underestimation of nitrogen excretion is inherent in all nitrogen balance studies especially at 

high protein intake levels. This can be attributed to additional nitrogen excretion which is not 

measured in feces, sweat, menstrual loss, hair, or skin (249). Overestimation, however, is 

unlikely in the present study because there was a sufficient diet adaptation period of longer than 

14 days (249). Although nitrogen balance has no apparent direct relation to muscle function, 

positive nitrogen balance is important to support muscle protein synthesis and amino acid 

oxidation and, specifically for athletes, attenuate losses in LM (207, 248). 

 

4.2.4 Cardiometabolic Markers of Health 

  Contrary to the current study, previous research has shown decreases in TG (-19.2 ± 

5.6%) and increases in oxidized LDL cholesterol (+10.6 ± 3.6%) following a high protein diet 
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(27% total caloric intake) compared to a moderate protein diet (16% total caloric intake) (116). 

However, the study by Jenkins, et al., (116) used men and women (55.6 ± 1.9 years) with 

hyperlipidemia (elevated LDL >74.0 mg/dL) and the high protein group was supplemented with 

vegetable protein (wheat gluten). Vegetable proteins in particular have been previously used for 

treatment of hyperlipidemia (136). Recently, a meta-analysis examining the effects of whey 

protein supplementation on blood lipid profiles concluded that results are inconsistent with 

regard to TC, LDL, and HDL but demonstrate a lowering effect on TG only (285). However, 

these lowering effects were eliminated when participants had a lower BMI (<30.0 kg/m2). This 

led the authors to conclude that whey protein supplementation is only efficacious for lowering 

TG in people with higher BMI (285). Although not well understood, it has been suggested that 

whey protein may reduce the number of chylomicrons or stimulate lipoprotein lipase to 

accelerate chylomicron clearance from blood and into the liver (98, 182). Similar to our findings, 

although contrary to our hypothesis, dancers in PRO did not decrease serum total cholesterol, 

LDL cholesterol, or TG after 12 weeks of whey protein supplementation. This could be partly 

due to both PLA and PRO exhibited healthy levels throughout the 12-week study. Failure to 

observe decreases in glucose concentration in PRO is supported by findings from Arciero et al., 

(15), who reported no significant group by time effects in glucose concentration in an overweight 

male and female population after 8 weeks on a high protein diet (35% total calories). Both the 

present study and Arciero et al., (15), sampled blood glucose in a fasted state. However, whey 

protein has shown lowering effects on glucose concentrations and increased insulin in an acute 

state (182). However, chronic supplementation of whey protein has also demonstrated decreases 

in fasting insulin concentrations (98). Long-term studies of protein supplementation on glucose 

metabolism in an athletic population are needed. 

  Insulin, leptin, cortisol, and IGF-1 showed no group, time, or group by time interactions. 

Therefore, these hormone markers do not elucidate the underlying mechanism that may have 

influenced body composition as a result of PLA or PRO supplementation. It is important to note 

that blood samples were measured in the morning following an 8-hour fast and anabolic 

hormones such as insulin (150) and IGF-1 (274) have been shown to respond acutely to protein 

intake. Therefore, we cannot exclude the possibility that whole day hormone profiles would 

provide a potential mechanism for body composition changes. Additionally, Willoughby et al. 

(274) proposed that local expression of IGF-1 in skeletal muscle is load sensitive and acts 
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independently of serum IGF-1, which indicates that the major impact of IGF-1 may be related 

more to muscle than serum concentrations (194, 274). It was expected that leptin would be 

greater in PRO due to the satiating effect of dietary protein, however, there were no group, time, 

or group by time effects. This finding is supported by the lack of changes in reported feelings of 

hunger, satiety, and desire to eat.  Arciero et al. (15) research supports the lack of changes 

observed in circulating leptin when comparing a high protein diet (35% total calories) and a 

traditional protein diet (15% total calories) as well as no change in satiety or desire to eat. 

However, contrary to the present study, those consuming protein more frequently (6x/day vs. 

3x/day) reported lower levels of hunger throughout the day (15). Studies that have involved 

protein supplementation with or without resistance training have demonstrated a conflicting 

cortisol response (91, 134, 169). Similar to the current study, Mettler observed neither a group, 

time, nor group by time effect in cortisol response to 4 weeks of increased protein (2.3 g/kg/day) 

intake compared to the control (1.0 g/kg/day protein) (169). Cortisol has also been found to 

remain unchanged following protein supplementation and resistance training for 5 weeks in 

resistance trained men (134). It has been previously suggested that resting cortisol concentrations 

may only change in response to long-term (>4 weeks) resistance training stresses in those that 

are already resistance trained (134). This is particularly interesting in the present study because 

both PLA and PRO had higher than normal morning resting cortisol (average range: 50-230 

ng/mL) at every time point. Increased cortisol production can be a result of either physical or 

psychological stress thus impacting whole body metabolism. The high cortisol levels observed in 

this study may be partly due to cortisol being elevated in the morning (91), when blood samples 

were taken, or psychological stresses associated with the competitive nature of dance (217) and 

body image self-esteem (154). 

 

4.2.5 Functional Dance Assessment 

 The functional dance assessment was created to evaluate dance performance based on 

control, power, aesthetics, and endurance that were hypothesized to improve with protein 

supplementation. To our knowledge, there is no objective scale to evaluate dance performance; 

therefore, we created the functional dance assessment evaluation tool. Each category was rated 

on a 1.0-5.0. Aesthetics received a greater differences detected score in PRO between baseline 

and post-testing videos (2.6 ± 0.8) compared to PLA (1.9 ± 0.5; p=0.48). Although a greater 
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score does not directly relate to improved performance testing, improved aesthetics is 

physiologically important to this specific population. No other category received significantly 

different scores between groups. Although not statistically significant, PRO more frequently 

(77.8%) had the post-testing video selected as the overall best video compared to PLA (63.6%; 

p=0.518). Although this finding is unclear, it may be a result of 12 weeks of dance training 

throughout the semester or could possibly be a learned effect from being more comfortable with 

the identical choreographed dance phrase. It can be inferred that PRO received higher ratings for 

aesthetic differences detected between videos when compared to PLA, and the post-testing video 

was selected more frequently as the overall best video in PRO compared to PLA. Therefore, the 

present study demonstrated that 12 weeks of dance training and protein supplementation, may 

improve aesthetics. This is an important finding because aesthetics is less of a learned 

component from dance training than technique. Protein supplementation may provide a way to 

improve aesthetics in dance, which as discussed before, is a primary determinant in the success 

of a dancer and optimal performance. 

 

4.2.6 Limitations & Future Directions 

Limitations to the present study exist. First, our study did not have a true non treatment 

control group who maintained habitual dietary habits and had no additional supplementation. 

Therefore, we cannot rule out that our findings would have been different from female collegiate 

dancers who followed habitual dietary patterns. However, we found it imperative to include an 

isocaloric placebo to eliminate the potential confounding factor of increased caloric intake and 

allow for direct macronutrient comparison.  

Second, although we assigned weekly food logs and included food photo submission to 

improve diet analysis accuracy, food logs were not analyzed instantly upon submission. 

Therefore, we were unable to provide immediate feedback to the participants to encourage them 

to supplement their diet as opposed to replace foods with their supplement. Participants were 

instructed to maintain normal dietary habits, however, upon supplementation (+300 kcal/day) for 

both PLA and PRO, analysis of total caloric intake throughout all 12 weeks did not change. 

Based on weekly supplement distribution and monitoring, food logs and photos, subjective 

reports of hunger, satiety, and desire to eat, and participant comments, supplementation was 
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adhered to and well tolerated. This may be partly due to the fact that total caloric did not change 

over the 12 weeks. 

Lastly, although participants were given a familiarization period with all performance 

tests, it is possible that this type of testing was so foreign to dancers that any improvements may 

have been a result of continued familiarization. Although studies have also shown that energy 

metabolism and performance can vary among menstrual cycle stages (108), RMR has shown no 

changes in a female population who consume adequate energy intake, similarly to the present 

study (17, 172, 267). Therefore, another limitation of the current study is that menstrual cycle 

was not controlled for throughout the 12 weeks. Additionally, 50% of participants in the present 

study were taking an oral contraceptive and of the remaining 50% not taking an oral 

contraceptive, 25% did not have a normal menstrual cycle. However, studies have shown zero 

impact of oral contraceptive use or menstrual cycle phase on performance (108, 119, 252). 

Future studies should include changes in habitual exercise in addition to protein 

supplementation that is targeted specifically to dancers to understand more about optimizing FM 

and LM. More specifically, future studies should investigate ways to manipulate macronutrient 

distribution to ensure protein supplementation shifts macronutrient intake in a desired fashion. In 

addition, it appears that protein supplementation up to 2.4 g/kg/day was safe and resulted in no 

adverse effects in a female collegiate dance population. Furthermore, protein supplementation in 

addition to preexisting dance training improves LMI and aesthetic presentation, however the 

efficacy of protein supplementation without changes in habitual training to improve FM, LM, 

and dance performance are yet to be determined.  

 

4.2.7 Conclusion 

 In conclusion, this is the only study to implement a 12-week protein supplementation 

intervention in a female collegiate dance population. Despite achieving the recommended 

adequate protein spread and change for the duration of the study, FM and LM measurements did 

not change over 12 weeks of protein supplementation. However, the combined changes in FM 

and LM translated to improvements in LMI and aesthetic presentation in PRO compared to PLA. 

Aesthetics is arguably one of the most important qualities for a dancer, so even though FM and 

LM were not statistically significant and aesthetic presentation was a subjective measure trends 

observed in the present study are physiologically important contributions to dance science 
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research. Additionally, although not statistically significant, PLA demonstrated a negative 

nitrogen balance upon completion of the study, which gives robust evidence to increase dietary 

protein recommendations in a female collegiate dance population. Based on trends in nitrogen 

balance observed in the present study, protein intake for a dance population should be increased 

to ~2.2 g/kg/day to optimize LMI and to avoid chronic negative nitrogen balance.  

The amount of protein supplemented in this study was well tolerated and adhered to by 

participants and did not negatively impact measures of health or performance. This is an equally 

important finding, as it will help contribute to dearth of research in diet and dance. In addition to 

diet interventions, further research is needed to determine the acceptability and likelihood of 

dancers following protein supplementation throughout both training and performance seasons. 

Ultimately, a dance population would greatly benefit from further protein supplementation 

studies as well as a pedagogical shift to view diet as fueling for performance. 
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