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Research shows that Exercise-Associated Menstrual Dysfunction (ExMD) ranges 

from 6-79% of active women, depending on the sport. The primary contributor to ExMD 

is hypothesized to be low energy availability or relative energy deficiency in sport, due to 

insufficient energy intake to match exercise energy expenditure. Because many active 

women are health conscious and select healthy foods, they may select low energy dense 

foods that inadvertently contribute to lower energy intakes and increased satiety. 

PURPOSE: To determine if active women with ExMD consume a diet lower in energy 

density and higher in dietary fiber compared to eumenorrheic active controls. 

METHODS:  Active women with ExMD (n=9, age=24+6y, 

VO2MAX=49.3+5.5mL/kg/min, body fat=20.7+6.0%) and those with eumenorrhea (n=18, 

age=27+6y, VO2MAX=53.0+5.2mL/kg/min, body fat=19.0+5.7%) were recruited. Energy 

density was calculated from 6-7 day weighed food records using two methods: Method 1 

included all beverages (e.g. juice, milk, soda, coffee, tea, alcohol, sport drinks) except for 

water. Method 2 included only food and liquid meal-replacement beverages and excluded 

all other beverages. Group comparisons for energy density and fiber intakes were done 

using one-sided unpaired t-tests; one-way ANOVA was used to test remaining variables. 



 

 

RESULTS: There were no group differences in dietary fiber intake 

(ExMD=11.6+3.1g/1000 kcal/d; EU=12.9+3.3 g/1000kcal/d) (p>0.05) or dietary energy 

density. Overall, the mean dietary energy density was 10% lower in the ExMD (Method 

1: ExMD=1.13+0.17 kcal/g, EU=1.28+0.28 kcal/g; Method 2: ExMD=1.57+0.25 kcal/g, 

EU=1.75+0.26 kcal/g; adjusted p=0.098); this translates into a 9% decrease in energy 

intake. Using Method 1, 100% in the ExMD group vs. 67% in the eumenorrheic group 

consumed a low energy dense diet. Using Method 2, 44% in the ExMD group vs. 11% in 

the eumenorrheic group consumed a low energy dense diet. Energy (ExMD=2237+378 

kcal/d; EU=2456+470 kcal/d) and macronutrient intakes (g/kg and % of energy) did not 

differ between groups. CONCLUSIONS: Regardless of the energy density method used, 

there were no differences in energy density between groups. Overall both groups 

consumed diets classified as either low or moderately low in energy density, with a 

greater percentage of ExMD athletes consuming a low energy dense diet.  While not 

significant, energy density was 10% lower in ExMD active women, which resulted in a 

similar 9% decrease in energy intake. This relationship between energy density and 

energy intake is consistent with that observed in the research literature.  Further research 

needs to examine the interaction of dietary energy density and exercise on appetite and 

energy intake in active women, especially those in lean-build sports.  
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Comparison of Dietary Energy Density between Active Women with and without Exercise-
Associated Menstrual Dysfunction (ExMD). 
 
Chapter 1: Introduction 
 

Compared to their non-active counterparts, active women are often preoccupied with 

their body weight and shape for both performance and aesthetic reasons. This preoccupation can 

lead to diet and physical activity compensatory behaviors aimed at decreasing body weight. 

Strategies used by active women to control body weight include restricting energy intake, 

altering diet composition, and/or increasing level and intensity of daily exercise/training. Their 

ultimate goal is to achieve a state of negative energy balance, resulting in weight loss or 

maintenance of a low body weight. Unfortunately, achieving this goal can also lead to low 

energy availability (EA), which is defined as the energy remaining to fuel basic physiological 

processes after exercise energy expenditure has been subtracted. Chronic negative energy 

balance and low EA put active women at increased risk for developing exercise-associated 

menstrual dysfunction (ExMD). The negative health consequences of ExMD include increased 

risk of poor bone health, injury and stress fractures, illness, impaired nutritional status, and 

decreased exercise performance (Mountjoy et al., 2014; Nattiv et al., 2007). Two of these factors, 

poor bone health and inadequate energy intake (e.g. EA), are components of the female athlete 

triad (Triad) (Nattiv et al., 2007).  

Research now shows that the consumption of a low energy dense diet can increase satiety 

and reduce energy intake (Ello-Martin, Roe, Ledikwe, Beach, & Rolls, 2007; Williams, Roe, & 

Rolls, 2013), which can ultimately contribute to weight loss in overweight and obese individuals. 

Low energy dense diets are high in whole fruits and vegetables, whole grains, especially wet 

grains such as brown rice and oatmeal, and low-fat protein foods (e.g. beans and reduced fat 

dairy and lean meats). These diets also eliminate or dramatically reduce high calorie sweetened 
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beverages. The goal of this dietary approach is to replace high energy dense foods with more low 

energy dense foods that are high in water and volume, which increases a sense of fullness and 

satisfaction after a meal (Ello-Martin et al., 2007). The energy density (ED) of food is defined as 

the energy (kcal) per gram (g) of food. Thus, a low energy dense food, such as an apple 

(ED=0.59 kcal/g), is higher in volume and lower in kcals/g than a high energy dense food, such 

as potato chips (ED=5.46 kcal/g).  Overall, a low energy dense diet can have similar weight of 

food (g/day) as a high energy dense diet but the diet will be lower in total energy (kcal/d). Many 

health conscious, lean, active women consume low energy dense diets for their health benefits 

(personal communication). The overall result can be a lower overall energy intake at a time when 

exercise energy demands are high. Thus, we hypothesize that active women with ExMD may 

self-select diets lower in energy density compared to active controls.  

For the female athlete with ExMD, restoring normal menses is an important factor in 

protecting the bone health of active women, who are at higher risk for low bone mineral density 

(BMD) and the development of stress fractures (Joy & Campbell, 2005; Mountjoy et al., 2014; 

Nattiv et al., 2007). Recent research has shown that the incidence or likelihood of developing a 

bone stress injury is greater with an increasing number of Triad risk factors, especially for 

women in weight-bearing sports or sports that emphasize a lean build such as distance running, 

gymnastics, dance or weight class sports (Barrack et al., 2014; Gibbs et al., 2014). Effective 

interventions that reverse or reduce risk for ExMD in active women require better understanding 

of how dietary behaviors influence energy intake, timing of appetite and eating around exercise, 

and eventually menstrual status. 

 This thesis will focus on the dietary habits of active women with and without ExMD and 

is divided into four chapters. Chapter 1 provides a brief introduction to this research project. 
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Chapter 2 is a review of the research literature addressing the Female Athlete Triad, specifically 

relating to ExMD, reviewing the causes and potential treatments. We also review the literature 

relating to appetite and dietary energy density. This literature review will set the stage for a 

research project focused on examining the differences in energy density between ExMD and 

eumenorrheic active women. Chapter 3 contains the research for this thesis written in manuscript 

format. Lastly, Chapter 4 restates the research hypotheses and conclusions, including how the 

research findings may change how we make dietary recommendations we make to active women. 
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Chapter 2: Literature Review 
 

2.1  Prevalence of Exercise-Associated Menstrual Dysfunction (ExMD) 

Menstrual function exists on a continuum ranging from normal (eumenorrhea) to 

dysfunctional (oligomenorrhea) to no (amenorrhea) menses. Eumenorrhea is generally defined as 

having regular menstrual cycles throughout the year, while amenorrhea is classified as having no 

menstrual cycles for more than 90 days (Manore, Kam, & Loucks, 2007; Nattiv et al., 2007). 

Further, amenorrhea can exist as either primary, delay of menarche until after age 15, or 

secondary, amenorrhea develops after menarche has occurred (De Souza et al., 2014; Mountjoy 

et al., 2014; Nattiv et al., 2007).  ExMD, such as amenorrhea or oligomenorrhea, disrupts a 

number of reproductive and metabolic hormones that can have negative long-term health effects, 

including increased risk for bone stress injuries, such as stress fractures (Mountjoy et al., 2014; 

Nattiv et al., 2007). Thus, it is important to understand the etiology of menstrual disturbance with 

the goal of restoring normal menstrual function in active, exercising women. 

ExMD is estimated to affect 6-79% of active women, with almost half of all exercising 

women showing signs of subclinical menstrual dysfunction, such as anovulation or luteal phase 

defects (Beals & Manore, 2002; Gibbs, Williams, & De Souza, 2013). Recent research has 

examined the prevalence of Triad risk factors (low energy availability (EA), menstrual 

dysfunction and impaired bone mineral density (BMD)) in active women. Results showed that 

the prevalence of all three risk factors ranges from 1.5-6.7% of those participating in sports 

emphasizing a lean build compared to 0-2% in non-lean sports. Similarly, having at least one 

Triad risk factor ranged from 16-60% of active women regardless of sport type (Gibbs et al., 

2013). 

2.2 Normal Menstrual Function  
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In order to understand menstrual dysfunction, it is important to understand normal 

menstrual function. The normal menstrual cycle (e.g. eumenorrhea) lasts between 28-32 days 

and is split into two phases based on hormonal levels and fluctuation. The first day of 

menstruation is considered day one of the cycle, and the start of the follicular phase. 

Menstruation lasts between 3-8 days during which time levels of estrogen and progesterone are 

low. After menstruation ceases during the follicular phase, follicle stimulating hormone (FSH) is 

released and stimulates a single follicle to grow and develop. Rising levels of estrogen and low 

levels of progesterone mark the later part of the follicular phase. The follicle secretes estradiol, 

which stimulates the release of luteinizing hormone (LH). Halfway through the cycle  (e.g. days 

15-18) estrogen peaks and LH stimulates ovulation, starting the luteal phase of the cycle. During 

this phase estrogen levels start to drop, while the ovaries increase estradiol and progesterone 

production. After the egg is released from the ovary, if it is not fertilized it becomes the corpus 

luteum, which then takes over production of estradiol and progesterone for the rest of the cycle. 

If no fertilization occurs, the corpus luteum breaks down, thus completing one menstrual cycle. 

This cycle will occur monthly under normal conditions from the time a woman hits puberty until 

menopause (Dueck, Manore, & Matt, 1996; Hall & Guyton, 2011). However, there are a number 

of factors that can affect normal menstrual function and cause disruptions in the cycle, or 

premature cessation of the cycle altogether. 

2.3 Menstrual Dysfunction and Irregularities 

 Menstrual function occurs on a continuum from eumenorrhea to amenorrhea. Similarly, 

there are varying degrees of menstrual dysfunction. Normally, the luteal phase of the menstrual 

cycle lasts between 12-14 days. In luteal phase defect, the luteal phase is shortened and the 

ovaries do not secrete adequate progesterone (De Souza, 2003; Hall & Guyton, 2011). Similarly, 
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anovulatory cycles can result in prolonged intervals between menses, lasting 35 days or greater. 

In this case, anovulatory cycles would be considered oligomenorrhea. However, anovulatory 

cycles can be difficult to diagnose due to the fact that menses can still occur regularly. Unless 

ovulation testing is done each month, it is almost impossible to know if a cycle is anovulatory, 

which can make classifying and diagnosing menstrual dysfunction difficult (De Souza et al., 

2007; Hall & Guyton, 2011).  

2.4 Contributing Factors and Health Effects of Exercise-Associated Menstrual 
Dysfunction  
 
A number of factors have been shown to affect ExMD, including age, weight, 

psychological stress, nutritional or energy inadequacies, genetic predisposition, percent body fat 

and the amount and intensity of exercise (Beals & Manore, 2002). In the present study, we will 

examine the possible exercise behaviors, dietary behaviors and food choices that may contribute 

to energy and nutritional imbalances associated with the development of ExMD.  

Energy imbalance (or energy deficiency), due to insufficient energy intake to fuel high 

levels of exercise energy expenditure, is hypothesized to be one of the primary contributors 

leading to the development of ExMD in active women (Beals & Manore, 2002; Mountjoy et al., 

2014; Nattiv et al., 2007; Rodriguez, DiMarco, & Langley, 2009).  Negative energy balance, low 

EA, or relative energy deficiency, are all methods of describing inadequate energy intake in 

active women. Negative energy balance is determined by measuring or estimating total energy 

intake and subtracting total exercise energy expenditure. EA is defined as energy intake minus 

exercise energy expenditure, and normalized per kilogram of fat free mass (FFM) (Mountjoy et 

al., 2014; Nattiv et al., 2007). Thus, EA is the energy remaining after exercise energy 

expenditure is subtracted, and represents the energy remaining to fuel physiological processes 

such as cell maintenance, thermogenesis, immunity, growth, reproduction, and movement 
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(Manore et al., 2007). Research suggests that in sedentary lean women energy balance occurs 

when EA is ~45 kcal/kg FFM. For example, when sedentary lean women were put on an energy 

restricted diet, and EA dropped to less than 30 kcal/kg FFM, reproductive function and bone 

formation were negatively impacted (Loucks & Thuma, 2003). Relative energy deficiency is a 

new term used to indicate that the energy intake in an active individual is not adequate to cover 

the daily energy demands plus the additional energy demands of exercise. This term was coined 

to include all athletes, not just female athletes, who do not consume adequate energy intakes 

(Mountjoy et al., 2014). 

ExMD can have negative long-term health effects. For example, ExMD can negatively 

impact bone health by reducing the achievement of peak BMD, or increasing the loss of BMD 

(De Souza et al., 2008; Drinkwater et al., 1984). Energy deficiency, which induces a state of low 

estrogen, has been cited as a major factor negatively affecting bone metabolism in active, 

amenorrheic women. Low estrogen levels increase bone resorption; leading to increased fracture 

risk (De Souza et al., 2008). In addition, ExMD can increase the risk for stress fractures and soft 

tissue injury, which can increase sick days and time away from training (Mountjoy et al., 2014; 

Nattiv et al., 2007).  

 Most recently, the International Olympic Committee (IOC) released a consensus 

statement reexamining the impact of relative energy deficiency on health in active individuals. 

This broader approach of defining energy status in active individuals includes the Female Athlete 

Triad. This consensus statement encourages health professionals to refer to all conditions where 

energy intake is deficient for energy needs as a syndrome entitled Relative Energy Deficiency in 

Sport (RED-S). This redefinition reflects the fact that relative energy deficiency negatively 

affects a number of physiological functions important for health, wellbeing and optimal sport 
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performance (Mountjoy et al., 2014). No longer is the Female Athlete Triad limited to low EA, 

amenorrhea and osteoporosis; RED-S now also includes the effects of energy deficiency on 

immunity, protein synthesis and cardiovascular health, among others. RED-S also occurs in 

males, reflecting the fact that eating disorders and disordered eating do occur in males, albeit at a 

lower rate than their female counterparts. Males in sports emphasizing a lean build, such as 

cycling, endurance running, wrestling and jockeys, are still prone to the same pressures to be thin. 

For instance, one study found that male cyclists had an EA of 8 kcal/kg/FFM/d (Vogt et al., 

2005). While it is important to be aware that these similar issues occur in males, the focus of this 

paper is on active women and exploring some of the dietary factors that may lead them to 

consume a diet that is not sufficient to fuel their higher energy needs.  

For an active female, reducing EA or negative energy balance may result from two 

primary factors: 1) increased exercise energy expenditure without adequate compensatory 

increase in energy intake (e.g. reduced appetite and/or consumption of low energy dense foods), 

or 2) by decreased energy intake due to an eating disorder or severe dieting. Research shows that 

active women with ExMD have a higher prevalence of eating disorders than active women with 

normal menstrual function (Cobb et al., 2003).  

2.5 Dietary Energy Density and Energy Intake 

Energy density is defined as the ratio of energy (kcal) in a food and its weight in grams (g) 

(Ledikwe et al., 2005; Rolls, 2009). Diets low in energy density are usually associated with a 

lower energy intake and higher quality diet due to the types of foods that are typically chosen 

(Ledikwe et al., 2006). A low energy dense diet is high in whole fruits and vegetables, low-fat 

dairy, and whole grains. These foods, while low in energy per serving, tend to be filling because 

of the volume of food consumed and their high fiber content. Thus, energy density of the diet can 
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be classified into four categories based on the foods consumed: very low (<0.6 kcal/g), low (0.6-

1.5 kcal/g), medium (1.5-4.0 kcal/g) and high (>4.0 kcal/g) (Sweat & Manore, 2012). See Table 

2.1 for examples of foods classified as very low, low, medium and high in energy density. 

Table 2.1. Examples of Very Low, Low, Medium and High Energy Dense Foods
Very Low (<0.6 kcal/g) Low (0.6-1.5 kcal/g) Medium (1.5-4.0 kcal/g) High (> 4.0 kcal/g) 
Most whole fruits: 
blueberries, oranges, 
grapes, grapefruit, 
peaches, pears, nectarines, 
and apples 

Other fruits: bananas, 
papayas 

Dried fruits: apricots, 
raisins, apples 

Nuts and nut butters 

Most whole vegetables: 
carrots, tomatoes, lettuce, 
broccoli, cauliflower, 
spinach, and zucchini 

Starchy vegetables: peas, 
corn, winter squash, and 
baked potato with skin 

Whole wheat (WW) 
breads, WW English 
muffins, WW bagels 

Graham crackers, cookies, 
muffins, pastries, other 
foods with added sugar 
and fat 

Skim milk or low-fat 
yogurt 

Fat-free cottage cheese Mozzarella or Swiss 
cheese 

Other cheeses (cheddar, 
Brie), mayonnaise, sour 
cream 

Broth-based soups Cooked grains (whole 
wheat spaghetti, oatmeal, 
brown rice) 

Baked snack foods: 
pretzels, tortilla chips 

Potato chips, regular 
tortilla chips, pretzels 

 Legumes and low-fat 
meats (tuna, turkey, and 
chicken without skin) 

Eggs, sirloin steak, pork 
chops 

Candy (all types) (eg., 
M&M’s, chocolate bars) 

Source: Sweat, W., & Manore, M. M. (2012). Too good to be true?: Eating more and losing weight with a low 
energy dense diet. ACSM's Health & Fitness Journal, 16(4), 22-28. Used with permission. 

 
Low energy dense diets have been shown to be an effective strategy for weight loss (Ello-

Martin, Ledikwe, & Rolls, 2005; Ello-Martin et al., 2007). Research shows that individuals rely 

more on external cues indicating the volume and weight of food consumed, rather than the 

energy content of the food, for satiation. For example, Bell and colleagues (1998) allowed 

subjects to consume food ad libitum from three diets with high, medium or low energy density 

(Bell, Castellanos, Pelkman, Thorwart, & Rolls, 1998). Those consuming the high energy dense 

diet consumed significantly more energy (1800+86 kcal/d) than those in the medium (1519+67 

kcal/d) or low energy dense (1376+43 kcal/d) diets. None of the diet groups reported a difference 

in appetite, thus, indicating that visual cues of volume effect intake more than energy content.  

The energy density of the diet can be manipulated in a number of ways, either by 

decreasing fat content, increasing servings of fruits and vegetables or adding water to the diet 
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(Williams et al., 2013). For example, Williams and colleagues (2013) altered the dietary energy 

density of normal weight adults using these three methods. Compared to the standard meal, 

reducing fat decreased the total energy intake by -396+44 kcal/d, while increasing fruits and 

vegetables or water decreased energy density by -308+41 kcal/d and -230+35 kcal/d, 

respectively. Thus, for overweight or obese populations reducing fat intake may be the most 

effective way to decrease the energy density of the diet and subsequent energy intake. 

Additionally, they found that adding water to the diet significantly decreased energy density 

energy intake, which questions whether beverages should be included in the calculation of 

energy density.  

 Although energy density is defined as g/kcal there is no standard method of calculating 

energy density and nutrient analysis programs do not provide these data.  Thus, the calculation 

method for energy density is left to the discretion of the researcher and their objective (Ledikwe 

et al., 2005; Vernarelli, Mitchell, Rolls, & Hartman, 2013). Currently, the calculation of energy 

density is done using only foods or foods plus beverages.  Beverages add a significant amount of 

weight to the diet but do not have the same satiating effects as whole foods, resulting in 

controversy whether they should be included in the energy density calculation. Moreover, when 

beverages contain added sugar, fat and protein (such as liquid meal replacement drinks or some 

sport drinks) they have higher ratings of satiety compared to an isocaloric sugar-only drink (e.g. 

soda pop) (St-Onge et al., 2004). Similarly, DellaValle and colleagues found that energy intake 

increased when caloric beverages were added to a meal without a subsequent increase in hunger 

or satiety ratings (DellaValle, Roe, & Rolls, 2005). Thus, the inclusion of beverages, especially 

non-caloric beverages, can make the energy density of the diet disproportionately low, which 

may not be reflective of the individual’s actual diet. Generally, water is left out of all calculations 
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of energy density (Ledikwe et al., 2005; Vernarelli et al., 2013). Liquid meal replacement 

beverages and other drinks such as smoothies, are sometimes included because they can be as 

satiating and have a macronutrient composition similar to whole food (Ledikwe et al., 2005; 

Vernarelli et al., 2013).   

To promote weight loss in overweight and obese subjects, a low energy dense diet can be 

an effective strategy for reducing energy intake while still consuming the same volume of food. 

However, for active women with high energy needs, consuming a low energy dense diet may 

cause them to reach satiety or fullness before their energy needs are met; thus, putting them in a 

state of negative energy balance and low EA that could lead to ExMD.  

2.6 Previous Research on Energy Density in Active Women 

To date, only one study has examined the potential differences in dietary energy density 

in active women with and without ExMD. Reed and colleagues (2011) found that active women 

with ExMD consumed diets that were significantly lower in energy density (~27% lower) 

compared to eumenorrheic active women. However, they only saw differences in energy density 

when all beverages, except water, were included in the calculation. Unfortunately, they did not 

use the more acceptable method for calculating energy density (Ledikwe et al., 2005). Typically, 

non-caloric beverages (e.g. diet soda, plain coffee and tea) are not included in the calculation 

because they disproportionately lower the energy density of the diet. Thus, calculations done this 

way may not be reflective of the actual energy density of the diet, since non-caloric beverages 

are not as satiating as whole food sources. Finally, they examined the impact of energy density 

on the gut hormone peptide hormone PYY. They found that in the ExMD group, low energy 

dense diets increased levels of this anorexigenic gut hormone (Reed et al., 2011). 



 

 

12

Low EA and relative energy deficiency have been cited as the primary factor   

contributing to menstrual dysfunction and altered bone metabolism, thus, treatment and 

prevention strategies should focus on increasing energy intake in active women with menstrual 

dysfunction (De Souza et al., 2014; Mountjoy et al., 2014; Nattiv et al., 2007). Nutritional 

interventions aimed at increasing energy intake have been shown to restore menstrual function in 

women with ExMD, with time for restoration depending on the duration of the menstrual 

dysfunction (Cialdella-Kam, Guebels, Maddalozzo, & Manore, 2011; Mallinson et al., 2013).  

Research shows that adding additional calories, in the form of a carbohydrate-protein shake (e.g. 

360 kcals/d) post-exercise, effectively restored menses in active women with ExMD over a 6 

month intervention (Cialdella-Kam et al., 2011). Because the shake was provided as a one-time 

dose, some participants found the volume difficult to consume.  Thus, the energy intake (360 

kcal) and the total volume (325 ml) that needed to be consumed may have negatively affected 

appetite, including the time and food choices at the next meal. Consuming foods that are higher 

in energy density, such as nuts, nut butters, avocado, cheese and hummus, are other options that 

can increase dietary energy density and total energy intake in more manageable doses throughout 

the day.  

2.7 Energy Density and Appetite  

Diets low in energy density are typically higher in fiber content, due to the types of foods 

that are typically consumed (i.e., whole fruits and vegetables, beans and legumes, whole grains, 

broth- and vegetable-based soups) (Rolls, 2009). A high fiber diet is more satiating than a diet 

lower in fiber (Flood-Obbagy & Rolls, 2009). Taken together these two factors (low energy 

density and high fiber) suggest that a low energy dense high-fiber diet will have a higher 

satiating factor leading to decreased appetite compared to a high-energy dense diet low in fiber. 
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Satiety refers to the body’s response to how much food has previously been consumed (e.g. how 

quickly you get hungry again after a meal). Conversely, satiation refers to the body’s immediate 

response to the intake of food at a meal (Rolls, 2000). Increased satiation to a meal, increased 

satiety between eating occasions, and decreased appetite all contribute to a decrease in total 

energy consumption (Rolls, 2009). For active women with high energy needs, consumption of a 

low energy dense diet may hamper their ability to match energy intake to increased energy needs, 

thus, leading to low EA and negative energy balance. 

2.8 Effect of Exercise on Appetite  

Exercise not only increases energy expenditure, but can indirectly influence energy intake 

via changes in appetite.  A growing body of research indicates that an acute bout of exercise can 

suppress appetite (Coll, Farooqi, & O'Rahilly, 2007; Martins, Morgan, Bloom, & Robertson, 

2007; Stensel, 2010). Recent studies have shown that circulating appetite-regulating hormones, 

such as ghrelin, PYY3-36 and glucagon-like peptide (GLP-1), are altered such that appetite is 

suppressed immediately following exercise (Broom, Batterham, King, & Stensel, 2009; Martins 

et al., 2007). These findings support the role of exercise-induced appetite-suppression following 

aerobic exercise.  

Appetite-regulating hormones either increase or decrease to stimulate or dampen appetite. 

Ghrelin, a hormone produced mainly by the P/D1 cells of the stomach, is unique in that it 

stimulates appetite. Circulating ghrelin levels rise prior to a meal to stimulate appetite and 

subsequently fall once a meal is consumed. Recently, studies report suppressed circulating 

ghrelin following acute aerobic exercise (Broom et al., 2009; King, Miyashita, Wasse, & Stensel, 

2010; Vatansever-Ozen, Tiryaki-Sonmez, Bugdayci, & Ozen, 2011). Although transient, 

suppression of ghrelin following exercise may decrease appetite and subsequent food intake 
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post-exercise. Similarly, an acute bout of endurance exercise increases secretion of the gut 

hormones PYY3-36 and GLP-1 leading to appetite suppression (Broom et al., 2009; Martins et al., 

2007; Ueda, Yoshikawa, Katsura, Usui, & Fujimoto, 2009). Circulating levels of PYY, secreted 

from the L-cells in the small intestine, are low during fasting and rapidly increase following a 

meal. Two forms of PYY exist: PYY1-36 in the gut causes local effects on motility, while PYY3-36 

released into the circulation reduces food intake centrally via central nervous system mediated 

mechanisms (Coll et al., 2007; Stensel, 2010). GLP-1 is also released from the L-cells of the 

small intestine in response to food intake. Locally, GLP-1 is involved in satiety by slowing 

gastric emptying, while circulating GLP-1 is a central appetite suppressor. GLP-1 is also a potent 

stimulator of glucose-dependent insulin release from the pancreas, involved in long-term energy 

balance (Coll et al., 2007).  

Research examining the effect of exercise on appetite-regulating hormones in active 

individuals is an emerging area of research, with the majority of the studies done in active males 

(VO2MAX ≥45 mL/kg/min) and only two studies in active women (VO2MAX≥40 mL/kg/min). In 

active, trained men, research shows that gut hormones are altered in the direction of appetite 

suppression, with increased levels of PYY and GLP-1 and decreased levels of acylated ghrelin 

(Howe, Hand, & Manore, 2014; King et al., 2010; Martins, Kulseng, King, Holst, & Blundell, 

2010; Vatansever-Ozen et al., 2011). Only two studies have examined the effect of exercise on 

appetite in active women. Only one of these studies measured appetite regulating hormones 

(Larson-Meyer et al., 2012) and both found no differences in subjective ratings of appetite post-

exercise (Larson-Meyer et al., 2012; Pomerleau, Imbeault, Parker, & Doucet, 2004). More 

specifically, Larson-Meyer et al (2012) found that acylated ghrelin, PYY and GLP-1 all were 

elevated after 60 minutes of either running or walking at 70% VO2MAX (Larson-Meyer et al., 



 

 

15

2012). Post-exercise appetite suppression is typically characterized by suppressed orexigenic 

hormone levels, acylated ghrelin, and elevated anorexigenic hormones, PYY and GLP-1 (Howe 

et al., 2014). Given these conflicting results, more research needs to be done to determine if the 

appetite response of active women after exercise differs from men. Thus, the appetite response is 

likely to be different in active or athletic women, who are adapted to the stress of exercise. A 

clearer understanding of how exercise impacts appetite in this population will also help in 

making clear dietary and food related recommendations to active women. 

For weight stable, active women and female athletes in training periods, the above 

research indicates that moderate exercise may transiently lead to suppression of appetite. This 

effect may last for a limited time (~60 min) before returning to normal (Martins et al., 2007). 

However, the period 30-45 minutes post-exercise is important for replenishing glycogen stores 

and providing protein for muscle building and repair, both crucial for recovering for the next 

exercise bout (Rodriguez et al., 2009). If appetite is reduced during this time period, there is an 

increased probability that an athlete will not eat appropriately and/or may alter their selection of 

food. Thus, convenient, palatable and health sport related foods providing adequate amounts of 

carbohydrate-protein, may be important to have available after exercise. This product should be 

palatable to individuals with a decreased appetite, energy dense, and part of the total energy plan 

for the active individual. Some active individuals, including athletes, may need to learn to eat 

when they are not hungry in order to meet energy needs.  

2.9 Summary 
 
Consuming a low energy dense diet is a healthy way to eat for the majority of the 

population. However, for some active women this eating pattern may not provide enough energy 

and nutrients to meet the increased energy demands of exercise, thus, leading to low energy 

availability and eventually to ExMD. Compounded with the effects of exercise on appetite, it 
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may be difficult for these women to consume enough energy through whole foods alone. Thus, it 

may be important to recommend making dietary changes aimed at increasing the consumption of 

high energy dense foods in the diet. This can be done through whole food sources such as nuts, 

nut butters, avocado, oils, hummus, granola, cheese or the inclusion of some type of 

carbohydrate-protein supplement (e.g., a sport bar or shake) to increase the energy density and 

caloric content of the diet of active women with ExMD (Cialdella-Kam et al., 2011).  How 

energy dense sport foods (e.g. shake, bars, gels) are added to the diet will depend on a number of 

factors, including personal preference, time and location. These active women may also need to 

learn to eat even if they are not hungry.  
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Chapter 3: Research Manuscript 
 

Title of Article: Comparison of Dietary Energy Density between Active Women with and 

without Exercise-Associated Menstrual Dysfunction (ExMD). 

Journal Style: International Journal of Sport Nutrition and Exercise Metabolism  

3.1 Introduction  

 Exercise-associated menstrual dysfunction (ExMD) affects between 6-79% of active 

women, with almost half of all exercising women exhibiting subclinical menstrual dysfunction, 

such as anovulation or luteal phase defects (Beals & Manore, 2002; Gibbs et al., 2013). Women 

in sports that emphasize a lean build or revealing clothing, such as distance running, gymnastics 

or figure skating, are especially at risk (Beals & Manore, 2002; Gibbs et al., 2013). The Female 

Athlete Triad (Triad) links ExMD with disordered eating and low bone mineral density (BMD), 

with the cause of the ExMD attributed to low energy availability (EA) or relative energy 

deficiency in sport (RED-S) (Mountjoy et al., 2014; Nattiv et al., 2007). Energy availability is 

defined as the energy remaining to fuel basic physiological processes after exercise energy 

expenditure has been subtracted. In addition to its negative effect on menstrual function, low EA 

can negatively impact bone health, immunity, protein synthesis, injury recovery and 

cardiovascular health, among others (Mountjoy et al., 2014).  

ExMD, such as amenorrhea or oligomenorrhea, disrupts a number of reproductive and 

metabolic hormones that can have negative long-term health effects, including increased risk for 

bone stress injuries, such as stress reactions and stress fractures (Mountjoy et al., 2014; Nattiv et 

al., 2007). Recent research has examined the prevalence of Triad risk factors (low EA) or 

disordered eating and impaired BMD in active women. Results showed that the prevalence of all 

three risk factors ranges from 1.5-6.7% of those participating in sports emphasizing a lean build 
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compared to 0-2% in non-lean sports. The prevalence of having at least one Triad risk factor 

ranged from 16-60% of active women regardless of sport type (Gibbs et al., 2013). For most 

active women, low EA can be attributed to either a conscious effort to restrict energy intake (i.e., 

an eating disorder, disordered eating or dieting) or inadvertently not consuming enough energy, 

such as consuming a diet low in energy density.  

 Energy density is defined as energy (kcal) per gram weight (g) of food, thus diets low in 

energy density have a high volume of food but relatively low energy content. Low energy dense 

diets have been an effective strategy used for weight loss in overweight and obese populations 

(Ello-Martin et al., 2007; Rolls, 2009; Rolls, Roe, & Meengs, 2006). The goal of this dietary 

approach is to replace high energy dense foods with low energy dense foods, which are higher in 

fiber and water and have a greater volume, with the ultimate goal of increasing a sense of 

fullness and satisfaction after a meal. The outcome is a diet lower in energy for a high volume of 

food (Ello-Martin et al., 2007). Low energy dense foods include whole fruits and vegetables, 

whole grains (especially wet grains such as brown rice and oatmeal), low fat protein foods (such 

as beans, reduced fat dairy and meats). Active women who are health conscious and very lean, 

typically self-select a diet lower in energy density. While this is a healthy way to eat for the 

general population (McGuire, 2011), this dietary approach may not provide enough energy for 

highly active individuals whose exercise energy demands are high. Inadequate energy intake to 

match exercise expenditure can put active women in a state of relative energy deficiency (RED-

S), increasing the risk for Triad related disorders: menstrual disorders and subsequent negative 

health effects (Mountjoy et al., 2014; Nattiv et al., 2007).   

To date, only one study has examined the relationship between dietary energy density and 

ExMD in active women. Reed et al (2011) found that energy density was significantly lower in 
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active women with ExMD than eumenorrheic, ovulatory controls (Reed et al., 2011). However, 

this difference in energy density was only significant when non-caloric beverages were included 

in the energy density calculation. Whether such beverages are included in the calculation of 

energy density is currently controversial. Including non-caloric beverages in the calculation of 

energy density adds weight to the diet but no calories, thus potentially drastically lowering the 

energy density of the diet (Ledikwe et al., 2005; Vernarelli et al., 2013).    

The purpose of this study was to determine if dietary energy density differed in active 

women with and without ExMD using two different energy density measures (e.g. with and 

without beverages included). We hypothesize that active women with ExMD would consume 

diets lower in energy density and higher in fiber than eumenorrheic counterparts when non-

caloric beverages were excluded from the calculation.  

3.2 Methods 
 

3.2.1 Experimental Design Overview 
  

This cross-sectional study used data from two different studies (n=33), which are 

described in detail below. All subjects were recreational or competitive female athletes who self-

reported either regular menstrual function (EU) or abnormal menstrual cycles (ExMD), with 

classification details given below. Study 1 (REMEDY) was an intervention designed to reverse 

ExMD in female athletes using a dietary approach. EU athletes were used as controls. Data for 

the current study used the baseline data from these two groups (ExMD; EU controls). Overall, 8 

ExMD and 10 EU were included in analysis from Study 1 (REMEDY). Specific details of this 

study are provided in Guebels et al. and Kam et al. (Cialdella-Kam, Guebels, Maddalozzo, & 

Manore, 2014; Guebels, Kam, Maddalozzo, & Manore, 2014). Study 2 (ExApp) recruited elite 

female endurance runners to examine the effects of two different exercise intensities (60% vs. 85% 
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VO2MAX) on objective and subjective markers of appetite. Overall, 1 ExMD and 14 EU were 

included in the analyses from Study 2 (ExApp). The Institutional Review Board at Oregon State 

University approved both study procedures. Written informed consent was obtained from all 

subjects prior to participating in any study activities.  

3.2.2 Participants 

All participants were active female between ages 18-40 years, participated in at least 5 

days/week of endurance exercise of 30-60 minutes/session, were not pregnant or lactating, 

reported being weight stable over the past 6 months (<5 lbs weight change), and had a 

VO2MAX >40 mL/kg/min + 5%. Subjects were recruited from the Willamette Valley and Central 

Oregon areas. See Table 3.1 below for a comparison of inclusion criteria for the two studies. 

 
  The two studies included similar outcome measures, which are given in Table 3.2.  

Table 3.1.  Inclusion Criteria for REMEDY and ExApp Studies 
Inclusion Criteria REMEDY (Willamette Valley) ExApp (Central Oregon) 
Subjects Female Athletes  Female Athletes 

Age (y) 18-35  18-40 

VO2MAX (mL O2/kg/min) 
 

> 40 mL/kg/min + 5% > 50 mL/kg/min + 5% 

Oral contraceptive use No Allowed; Yes (n=3) 
Pregnancy/lactation No No 

Table 3.2. Outcome Measures and Methods for REMEDY and ExApp Studies 
Outcome REMEDY (Willamette Valley) ExApp (Central Oregon) 
Demographics & Questionnaires 
Training & Health History Questionnaire Questionnaire 

Menstrual Status Questionnaire (self-report) that 
was confirmed with assessment of 
ovulation and blood reproductive 
hormones. 

Questionnaire (self-report) 
 

Metabolic Measures 
Fitness Level VO2MAX (mL O2/kg/min) 

(treadmill) 
VO2MAX (mL O2/kg/min) 
(treadmill) 

Resting Metabolic Rate (RMR) (kcal/d) Indirect calorimetry (measured) 
and estimated using Harris-
Benedict equation* 

Estimated using Harris-
Benedict equation* 

Body Composition & Size 
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*Harris, J. A., & Benedict, F. G. (1918). A Biometric Study of Human Basal Metabolism. Proc Natl Acad Sci U S A, 
4(12), 370-373.  

**Jackson, A. S., Pollock, M. L., & Ward, A. (1980). Generalized equations for predicting body density of women. 
Medicine and Science in Sports and Exercise, 12(3), 175-181.  

 
3.2.3 Anthropometrics 

 Height and weight were measured during the initial visit. Height was measured with a 

standard stadiometer to the nearest centimeter with the participant not wearing shoes. Weight 

was measured with a standardized balance scale to the nearest 0.1 kg, with the participant 

wearing running clothing (shorts/tights plus sports bra or light t-shirt). Body mass index (BMI) 

was calculated as a ratio of weight (kg) to height (m) squared. For Study 1, body composition 

was measured using dual x-ray absorptiometry (DXA) (GE Lunar Prodigy QDR 4500A; Hologic, 

Waltham, MA). Data obtained from the DXA scan included percent body fat, fat mass, and fat 

free mass (FFM). For Study 2, body composition was measured using skinfold caliper 

measurements by the same trained technician for each participant taken at 7-sites: chest, axilla, 

triceps, subscapular, abdominal, suprailliac and thigh. The sum of the 7-sites was determined and 

percent body fat were calculated using the Jackson and Pollock equation for females (Jackson, 

Pollock, & Ward, 1980).  

3.2.4 Aerobic Capacity 

 Maximal aerobic capacity (VO2MAX) was measured on a treadmill (Max-1 PhysioDyne 

Instruments Corp) using a standard protocol. Study staff trained in exercise testing and CPR/First 

Body Mass Index (BMI) (kg/m2) Body weight (kg) & height (cm) Body weight (kg) & height (cm) 
Body Fat (%) Dual x-ray absorptiometry (DXA) Skinfold calipers (7-site Jackson 

and Pollock equation)** 
Food/Physical Activity Records 
Energy Intake (kcal/d) 7-d weighed food records 

reviewed by a registered 
dietitian/researcher. 
 
 

6-d weighed food records 
reviewed by a registered 
dietitian/researcher. 

Exercise Energy Expenditure (min/d) 7-d physical activity records done 
concurrently with diet records. 
Actigraph Accelerometer and  
Polar Heart rate monitor  

6-d physical activity records 
done concurrently with diet 
records. 
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Aid administered each test. A heart rate monitor (Polar, USA) was worn and ratings of perceived 

exertion (RPE) were recorded every minute. Participants were familiarized with the treadmill 

and allowed a 4-minute warm up after which either the speed or incline were increased every 

minute until exhaustion was reached (~12 minutes), followed by a cool-down period until heart 

rate returned to warm-up levels.  

3.2.5 Resting Energy Expenditure 

 Resting metabolic rate (RMR) was measured in Study 1 using indirect calorimetry (Max-

1 PhysioDyne Instruments Corp) as previously described (Guebels et al., 2014). In Study 2, 

RMR was estimated using the Harris-Benedict equation, which provides the best estimate of 

RMR in active women participating primarily in aerobic exercise (Harris & Benedict, 1918; 

Thompson & Manore, 1996). The Goldberg et al. (1991) cutoff utilized the RMR estimate to 

identify under-reporters (Goldberg et al., 1991).  

3.2.6 Energy and Dietary Intake  

 Energy and dietary intakes were assessed using 7-d (Study 1) or 6-d (Study 2) weighed 

food records. Subjects were provided with a food scale and instructions for use, and instructions 

for properly completing a food record. Subjects were required to record all food and beverages 

over the recording period, as well as eating time and location. A nutrition researcher and/or 

Registered Dietitian (RD) reviewed all food records with participants for clarification of food 

type, portion size and cooking method. Dietary records were entered into Food Processor SQL 

(Version 10.13, 2014; ESHA Research) for diet analysis. Multi-vitamin/mineral or single 

nutrient supplements were not entered as part of dietary records.  Overall, 37% of subjects 

reported supplement use (ExMD=3; EU=7), with the most common supplements included 

vitamin D, fish oil, calcium and iron. No subjects reported multivitamin/mineral use. Foods not 
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included in the database were entered manually based on participant recipes and food labels. In 

total, 6 subjects (EU) were dropped due to either incomplete diet data (Study 2, EU=1) or under-

reporting (Study 1, EU=1; Study 2, EU=4) (<1.3 x Measured or Predicted RMR) (Goldberg et al., 

1991). 

3.2.7 Energy Density Calculation 

Energy density (kcal/g) was calculated from food and beverages with or without energy 

dense beverages using two methods. Method 1 included all beverages except for water; therefore, 

this analysis included juice, soda, milk, coffee, tea and alcohol. Method 2 included only food and 

liquid meal-replacement beverages (e.g. smoothies or shakes). This method excludes all non-

caloric beverages, such as water, diet sodas, coffee, tea, and most caloric beverages such as 

alcohol, juice and milk. Energy containing beverages are excluded because they show a 

disproportionately low energy density that may not be reflective of the individual’s actual diet 

(Ledikwe et al., 2005; Vernarelli et al., 2013). Liquid meal replacement beverages and beverages 

such as water and coconut water as part of a smoothie, were included because they can be as 

satiating and have a macronutrient composition similar to whole food (Ledikwe et al., 2005; 

Vernarelli et al., 2013).  Energy density was calculated for each individual day then averaged 

over the 6-7 days to get an overall average for each participant.  

3.2.8 Physical Activity Assessment and Exercise Energy Expenditure 

 Participants in both studies kept detailed 24-hour physical activity logs simultaneously 

with diet records (e.g. 6-7 days). Physical activity data was entered into Food Processor SQL 

(Version 10.13, 2014; ESHA Research). Any physical activity with a metabolic equivalent of 

task (MET) level  >4 was considered exercise and used for the assessment of number of min/d of 

physical activity, which generally included running, cycling, swimming, strength training, 
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rowing, Nordic skiing, downhill skiing and dancing. Walking or cycling that was done as part of 

a commute or for pleasure were not included in this calculation. Data are reported as average 

number of minutes per day of exercise > 4 METS. Only complete days of physical activity 

records (i.e., all 24 hours) were included in the analysis of physical activity and ranged from 5-7 

days. 

3.2.9 Menstrual Status 

 Subjects were divided into groups based on self-reported menstrual status, which was 

confirmed by ovulation and blood reproductive hormone assessments in Study 1. Age at 

menarche was collected via questionnaire and interview. Subjects were classified as EU if they 

reported regular menstrual cycles over the past 6 months or longer. Subjects were classified with 

ExMD if they reported no menstrual cycles for the past 3 months or more and reported no non-

exercise associated reason for menstrual dysfunction. The protocol for Study 1 did not include 

those using oral contraceptives (OC), while Study 2 allowed OC’s (n=3; EU=3 for birth control). 

This use was documented and participants interviewed regarding the purpose of OC use (e.g. 

birth control or restoration of regular menses). One subject in Study 2 reported ExMD prior to a 

cancer related hysterectomy without ovary removal.  

3.2.10 Statistical Analysis 

We hypothesized that energy density would be lower and dietary fiber intakes higher in 

the ExMD vs. EU group; thus, one-sided unpaired t-tests were used to determine group 

differences. Group comparisons for the remaining variables were made using one-way analysis 

of variance (ANOVA). For all comparisons, equal variance assumption was evaluated using 

Levene F test. The Welch’s Test was used for variables in which the group variances were 

significantly different. Statistical significance was set at p<0.05 and the False Discovery Rate 
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(FDR) test used to correct for multiple comparisons. Data are presented as mean ± standard 

deviation (SD). Statistical analysis was done with JMP (SAS, Inc). 

      3.3 Results 

3.3.1 Demographics 

 Overall, 33 subjects completed the study (ExMD=9; EU=24), but only data for 27 

subjects (ExMD=9; EU=18) are included in the analyses due to under-reporting of dietary intake 

(see methods).  Overall, there were no significant differences between groups for age, age at 

menarche, gynecological age, height, weight, BMI, body fat, FFM or VO2MAX (See Table 3.3). 

Physical activity (min/d) spent in intended exercise >4 METS was similar between groups at 70-

90min/d. Overall, participants exercised approximately 8.5-9.5 hours per week.  

Table 3.3. Demographics Mean (+ Standard Deviation) 

p Description 
ExMD (n=9) EU  (n=18) 

Mean (+ SD) Range Mean (+SD)  Range 
Age (y) 24.3 (+ 6.0) 18.0-38.0 27.6 (+ 6.0) 20.0-39.0 0.191 
Age at Menarche (y) 13.4 (+ 1.9) 10.0-16.0 13.1 (+ 1.2) 10.0-15.0 -- 
Gynecological Age (y)1 10.9 (+ 6.8) 2.0-25.0 14.5 (+ 5.6) 6.0-26.0 -- 
Height (cm) 165.6 (+ 6.6) 152.4-172.7 168.4 (+ 5.5) 160.0-175.3 0.246 
Weight (kg) 60.1 (+ 10.1) 41.5-76.3 63.5 (+ 8.6) 50.0-73.8 0.366 
Fat Free Mass (FFM) (kg) 47.3 (+ 5.7) 37.4-57.0 51.1 (+ 4.5) 43.8-57.2 0.066 
Body Mass Index  (BMI) 
(kg/m2) 21.8 (+ 2.8) 17.9-26.3 22.3 (+ 2.5) 17.9-28.8 -- 
Body Fat (%) 20.7 (+ 6.0) 10.0-29.1 19.0 (+ 5.7) 11.7-28.8 0.479 
VO2MAX (mL/kg/min) 49.3 (+ 5.5) 39.4-56.9 53.0 (+ 5.2) 43.2-60.9 0.104 
Exercise >4.0 METs (min/d) 82 (+ 36)  32-143   72 (+ 48) 24-208 -- 

1 Gynecological age is the time since onset of menarche, and is computed as current age subtracted by age at 
menarche.  
 

3.3.2 Energy and Nutrient Intake 

 Energy and dietary intake data are presented in Table 3.4 (n=27). There were no 

significant differences in energy, carbohydrate, fat, protein intake as either g/kg or percentage of 

energy. Alcohol consumption was low representing only 2-4% of total energy intake. Dietary 

fiber intake, either as g/d or g/1000 kcal/d, did not vary between groups (see Table 3.4). Overall, 
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the percentage of participants consuming  >25 g/d of fiber (Adequate Intake (AI)) was similar 

between groups (n=6, ExMD=67%; n=13, EU=72%) (Institute of Medicine, 2005). The 

percentage consuming at least 14 g/1000 kcals/d was also similar between groups (ExMD=22%; 

EU=27%). 

Table 3.4. Energy and Nutrient Information (Mean ± Standard Deviation) 

    ExMD (n=9) EU (n=18) RDA/DRI p 
Total Energy kcals/d 2237 (+ 378) 2456 (+ 470) N/A 0.237 
Protein g/kg 1.4 (+ 0.2) 1.6 (+ 0.44) 0.8 g/kg/d   0.196  
  % energy 15.1 (+ 3.2) 16.5 (+ 3.3)  10-35% -- 
  g/day 83.7 (+ 18.9) 99.8 (+ 24.4)  N/A -- 
Carbohydrate g/kg 5.0 (+ 1.2) 4.9 (+ 1.3) N/A  0.864 
  % energy 52.8 (+ 5.9) 49.9 (+ 6.6)  45-65%  -- 
  g/day 296.2 (+ 63.7) 309.3 (+ 79.1)  N/A -- 
Fat g/kg 1.3 (+ 0.3) 1.4 (+ 0.3) N/A  0.245 
  % energy 30.1 (+ 3.7) 33.3 (+ 5.3)  20-35%  -- 
  g/d 74.8 (+ 15.6) 89.8 (+ 21.1)  N/A -- 
Alcohol g/kg 0.2 (+ 0.2) 0.1 (+ 0.2) N/A  -- 
  % energy 3.8 (+ 3.6) 2 (+ 3.1)  N/A  -- 
  g/d 11.4 (+ 12.9) 7.6 (+ 10.4)  N/A -- 
Fiber g/1000kcal 11.6 (+ 3.1)   12.9 (+ 3.3)  14 g/1000kcal 0.3381 

  g/d 28.5 (+ 8.7) 32.2 (+ 11.3) 25 g  -- 
Caffeine mg/d 154  (+ 113) 106 (+ 106) N/A  -- 
Calcium mg/d 1268 (+ 556) 1201 (+ 407) 1000 mg -- 
Magnesium mg/d 289 (+ 107) 355 (+ 176) 310 mg -- 
Iron mg/d 27.2 (+ 15.3) 21.8 (+ 8.2) 18 mg -- 
Folate mcg/d 516 (+ 441) 495 (+ 288) 400 mcg -- 
Vitamin B6 mg/d 3.8 (+ 2.7) 3.0 (+ 2.0) 1.3 mg -- 
Vitamin B12 mcg/d 12.3 (+ 23.7) 6.8 (+ 4.4) 2.4 mcg -- 
Vitamin D IU 360 (+ 306) 246 (+ 267) 800 IU -- 

1 Represents adjusted, one-sided t-test for fiber (g/1000 kcal/d), all other p-values are unadjusted two-sided.  

3.3.3 Energy Density 

Energy density data are presented in Figure 1. There were no differences in energy 

density between groups, regardless of method used. Overall, ExMD participants tended to 

consume a 10-12% lower energy dense diet compared to EU. Using Method 2, where all 

beverages (e.g., diet sodas, juice, alcohol and milk) were eliminated from the analysis, there was 

a non-significant trend toward energy density being lower in the ExMD (1.57+0.25 kcal/g) 
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compared to EU group (1.75+0.26 kcal/g) (p=0.049 1-sided unadjusted; p=0.098 adjusted). Both 

groups would be classified as consuming low energy dense (0.6-1.5 kcal/g) diets using the mean 

energy density from Method 1, while Method 2 suggests their overall diets would be classified as 

medium energy dense (1.5-4.0 g/kg). Using Method 1, 100% of the ExMD group vs. 67% of the 

EU group consumed a low ED diet. Using Method 2, 44% of the ExMD group vs 11% of the EU 

group consumed a low energy dense diet. 

 

3.3.4 Fiber Intake  

Figure 2 shows the relationship between energy density and fiber intake (g/1000 kcals 

and g/d) for each group. No differences were observed between the groups for fiber intake, 
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regardless of data analysis methodology. For all participants combined, 26% consumed above 

the AI for fiber (14 g/1000 kcal) (Institute of Medicine, 2005). 

Figure 2a. Energy Density and Fiber Intake (g/1000 kcal/d) of ExMD and EU Active 

Women 
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Figure 2b. Energy Density and Fiber Intake (g/d) of ExMD and EU Active Women 
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3.4.1 Energy Density 

 The primary outcome of this study showed that active women with and without ExMD 

consumed diets similar in energy density. This is only the second study to examine the 

relationship between dietary energy density and ExMD. Reed et al. also examined the energy 

density of active women with and without ExMD (Reed et al., 2011). Table 3.5 compares our 

study with this study. Reed et al (2011) reported a significant difference in energy density when 

non-caloric beverages were included in the calculation, but under-reporters were included in this 

calculation. Including non-caloric beverages (Ledikwe et al., 2005; Vernarelli et al., 2013) and 

under-reporters in the calculation of energy density can artificially lower the energy density 

value.  When a secondary analysis was done and non-caloric beverages and under-reporters were 

eliminated from the energy density calculation, they found no differences in energy density 
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between groups. Thus, our results support their findings only when the under-reporters are 

eliminated.  

 

We calculated energy density using two different methods. Method 1 included all 

beverages except for water; therefore, this analysis included juice, soda, milk, coffee, tea and 

alcohol. Method 2 included only food and liquid meal-replacement beverages. This method 

excluded all non-caloric beverages, such as water, diet sodas, coffee, tea and most caloric 

Table 3.5. Comparison of Outcome Measures and Methods of Assessment Between Hand (2014) and Reed 
(2011) Studies 
Outcome Hand et al. (2014) Reed et al. (2011) 
Subjects Female Athletes Female Athletes 
Age 18-40 years 18-35 years 
VO2MAX (mL O2/kg/min) 39.4-60.9 mL/kg/min 36.6-67.6 mL/kg/min 
Oral Contraceptive Use Allowed. Yes (n=3) No 
Pregnancy/Lactation No No 
Demographics & Questionnaires 
Training & Health History Questionnaire Questionnaire 

Menstrual History Questionnaire (self-report)  Questionnaire (self-report) that was 
confirmed with assessment of 
ovulation and blood reproductive 
hormones. 

Metabolic Measures 
Fitness Level VO2MAX (mL O2/kg/min) 

(treadmill test) 
VO2MAX (mL O2/kg/min) 
(treadmill test) 

Body Composition & Size 
Body Mass Index (BMI) (kg/m2) Body weight (kg) & height (cm) Body weight (kg) & height (cm) 
Body Fat (%) Skinfold calipers (7-site Jackson and 

Pollock equation)* 
Dual x-ray absorptiometry (DXA) 

Food/Physical Activity Records 
Energy Intake (kcal/d) 6-7d weighed food records reviewed 

by a registered dietitian/researcher. 
(ExMD=2456 kcal; EU=2237 kcal) 

3-d weighed food records reviewed 
by a registered dietitian/researcher. 
(ExMD=1662 kcal; EU=2187 kcal) 

Exercise Energy Expenditure 
(min/d) 

6-7d physical activity records done 
concurrently with diet records.  

7-d physical activity records not 
done concurrently with diet 
records. 

Energy Density Calculation 
Method 1 All food and beverages except water All food and beverages except 

water 
Method 2 All food and liquid meal replacement 

beverages. Excludes non-caloric 
beverages (water, diet sodas, coffee, 
tea) and caloric beverages (alcohol, 
juice, milk) 

All food and beverages except 
water and other non-caloric 
beverages (plain coffee, 
unsweetened tea, diet soda, other 
diet drinks) 
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beverages such as alcohol, juice and milk.  There were no differences in energy density between 

the groups regardless of method used. Prior to energy density calculations, we eliminated under-

reporters.  Thus, our mean energy intakes were similar to those typically found in active women 

who report weight stability. Conversely, Reed et al. (2011) reported energy intakes ranging from 

725-2567 kcal/d (ExMD) and 1284-2852 kcal/d (EU). They also reported that their active 

women expended 300-400 kcal/d in exercise, yet some only consumed 725-1284 kcal/d. This 

level of energy intake is below estimated RMR and would not be consistent with weight stability.   

While we did not find a significant difference in energy density between ExMD and EU 

active women, our ExMD subjects tended to consume about 219 kcal less than their EU 

counterparts, representing a 9% reduction in energy intake. Dietary energy density was reduced 

by a similar percentage, 10%, in ExMD active women. This is consistent with other studies that 

have examined or reduced energy intake as part of an intervention (See Table 3.6). Taken 

together, these studies indicate that for each percentage decrease in energy density, dietary 

energy intake is reduced by a similar percentage (Ello-Martin et al., 2007; Reed et al., 2011; 

Rolls et al., 2006; Williams et al., 2013). The energy density of the typical American diet is 

around 1.7-1.8 kcal/g, whereas weight loss interventions aimed at reducing energy intake via 

manipulations of energy density usually result in an energy density around 1.3-1.4 kcal/g (Ello-

Martin et al., 2007; Ledikwe et al., 2005; Rolls et al., 2006; Williams et al., 2013). Thus, while 

energy density was not significantly different between the groups, the energy density of the 

ExMD group is similar to those studies that have reduced energy density in weight loss 

interventions, whereas the energy density of the EU group is more reflective of the typical 

American diet.  

Table 3.6. Comparison of Reduction of Energy Intake and Related Reduction in Energy Density 
Reference Subjects Fitness Sample 

Size (N) 
Groups Mean Energy 

Intake 
Mean Energy 
Density 
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(kcal/d) (kcal/g/d) 
Hand et al. 
(2014) 

ExMD and 
EU active 
women 

ExMD 
VO2MAX: 49 
mL/kg/min 
EU VO2MAX: 
53 mL/kg/min 

27 ExMD 2237 1.57 
EU 2456 1.75 
% Difference  9% 10% 

Williams et 
al. (2013)1 

Normal 
weight men 
and women 

Not currently 
exercising 

59 100% ED 
(↓Fat) 

2668 1.72 

80% ED 
(↓Fat) 

2272 1.49 

% Difference 15% 13% 
100% ED (↑ 
F/V) 

2668 1.72 

80% ED  
(↑ F/V) 

2360 1.48 

% Difference 12% 14% 
Reed et al. 
(2011) 

ExMD, EU 
active women 

ExMD 
VO2MAX: 50 
mL/kg/min 
EU VO2MAX: 
48 mL/kg/min 

25 ExMD 1662 0.77 
EU 2187 1.06 
% Difference 24% 27% 

Ello-Martin 
et al. 
(2007)2 

Obese 
women 

Able to 
participate in 
PA; 
Intervention ↑ 
PA  

97 ↓Fat BL 1836 1.85 
↓Fat 12 mo 1307 1.49 
% Difference 29% 19% 
↓Fat/↑ FV BL 1937 1.74 
↓Fat/↑ FV 12 
mo 

1437 1.33 

% Difference 26% 24% 
Rolls et al. 
(2006)3 

Normal 
weight 
women 

Not currently 
exercising 

24 100% ED 2477 2.11 
75% ED 1936 1.62 
% Difference 22% 23% 

1 Intervention designed to reduce energy intake by reducing energy density by decreasing fat or increasing fruit and 
vegetable intake. ↓ Fat=reduced fat, ↑ F/V=increased fruits & vegetables.  
2 Intervention designed to reduce energy intake over a 12 month period by either reducing fat alone (↓ Fat 
BL=reduced fat group at baseline, ↓ Fat 12 mo=reduced fat group at 12 months) or reducing fat and increasing fruits 
& vegetables (↓ Fat/↑ FV BL=reducing fat, increasing fruits & vegetables at baseline, ↓ Fat/↑ FV 12 mo=reducing 
fat, increasing fruits & vegetables at 12 months). 
3 Intervention designed to reduce energy intake by reducing energy density. 100% ED=full portion size & normal 
energy density, 75% ED=full portion size & reduced energy density. 
 

Our findings plus those of Reed et al. (2011) highlight the discrepancies associated with 

measuring and reporting energy density in active women. Since active women do use sport 

beverages and shakes, the inclusion/exclusion of these beverages in the energy density 

calculation needs to be standardized. The controversy regarding the inclusion of beverages as 

part of the dietary analysis stems from the fact that beverages add significant weight to the diet 

but do not have the same satiating effects as whole foods. A recent study by Houchins and 
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colleagues (2013) found that subjective appetite responses were decreased after consuming fruit 

in beverage form, compared to solid form in lean and obese adults (Houchins, Tan, Campbell, & 

Mattes, 2013). Beverages that contain added sugar, fat and protein (e.g. sport shakes, liquid meal 

replacement drinks or some sport drinks) have higher ratings of satiety compared to isocaloric 

sugar-only drinks (e.g. soda pop) (St-Onge et al., 2004). Similarly, DellaValle and colleagues 

found that energy intake increased when caloric beverages were added to a meal without a 

subsequent increase in hunger or satiety ratings (DellaValle et al., 2005). Thus, the inclusion of 

beverages, especially non-caloric beverages, can make the energy density of the diet 

disproportionately low, which may not be reflective of the individual’s actual diet.  Based on this 

research, we concluded that liquid meal replacement beverages (i.e., beverages that have a 

macronutrient composition similar to whole food, such as smoothies and sport shakes) should be 

included in the calculation of energy density. 

In addition, equivocal research exists regarding the impact of beverage consumption and 

effects on subsequent energy intake at a meal. This effect is dependent on the characteristics of 

the population involved, whether they are normal weight, overweight or have an eating disorder. 

In the case of eating disorders or disordered eating, the use of non-caloric beverages such as 

water or diet sodas is common in order to dampen hunger signals (Brown & Keel, 2013; Hart, 

Abraham, Luscombe, & Russell, 2005; Marino et al., 2009). Similarly, caffeine consumption is 

typically high in individuals with eating disorders, often with the purpose of increasing energy 

levels and blunting the appetite response (Hart et al., 2005; Marino et al., 2009). In the current 

study, subjects did not record water intake on a consistent basis; therefore, water was not 

included in any calculation in energy density. For some women with eating disorders or 

disordered eating behaviors, consuming a large volume of water per day is an effective tactic to 
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suppress appetite and the drive to eat (Hart et al., 2005; Marino et al., 2009). Although we 

carefully screened for clinical eating disorders, some active women with ExMD could employ 

similar practices, such as high intakes of water, diet soda, energy drink or caffeine to blunt 

subjective appetite and increase energy levels. This area of research warrants further study.  

3.4.2 Macronutrient Intake and Fiber 

We also examined the energy and macronutrient intakes between groups. Although total 

mean energy intake was ~219 kcal/d lower in ExMD active women, this difference was not 

statistically significant. Similarly, minutes per week spent in exercise did not differ between 

groups. Unfortunately, due to study protocol limitations, we were unable to get an accurate 

estimate of energy availability in the present study. Energy conservation is common in active 

women with ExMD, including reduced RMR and EA (Mountjoy et al., 2014; Myerson et al., 

1991; Scheid, Williams, West, VanHeest, & De Souza, 2009).  

Carbohydrate recommendations for active, endurance trained women range from 5-7 

g/kg/d during moderate training periods and up to 10 g/kg/d during intense training periods 

(Rodriguez et al., 2009); our subjects were not meeting this recommendation. It is especially 

important for women who are actively competing to consume the higher end of this range to help 

glycogen replenishment during intense training sessions and competitions. To our knowledge, 

only 3 of our subjects (EU=3) were actively competing during the time of data collection. Their 

average carbohydrate intake (5.64 g/kg/d) was slightly higher than the average (4.9 g/kg/d), but 

still not meeting the recommendation. Mean protein intakes (g/kg) were within recommended 

ranges for active, endurance trained women (1.2-1.4 g/kg) (ExMD=89%, EU=78%) (Rodriguez 

et al., 2009), with only one participant consuming less that the RDA requirement for protein 

(0.8g/kg). 
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We did not find differences in dietary fiber intake between the groups. A similar 

percentage of subjects (22% ExMD; 27% EU) exceeded the AI for fiber (>14 g/1000 kcal/d).  

Low energy dense diets are typically high in fiber rich foods, such as whole fruits and vegetables 

and whole grains. Foods higher in fiber can also have a greater effect on satiety, Reed et al. 

(2011) also examined fiber intake in their ExMD and EU participants. They found significant 

differences in fiber intake expressed as grams per 1000 kcal/d (ExMD=17.6+6.4; EU=12.1+4.2; 

p=0.018), but not in grams per kilogram (ExMD=0.6+0.3; EU=0.4+0.2; p=0.193) (Reed et al., 

2011). No grams per day were provided.  

Table 3.7 provides an update of energy and macronutrient status of active women with 

and without ExMD since 2002 (Manore, 2002). Since 2002, only two studies have examined the 

diets of active women with and without ExMD, likely due to the fact that this is a difficult 

population to recruit. In general, these women are meeting recommendations for protein (g/kg) 

but falling short of meeting carbohydrate recommendations for trained, endurance athletes (6-10 

g/kg), while fiber also tends to be lower than recommended (14 g/1000 kcal/d) among these 

women. Our energy intakes and macronutrient distribution were similar to these studies. 
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Table 3.7. Average Energy and Macronutrient Intake in Active Women with and without Menstrual Dysfunction 
Refer
ence 

Menst
rual 
Functi
on 

Sport Fitnes
s 

Ag
e 
(yr
s) 

Wei
ght 
(kg) 

Bod
y 
Fat 
% 

BMI 
(kg/
m2) 

Ener
gy 
(kcal
/d) 

Energ
y 
(kcal/k
g/d) 

Prot
ein 
(g/d) 

Prot
ein 
(g/k
g/d) 

C
H
O 
(g/
d) 

CH
O 
(g/k
g/d) 

Fib
er 
(g/
d) 

Fibe
r 
(g/10
000 
kcal) 

Fa
t 
(g/
d) 

Menstru
al Status 
Classific
ation 

ED 
Scr
een 

Diet 
Rec
ord 

Reed 
et al. 
(2011) 

ExMD 
(12) 
 

Runner
s, 
Cyclist
s, 
Triathl
etes 

VO2MA

X > 36 
mL/kg
/min 

22.
8 

56.3 22.
0 

20.5 1662 37.2 78.0 1.4 24
6 

4.4 NA 17.6 53 Self 
report & 
Hormon
es 

Yes 6d 

Eumen 
(13) 

24.
0 

59.6 25.
2 

21.2 2187 49.6 86.0 1.5 30
9 

5.2 NA 12.1 67 

Arend
s et al. 
(2012) 

ExMD 
(12) 

Track, 
XC, 
gymna
stics, 
Swim
ming, 
Rowin
g 

Divisi
on 1 
Athlet
es 

N
A 

53.9 NA 19.7 2076 38.5 89.4 1.6 NA NA NA NA 52.
7 

Self 
report & 
Hormon
es 

Yes 7d 

Oligo 
(38) 

N
A 

60.1 NA 21.4 2383 39.6 96.0 1.6 NA NA NA NA 59.
8 



 

 

3.4.3 Micronutrient Status 

 Overall, the active women in our study exceeded recommended intakes for almost all 

micronutrients (See Table 3.4), with few subjects using vitamin/mineral supplements. Mean iron 

intake for our participants exceeded the RDA of 18 mg/d for iron without the use of supplements. 

Typically, active women have a difficult time meeting daily iron needs due to blood loss via 

menstruation, foot strike hemolysis and not consuming an iron rich diet (Manore, 2002). None of 

our subjects were vegetarian, thus, they consumed a diet rich in meat and fish, which increases 

the bioavailability of dietary iron. Our subjects also consumed a diet rich in fortified foods, 

including fortified breakfast cereals and whole grain breads and pastas. Mean dietary folate 

intakes also exceeded the RDA for folate (400 µ/d for women >19y). Folate is high in dark green, 

leafy vegetables, eggs, dairy, beans, meat and grains and added to cereals and grains. Our 

subjects consumed high amounts of these foods.   Calcium intakes were also similar between 

groups (~1200 mg/d) with mean intakes exceeding the RDA for calcium of 1000 mg/d. Our 

subjects tended to consume diets rich in dairy products, especially yogurt, cheese and milk.  It is 

recommended that active women in weight bearing sports, especially endurance sports such as 

running, consume 1500 mg/d of calcium (Rodriguez et al., 2009). Nearly all of our participants 

engaged in endurance running, yet only six participants met this recommendation (ExMD=2; 

EU=4). Therefore, according to this recommendation our subjects are not meeting calcium 

recommendations for active women. Inadequate calcium intake has been linked to increased risk 

for stress fractures, as part of the Female Athlete Triad (Gibbs et al., 2014; Mountjoy et al., 2014; 

Nattiv et al., 2007). Due to the inaccuracy of vitamin D content of foods, we were unable to 

assess intake of this nutrient. Given the profound impact of calcium and vitamin D on bone 

health, it would be interesting to examine whether vitamin D status differs between groups.  
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3.4.4 Strengths and Limitations 

To our knowledge, this is only the second study to date to examine the difference in 

energy density in active women with and without menstrual dysfunction.  Our results do not 

support the results of Reed et al. (2011), who reported a statistically significant difference in 

dietary energy density between active women with and without ExMD. However, Reed et al. 

(2011) only found a significant difference when all beverages and under-reporters were included 

in the calculation of energy density. When they eliminated beverages from their analysis the 

difference in energy density was no longer significant. We eliminated under-reporters before 

reporting energy intake and energy density data. This is critical because the foods most typically 

under-reported include those that are highest in energy density (e.g., calorically dense foods such 

as nuts, nut butters, cakes and pastries, etc). In addition, we used highly active and elite 

endurance athletes. These women may face added extra pressure to be thin for performance or 

aesthetic reasons.  This group is often underrepresented in research due to the difficulty of 

finding subjects willing to interrupt their training cycles to participate. Thus, this research helps 

to describe the dietary behaviors and practices of highly active women with and without 

menstrual dysfunction.  

We used self-reported food and physical activity records, which are prone to the error of 

under-reporting.  However, each participant was carefully trained by a Registered Dietitian 

(RD)/Researcher to properly weigh and record foods. We also screened for under-reporters using 

the Goldberg cutoff (Goldberg et al., 1991). Collection of diet records occurred in different years, 

with Study 1 (REMEDY) in 2009 and Study 2 (ExApp) in 2014. There were no significant 

differences in energy intake between the two studies, except for protein g/kg. The subjects in 
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Study 2 consumed more protein (g/kg) than Study 1 subjects. This difference is likely due to the 

recent emphasis on high protein diets in 2014 compared to 2009 (Phillips & Van Loon, 2011).    

Ideally, menstrual status is confirmed by ovulation tests or blood/urine hormone levels 

rather than relying solely on self-report methods. Without these data, it is impossible to know if 

some women had sub-clinical menstrual disturbances, such as luteal phase defects or anovulation 

(De Souza, 2003; De Souza et al., 2007).  Data collected in Study 2 was not designed to examine   

menstrual function in active women; thus, we were unable to confirm menstrual status with 

ovulation or hormonal measures. However, care was taken by researchers to confirm 

classification of menstrual status based on frequency of menses and past history. Similarly, 

subjects were questioned regarding their reason for taking OCs (e.g. birth control or resumption 

of menses). Those using OCs and included in analysis had regular menstrual cycles prior to 

starting OCs and had no history of menstrual dysfunction.   

 No participants reported a medically diagnosed eating disorder, but we did not screen for 

subclinical eating disorders in Study 2; however, we did eliminate under-reporters of energy 

intake. Study 1 screened for eating disorders using the Eating Disorder Inventory (EDI-2) and 

Three Factor Eating Questionnaire (TFEQ).  

3.4.5 Application and Conclusions 

This study adds to a small but growing body of research examining energy density in the 

diets of active women with and without ExMD. Our results do not support the difference in 

energy density between active women with and without ExMD that Reed and colleagues (2011) 

found (Reed et al., 2011). However, while energy density was not significantly different between 

the groups, the energy density of the ExMD group is similar to those studies that have reduced 

energy density in weight loss interventions, whereas the energy density of the EU group is more 
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reflective of the typical American diet. This information is important especially for Registered 

Dietitians and other members of the coaching and support staff when making dietary 

recommendations to active women. Consuming a low energy dense diet is a healthy way to eat 

for the majority of the population. However, for some active women this eating pattern may not 

provide enough energy and nutrients to meet the increased energy demands of exercise, thus, 

leading to low energy availability and eventually to ExMD. Compounded with the effects of 

exercise on appetite, it may be difficult for these women to consume enough energy through 

whole foods alone. Thus, it may be important to recommend making dietary changes aimed at 

increasing the consumption of high energy dense foods in the diet. This can be done through 

whole food sources such as nuts, nut butters, avocado, oils, hummus, granola, cheese or the 

inclusion of some type of carbohydrate-protein supplement (e.g., a sport bar or shake) to increase 

the energy density and caloric content of the diet of active women with ExMD. Whether the 

supplement is a bar or shake depends on a number of factors, including personal preference, time 

and location. These active women may also need to learn to eat even if they are not hungry. 
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Chapter 4: Conclusion 
 
 The overall goal of this thesis was to further describe the dietary practices of active 

women with and without menstrual dysfunction. There were no significant differences in energy 

density or energy intake between groups, but participants with ExMD consumed diets 10% lower 

in energy density and consumed ~200 kcals less per day, which is more reflective of dietary 

weight loss interventions that have reduced dietary energy density with the goal of reducing 

energy intake. Whether this is a conscious restriction or not we are unable to say for certain; 

however, this information can be used to educate active women with ExMD about the 

importance of meeting their energy needs, while consuming a healthy diet. Consuming a very 

low energy dense diet may not meet their energy needs during times of intense exercise.  

Considering a majority of our subjects were elite endurance athletes who participate in high 

intensity exercise training sessions, the suppression of appetite-regulating hormones after 

exercise may further dampen the hunger response. Future studies are needed to establish a 

standard method for calculating energy density and examine the impact of exercise on subjective 

and objective markers of appetite in this population. 
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HEALTH HISTORY QUESTIONNAIRE 
 

  
1. Age: _________    Phone: ____________  Email: _________________________ 
 
2. Date of Birth: ____________ (mm/dd/yr);    
 
3. Predominant place of residence: _______________________________________ 
 
4. Present employment: __________________________________ 
 
5. Height: ____________ (feet’ & inches”)         
 
6. Present weight _________ (pounds) 
  
7. Length of time you have maintained current weight ____________________ 
 
8. Assess your health status by marking all true statements:  
 
I have had (check all that apply):  
 Heart Attack   
 Coronary Artery Bypass Grafting   
 Cardiac Catheterization; ___Angioplasty, Coronary Stent(s)   
 Pacemakers/Implantable cardiac defibrillator   
 Heart Arrhythmia; __Heart Valve disease/defect  
 Stroke;  Heart Transplant 
 Heart Failure; __Congenital Heart Disease 
 
Symptoms (Check all that apply): 
 I experience chest discomfort with exertion   
 I experience chest discomfort at rest   
 I experience unreasonable breathlessness  
 I experience dizziness, fainting, or blackouts  
 I take heart medication(s)  
 
Other health issues/status (check all that apply): 
 I have diabetes   
 I have asthma or other lung disease   
 I have burning or cramping sensations in my lower legs when walking short 
 distances  
 I have musculoskeletal problems that limit my physical activity   
 I have concerns about the safety of exercise  
 I am pregnant   
 I take prescription medication(s) listed here:        
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Cardiovascular Risk Factors (check all that apply): 
 I smoke of I quite smoking within the previous 6 months. 
 My blood pressure is ≥140/90 mmHg. 
 I do not know my blood pressure 
 I take blood pressure medication(s) 
 I have a total blood cholesterol level of >200 mg/dL. 
 I do not know my blood cholesterol level. 
 I take blood cholesterol medication(s). 
 I have a close blood relative who had a heart attack or heart surgery before the  age 55 
(father or brother) or age 65 (mother or sister). 
 I am physically inactive, therefore I exercise <30 min on at least 3 days/week 
 I am >20 pounds overweight 
 
10. Please explain any other significant medical problems that you consider it important for us to 
know, for example HIV +, Hepatitis:         
             
 
 
11. Are you currently suffering from any cold, flu, or allergy symptoms? 
 Yes, please specify ___________________________________________ 
 No 
 
12. Please specify any type of surgery you have had, the year of surgery and your age  
      at the time:     
                  
 
13. Do you currently have any muscular injury(s) that will prevent you from exercising? 
 Yes 
 No 
 
If yes, please explain the type of injury(s) and the length of time is has persisted: 
 
 
14. Have you had any muscular injury(s) in the past? 
 Yes 
 No 
If yes, please report how long ago you had the injury(s): 
 
 
15. Do you currently have any bone or joint injury(s) that will prevent you from exercising? 
 Yes 
 No 
 
If yes, please report how long ago you had the injury(s): 
 
16. Do you currently have any soft tissue injury(s) that would prevent you from exercising? 
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 Yes 
 No 
 
If yes, please report how long ago you had the injury(s): 
 
 
 
17. If you’ve recently (within the past 6 months) suffered any other type of injury(s) that prevent 
you from exercising? Please list them here. 
  
 
 
18. Is there the one primary sport or physical activity you participate in?__________ 
 
 
19. Please list any other sports or physical activity you participate in regularly. 
 
 
 
 
20. Please complete the following about your exercise program (if applicable): 
Aerobic Exercise (e.g., running, swimming, biking, etc.): 
Type of exercise 
a. 
b. 
c. 
d. 
e. 

Minutes/Session 
a. 
b. 
c. 
d. 
e. 

Intensity/Pace 
a. 
b. 
c. 
d. 
e. 

Times/Week 
a. 
b. 
c. 
d. 
e.

 
 
21. Resistance Exercise    ____________         ___________          ____________ 
                 Type of Training             Minutes/session    Times/Week 
 
 
22. How long have you participated in an aerobic exercise program? _______________ 
 
 
23. How long have you participated in a resistance exercise program? ______________ 
 
24. Have you ever been medically diagnosed with an eating disorder? If yes, please explain. 
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PHYSICAL ACTIVITY QUESTIONNAIRE 
 
1. Please list your main form of physical activity:        
 
2. How long (years, months) have you been participating in the physical activity described above?  
        
 
3. Describe an average training week to the best of your ability: 
 

Day Type of Activity 
(running, cycling, 

strength) 

Duration  
(minutes/miles) 

Intensity 
(easy, medium, 

hard) 
Monday 
 

   

Tuesday 
 

   

Wednesday 
 

   

Thursday 
 

   

Friday 
 

   

Saturday 
 

   

Sunday 
 

   

 
 
4. In general, how many hours of physical activity do you complete each week?    
 
5. What is your average weekly mileage over the past year?       
 
5. What has been your biggest training week (miles or time)?      
 
6. What has been your lowest training week (miles or time)?       
 
7. How often do you do interval training (sessions/wk)?       
     Describe a typical intervals session (distance, pace, repetitions, etc)     
              
 
 
8. Are you currently training and racing competitively?       
    If yes, for how many years?    
    What distance(s) do you primarily train/race (i.e. 10k, half marathon, etc)?    
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9. Over this past year, have you had an injury, illness, or surgery? (please circle yes or no)    Yes      
No 
  
If yes, did this affect your ability to train and/or race?  (please circle yes or no)    Yes      No  
Please describe:             
 
 If yes, how many weeks did you take off?  _______ weeks 
 
10. Do you have any other injuries or conditions related to your ability to perform physical 
activity that we should know about?          
             
      
 
 

Thank you for your answers! 
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MENSTRUAL HISTORY QUESTIONNAIRE 
 
1. How old were you when you started menstruating?  _______ yrs old 
 
2. What is the average number of days of flow during your period? ______ days 
 
3. What is the average number of days between each period? ______ days 
 
4. Do your menstrual cycles occur regularly (every 28-34 days)?  

 Yes 
 No. If No, explain. 

 
 
5. How many menstrual periods have you had within the previous 6 months? 
 I’ve had _____ periods within the past 6 months. 
 
6. How many menstrual periods have you had within the previous 12 months? 
 I’ve had _____periods within the past 12 months. 
 
7. Are you currently using oral contraceptives (birth control pills): 

 Yes. If yes, explain the type of oral contraceptives you use. 
 No 

 
8. If yes, how long have you been using oral contraceptives (birth control pills): 

 For several years 
 About one year 
 Between 6 to 11 months 
 Less than 6 months 
 Less than 3 months 
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9. Have you ever been pregnant? 
 Yes              10.  If yes, how many times: 
 No       I’ve been pregnant _____ number of times. 

 
11. What was the date of your last birth? 
 My last child was born on __________. 

               month/ day/ year 
 
12. Amount of weight gain with your last child? 
 I gained ____ pounds with my last child. 
 
13. Amount of weight lost after 1 year of your last child’s birth? 
 I lost _____ pounds after my last child’s birth. 
 
Continue only if you have missed more than 6 menstrual periods within the past 12 months 
or if you have not menstruated within the past 3 months. 
 
14. Are there any changes that you made in your lifestyle that occurred just prior to your 

menstrual periods stopping (weight loss, increased stress, increased physical activity, 
competition, etc.)? 
 Yes 
 No 

 
If yes, please be as specific and detailed as possible: 

 
 
 
 
15. Have you noticed an increase in injuries since you stopped menstruating? 

 Yes 
 No 

 
If yes, please describe: 

 
 
 
 
16. Have your menstrual periods restarted? 

 Yes 
 No 

 
17. If yes, what changes in lifestyle or physical activity did you make just prior to your menstrual 

period starting again.  Please be as specific and detailed as possible: 
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Body Composition 
 
Subject # _________________ Height ______ in (÷ 39.37 in/m) = ______ m 
Age ______ Weight ______ lb (÷ 2.2 lb/kg) = ______ kg 
 
Skinfold Measures (mm)  
Site     Trial 1       Trial 2      Trial 3       Mean 
Chest  ________ ________ ________ ________ 
Axilla  ________ ________ ________ ________ 
Tricep  ________ ________ ________ ________ 
Subscapula      ________ ________ ________ ________ 
Suprailiac ________ ________ ________ ________ 
Abdomen        ________ ________ ________ ________ 
Thigh             ________ ________ ________ ________ 
              Sum of 7 = _______ 
 
Sum of 7 skinfolds ( X1) ______________ 
Age (X6) ____________ 
 
Equations 
 Women:  
Db = 1.097 - 4.6971 x 10-4 (X1) + 5.6 x 10-7 (X12) - 1.2828 x 10-4 (X6) 
 
  
% Body Fat = 495  - 450  
   Db 
 
 
% Body Fat =    
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INSTRUCTIONS FOR RECORDING 48-HOUR DIETARY RECORDS 

 
1. Please record each food and beverage item you consume on a separate line. Be sure to 

include all snacks. 
 
2. Record each item after measuring:  

 liquids in cups or fluid ounces 
 vegetables and fruits in cups, grams, or ounces 
 beans, grains, and pasta in cups dry or cups cooked 
 bread in slices, indicate what kind of bread (brand name and type) 
 meats, fish, poultry and cheeses in ounces 
 nuts in cups, ounces, or grams 
 chips or other snack type foods in cups, ounces, or grams 
 Spread (butter, cream cheese, margarine, etc.) in tsp or Tbs 
 

3. Please specify if food is consumed raw.  Also indicate if it was prepared from fresh, 
frozen, or canned products. 

 
4. Indicate how the foods were prepared, such as fried, baked, boiled, etc. 
 
5. If a food has a mixture of ingredients (sandwich or casserole), list the major ingredients 

separately in their proportions or amounts. 
 
6. Use brand names whenever possible, or mention comparable brand. 
 
7. For fruits and vegetables, please indicate if the skin was removed. 
 
8. Indicate if dairy products are whole, 2%, or skim. 
 
9. Be sure to include sauces, gravies, milk/sugar in coffee, etc. 
 
10.  Check food labels for weights, etc. Candy bars, cheeses, cookies, juices are all labeled 

with their weights -----Write this information down! 
 
11.  Provide any other information you feel might be helpful, such as food labels and/or 

recipes. 
 
12.  Record EVERYTHING edible that goes in your mouth. 
 
13.  MOST IMPORTANTLY, eat as you normally would -- please don’t change your usual 

eating habits or modify your portion size. 
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48-HR FOOD/BEVERAGE INTAKE RECORD 
 

Please measure and weigh all food and beverages you eat throughout the day and write them 
down as you eat them.  Remember to give as many details as possible, keep the food label if you 
think it will help describe the food better than you are able to.  Providing us with recipes for 
homemade foods is helpful for us, too.  Please list any vitamin or mineral supplements or any 
other supplements taken on the backside of this form and attach these labels if possible.  It’s best 
to be as descriptive as possible! 
 

Time Food or Beverage item 
Brand/source 

(manufacturer) 
Type of preparation 
(bake, boil, fry, etc.) 

Amount/weight 
(cups, ounces, grams, tsp, 

TBS, fluid ounces) 
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Time Food or Beverage item 
Brand/source 

(manufacturer) 
Type of preparation 
(bake, boil, fry, etc.) 

Amount/weight 
(cups, ounces, grams, tsp, 

TBS, fluid ounces) 

     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
 
List any vitamin/mineral pills or other supplements here: 
 
 
 
Add any additional comments here: 
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INSTRUCTIONS FOR RECORDING 48 HOURS OF PHYSICAL ACTIVITY 
 
1.  Please maintain your normal activity level -- do not change your normal intensity (how 

difficult) or duration (how long) of activities. 
 
2.  Be as prompt as possible when recording your activities. Try to record all physical activities 

on your activity log as soon as you have completed them in minutes.  Also, be as specific 
and accurate as possible when recording intensity and length of time the activity was 
performed. 

 
3.  Please record all activity for the same 24-hour periods starting at 5am each day and 

continuing until 5am the next day. Estimate as closely as possible the length of time sleeping 
as well as length of time for each activity.   

 
     Example:         Sunday 5am - Monday 5am = day 1 
          Monday 5am - Tuesday 5am = day 2 
 
4.  Please monitor your heart rate (pulse), training pace, and exact distance during any 

programmed physical activity or workouts. 
 
5.  Please complete the 48-hour activity log during the same 48-hours you complete the dietary 

records. 
 
Example of how to record in log:      

Clock Time 
Total 

Minutes Activity Description 

Describe 
workout 

pace 
(min/mile) 

Intensity of Activity 
(record minutes) 

R
es

tin
g 

V
er

y 
L

ig
ht

 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

5:00am - 7:15am 135 sleeping  135     
7:16am - 8:30am 74 Eat, shower, dress   72 2   
8:31am - 8:54am 23 Bike to school   4 13 3 3 

8:55am - 
10:59pm 

848  walk to class & sit   793 50 5  
11:00pm - 

5:00am 
360 sleeping  360     

TOTAL  =   1440 minutes 
                   Total the minutes for each level of intensity: 

495 869 65 8 3 
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48-HOUR PHYSICAL ACTIVITY LOG 

 

Clock Time 
Total 

Minutes Activity Description 

Describe 
workout 

pace 
(min/mile) 

Intensity of Activity 
(allocate minutes) 

R
es

tin
g 

V
er

y 
L

ig
ht

 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

5:00 - 5:15 AM         

5:15 – 5:30         

5:30 - 5:45         

5:45 - 6:00         

6:00 - 6:15         

6:15 – 6:30         

6:30 - 6:45         

6:45 - 7:00         

7:00 - 7:15         

7:15 - 7:30         

7:30 – 7:45         

7:45 – 8:00         

8:00 - 8:15         

8:15 – 8:30         

8:30 – 8:45         

8:45 – 9:00         

9:00 – 9:15         

9:15 - 9:30         

9:30 – 9:45         

9:45 – 10:00         

10:00 – 10:15         

10:15 - 10:30         

10:30 – 10:45         

For Staff Use only: 
           Height _____ 
          Weight _____ 
               Age _____ 
         Gender _____ 
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10:45 - 11:00         

11:00 – 11:15         

Clock Time 
Total 

Minutes Activity Description 

Describe 
workout 

pace 
(min/mile) 

Intensity of Activity 
(allocate minutes) 

R
es

tin
g 

V
er

y 
L

ig
ht

 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

11:15 - 11:30         

11:30 – 11:45         

11:45 - 12:00 PM         

NOON – 12:15         

12:15 – 12:30         

12:30 – 12:45         

12:45 – 1:00         

1:00 – 1:15         

1:15 – 1:30         

1:30 – 1:45         

1:45 – 2:00         

2:00 – 2:15         

2:15 – 2:30         

2:30 – 2:45         

2:45 – 3:00         

3:00 – 3:15         

3:15 – 3:30         

3:30 – 3:45         

3:45 – 4:00         

4:00 - 4:15         

4:15 - 4:30         

4:30 - 4:45         

4:45 - 5:00         
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5:00 – 5:15         

5:15 - 5:30         

5:30 - 5:45         

Clock Time 
Total 

Minutes Activity Description 

Describe 
workout 

pace 
(min/mile) 

Intensity of Activity 
(allocate minutes) 

R
es

tin
g 

V
er

y 
L

ig
ht

 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

5:45 – 6:00         

6:00 – 6:15         

6:15 – 6:30         

6:30 - 6:45         

6:45 - 7:00         

7:00 - 7:15         

7:15 - 7:30         

7:30 – 7:45         

7:45 – 8:00         

8:00 - 8:15         

8:15 – 8:30         

8:30 – 8:45         

8:45 – 9:00         

9:00 – 9:15         

9:15 - 9:30         

9:30 – 9:45         

9:45 – 10:00         

10:00 – 10:15         

10:15 - 10:30         

10:30 – 10:45         

10:45 - 11:00         

11:00 – 11:15         
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11:15 - 11:30         

11:30 – 11:45         

11:45 - 12:00 AM         

12:00 – 12:15         

Clock Time 
Total 

Minutes Activity Description 

Describe 
workout 

pace 
(min/mile) 

Intensity of Activity 
(allocate minutes) 

R
es

tin
g 

V
er

y 
L

ig
ht

 

L
ig

ht
 

M
od

er
at

e 

H
ea

vy
 

12:15 – 12:30         

12:30 – 12:45         

12:45 – 1:00         

1:00 – 1:15         

1:15 – 1:30         

1:30 – 1:45         

1:45 – 2:00         

2:00 – 2:15         

2:15 – 2:30         

2:30 – 2:45         

2:45 – 3:00         

3:00 – 3:15         

3:15 – 3:30         

3:30 – 3:45         

3:45 – 4:00         

4:00 - 4:15         

4:15 - 4:30         

4:30 - 4:45         

4:45 - 5:00 AM         

TOTAL =  
1440 

minutes 
Total the minutes for 

each level of intensity:
     

 
 


