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Abstract 

The purpose of this pilot study was to describe menstrual cycle length (CL), luteal 
phase length (LP), energy balance (EB), and bone mineral density (BMD) for female ice 
hockey players (HG) and non-athlete controls (CG). Twelve HG (Mean ± SD; age = 21.1 ± 
3.4 yrs., HT. = 165.9 ± 4.6 cm, WT. = 64.7± 8.1 kg, %BF = 22.8 ± 3.8 %) and 12 CG 
completed the study (age = 21.4 ± 2.8 yrs., HT. = 169.5 ± 5.5 cm, WT. = 65.4 ± 6.4 kg, 
%BF = 20.0 ± 3.1 %). Mean CL for the HG (35.8 ± 11.2 days) was longer than the CG 
(29.8 ± 4.3 days). Mean LP length for the CG was slightly less than that of the HG (HG = 
9.9 ± 1.7 days; CG = 9.4 ± 1.9 days). Anovulation occurred in 50.0 % of HG and 43.1 %
 
of CG cycles. There were no apparent differences in lumbar spine, hip, and radial BMD
 
between HG and CG subjects. Mean EB for HG and CG was negative
 
(HG = -1018.37 ± 464.9 kcal.dai'; CG = -780.07 ± 310.62 kcal.dai'). Body composition,
 
including WT., % BF and FFM, showed little change in either group from time 1 to time 2.
 
This data supports the hypothesis that active females are experiencing menstrual
 
disturbances without symptomatic changes in body composition and may not be deriving
 
the bone trophic effects associated with weight bearing activity. Source of funding:
 
Olympic Oval Research Fund.
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CHAPTER 1: INTRODUCTION
 

There has been a dramatic increase in female participation in competitive athletics 

and intense physical activity (PA) in the past 30 years (Chen & Bryzyski, 1999; Highet, 

1989; Nattiv, Agostini, Drinkwater, & Yeager, 1994; Prior, Vigna, & McKay, 1992). In 

parallel to the increased athletic participation, research into the effects of strenuous 

sporting activity on the female neuroendocrine and reproductive systems has also 

increased dramatically. Specifically, published and peer-reviewed literature is focused on 

the multicausal etiology of the Female Athlete Triad; a triad of disorders including 

menstrual cycle alterations, disordered eating patterns, and osteoporosis in female 

athletes (Nattiv, Agostini, Drinkwater, & Yeager, 1994; Yeager, Agostini, Nattiv, & 

Drinkwater, 1993). 

There are, however, limitations to the literature surrounding the Female Athlete 

Triad. The majority of the literature regarding the Female Athlete Triad has been 

collected via survey methods in retrospective, cross-sectional analysis (Highet, 1989; 

Loucks & Horvath, 1985; Prior, 1996). Additionally, the literature focuses on specific 

sub-populations of female athletes involved in individual events where low body weight 

and aesthetics are essential to peak performance (e.g. gymnasts, ballet dancers, and 

runners). As a result, the current risk profile of the Triad includes very little information 

on female athletes having' average' body weights and lean body mass (LBM), who 

participate in predominantly team oriented, weight-bearing sports (e.g. ice hockey, field 

hockey, soccer, basketball, and volleyball). 

The present theoretical model for the Female Athlete Triad defines its 'triad' of 

disorders as menstrual dysfunction (specifically amenorrhea), eating disorders or poor 

nutrition (specifically anorexia and bulimia nervosa), and osteoporosis (Nattiv, Agostini, 
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Drinkwater, & Yeager, 1994; Wells, 1991) (see Figure 1). Currently, the Female Athlete 

Triad risk profile is not inclusive of athletes with 'average' body weights. The model is 

further confounded by varying definitions for menstrual disturbances with emphasis on 

cessation of menses or amenorrhea, strict adherence to the term "eating disorder" 

including anorexia and bulimia nervosa, and the underlying belief that 0 teoporo is is a 

disease of aging. Only a few studies and scientific reviews have recognized the 

importance of including inconspicuous menstrual disturbances in the definitions 

encompassing menstrual irregularities (Bullen et aI., 1985; Highet, 1989; Loucks & 

Horvath, 1985; Prior, Cameron, Yuen, & Thomas, 1982). Ovulatory disturbances, 

including anovulatory cycles and short luteal phases, do alter estrogen and progesterone 

concentrations without cessation of menstrual flow and thus do playa significant role in 

reproductive health, attainment of bone mineral density (BMD) in developmental years, 

and in maintenance of BMD with agi~g (Jacobson & Bonen, 1981; Keizer & Rogel, 

1990; attiv et aI., 1994; Prior, Vign~, Schechter, & Burgess, 1990; Snow-Harter, 1994). 
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Eating Disorders Amenorrhea 
(anorexia and (primary and 

bulimia) secondary) 

Osteoporosis 

Figure 1: Present Theoretical Model. 
Basic theoretical model for the interaction of eating disorders, amenorrhea, and 
osteoporosis in female athletes (reproduced with permission from Hanley & Carter
Erdman, 1998, The Canadian Journal ofCME, April, p. 52). 

The current Female Athlete Triad model may also limit the number of individuals 

considered at risk by defining "eating disorders" as anorexia and bulimia nervosa rather 

than promoting the understanding of varying degrees of restrictive eating and an 

understanding of the importance of energy balance in regulating ovulation. Definitions 

and models for disordered eating must encompass a broad spectrum of abnormal patterns 

of eating including binging, purging, food restriction, prolonged fasting, use of diet pills, 

diuretics, laxatives, and thought patterns such as preoccupation with food, dissatisfaction 

with one's body, fear of becoming fat, and a distorted body image. Further, present 

definitions of disordered eating should acknowledge the presence of nutritional 



4 

misinformation within the athletic population (Wiita & Strombaugh, 1996). Each of the 

above mentioned conditions may contribute to significant energy deficits for individuals 

exercising intensely (Nattiv et aI., 1994) and may impact future personal health. 

Therefore it is critical to understand the spectrum of eating practices and recognize 

potentially "at risk" individuals or populations. 

In addition to expanding present definitions of menstrual disturbances and 

restrictive eating patterns, it is necessary to acknowledge the importance of attaining peak 

bone mass (PBM) and the presence of a continuum of bone mineral acquisition with 

normal development and aging. Through the lifespan, BMD values follow a continuum 

from initial bone development, to childhood bone acquisition, to attainment of PBM in 

adolescence and early adulthood, to low bone mass (osteopenia or BMD between 1-2.5 

standard deviations below the mean reference range for the young healthy population), 

and possibly to osteoporosis (BMD lower than 2.5 standard deviations below the mean 

peak young adult bone mass) (Sturtridge, Lentle, & Hanley, 1996). In the Female Athlete 

Triad, low levels of estrogen and progesterone associated with energy deficits and 

subsequent menstrual cycle alterations, provide the link to low PBM or osteopenia and 

the risk of fractures due to osteoporosis in later years. Specifically, the complimentary 

positive effects of estrogen and progesterone on bone remodeling are absent in young 

females experiencing amenorrhea, anovulatory cycles, and short luteal phases (Prior et 

aI., 1990). Thus osteoporosis may be a misleading term within the theoretical model and 

consideration should be given to acknowledging the onset of bone loss or osteopenia in 

young female athletes. 
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A need exists for prospective research into the garnet of menstrual disturbances, 

restrictive eating practices, and osteopenia in female athletes. It is imperative to 

recognize the importance of ovulatory disturbances (anovulation and short luteal phase), 

energy balance, and the continuum from PBM, to osteopenia, to osteoporosis in the 

theoretical model of the Female Athlete Triad. Further, this research should encompass a 

range of plausible "at risk" groups including those having' average' body weights and 

'average' LBM participating in weight-bearing, team oriented sports (e.g. ice hockey, 

soccer, and field hockey) (see Figure 2, Appendix C). 

Statement ofProblem 

The identification of caloric restriction or inadequate nutrition, menstrual 

disturbances, and poor bone health is important in all athletes because of the effect these 

factors may have on sport performance and subsequent health. Presently, there is an 

obvious gap in the literature associated with identifying inconspicuous menstrual 

disturbances, estimating energy intake and energy expenditure, and recognizing all 

plausible "at risk" populations with respect to osteoporosis. The results of this research 

may provide medical practitioners and dieticians with a comprehensive assessment of 

energy status for female ice hockey players. Further, the present pilot study may provide 

the impetus for increased interest in the reproductive and skeletal consequences of 

inadequate nutrition in this often overlooked population of "apparently healthy" female 

athletes. 

Although female hockey players do not fit the typical risk profile for the Female 

Athlete Triad with respect to body composition (e.g. low body weight and low fat mass), 

female hockey players are involved in intense physical training and it is likely that they 
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are not meeting the nutritional energy requirements necessary to balance daily energy 

expenditure. Considering the importance of energy balance and environmental stresses 

(see Figure 2, Appendix C) in the development of menstrual disturbances in other 

specific groups of athletic and active females, a distinct investigation into the occurrence 

ofmenstrual disturbances, energy balance, and osteopenia in this population is warranted. 

Purpose ofthe Study 

The purpose of the present pilot study is threefold: 

1) To describe menstrual disturbances through quantitative basal body temperature 

(QBT) analysis of menstrual cycle length, luteal phase length, and occurrence of 

anovulatory cycles in a group of female ice hockey players (HG) (17-25 years of age) 

within the Olympic Oval High Performance Training Program (HPTP) compared to 

volunteer, non-athlete controls (CG) recruited from the University of Calgary 

Community. 

2) To describe energy intake, energy expenditure, energy balance (intake-expenditure), 

and body composition changes over a 6-month study period for a HG (17-25 years of 

age) within the HPTP compared to a CG recruited from the University of Calgary 

community. 

3) To collect baseline BMD measurements for the same group of female ice hockey 

players and controls for group comparisons and comparison with population ba ed 

diagnostic reference standards for BMD (T-Scores). 
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Primary Research Hypotheses 

HoI: Female ice hockey players (17-25 yrs) within the Oval HPTP will exhibit longer 

menstrual cycles length, shortened luteal phases «10 days), and a greater number of 

anovulatory cycles as indicated by the Men trual Cycle Diary (MCD) and quantitative 

basal body temperature (QBT) measurements when compared with non-athlete controls. 

H02 : Individuals in the HG will be in a state of negative energy balance in the absence of 

any change in body composition. 

D03 : Baseline BMD values at the spine, hip and radial site in the HG will be greater than 

BMD values for population reference standards and for CG. 

Proposed Theoretical Model 

The proposed theoretical model (see Figure 2, Appendix C) supporting the 

occurrence of menstrual disturbances in female athletes suggests that energy balance, 

nutritional intake, decreased calcium intake, increased training intensity, and body 

composition may all be implicated in the occurrence of menstrual disturbances and the 

appearance of premature osteoporo i (Highet, 1989; Marshall, 1994; attiv et aI., 1994; 

Snow-Harter, 1994). Present literature proposes menstrual disturbances are stimulated by 

a combination of one or more stressors (Harber, 1999; Loucks et aI., 1998; Loucks, 

Verdun, & Heath, 1998; Prior et al 1992). Regardless of the etiology of menstrual 

disturbances in female athletes, if women are exerci ing to the point of endocrine 

disturbance, the beneficial effects of exerci e on bone are overcome by the detrimental 
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impact of hormonal alterations and nutritional inadequacies. In these situations, 

significant bone loss begins (Drinkwater et aI., 1984). 

Conceptual and Operational Definitions 

Table 1 outlines the conceptual and operational definitions that will be applied in 

reference to concepts included in this study: 

Table 1: Definitions. 
Conceptual and operational definitions of the main concepts and study terminology. 

Term Conceptual Defmition Operational Definition 

Reproductive terminology 

Anovulation The absence of egg release. The lack of thermal shift in QBT 
Anovulation is documented by with cycles of normal length, 21-36 
the lack of thermal shift in days, as indicated by MCD (see 
QBT and no progesterone rise Appendix D). 
premenstrually (midluteal 
progesterone ~ 3ng.ml) (Israel, 
Mishell, Stone, Thomeycroft, 
Moyer, 1974). There is no 
luteal phase in anovulatory 
cycles however, the usual cycle 
length of an anovulatory cycle 
is the same as that of a normal 
cycle, 21-36 days (Vollman, 
1977). 

Eumenorrhea Menstrual cycles that occur Menstrual cycles occurring 
consistently at intervals of 21 consistently at intervals of 21-36 
36 days, with at least 9 cycles days, with at least 9 cycles per year, 
per year, and a luteal phase of and a luteal phase of at least 10 
at least 10 days (Vollman, days as indicated by MCD, personal 
1977). menstrual cycle calendar, QBT 

measurements, and EDI-2 
Symptom Checklist (EDI-SC) (see 
Appendix D and L). 
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Luteal phase LP begins with ovulation and The day of the first peak in basal 
(LP) ends the day before the onset body temperature above the mean 

of the next menstrual flow temperature line using Vollman's 
(1977) mean temperature m thod, 
to the day before the onset of the 
next menstrual flow (see Appendix 
D). 

Menstrual Primary amenorrhea, Menstrual disturbances will be 
Disturbances secondary amenorrhea, operationalized according to 

(MD) oligomenorrhea, Menstrual Cycle Diary (MCD) data 
polymenorrhea, anovulation, and basal body temperature (QBT) 
and short luteal phases. measurements for a 6-month period 

(see Appendix D). 
Normal The first day of menstruation, The first day of menstruation as 

menstrual cycle up to, but not including, the indicated by the MCD. 
onset of menstruation of the 
following cycle. Usually 21
36 days (Abraham, 1978; 
Vollman, 1977). 

Oligomenorrhea Cycles greater than 36 days Cycles greater than 36 day as 
(Abraham, 1978). indicated by MCD, personal 

menstrual cycle calendar, and QBT 
methods. 

Primary Delay of menarche beyond age Delay of menarche beyond age 16 
Amenorrhea 16 (Loucks & Horvath, 1985; yr. as indicated on the EDI-SC 

Speroff, Glass, & Kase, 1983). questionnaire (see Appendix L). 

Polymenorrhea Cycles less than 21 days Cycles less than 21 days a 
(Abraham, 1978). indicated by MCD, personal 

menstrual cycle calendar and QBT 
method. 

Secondary The absence of menstruation The absence of menstruation for 
Amenorrhea for more than six month in more than 6 months in women who 

women who were previously were previously cyclical or for a 
cyclical or absence of length of time equivalent to a total 
menstruation for a length of of at least three of her previous 
time equivalent to a total of at cycle lengths as indicated on the 
least three of her previous EDI-SC questionnaire. 
cycle lengths (Speroff et aI., 
1983). 



10 

Osteopenia 

Osteoporosis 

Energy Intake 
(EI) 

Bone Terminology 
Low bone rna s. A BMD Bone mineral density (gecm-2

) of 
between 1- 2.5 SDs below the the lumbar spine (Ll-4),femoral 
mean peak young adult BMD neck, and radius will be determined 
(Maggi 1993; Sturtridge, using Hologic QDR 2000 dual 
Lentle, & Hanley, 1996). energy x-ray absorptiometry 

(DEXA). A BMD between 1-2.5 
SDs below the mean peak young 
adult BMD for each site indicates a 
diagnosis of osteopenia (see 
Appendix E). 

A BMD more than 2.5 SDs Bone mineral density (ge cm-2
) of 

below the mean peak young the lumbar spine (L1-4), femoral 
adul t bone mineral densi ty neck, and radius will be determined 
(BMD) (Maggi, 1993; using Hologic QDR 2000 dual 
Sturtridge, Lentle, & Hanley, energy x-ray absorptiometry. A 
1996). BMD more than 2.5 SDs below the 

mean peak young adult BMD for 
each site indicates a diagno is of 
osteoporosis (see Appendix E). 

Energy Status Parameters 
The individual's intake of total EI will be assessed via a 7-day 
daily calories individual. For dietary record (Appendix F) 
females aged 19-24 years with beginning on the first day of 
mean body weight 58 kg the menstrual flow to control for 
Canadian Recommended differences in energy intake over 

utrient Intake (RNI) the menstrual cycle (Barr, Jannelle, 
standards recommend an & Prior, 1995; Choudhuri, & 
energy intake (EI) of 21 00 Tandon, 1986; Dalvit, 1981; Dalvit
kcaledai1. Tilgner & Schiller McPhillip, 1983; Fong & Kretsch, 
(1989) found a mean EI of 1993; Gong, Garrel, & Calloway, 
1956 kcaled- I for 8 female 1989; Lyons, Truswell, Mira, 
hockey players aged 19 years. Vizzard, & Abraham, 19 9; 

Manocha, Lissner, Stevens, 
Levitsky, Rasmussen, & Strupp, 
1988; Pliner & Flemming, 1983; 
Tarasuk & Beaton, 1991; Tangney, 
Brownie, & Wu, 1991). Nutritional 
data will be analyzed using the 
, utritionist 5" software program 
to yield energy intake. Athlete and 
non-athlete energy data will be 
compared to RNI values, new DR! 
values when available (Food and 
Nutrition Board In titute of 
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Energy of 
Physical
 

Activity (EPA)
 

Resting Energy
 
Expenditure
 

(REE)
 

The most variable component 
of daily energy expenditure, 
EPA may account for as little 
as 10% in a bed-ridden 
individual or as much as 50% 
of overall daily energy 
expenditure in an athlete 
(Mahan & Escott-Stump, 1996; 
Van Zant, 1992). 

REE is the largest single 
source of energy expenditure. 
REE accounts for 
approximately 50-75% of an 
individual's total daily energy 
expenditure (TEE) (Mahan & 
Escott-Stump, 1996) and is 
defined as the energy expended 
due to resting physiological 
functions (e.g. ventilation, 
cardiovascular activity, 
protein, glycogen, and 
triglyceride synthesis, and 
electrical activity within the 
cells) (Thompson & Manore, 
1998). 

Medicine, 1999), and reference 
standards for athletic and general 
population females to determine 
adequacy of intake (see Appendix 
H). 

EPA will be estimated using a 
factor of resting energy expenditure 
(REE) to account for differences in 
intensity of daily activities 
undertaken by the hockey players 
and the control subjects (see 
Appendix G) (Heyward, 1997): 
Moderately active individual 
(control): 
EPA (kcaledai1

) = REE * 0.45 

Very active individual (hockey): 
EPA(kcaledai') = REE * 0.75 

REE will be determined using a 
calculation by Cunningham (1980): 
REE (kcaledai') = 500 + 22 (fat 
free mass) (see Appendix G). 
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Thermic Effect 
of Food (TEF) 

Total DaiJ 
Energy 

Expenditure 
(TEE) 

Body 
Composition 

(BC) 

TEF i energy expended in If the individual i consuming a 
excess ofREE for the liberal mixed diet 10% of the REE 
digestion, absorption, and EPA should be added to cover 
tran port, metabolism and the TEF (Mahan & Escott- tump, 
storage of food and it accounts 1996). However upon Per onal 
for approximately 5-10% of Communication with a Regi tered 
daily energy xpenditure Dietician employed by the ational 
(Thompson & Manore 1998; Sport Center Calgary Alb rta it 
Van Zant, 1992). was decided that a more appropriate 
Consumption of carbohydrate estimate of the TEF would be 7% 
or fat increase the metabolic ofREE and EPA (Carter-Erdman, 
rate by about 5% of the total May 2000) (see Appendix G): 
calories consumed. If the food 
intake is high in protein, the TEF (kcaledai') = 0.07 * (REE + 
increase may be as much as EPA) 
15% (Mahan & Escott-Stump, 
1996). 
The energy expended by an TEE will be calculated using the 
individual in 24 hours. The REE, EPA determined using the 
sum of the resting energy Factorial Method, and the TEF. Fat 
expenditure (REE), energy free rna will be determined u ing 
expended in PA (EPA), and the kinfold girth and length analysis 
thennic effect of food (TEF) (see Appendix G). 
(Thompson & Manore, 1998). 

Body Composition Terminology 
Assessment of body Anthropomorphic assessment will 
composition parameter consist of 56 directly mea ured 
including skinfold parameter taken by a sport 
measurement of the thickness anthropometrist. Many of the 
of the subcutaneous fat tissue parameters will later be u ed in 
at various site on the body, secondary equations to de cribe 
bone dimensions, and limb body composition, build, 
circumferences to predict % development of active tis ues in 
body fat (BF). lower and upper body segments, 

their rna e, total and fat-free 
volume . A medical scale, 
Harpenden skinfold caliper, an 
anthropometer, and steel tape will 
be used to take the measurements. 
Body fat% fat free mass, and % 
muscle mass will be estimated 
using the equation ofParizkova 
(1978) and Matiegka (1921) ( ee 
Appendix K). 
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CHAPTER 2: REVIEW OF LITERATURE 

Menstrual Disturbances in Female Athletes 

The "Female Athlete Triad" 

Research into the effects of strenuous exercise on the female neuroendocrine and 

reproductive systems has increased since the early 1970s in parallel to the introduction of 

Title IX of the Educational Amendment Act, and the subsequent increase in female 

participation in physical activity (PA) and competitive sports (Chen & Bryzyski, 1999; 

Highet, 1989; Nattiv et aI., 1994). For most women, specifically those who are 

experiencing menopause, PA has led to significant health benefits and contributed to 

improved cardiovascular, muscular, and skeletal fitness and an overall feeling of 

well ness. However, for women participating in competitive sports, the impact of 

multiple environmental stressors on the reproductive system may put them at special risk 

for the development of one or more of an inter-related triad of medical disorder referred 

to as the "Female Athlete Triacf': amenorrhea, disordered eating or poor nutrition, and 

osteoporosis. Independently, each of the above mentioned disorders presents a 

significant medical risk to the young female athlete driven to excel in her sport. When 

combined, this triad of disorders within the subpopulation of female athletes may lead to 

significant morbidity and even mortality in young women (Nattiv et aI., 1994). 

Pathophysiology ofMenstrual Disturbances in Athletic Females 

The common link between menstrual cycle alterations, restrictive eating practices, 

and bone mineral density arises from the sensitivity of the female reproductive ystem to 

environmental stressors and the bone-trophic effects of the reproductive hormones 



14 

estrogen and progesterone. In its most rudimentary sense, complex interactions amongst 

exercise, nutrition, and environmental factor, act directly through hypothalamic control 

centers to alter gonadotrophin-releasing honnone (GnRH) release. In effect, this 

temporarily eliminates the possibility of pregnancy during conditions of internal and 

external stres including times of decreased nutrition, illness, energy expenditure in 

excess of energy availability, psychological stress, or emotional upset (Nattiv et aI., 1994; 

Prior, 1996; Prior & Vigna, 1991). 

The majority of athletic women with menstrual cycle alterations will ha e a 

subtype of hypothalamic amenorrhea (Marshall, 1994). Hypothalamic amenorrhea 

occur more often in individuals experiencing delayed menarche, men trual disturbances 

prior to the onset of training and vigorous training prior to menarche. Although 

hypothalamic amenorrhea was originally thought to be closely associated with rapidly 

increased training intensity (indicated by mileage, or percent of maximal oxygen capacity 

during training), a number of theories have been proposed to thoroughly explain 

menstrual disturbances in female athletes (Bullen et aI., 1985; Frisch, Gotz-Welbergen, & 

McArthur, 1981' Highet, 1989; Malina, Spirduso, & Tate, 1978; Shangold & Levine, 

1982). The proposed theories attempt to explain the complex pathophysiology of 

hypothalamic amenorrhea by specifically focusing on the mechanisms by which the 

intrinsic pathway of the female neuroendocrine and reproductive systems may be 

adversely affected in varied contributions by weight loss, low body weight, emotional 

stress and physical stress. However, large inter-individual variations in the thre hold of 

on et of menstrual disturbances exi t (Arena, Maffulli, Maffulle, Morleo, 1995). Most 

theories related to men trual disturbances in athletic females agree that hypothalamic 
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secretion of GnRH is diminished resulting in decreased pulsatility of lutenizing hormone 

(LH) and follicle timulating hormone (FSH) and therefore decreased e trogen 

production by the ovarie . Variations to thi central theme do exi t including: (1 

suppre ion of GnRH pulse frequency and amplitude due to increased endogenous opiod 

from a' runner's' high (Marcus ann, Madvig, Minkoff, & Goddard 1985; Samu Is, 

Sanborn, & Hofedt, 1991) (2) presence of hypercortisolism, occurring due to excessive 

exercise training, inhibits GnRH pulsatile ecretion, through the action of cortisol or 

corticotropin-releasing factor (CRF) (Hohtari Salminen-Lappalainen, & Laatikainen, 

1981; Loucks, Mortola, Girton, & Yen, 1989), (3) with aerobic training, melatonin or 

dopamine may be ele ated and in tum suppress GnRH pulsatile secretion (Laughlin, 

Louck, & Yen, 1991; Plosker Marshall, & Martin 1990), and (4) long term negative 

energy balance (energy expenditure exceed nergy intake) leads to a decrease in 

utilizable metabolic fuels disrupted LH pulsatility, and subsequent alterations to thyroid 

metabolism and basal metabolic rate (Loucks & Heath, 1994; Loucks & Verdun, 1998; 

Loucks et aI., 1998; Wade, Schneider, & Li, 1996). 

Defining Menstrual Disturbances: Cessation ojMenses vs. Ovulatory Disturbances 

Athletic women experiencing menstrual disturbances are commonly defined as 

having primary amenorrhea; delay of menarche beyond 16 year of age (Louck & 

Horvath, 19 5) econdary amenorrhea; ab ence of men es for 6 month or a I ngth of 

time equal to 3 of the previous cycle lengths (Speroff, Glass, & Kase, 19 3), 

polymenorrhea; cycles less than 21 days (Abraham, 1978), or oligomenorrhea; cycles 

greater than 36 days (Abraham, 1978). Most of the information on which these 
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definitions are based originated from a comprehensive population study conducted by 

Vollman (1977) in which he investigated menstrual cycle characteristics for over 30,000 

women. Through these investigations Vollman defined normal menstrual cyclicity 

(eumenorrhea: usually 21-36 days from the first day of menstruation, up to but not 

including, the on et of menstruation of the following cycle) on the basis of cycl length, 

the follicular phase, the occurrence of ovulation, and its luteal phase (10-16 days). Thus, 

it had been acknowledged as early as 1977 that various phases and events of the 

menstrual cycle may contribute to its variability and characterization as either normal or 

irregular. 

Currently, problems in predicting variability in normal menstrual cyclicity and 

determining the etiology of menstrual disturbances in athletic females exist. Perhaps this 

is due to the fact that normal menstrual flow and normal cycle length may be present 

when follicular phase length is unchanged but when alterations of the luteal phase of the 

cycle are occurring (Keizer & Rogel, 1990). Luteal insufficiency, short luteal phase 

(SLP) « 10 days), and anovulation (inadequate priming of stimulated follicle and 

absence of ovulation) are common. According to Vollman (1977) the incidence of SLP 

is 15.7 % across women of all gynecological ages. In exerci ing women specifically, 

ovulatory changes with training alterations have been observed in a number of 

prospective studies (Bonen, Belcastro, & Simpson, 1981; Bullen, et al. 1985; Loucks et 

aI., 1998; Prior et aI., 1990; Prior & Vigna 1991; Ronkainen, Pakarinen, Kirkinen, & 

Kauppila 1985). Although the underlying hypothesis in these studies predicts exercising 

women will have a higher proportion of men trual cycle alterations when compared to 

control non-exercising subjects several researchers have concluded otherwise. Prior et a1. 
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(1990) observed no significant differences in the occurrence of ovulatory disturbances 

when comparing consistent runners (more than 1 hour/week running at a constant pace 

but not training for a specific race), marathon runners (training for a recreational 

marathon), and normally active controls (women who performed < 1 hour per week of 

aerobic exerci e) although luteal function was disturbed in 29 % of all cycles. It is 

interesting to note that in this specific study, only 13 of 66 women, including controls, 

had normal menstrual cycles. This research is supported by the work of Loucks et al. 

(1998) who concluded that low energy availability, not stres of exerci e or athletic 

involvement, alters LH pulsatility in exercising women. 

Presently, the model of the Female Athlete Triad is not consistent in accounting 

for the luteal phase aberrations mentioned above (see Figure 1). Rather, the definition of 

menstrual disturbance within the Female Athlete Triad includes obviou chang s in 

normal cyclic reproductive function, specifically cessation of menstrual flow or 

amenorrhea and oligomenorrhea. However, the occurrence of inconspicuous menstrual 

disturbances, including anovulation, SLP, and disruptions in LH pulsatility in exercising 

and non-exercising females is supported in the literature (29 % - Prior et al., (1990) and 

15.7 % - Vollman (1977); Loucks & Heath, 1994; Loucks & Verdun, 1998; Loucks et al., 

1998; Wade, Schneider, & Li, 1996). More importantly, anovulation and SLP may not 

present as a disruption in menstruation and therefore can occur in cycles of normal 

length. In this case, the individual experiencing these disturbances is left unaware and 

susceptible to the consequences of prolonged alterations to estrogen and progesterone 

level. 
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Anovulation appears to involve central control of LH pulsatility. Specifically, 

inadequate luteal phase, SLP, and anovulation are characterized by endogenous 

progesterone production below the ovulatory progesterone thre hold of 3 ng.mr l and 

decreases in all aspects of the LH signal (lower amplitude, less frequent pulses, and less 

area under the LH pulse (Bonen Belcastro, Simpson, & Ling 1981; Bullen, Skrinar, 

Beitins, Carr, Reppert et ai., 1984; Cumming, Vickoric, Wall, & Fluker, 1985; I rael et 

aI., 1974; Jacobson & Bonen, 1981; Jacobson, Wilkinson, & Bonen, 1983; Prior, 1988; 

Prior, 1990). 

Energy Balance and Menstrual Disturbances in Female Athletes 

The "energy availability hypothesis" suggests that the GnRH pulse generator is 

disrupted by an unidentified signal that dietary intake is inadequate for the energy cost of 

reproduction and locomotion (Loucks et aI., 1998). This hypothesis is upported by 

reports of athletic women consuming less energy than required for their activity level; by 

endocrine sign of chronic energy deficiency in athletes diagnosed with amenorrhea; and 

by an extensive literature on the bioenergetics of reproduction which has documented a 

dependence of reproductive function on energy availability in mammalian species 

ranging from rodents to humans (Wade & Schneider, 1992; Wade et aI., 1996). The 

effect of inadequate energy intake on menstrual cyclicity has also been investigated in 

clinical and experimental studies (Reid & VanVugt, 1987; Vander Walt Wilm en, & 

Jenkins, 1978) and was illustrated by Lee (1979) and Shostak's (1981) (as cited in 

Adashi, Rock, & Rosenwaks, 1996) observation that the Kung San women of the Kalihari 

Desert ovulated only at times of year when food was plentiful and hunting activities were 
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restricted (hunting requires a large daily energy expenditure and in times of food 

restriction, expenditure may exceed intake). Investigations of this nature have concluded 

that although critical body weight and fat mass may bone pr requisite for normal 

reproduction, factors other than body compo ition are associated with menstrual 

disturbances. Energy availability and nutritional status playa critical role in repr ductive 

endocrinology. In previous studie a reduction in dietary fat intake and increased dietary 

fiber intake (without changes in body weight) resulting in reduced total energy, had been 

observed to reduce plasma concentrations of estrogen and alter menstrual cyclicity 

(Bronsen & Manning, 1989; Luke & Scholler, 1992; Snow, Schneider, & Barbieri, 1990). 

Additionally a reduction in basal metabolic rate has been ob erved in amenorrheic 

runner with lower caloric intake , an energy deficit (imbalance between energy intake 

and expenditur ), improper nutritional choices with re pect to dietary fat and fiber (too 

little fat and too much fibre), and Ie s iron intake via red meat (Brooks Sanborn, 

Albrecht, & Wagner, 1984; Hill, Garbaczewski, Daynes, & Gaire, 1986; Jones, Judd, & 

Taylor, 1987; Kaiseraver, Snyder, Aleeper, Zierat, 1989). 

The exact mechanism by which energy balance or nutritional intake modulates 

GnRH pulsatility, and ub equently the secretion of LH and follicle-stimulating hormone 

(FSH) is unknown. It ha been postulated that the link between energy balance and 

men trual di turbances may involve several pathways: (1) alterations in metabolic fuels 

such a free-fatty acids amino acid and gluco e; (2) decrea e in food intake and body 

composition may stimulate decrea es in hormones such as in ulin insulin-like growth 

factor (lGF) and leptin which act on the hypothalamus to modulate the activity of 

hypothalamic neurons increase the ensitivity of gonadotrope to GnRH, or act in amino 
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acid transportation and metabolism; (3) impairment of neurohormonal signals; and (4) 

energy deficit leading to chronic reduction of basal metabolic rate and thermogenesis 

which could affect hypothalamic secretion by altering vascular flow or neurosecretion 

(Baskin, Porte, Guest, & Dorsa, 1983; Femstorm, 1983; VanHouton, Posner, Kopriwa, & 

Brawer, 1979 as cited in Bringer, Lefebvre, Boulet, Clouet, Renard, 1997). Thu , the 

hypothalamic-pituitary-ovarian (HPO) axis is extremely sensitive to nutrient intake and to 

relatively mild restrictions in caloric intake inducing a negative energy balance. Several 

signal associated with endocrine and basal metabolic rate alterations, as mentioned 

above, must be considered to examine the link between energy availability, nutritional 

status and menstrual disturbances. 

Bone Mineral Density: the Continuum to Osteoporosis 

Bone mineral status of adults is a reflection of bone mineral accrual during 

growth and subsequent loss with aging. The information regarding the age at which peak 

bone mass (PBM) is achieved is conflicting. In a prospective study of young adult 

women Recker and coworkers (1992) showed that BMD in the forearm, lumbar pine, 

and total body increased between the ages of 18 and 30 years of age but stabilized by age 

30 years suggesting that the end point for BMD had been reached. Contrary to this 

evidence, several studies indicate that women showed very small changes in BMD after 

18 years of age (Lu, Brody, & Ogle, 1994; Matkovic, Jelic, & Wardlaw, 1994; 

Teegarden, Proulx, & Martin, 1995 as cited in Bailey, Faulkner, & McKay, 1996). Thus 

it is critical that children and adolescents establish an optimum level ofBMD b tween the 

ages of 9-20 years to en ure lifelong skeletal adequacy (Bailey et aI., 1996). 
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BMD is an important component of bone strength and its measurement is 

considered the single best method of assessing future risk of fractures due to osteoporosis 

and for confirming the diagnosis of osteoporosis. Changes in BMD range along a 

continuum from PBM (in reference to the mean of the reference range for young healthy 

adults), to low bone mass, to osteoporosis, and bone fracture. Osteopenia refers to BMD 

between 1-2.5 standard deviations below the mean reference range while osteoporosis is 

diagnosed when BMD falls below 2.5 standard deviations from the mean peak young 

adult bone mass (Sturtridge et aI., 1996). Normal values for mean BMD at the spine and 

proximal femur in caucasian women between ages 20 to 50 years are reported to be 1.03 

± 0.113 ge cm-2 and 1.00 ± 0.114 ge cm-2 (Henderson, Price, Cole, Gutheridge, & Bhagat, 

1995). Similarly, mean BMD at the wrist in caucasian women aged 16 to 30 years is 

reported to be 0.69 ± 0.13 ge cm-2 (Faulkner et aI., 1996; Warren et aI., 1991). 

Etiology ofOsteopenia: Estrogen and Progesterone as Bone-Trophic Hormones 

Estrogen and progesterone are thought to play active roles in the process of bone 

remodeling in the human (Prior, 1990) and animal (Snow & Anderson, 1986) models. 

Prolonged hypoestrogenism that occurs with menstrual disturbances in female athletes 

has been linked to failure to reach peak bone mass, loss of bone, failure of weight-bearing 

bones to mineralize with stress, and increased stress fractures (Barrow & Saha, 1988; 

Warren, Brooks-Gunn, Hamilton, Warren, & Hamilton, 1986). It is also likely that 

progesterone acts to alter bone metabolism through stimulation of osteoblast function 

thus complementing estrogen's role of decreasing bone resorption (Erikson, Colvard, & 

Berg, 1988; Prior et aI., 1990; Riggs, Jowsey, Kelly, Jones, & Maher, 1969). Therefore, 
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just as the link between estrogen and progesterone in the reproductive cycle is integral, so 

are the complementary actions of these honnones in bone remodeling. 

BMD and the Exercising Female 

Adequate estimates as to the nonnal range for BMD in young female athletes and 

non-athletes are difficult to deri e due to inconsistencies in measurement techniques (e.g. 

using dual energy x-ray absorptiometry (DEXA) vs. dual photon absorptiometry), 

measurement of predominantly cortical bone (at the radius) vs. trabecular bone sites 

(lumbar spine), and difficulty in establishing large samples from diverse athletic groups. 

In general tenns, exercise is understood to exert a positive influence on bone 

accrual. Increased BMD in female athletes is reported to be dependent on the pattern of 

weight bearing activity and this effect is specific to the skeletal region stimulated by the 

specific activity. Specifically, increased BMD at the lumbar spine and lower body has 

been reported in male and female runners and weight lifters whereas increases at the 

distal radius have been reported for gymnasts and tennis player when compared to 

sedentary controls (Da1sky, 1990; Kannus, Haapasalo, & Sankelo, 1995; Petit, Prior, & 

Barr, 1998). However, several studies also indicate osteoporosis and skeletal problems 

associated with osteopenia are surfacing as complications of vigorous activity in 

amenorrheic athletes (Cann, Genant, Ettinger, & Gordon, 1980; Davies, Hall, & Jacobs, 

1990; Drinkwater, ilson, Chesnut, Bremner, Schainholtz, & Southworth, 1984; 

Drinkwater, il on, Ott, & Chesnut, 1986; Myburgh, Bachrach, Lewis, Kent, & Marcus, 

1993; Petit, Prior, & Barr, 1999; Prior et al., 1990; Rencken, Chesnut, & Drinkwater, 

1996). Specifically, two studies observed a significant difference in BMD at the lumbar 

spine for amenorrheic athletes (1.12 gecm-2
) when compared with matched eum norrheic 
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controls (1.30 ge cm-2
) (Drinkwater et aI., 1984; Rencken et aI., 1996). Further, in a study 

of women experiencing ovulatory di turbances, Prior et al. (1990) reported that luteal

pha e index (length of luteal phase divided by total cycle length) was the tronge t 

explanatory variable for changes in pinal bone loss (R2 = 0.235, P < 0.001). Further, the 

women who experienced one or more ovulatory disturbances (29 % of subjects studied) 

had significant decreases in spinal bone density (mean ± sd; 4.3 ± 4.2 mg.cm-3 and 6.4 ± 

3.8 mge cm-3 per year (p < 0.001), respectively). Additionally, Barrow & Saha (1988) 

found that runner with amenorrhea not only had a higher incidence of stress fractures 

than regular cycling women (45 % versus 29 %) but they also had more multiple 

fracture indicating that menstrual disturbances significantly impact skeletal integrity and 

future fracture risk. 

There i evidence for the reversibility of bone loss in amenorrheic athletes if 

menstrual disturbances and bone loss are detected early and early treatment is 

implemented. Lindberg, Powell, Hunt, Ducey, & Wade (1987) reported that runners 

who reduced their weekly running mileage by 43 % and increased their body weight by 

5%, showed increased e trogen levels and increased BMD at the spine from 1.003 ± 

0.097 g.cm-2 to 1.07 ± 0.089 ge cm-2 after 15 months. A follow-up study by Drinkwater 

and coworkers (1986) showed increases in BMD of6.7 % with decrea ed training 

mileage and increased weight gain associated with resumption of menses after 15.5 

months. This increase is in contrast to a loss of 3.4 % of spinal BMD experienced by 

women who remained amenorrheic for the study period. Despite this upport for positive 

changes in BMD with resumption of menses, Cann et al. (1988) sugge ted that 

amenorrheic athletes who remain amenorrheic for two to three years show signs of 
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irreversible trabecular bone loss even with the use of calcium and estrogen supplements. 

Further, Marcus, Cann, & Madvig (1985) have shown that the duration of amenorrhea 

(2.1 versus 4.5 years) is associated with the degree of spinal bone loss (8 % and 17.5 % 

loss, respectively). 

Economic Consequences ofOsteoporosis 

Despite the severe consequences of menstrual disturbances with specific reference 

to premature osteoporosis in young female athletes, Health Canada holds little 

information on this unique population. It is estimated that in Canada, a total of 1.8 

million women had osteoporosis in 1993. Further, at age 50 years approximately I in 4 

women will be affected by osteoporosis (Hanley, 1996; Hawker, 1996). The total acute 

health care cost associated with osteoporosis and osteoporosis related fractures for 

Canada in 1993 was estimated to be $465 million. Additionally, long term and chronic 

health care costs were estimated to contribute $563 and $279 million, respectively. 

However, the health promotion programs associated with these costs and $600 million 

Health Care dollars of present spending, are currently aimed at Type I and II osteoporosis 

which affect individuals over the age of 65 years. Further, the Canadian Multi-center 

Osteoporosis study (CaMOS) currently involves nine centers, 6000 women and 3000 men 

across the country, and is supported by approximately $6.52 million dollars (Health 

Canada, 1999; Goeree et aI., 1996) but there has been no mention of young female 

athletes in this study population. 
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Nutritional Requirements for Female Athletes 

In addition to the problems associated with defining, diagnosing, and determining 

the mechanisms behind menstrual disturbances and osteopenia in female athletes, 

establishing normative energy intake and expenditure values is also difficult due to the 

lack of data on nutritional requirements for athletes and the indirect measurement 

methods widely used to estimate energy intake and expenditure. 

Normative values for females are based on the Canadian Recommended Nutrient 

Intake (RNI) values. These values are standardized recommendations or guidelines 

established for Canadians by the Department of National Health and Welfare in Canada 

(1990). In conjunction with "Canada's Food Guide to Healthy Living", the RNIs are 

intended to offer guidelines for the number of servings of various food categories needed 

to provide an adequate diet (see Appendix H). The recommendations also promote 

population-wide dietary changes, such as a reduction in dietary fat and salt intake and an 

increase in fruits and vegetables, in order to reduce the risk of common diseases such as 

cardiovascular disease and cancer. According to these recommendations a typical 

Canadian diet should provide 55 percent of total caloric intake as carbohydrates, less than 

30 percent of energy as fat, and 10 to 15 percent of energy as protein with a daily caloric 

intake for females of 1500 to 2300 kcal-d- I (2100 kcal-d- 1 = 16 to 24 years; 1900 kcal-d- I 

= 25 to 49 years; 1800 kcal_d- 1 = 50 to 74 years; 1500 kcal-d- I = ~ 75 years) (see 

Appendix H). 

Although the RNI recommendations provide a thorough analysis of energy and 

nutrient needs for females in distinct age categories, the information is based on the 

average needs for the reference population of Canadian females. Little information is 
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available to suggest how these recommendations must change when we are providing 

recommendations for a female involved in the physical demands of an athletic training 

program. The primary barrier to collecting large quantities of data on energy 

requirements for individuals in any population subgroup is the error associated with 

"factual techniques" (e.g. food frequency questionnaires, 24 hour recall, diet records, and 

activity records) used to indirectly measure energy intake and energy expenditure. Day 

to day variation in energy status, the disturbance of normal dietary practices due to 

measuring and recording food, recall problems, and errors related to analyzing energy 

intake or calculating energy expenditure using activity records or generalized equations, 

each contribute to a decrease in the accuracy of determining the energy requirement for a 

population. Errors in estimating energy intake of up to ± 30 % of actual need and errors 

for various methods of estimating energy expenditure from 6 % to 30 % have been 

reported (Berning & Steen, 1998; deVries, Zock, Mensink, & Katan, 1994; Mahalko & 

Johnson, 1980; Sawaya, Tucker, & Tsay, 1996; Todd, Herdes, & Calloway, 1983). 

Jones and coworkers (1997) suggest that Health Canada's RNI values for women 

aged 25 to 49 years are substantially below the true requirement level of the population 

subgroup. This research group suggests that a true estimation of the energy requirements 

of a population can only be determined using the "gold standard" doubly-labeled water 

(DLW) technique which involves direct measurement of carbon dioxide expired and has 

been shown to be accurate to 2 to 3 % and precise to 3 to 5 % compared to other 

reputable techniques (Jones & Leitch, 1993; Jones et aI., 1987; Ravussin & Harper, 1991; 

Schoeller & Webb, 1984; Westerterp, Brouns, Saris, & TenHoor, 1988; Schoeller, 

Kushner, & Jones, 1986). However, most of the existing literature on DLW deals 
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predominantly with lean and obese populations and does not provide estimates of 

accuracy and precision in a female athletic population. Determination of energy needs 

for various subgroups of female athletes would require measurement of large numbers of 

individuals to provide an accurate overview of the energy requirements for each group 

and this is not feasible due to cost and equipment limitations of this method. 

Generally, nutritional recommendations for athletes are based on the assumption 

that all of the required micro and macronutrients are adequately provided through a 

nutritionally balanced diet. Theoretically a diet based on the main food groups with 

sufficient calories to meet the energy demands of the specific sport or activity is 

adequate. The recommended proportion of carbohydrates, protein and fat are similar to 

the amounts recommended for the general population with emphasis placed on ensuring 

an adequate supply of complex carbohydrates for muscle glycogen stores and of protein 

for maintenance, repair, and restoration of damaged tissues (Wells, 1991). 

Vitamin and mineral supplements are not recommended for athletes unless 

adequate supplies cannot be obtained through dietary intake. One exception to this 

general recommendation is the suggestion that iron status in female athletes eating a 

vegetarian diet may be significantly lower than athletes who eat red meat (Snyder, 

Dvorak, & Roepke, 1989). The poor absorption of iron from non-heme sources in the 

vegetarian diet coupled with inadequate dietary caloric intake, increased iron los es in 

urine and sweat, gastrointestinal blood loss, and expansion of plasma blood volume with 

maintenance of red cell mass, may suggest that iron status in female athletes needs to be 

carefully monitored and supplementation undertaken when necessary (Wells, 1991). 
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Various reports have documented low caloric intake in female athletes, a lack of 

basic knowledge in nutrition, and an incidence of self-reported eating disorders as high as 

62% in female athletes involved in weight dependent sports such as gymnastics and 

rowing (Burckes-Miller & Black, 1988; Gadpalle, Sandborn, & Wagner, 1987; Sundgot

Borgen, 1994; Warren, Stanton, & Blessing, 1990; Wiita & Strombaugh, 1996). Recent 

research on athletic females within the University of Calgary suggests a diverse range of 

caloric intakes and eating patterns across a number of non-weight dependent sports 

(Doyle-Baker, MacDonald, Hewitt, & Harris, 2000). Female varsity soccer, basketball, 

and volleyball players consumed an average of 1850.7 ± 417.4 kcaleday", ,2639.5 ± 

586.21 kcaleday", , and 2134.8 ± 286.0 kcaleday", , respectively. Further investigation of 

the soccer group (aged 15-24 years) revealed a normal caloric distribution of 12 % 

protein, 57 % carbohydrates, and 28 % fats. However, reports of dieting, binging, 

purging, and missed menstrual cycles as measured by the EDI-2 Symptom Checklist 

were 31 %,6 %, 25 %, and 36 %, respectively. Subjective observation of the group 

further revealed that despite their chronic state of energy insufficiency and reports of 

disordered eating patterns and menstrual aberrations, these individuals were not 

underweight but rather maintained the normal body weight characteristic of females in 

their sport (Doyle-Baker, MacDonald, Hewitt, & Harris, 2000). Thus, this recent 

research challenges the present belief that disordered eating behavior and menstrual 

disturbances occur only in predominantly aesthetic, weight preoccupied sports and opens 

the door for questions as to the breadth of nutritional inadequacy in other female athlete 

groups. 
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Expanding the "Female Athlete Triad" Risk Prome 

Female participation in ice hockey has increased tremendously in recent years. 

The fastest growing segment of the Canadian Hockey Association (CHA) is its women's 

hockey program which has doubled its registration to 30,000 participants since Canada 

hosted the first women's World Championship in 1990 (Canadian Hockey Association 

[On-line] August 20,1999). Despite the rapid growth of women's hockey, very little 

peer reviewed published literature exists to demonstrate the physiological, psychological, 

and social demands of this typically male dominated sport (Doyle-Baker, Fagan, & 

Wagner, 1997). 

The game of ice hockey is metabolically unique, requiring its participants to work 

at maximal capabilities using both aerobic and anaerobic energy systems. This sport not 

only demands bursts of intense muscular activity but also exceptional power and 

endurance, a substantial lean body mass and exceptional muscular strength (Cox, Miles, 

Verde, & Rhodes, 1995). In a recent investigation on the physical and physiological 

characteristics of provincial and national level female ice hockey players aged 19.4 -24.2 

years it was observed that mean body weight was 64.2-69.3 kg (Doyle-Baker, Fagan, & 

Wagner, 1997) in comparison to mean values of 49.5 kg, 52.0 kg, and 52.0 kg, reported 

for elite ballet dancers, gymnasts, and marathoners, respectively (Cohen, Kim, May, & 

Ertel, 1982; McArdle, Katch, & Katch, 1981; Wells, Hecht, & Krahenbuhl, 1981). 

Despite having a larger mass, subjective observations and interviews with female ice 

hockey players in the University of Calgary Olympic Oval High Performance Training 

Program (aged 17-25 yrs.; September, 1999) suggest that approximately 20 % had or are 

currently experiencing obvious menstrual disturbances. 
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To date, no studies have been published on the occurrence of menstrual 

disturbances and osteopenia in female hockey players. The limited literature and 

subjective evidence from tudies on female ice hockey players seems to suggest that the 

current adherence to the predictive value of body weight and body fat mas standards 

within the current Female Athlete Triad risk profile need to be replaced. Scientists, 

physicians, coaches and athletes must be educated on the importance of understanding 

caloric restriction, energy availability, and the significant role that energy balance may 

have in regulating ovulation and impacting skeletal integrity in this group of athletes. 

Although female hockey players do not fit the current risk profile for th Female Athlete 

Triad with respect to body compo ition (e.g. low body weight and low fat mass), they are 

involved in intense physical training and it is likely that they are not meeting the 

nutritional energy requirements to balance daily energy expenditure. In view of the 

importance of energy balance and environmental stressors in the development of 

menstrual disturbances in other specific groups of athletic and active females, a distinct 

inve tigation into the occurrence of menstrual disturbances, energy balance, and 

osteopenia in this population is warranted. 

Summary 

Knowledge of the problems associated with indirect measurement of energy status 

and the difficulty of con istently defining men trual disturbance and determining luteal 

phase abnormalities through indirect method is critical to understanding the impact that 

physical activity has on females of all competitive levels and sports. Implicit in thi 

review is the focus of past research on conspicuous menstrual di turbances in aesthetic, 
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weight preoccupied sports and the lack of experimental research devoted to investigating 

the role that energy balance plays in the etiology of menstrual disturbances and low BMD 

in females regardless of training intensity and type. While there are some reports 

specifically detailing low LH pul atility in situations oflow energy availability, there is 

an overall lack of attention to the role that energy balance plays in reproductive 

endocrinology and therefore the breadth of menstrual disturbances in exercising females 

remains to be clarified. The relationship among reproductive health, the attainment of 

peak bone mass early in life and the associated decrement in performance for an athlete 

in a state of negative energy balance require more research. This research must not only 

focu on the impact of exercise intensity or body composition on reproductive and bone 

health, but to understanding the possible role energy availability has on regulating 

endocrine metabolism and impacting the female menstrual cycle. 
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CHAPTER3: METHODOLOGY
 

Research Plan 

Subjects 

Female ice hockey players from the Oval HPTP (HG) and the female non-athlete 

controls from University of Calgary community (CG) were given the opportunity to 

volunteer as subjects for this study. Potential subjects were asked to complete an 

evaluation of physical activity level (Baecke Questionnaire of Habitual Physical Activity 

(BQHPA)) to ensure that they were classified appropriately into the (1) HG or (2) CG 

(see Appendix J). Prior to beginning the study all potential participants were given an 

information sheet indicating what their participation in the study would involve and asked 

to complete an informed consent form (see Appendix A). Thirty-eight participants 

originally volunteered for the study. 

Inclusion Criteria 

Individuals were included in the HG if they had a five year history of hockey

specific training and if they participated in hockey-specific training four or more times 

per week for 75 minutes at each session. 

Exclusion Criteria 

Volunteers were asked to complete the EDI-2 questionnaire and EDI-SC to screen 

for predisposition towards disordered eating tendencies (see Appendix L). Potential 

participants in the HG and CG who screened positively for disordered eating tendencies 

on the EDI-2 were informed by the principle investigator that while the EDI-2 is simply a 

screening tool, the results indicated some concerns with their eating practices and it was 

recommended that they seek counseling services (see Appendix I) either at the University 
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of Calgary or in a community clinic. Participants were also excluded from the 

investigation if they (1) had used oral contraceptives during the preceding 6 months; (2) 

were currently using Ca2+ supplements; (3) were smokers; (4) showed predispositions to 

disordered eating tendencies using the EDI-2 results or (5) if they were involved in shift 

work (e.g. night shifts) as this would interfere with the accuracy of QBT methods (Prior 

et aI., 1990). Ofthe 38 volunteers, 4 hockey players and 4 non-athletes were excluded 

due to their use of oral contraceptives, 1 non-athlete was excluded for oral contraceptive 

use in combination with intermittent Ca2 
-t supplementation, 1 hockey player scored 

positively for disordered eating tendencies and was referred to counseling (see Tables 16

21 Appendix N for raw scores), and 4 hockey players did not complete all testing 

requirements. Twenty-four participants including 12 hockey players and 12 non-athletes 

enrolled in all testing sessions. 

Study Design 

This pilot study received ethical approval from the Faculty of Kinesiology 

(October 12,1999) and the Conjoint Committee of the Faculty of Medicine at the 

University of Calgary (November 18, 1999). All subjects were informed of the nature 

and requirements of the study prior to the outset (see Appendix A). Detailed consent 

forms and information sheets were given to each participant outlining their role as a 

participant as well as any risks or benefits involved as a participant in the study. Each 

subject was fully informed as to their right to refusal to participate at any time and also of 

the investigators right to terminate their participation at any time. Issues of 

confidentiality were fully explained to each participant. During data collection all data 
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was stored on 3.5" floppy disks and CDs and locked in a storage cabinet within Room 

B268 of the Kinesiology Complex, University of Calgary, Alberta. Access was permitted 

to the primary and co-investigator only. Unique identifiers were not used on individual 

data but were replaced with identification numbers. At no time were names or individual 

data disclosed to anyone other than the principal investigator. Published data will only 

contain group data. 

This cross-sectional study took place over a 9-month collection period from 

October, 1999 to June, 2000. The main outcome measure was the identification of 

menstrual disturbances, specifically short luteal phase length (SLP), as indicated by the 

Menstrual Cycle Diary (MCD) and quantitative basal body temperature (QBT) 

measurements. The independent variables were energy intake (EI), total energy 

expenditure (TEE), energy balance (EB), body composition (BC), and bone mineral 

density (BMD). Instructions on completing the MCD, proper measurement of QBT, and 

accurate recording of a 7-day dietary record and Activity Record were given at an 

information session directed by the primary investigator and a registered dietician during 

the first week in October (1999) for the HO and during the first week in November 

(1999) for the CO subjects (see Appendix F). 

Multiple reminders (e.g. follow-up telephone contacts, and emails), personalized 

cover letters with original rather than photocopied signatures, colored paper, personal 

interviews, and assurances of confidentiality were incorporated into the data collection 

methods to increase response rate and decrease non-sampling errors (Ransdell, 1996). 
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Data Collection Procedures and Measurement Methods 

Each participant attended a 2-hour information/education session during the first 

week of October (HG) or November (CG), 1999. At this time demographic information, 

menstrual history and past and present menstrual status data were collected. A registered 

dietician was present to educate the participants on correct completion of a 7-day dietary 

record including accurate recording of dietary intake, examples of serving sizes using 

rubber models, the importance of including portion sizes, calories per serving and fat % 

for given products when available, recipes when applicable, food labels and restaurant 

names, and recall techniques. Additionally, the participants were given verbal and 

written instruction on how to correctly complete the 7-day Activity Record, MCD, and 

QBT measurements (see Appendix F). 

Menstrual Cycle Length 

Participants tracked each menstrual cycle on a calendar and were asked to indicate 

the first day of each menstrual cycle with a phone call to the principal investigator. Day 

one of each cycle was determined by the first day of menstrual flow and the final day of 

each cycle was defined as the day before the onset of the next menstrual flow. Menstrual 

cycle length was calculated as the difference between the day before the onset of 

menstrual flow and the first day of the previous cycle (see Appendix D). Subjects who 

failed to contact the principal investigator each month were followed with a phone call or 

email reminder to call on the first day of flow. Onset of menstrual cycle flow was 

checked against the principal investigator's individual tracking calendar to ensure 

accurate dates and menstrual cycle lengths. Average menstrual cycle length for each 
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participant was calculated as the mean length of each accurately recorded cycle from 

month 1 through month 6 of the study period. 

Quantitative Basal Body Temperature (QBT) Methods 

Each participant was instructed to measure their oral basal body temperature 

(QBT) immediately upon waking and before rising each morning using a low-reading 

digital thermometer read to the nearest 0.05°C to ensure accuracy of readings. The QBT 

measurements were recorded in the Mcn in addition to the participant's subjective 

observations about such factors as late rising, illness, amount of menstrual flow, 

emotions, and disturbed sleep. Further, the participants were asked to complete the 

remainder of the Mcn each evening beginning on the first day of the onset of menstrual 

flow and to comment on subjective markers of ovulation such as mucous secretion and 

breast tenderness (Prior et aI., 1990; Prior, 1996) (see Appendix F). 

Eligibility of QBT data was determined by pre-established criteria from Vollman 

(1977): (1) a clear date indicating onset of flow (2) no irregular sleeping and waking 

schedules with resulting erratic temperatures and (3) no febrile illness lasting longer than 

5 days or occurring at mid-cycle. Specific cycles were not eligible if: (1) the cycle was 

missing 25% of the temperatures or if temperature data was missing where the 

temperature crosses the mean temperature line. 

The mean temperature method (MTM) of Vollman (1977) was utilized to predict 

onset of luteal phase. All the temperatures of a given cycle were averaged and a 

corresponding mean line drawn across the graph of all the temperature data. The start of 

the luteal phase was defined as the first temperature to rise above the mean line and 
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remain above for 3 consecutive days. The end of the luteal phase was defined as the day 

before the onset of the next menstrual flow (Prior et aI., 1990) (see Appendix D). 

Temperatures of more than 0.5°C above the mean were discarded as febrile values 

(Vollman, 1977). Luteal phase length determined using the MTM show high correlations 

when compared to directly measured serum mid-cycle lutenizing hormone (LH) peak day 

(or the established hormonal marker for the onset of the luteal phase) (r = 0.891) (Prior, et 

aI., 1990). SLP was defined as those cycles having luteal phase lengths < 10 days within 

a cycle of normal length (Prior et aI., 1990). 

Anovulation (the absence of egg release) is documented by the lack of thermal 

shift in BBT and no progesterone rise premenstrually (Vollman, 1977). In the current 

study anovulatory cycles were designated as those cycles having irregular temperature 

patterns and the absence of a definite luteal phase. However, a normal cycle length of 

21-36 days is maintained (Personal Communication, J.L. Prior, October 1999; Vollman, 

1977). 

Total Energy Expenditure (TEE) 

Energy expenditure includes the components of resting energy expenditure 

(REE), the thermic effect of food (TEF) and the energy expended through PA (EPA). 

REE is the largest single source of energy expenditure. REE accounts for approximately 

50-75% of an individual's TEE (Mahan & Escott-Stump, 1996; Van Zant, 1992) and is 

defined as the energy expended due to resting physiological functions (e.g. ventilation, 

cardiovascular activity, protein, glycogen, and triglyceride synthesis, and electrical 

activity within the cells) (Thompson & Manore, 1998). 
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Estimating energy expenditure in active individuals is a challenge. Although it is 

most desirable to directly measure REE, most facilities do not have the equipment and 

funding necessary to do this measurement. For the purposes ofthe present investigation 

an estimate ofREE was obtained using the "Cunningham Formula": REE (kcaleda/) = 

500 + 22 (fat free mass) (Cunningham, 1980) (see Appendix G). Thompson and Manore 

(1996) recently compared this equation against directly measured REE and to a number 

of predictive REE equations. The estimate of REE derived using the Cunningham 

equation was the only estimate that was not significantly different than the directly 

measured REE in the 24 male and 13 female endurance athletes. Additionally, the 

Cunningham equation includes fat free mass in the calculation providing the overall best 

method for determining resting energy expenditure (McArdle, Katch, & Katch, 1996). 

TEE was determined for each of the participants using estimated REE plus EPA 

and TEF (7 % ofREE plus EAP) (Personal Communication, K.A. Carter-Erdman, 

January 2000; Mahan & Escott-Stump, 1996) (see Appendix 0). An estimate of the EPA 

was derived using Activity Records maintained at three time periods within the collection 

period of October 1999 to June 2000 (see Appendix F). The 7-day Activity Record for 

month 1 was started on the first day of menstrual flow during the month of October for 

HG and November for CO individuals. Records two and three were collected in similar 

fashion at two-month intervals during December, 1999 through June, 2000. Each day of 

the Activity Record was divided into time segments. Participants were given verbal and 

written instruction on recording all activity performed each 4 hours as often as the 

conditions warranted. Participants were encouraged to be precise and conscientious in 

recording their activities. It was emphasized to participants that it was imperative to 
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include the following infonnation: (1) a general description of the fonn of movement or 

resting activity (e.g. reclining, sitting, standing, walking, running, etc.); (2) an estimation 

of the effort involved (e.g. light, moderate, or vigorous effort); (3) a specific description 

of the activity perfonned (e.g. sitting-reading, standing-talking, walking to school); (4) 

the amount of time in minutes spent perfonning each activity; and (5) a check mark 

designating those activities that are sport-specific. Sport-specific activity was defined in 

this study as the perfonnance of hockey related activity. 

Participants were given verbal instruction with working examples regarding 

accurate measurement and recording of activity type, intensity, duration, and exercising 

10-second radial pulse counts. The average heart rate during exercise was calculated 

using HR taken at time 1, 2, and 3 as indicated on the Activity Record. Participants were 

also asked to record body weight each Monday during the study period. Each Activity 

Record was collected and evaluated at the end of the 7-day period and illegible and/or 

questionable entries were confinned with the individual participants via telephone 

contacts or personal interviews. 

The accuracy of using Activity Records to estimate TEE is variable, with errors of 

various methods ranging from 6 - 30 % of actual energy need (Berning & Steen, 1998). 

In an attempt to establish the accuracy of several commonly employed survey methods of 

detennining activity level, Miller, Freedson, and Kline (1994) tested five questionnaires 

against direct measurement ofPA using a Caltrac accelerometer. The only significant 

Speannan rank order correlation coefficient was observed between the Caltrac and the 7

day recall (r = 0.79). The resources available for the present investigation were not 

sufficient to cover the expense of Caltrac accelerometers, thus a prospective, rather than 
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retrospective, record of activity was collected in an attempt to reduce the variability 

between direct measures of expenditure and subject records. 

EPA was also estimated based on each groups' habitual physical activity patterns 

and calculated as a percentage ofREE where EPA for moderately active non-athlete 

controls is calculated as 45 % of REE, and EPA for very active hockey players is 

calculated as 75 % ofREE (Heyward, 1997; Mahalko & Johnson, 1980). This method is 

based on the factorial approach to calculating energy requirements of individuals (World 

Health Organization, 1985). Using this approach a REE factor is defined for variations 

in physical activity ranging from occupational physical activity (salaried chores), 

desirable activities (playing with children, optional household tasks, and exercise), and 

residual time (no clear definition of activity) (see Appendix G). 

Energy Intake 

Information regarding energy intake (EI) was collected at the onset of the first day 

of menstrual flow in October, 1999 for HG and November, 1999 for CG (month #1) 

using a 7-day dietary record. Diet records were also collected at two-month intervals in 

correspondence with collection of the 7-day Activity Records. Each participant was 

given recording sheets and instructions on how to maintain a detailed record of all food, 

fluid, and supplement intake for each meal, including snacks and those meals eaten at a 

restaurant (see Appendix F). To avoid recall bias, participants were instructed to record 

dietary intake within 30 minutes of ingestion. Each record was collected at the end of the 

7-day period and evaluated for completeness. Subjects were contacted via phone or 

personal interview to review 7-day intake, to confirm illegible entries, to obtain recipes 
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for homemade products, and to obtain food labels where necessary. The expertise of a 

nutrition intern from the University of Alberta was used to assist in correctly categorizing 

data for entry into the ''Nutritionist 5.0 - version 1.6" software package (First Data Bank, 

San Bruno, CA). Data were analyzed to yield daily caloric intake, daily percentages for 

individual nutrients, and individual macro and micronutrient intakes. 

Energy Balance 

An individual is thought to be in energy balance when their EI equals their TEE. 

In this investigation, energy balance for each participant was calculated as the difference 

between the average EI from three 7-day diet records and average TEE calculated using 

REE, TEF, and EPA from three 7-day Activity Records at months 1,2, and 3. Energy 

balance was also calculated as the difference between the average EI from three 7-day 

diet records and TEE estimated using Heyward's (1985) approach. 

Bone Mineral Density Measurement 

Bone mineral density (BMD) of the lumbar spine (Ll-L4), femoral neck, and 

distal radius was measured in October (hockey) and November (non-athlete controls), 

1999 to yield a baseline measurement for both groups. These sites were chosen as they 

were most widely used in previous investigations and are not obscured by overlying 

structures (e.g. internal organs may decrease acuity in measurements at the thoracic spine 

as suggested by Dr. Donald Bailey at the University of Saskatchewan (Personal 

Communication, October 1999, see Appendix M)). DEXA measurements were taken by 

a nuclear medicine technician at an accredited radiology facility using a Hologic 
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QDR2000 rectilinear scanner. Scan time was approximately 2-4 minutes. Radiation 

exposure from DEXA (2.0-5.0 mR) is small when compared with routine chest 

roentgenogram (30 mR) and exposure is localized as compared to whole body exposure 

as with other techniques (Mazess, 1983; Notelovitz, 1985). The coefficient of variation 

(CV) was better than 1.0 % for spinal measurements and approximately 2-3 % for 

femoral neck measurements (Hologic Manufacturers Inc., [On-line] August, 1999; 

Personal Communication, Dr. R. Kloiber, April 2000). BMD values for each participant 

were calculated via regression analysis using a Hologic software system. Individual 

BMD measurements in ge cm-2 were compared to Hologic QDR 2000 reference standards 

of mean young adult BMD (T-score: Standard deviation from the peak bone mass or 

young normal values of a reference population) (see Table 2, Appendix E). 

Body Composition Assessment 

Each participant's height (HT), weight (WT), girths (10 sites), limb dimensions (8 

sites), and skinfold thickness (15 sites) were measured in OctoberlNovember, 1999 (time 

1) and April, 2000 (time 2). A medical scale, Harpenden skinfold caliper, an 

anthropometer, and steel tape were used to take the measurements. Ofthe 35 directly 

measured parameters taken by a sport anthropometrist, many were later used in 

secondary equations to describe body composition, body build, development of active 

tissues in lower and upper body segments, segment masses, and total and fat-free 

volumes. Body fat percentage, fat free mass (kg), and percent muscle mass were 

estimated using the equations of Parizkova (1978) and Matiegka (1921) (see Appendix 

K). 
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For the purposes of this project, the validity of using of skinfold measurements to 

estimate % body fat, % muscle mass, and fat free mass is supported by similar studies 

and cost constraints (Drinkwater, et a1., 1990; Prior et al., 1990). 

Data Analysis 

Sample size determination 

Sample size is calculated based on the proportion of female athletes (runners) and 

non-athletes (normally active) who experienced menstrual disturbances. Prior et al. 

(1990) reported that only 13 of the 66 women (including athletes and non-athletic 

controls) in the one-year prospective study had normal menstrual cycles, as defined by 

the presence of luteal phases ~ 10 days. Thus 80 % (PI) of the study participants 

experienced menstrual disturbances. Since there is no literature available regarding the 

occurrence of menstrual disturbances within female ice hockey players, the athletes in the 

present study may be assumed to have similar physiological characteristics in comparison 

to the consistent runners mentioned above. The sample size was calculated using a 

sample size calculator (Brant, [On-line], August, 1998). A conservative estimate of 20 

subjects was required to achieve a power of 80 % and an alpha of 0.05 (see Appendix B). 

However to account for drop out during the course of the study at least 30 subjects were 

initially enrolled. 

Analysis 

Descriptive summaries, frequency tables, and boxplots were used to describe the 

demographics of the population elements and to illustrate means, medians, percentiles, 

ranges, and any trends for the HO and the CO groups. Nutritional status, including 
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dietary intakes of macro- and micronutrients, vitamins, and minerals, was descriptively 

summarized. Percent change in body weight, body fat, and fat free mass was calculated 

using the following formula to describe change in body composition from time 1 to time 

2: Percent change = [(time 2 - time l)/time 2]*100. 

Box plots were used to illustrate median values, quartiles, ranges, and outliers for 

percent change in body weight, body fatness, fat free mass, BMD T-Scores, EI, TEE, EB 

menstrual cycle length and luteal phase length. Statistical analyses were not performed 

due to the descriptive nature of this pilot study and due to drop out and poor compliance 

from participating subjects. 



45 

CHAPTER4: RESULTS 

The results are presented in seven sections. The first section outlines 

demographic information for the HG and CG groups. The second section demonstrates 

information regarding BMD for the lumbar spine, hip, and distal radius for the HG and 

CG groups. Section three includes information on the body composition characteristics 

for the groups. Section four outlines the nutritional status of the HG and CG groups 

including daily intake of macronutrients and critical micronutrients. Estimation ofTEE 

for the HG and CG subjects is outlined in section five. Section six illustrates energy 

balance ofHG and CG groups over the study period. The final section presents a 

comparison of menstrual cycle characteristics for the groups including total menstrual 

cycle length, luteal phase length, and occurrence of anovulatory cycles. 

Subject Demographics 

Twelve hockey players (mean ± standard deviation (SD): age = 21.1 ± 3.4 years; 

height = 165.9 ± 4.6 cm; weight = 64.7 ± 8.1 kg) and 12 non-athletes (mean ± SD: age = 

21.4 ± 2.8 years; height = 169.5 ± 5.5 em; weight = 65.4 ± 6.4 kg) were enrolled in all 

testing sessions (N = 24). Three hockey players were excluded from analysis of 

menstrual cycle characteristics because they did not provide MCD data (N = 21). One 

hockey player was excluded from the BMD analysis due to multiple missed appointments 

(N = 23). 

Anthropometric characteristics and exercise patterns for HG and CG groups are 

listed in Table 4 (see Appendix N, Tables 12-14 and Table 27). No apparent differences 

were observed between groups in anthropometric characteristics prior to initiating the 
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study. However, the HO participated in 10.3 ± 4.1 exercise sessions per week as 

compared to 4.4 ± 1.8 exercise sessions per week in the CG group. In addition, 

calculated mean heart rate per exercise session was 151.1 ± 17.5 bpm and 137.18 ± 9.7 

bpm in the HG and CG groups, respectively. Thus, a differentiation based on exercise 

amount and intensity was possible making the groups suitable for comparision. 

Table 4: Hockey and Control Anthropometric and Exercise Characteristics. 
Anthropometric and exercise characteristics ofthe hockey group (HG) (n = 12) and non
athlete control group (CO) (n = 12). 

HGMEAN±SD HGMIN HGMAX 
Fat Free Mass (kg) 49.8 ± 5.1 41.3 57.4 
Muscle Mass (kg) 23.7 ± 4.3 16.7 31.8 
Fat Mass (kg) 14.9 ± 3.9 10.5 21.6 
Body Fat (%) 22.8 ± 3.8 17.0 29.2 
Volume ofthigh (em3

) 9217.9 ± 1336.7 7477.8 12130.2 
Exercise /week (#) 10.3 ± 4.1 5.0 21.0 
Exercise duration/session (min.) 73.8 ± 14.9 60.0 90.0 
Heart Rate/Session (bpm) 151.1 ± 17.5 125.0 175.0 

CGMEAN±SD CGMI CGMAX 
Fat Free Mass (kg) 52.2 ± 4.0 47.0 59.2 
Muscle Mass (kg) 25.6±3.1 21.4 32.9 
Fat Mass (kg) 13.2 ± 3.1 8.5 18.8 
Body Fat (%) 20.0 ± 3.1 14.9 25.4 
Volume of thigh (em3

) 9185.9 ± 1011.2 7281.8 10392.8 
Exercise /week (#) 4.4 ± 1.8 2.0 9.0 
Exercise duration/session (min.) 56.7 ± 27.8 30.0 120.0 
Heart Rate/Session (bpm) 137.18 ± 9.7 123.0 154.0 

Body Composition 

Each participant's height, weight, girths (10 sites), limb dimensions (8 sites), and 

skinfold thicknesses (15 sites) were measured in either October (HG) or November (CG), 

1999 (time 1) and April, 2000 (time 2) to determine what impact, if any, energy balance 

had on body composition. Percent change in body weight, body fat percentage, and fat 
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free mass from time 1 to time 2 for the HG and CG are illustrated in Figures 3,4, and 5, 

respectively. 
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Figure 3: Body Weight Percent Change. 
Group comparison for body weight percent change measured in kilograms from time 1 to 
time 2 (CGBWp = non-athlete control group body weight percent change (n = 12); 
HGBWp = hockey group body weight percent change (n = 12)). 

Figure 3 illustrates percent change in body weight (BW) from time 1 to time 2 for 

the HG and CG. The median BW percent change for the HG and CG groups are -1.43 % 

and 0.30 %, respectively. In the HG group, the first and third quartiles are -2.45 % and 

6.38 %. The first quartile in the CG group is -0.13 and the third quartile is 2.53 %. 
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Figure 4: Body Fat Percent Change. 
Group comparison for percent change in body fat from time 1 to time 2 (COBFp = non
athlete control group body fat percent change (n = 12); HOBFp = hockey group body fat 
percent change (n = 12)). 

Figure 4 indicates that the median body fat (% BF) percent change from time 1 to 

time 2 for the HO and CO group are -4.42 % and 4.73 %, respectively. For the HO 

group, the first and third quartiles are -9.18 % and 0.34 %. In the CO group, the first and 

third quartiles are - 3.44 % and 9.28 %, respectively. 
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Figure 5: Fat Free Mass Percent Change. 
Group comparison for percent change in fat free mass in kilograms from time 1 to time 2 
(CGFFMp = non-atWete control group fat free mass percent change (n = 12); HGFFMp = 
hockey group fat free mass percent change (n = 12)). 

Percent change in fat free mass (FFM) from time 1 to time 2 for the HG and CG is 

represented in Figure 5. Median FFM percent change for the HG and CG were 0.82 % 

and -0.15 %. The first and third quartiles for the HG were -0.69 % and 3.05 %, 

respectively. For the CG group, the first quartile was -1.06 % and the third quartile was 

1.02 %. FFM percent change for HG subject 6 changed by 12.31 % from time 1 to time 2 

and thus they are represented as an outlier in Figure 5. 
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Bone Mineral Density 

Baseline bone mineral density (BMD in gecm-2
) values at the lumbar spine (Ll

L4), total hip, and distal radius measured using dual energy x-ray absorptometry (DEXA) 

(EFW Radiology; Hologic QDR2000 rectilinear scanner) are presented in Table 5 (see 

Appendix N, Tables 22 and 23 for raw data). 
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Table 5: Hockey and Control Group BMD.
 
Bone mineral density at the lumbar spine (L1-L4), total hip, and distal radius in gecm-2
 

for the hockey group (HG) (n = 11) and the non-athlete control (CG) group (n = 12).
 

MEDIAN QUARTILES RANGE OUTLIERS 
25th 75th 

LUMBAR SPINE 
raw score (gecm-2

) 1.047 0.993 1.149 0.968 - 1.273 
T-score 0 -0.49 0.093 -0.72 - 2.32 
Z-score 0.24 -0.35 1.11 -0.47 - 2.38 

TOTAL HIP 
raw score (gecm-2

) 1.064 1.007 1.116 0.956 - 1.357 1.357 

T-score 1.00 0.53 1.81 0.12-3.4 
Z-score 1.08 0.51 2.56 0.12-3.4 

DISTAL RADIUS 
raw score (gecm-2

) 0.639 0.602 0.651 0.529 - 0.691 
T-score 1.11 0.42 1.33 -0.92 - 2.07 
Z-score 1.31 0.65 1.44 0.51 - 2.07 

MEDIAN QUARTILES RANGE OUTLIERS 
25th 75th 

LUMBAR SPINE 
raw score (gecm-2

) 1.059 1.001 1.112 0.948 - 1.251 
T-score 0.105 -0.42 0.725 -0.9 - 1.85 
Z-score 0.18 -0.21 0.91 -0.9 - 2.12 

TOTAL HIP 
raw score (gecm-2

) 1.07 0.982 1.12 0.838 - 1.257 
T-score 1.03 0.325 1.46 -0.85 - 2.58 
Z-score 1.19 0.52 1.41 -0.85 - 2.57 -0.85 

DISTAL RADIUS 
raw score (gecm-2

) 0.606 0.581 0.653 0.545 - 0.686 
T-score 0.495 0.035 1.365 -0.64 -1.98 
Z-score 0.32 0.03 0.94 -0.54 -1.99 
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Table 5 indicates that lumbar pine, hip, and radial BMD were similar for the HG 

and CG ubject . Median lumbar pine and hip BMD were greater in the CG group 

2(1.059 ge cm-2 and 1.07 ge cm- , re pectively) than in the HG group (1.047 ge cm-2 and 

1.064 ge cm-2
, respectively). HG ubject 1 had a BMD measurement at the hip of 1.357 

gecm-
2 and pre ents as an outlier (Table 5). There wer no apparent diff< rences in mean 

lumbar pine, hip, or radial BMD between the HG and CG (Tables 22 and 23, Appendix 

N). However, the maximum value for all BMD measurement ite was greater in the HG. 

The World Health Organization's (WHO) definition of osteoporosis is bas don 

the standard deviation of a patient's BMD from the mean value of a reference group of 

young adults (T- core) (Kanis, elton, Chri tiansen Johnston & Khaltaev, 1994' Maggi 

1993) ( ee Table 2 Appendix E). Compari on ofHG and CG BMD value to Hologic 

QDR 2000 reference standards of mean young adult BMD (T-score) are illustrat din 

Figure 6 to aid in the diagnosis of 0 teopenia or osteoporosis. 
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Figure 6: BMD T-Scores. 
Group comparison for T-scores at the lumbar spine, hip, and radius for the hockey (n = 
11) and non-athlete control groups (n = 12) (CGHT = non-athlete control group hip; 
CGLST= non-athlete control group lumbar spine; CGRT = non-athlete control group 
radial site; HGHT = hockey group hip; HGLST= hockey group lumbar spine; HGRT = 
hockey group radial site). 

Median lumbar spine, hip, or radial T-scores were similar for HG and CG subjects 

(see Figure 6). Median hip T-score was larger for the CG (1.03) than the HG (1.00). The 

minimum lumbar spine and radial T-score in the HG group did approach the WHO 

definition of osteopenia (see Table 2, Appendix E). T-score minimum values for subjects 

in the CG group approached the WHO definition of osteopenia at all sites (see Table 2, 

Appendix E). 

Although the Z-scores provide a useful guide for therapy in older individuals 

where average T-scores approach the osteoporotic range, this statistic is not pertinent for 

our study group as Z-scores were not available for some subjects due to their younger 

age. 
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Nutritional Status 

The nutritional status of all subjects was detennined using 7-day diet records 

collected at months 1,3, and 6 of the study period. Coded data from all three records was 

entered into the "Nutritionist 5.0 - version 1.6" software package (First Data Bank, San 

Bruno, CA) and analyzed to yield mean daily caloric intake, mean percentage of total 

daily intake, and individual mean macronutrient and micronutrient intakes for each HG 

and CG subject. Tables 6 and 7 descriptively outline HO and CO mean data for each 

macronutrient parameter as well as pertinent micronutrients including calcium, sodium, 

potassium, vitamin A, iron, vitamin D, magnesium, dietary fiber, and caffeine. 
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Table 6: Hockey Nutritional Status. 
Daily caloric intake, percentage of total daily intake from carbohydrates, protein, fat, and 
alcohol, and selected micronutrient intakes for hockey group (HG) (RNI = Recommended 
Nutrient Intake (Food and Nutrition Board Institute of Medicine, 1999)(* = Food and 

utrition Board, Committee on Diet and Health, 1989; # = Food and Nutrition 
Board/Health Canada, 1999; ** = Senate Select Committee on Nutrition and Human 
Needs, 1977; £ = Rombeau, 1990). 

RNI HGMEAN+SD HGRANGE 
Total Kilocalories (kcal.d- I

) 2100.00 1882.89 ± 366.37 1066 to 2419 

Protein (g) 52-55 74.47 ± 14.63 54 to 107 

Protein (% kcal) 15.00 16.21 ± 3.26 10 to 22 

Carbohydrates (g) 290.00 286.38 ± 69.68 159 to 409 

Carbohydrates (% kcal) 55.00 59.75 ± 6.45 50 to 68 

Total fat (g) < 69 51.21 ± 15.0 25 to 76 

Total fat (% kcal) < 30 24.82 ± 4.64 19 to 34 

Alcohol (g) 3.11 ±3.67 oto 9 

Alcohol (% kcal) <5 1.18 ± 1.42 oto 4 

Cholesterol (mg) < 300* 198.82 ± 113.62 102 to 537 

Saturated fat (g) <23 18.08 ± 6.59 7 to 29 

Monosaturate fat (g) 13.88 ± 4.62 7 to 22 

Sodium (mg) < 2400** 2939.28 ± 412.92 1867 to 3676 

Potassium (mg) 1170.00 2457.45 ± 529.61 1641 to 3670 

Vitamin A (RE) 800.00 1009.31 ± 373.74 498 to 1731 

Calcium (mg) 1000 -1300# 870.53 ± 250.99 479 to 1286 

Iron (mg) 12-13 15.85 ± 5.77 8 to 29 

Vitamin D (ug) 5.00# 3.46 ± 2.40 0.58 to 7.6 

Magnesium (mg) 200.00 253.11 ± 39.85 160t0305 

Total dietary fiber (g) 25-35£ 18.39±2.72 14 to 24 

Caffeine (mg) < 440-600 28.65 ± 26.70 2 to 92 
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Table 7: Control Nutritional Status.
 
Daily caloric intake, percentage of total daily intake from carbohydrates, protein, fat, and
 
alcohol, and selected micronutrient intakes for the non-athlete control (CO) group (RNI =
 
Recommended Nutrient Intake (Food and Nutrition Board Institute of Medicine, 1999) (*
 
= Food and Nutrition Board, Committee on Diet and Health, 1989; # = Food and
 
Nutrition Board/Health Canada, 1999; ** = Senate Select Committee on Nutrition and
 
Human Needs, 1977; £ = Rombeau, 1990).
 

RNI CGMEAN±SD CGRANGE 
Total Kilocalories (kcaled- I

) 2100.00 1777.31 ± 328.62 1212 to 2219 
Protein (g) 52-55 66.48 ± 15.95 38 to 92 
Protein (% kcal) 15.00 14.96 ± 2.09 11 to 18 

Carl?ohydrates (g) 290.00 264.81 ± 53.16 182 to 334 
Carbohydrates (% kcal) 55.00 59.75 ± 6.39 50 to 71 
Total fat (g) < 69 50.63 ± 12.88 26 to 70 

Total fat (% kcal) < 30 25.36 ± 4.00 19 to 31 
Alcohol (g) 5.35 ± 4.06 oto 12 

Alcohol (% kcal) <5 2.24 ± 1.48 oto 5 

Cholesterol (mg) < 300* 192.91 ± 78.37 83 to 339 
Saturated fat (g) <23 16.83 ± 4.43 8 to 24 

Monosaturate fat (g) 13.10 ± 2.97 8 to 18 
Sodium (mg) < 2400** 2700.69 ± 561.01 1437 to 3385 
Potassium (mg) 1170.00 2298.43 ± 632.73 1552 to 3537 

Vitamin A (RE) 800.00 1061.41 ± 342.29 721 to 1757 

Calcium (mg) 1000 -1300# 785.33 ±271.15 438 to 1252 

Iron (mg) 12-13 13.56 ± 4.47 7 to 22 
Vitamin D (ug) 5.00# 2.91 ± 1.30 0.8 to 5.5 
Magnesium (mg) 200.00 238.79 ± 89.69 146 to 396 

Total dietary fiber (g) 25-35£ 18.92 ± 8.27 10 to 35 

Caffeine (mg) < 440-600 128.22 ± 109.23 6 to 341 

Tables 6 and 7 indicate that the percentage of total daily intake from 

carbohydrates, protein, fat, and alcohol, was imilar in both groups and within 

recommended ranges (see Appendix H or Table 21 for raw data). Daily caloric intake for 

the HO and CO was less than that recommended by Health and Welfare Canada for 

females aged 16-49 years (see Appendix H). Carbohydrate and total fat intakes were 
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similar for the HG and CG and slightly below recommended values. Sodium, potassium, 

iron, and magnesium intakes were greater for the HG than the CG and above 

recommended values in both groups. Subjects in the HG consumed more calcium and 

vitamin D through dietary intake than subjects in the CG. However, intakes of calcium, 

vitamin D and dietary fiber were below recommended values in both groups. Cholesterol 

and saturated fat intakes were less than the recommended values and slightly greater in 

HG than CG subjects (see Appendix H). 

Energy Expenditure 

Total daily energy expenditure (TEE) was determined by estimating the 

individual contributions of resting energy expenditure (REE), thermic effect of food 

(TEF), and the energy expended through physical activity (EPA) (see Appendix G). 

Mean EPA, REE, TEF and TEE for the HG and CG are listed in Table 8 (see Appendix 

N, Tables 24 and 25 for raw data). 

Table 8: Components of Total Daily Energy Expenditure 
Estimated Energy of Physical Activity (EPA), Resting Energy Expenditure (REE), 
Thermic Effect of Food (TEF) and derived Total Daily Energy Expenditure (TEE) for 
hockey players (HG) (n = 12) and non-athlete controls (CG) (n = 12). 

HGMEAN±SD MIN MAX 

1116.48 ± 79.3 985.71 1234.42 
1594.98 ± 113.3 1408.16 1763.46 

189.80 ± 13.5 167.57 209.85 
2901.26 ± 206.1 2561.44 3207.73 

CGMEAN±SD MIN MAX 
Energy of Physical Activity (kcaled- I

) 741.75 ± 39.5 690.10 810.68 

Resting Energy Expenditure (kcaled-') 1648.33 ±87.8 1533.56 1801.52 
Thermic Effect of Food (kcaled-') 167.30 ± 8.9 155.66 1 2.85 
Total Daily Energy Expenditure (kcaled-1 

) 2557.38 ± 136.1 2379.32 2795.06 
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Table 8 indicates that mean HO-TEE was greater than CO-TEE due to the varying 

contributions of EPA, TEF, and REE. EPA and TEF were greater in the HO than the CO. 

However, mean REE determined using the Cunningham equation was greater for CO 

subjects. Values of EPA, REE, and TEF for both HG and CG were verified to be within 

recommended theoretical percentages of TEE (see Table la, Appendix G). 

Energy Balance 

Energy balance for each subject was calculated as the difference between the 

mean EI from three 7-day diet records and TEE calculated using REE, TEF, and EPA 

estimated by Heyward's (1997) approach (see Table 9) (see Appendix G). Figures 7, 8, 

and 9 depict box plot illustrations of daily energy intake, TEE, and energy balance for the 

HG and CG groups. 
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Table 9: Energy Balance Components.
 
Mean Energy Balance in kilocalories per day for hockey players (HG) (n = 12) and non

athlete controls (CG) (n =12) calculated as the difference between mean daily caloric
 
intake (EI) and estimated total daily energy expenditure (TEE).
 

HGMEAN±SD CGMEA ±SD 
Daily Caloric Intake (kcal-d") 1882.89 ± 366.37 1777.31 ± 328.62 
Total Energy Expenditure (kcal-d") 2901.26 ± 206.1 2557.38 ± 136.06 
Mean Energy Balance (kcaled'l) -1018.37 ± 464.9 -780.07 ± 310.62 
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Figure 7: Energy Intake.
 
Group comparison for daily energy intake (CG-EI = non-athlete control energy intake
 
over times 1,2, and 3; HG-EI= hockey energy intake over times 1,2, and 3).
 

Figure 7 indicates that the median EI values for the HG and CG are 1880.3 

kcal-d,1 and 1799.2 kcal-d,l, respectively. For the HG group, the first and third quartiles 
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are 1714.6 kcal-d- I and 2080.85 kcal_d-1
• In the CO group, the first and third quartiles 

are 1509.1 kcal-d- I and 2038.5 kcal-d- I
, respectively. HO subject 4 had an average daily 

energy intake of 1065.6 kcal-d- I and is represented as an outlier in Figure 7. 
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Figure 8: Total Daily Energy Expenditure. 
Group comparison for total daily energy expenditure (TEE) (CG-EE = non-athlete 
control total daily energy expenditure at times 1,2, and 3; HG-EE = hockey total daily 
energy expenditure at times 1, 2, and 3). 

Figure 8 illustrates TEE results for the HG and CG. The median TEE for the HG 

and CG groups are 2854.2 kcal-d- I and 2544.01 kcal-d- I
, respectively. In the HG group, 

the first and third quartiles are 2802.8 kcal-d- I and 3080.28 kcal-d- I
. The first quartile in 

the CG group is 2440.08 kcal-d- I and the third quartile is 2659.55 kcal_d-1
• The 

frequency distribution for HG-EE is left skewed. 
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Figure 9: Group Comparison for Energy Balance.
 
Group comparison for energy balance at times 1,2, and 3 (CG-EB = non-athlete control
 
energy balance at times 1, 2, and 3 in kcal_d- 1

; HG-EB = hockey energy balance at times
 
1,2, and 3 in kca1_d- 1

).
 

On average, both groups maintained a state of negative energy balance for the 

study period as indicated by the fact that mean TEE exceeded daily caloric intake for 

both hockey players and controls (see Table 9) (see Appendix N, Table 26 for raw data). 

The frequency distribution for CG-EB is right skewed (see Figure 9). The median CG

EB is -681.72 kca1ed- 1 and the first and third quarti1es are -1046.57 kcaled-1 and -595.25 

kcaled-1
, respectively. The frequency distribution ofHG-EB is symmetrical about the 

median of-984.71 kcal_d- 1
• The first and third quartiles for HG-EB are-1223.8 kcal_d- 1 

and -767.7 kcaled- ' . 
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Menstrual Cycle Characteristic 

Menstrual cycle length was tracked using a personal calendar in which the HG 

and CG subjects recorded the first day of flow for each menstrual cycle during th study 

period. Total menstrual cycle length was calculated as the difference between the first 

day of menstrual flow and day befor onset of the next menstrual flow (see Appendix D). 

Menstrual cycle length in days, collected over the 6-month study period, for the HG and 

CG are illustrated in Figure 10. 
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Figure 10: Menstrual Cycle Length.
 
Group comparison of menstrual cycle length (days) collected over the 6-month study
 
period (MI-M6) (CG = non-atWete control group (n = 12); HG = hockey group (n = 9)).
 

Figure 10 indicates that median menstrual cycle length (CL) for the CG and HG 

groups are 30.9 days and 30.4 days, respectively. In the CG group, the first quartile is 

27.1 day and the third quartile is 32.4 days. The first and third quartiles in the HG group 
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are 28.7 and 46.4 days. The frequency distribution ofHO-CL is left skewed. The 

frequency distribution of CO-CL is right skewed. 

Mean menstrual cycle length for the HO and CO groups (HO-CL = 35.8 ± 11.2 

days; CO-CL =29.8 ± 4.3 days) was similar. HO and CO menstrual cycle lengths were 

within the defined normal menstrual cycle length of 21-36 days. Maximum menstrual 

cycle length in the HO was greater (HO-CL = 54.0 days) than maximum menstrual cycle 

length in CO subjects (CO-CL = 36.4 days). Maximum menstrual cycle length is 

indicative of the occurrence of oligomenorrhea (Cycles greater than 36 days) in HO and 

the CO subjects (Abraham, 1978) (see Appendix N, Table 28 for raw monthly menstrual 

cycle data). 

The Mean Temperature Method (MTM) of Vollman (1977) was used to predict 

onset ofluteal phase (see Appendix D). Mean luteal phase length (LP) for the HO and 

CO are illustrated in Figure 11 (see Appendix N, Tables 29 and 30 for raw data). 
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Figure 11: Luteal Phase Length. 
Group comparison for luteal phase length in days (CG-LP = non-athlete control group 
luteal phase length (n= 12); HG-LP= hockey group mean luteal phase length (n = 9)). 
*Note: Median and 25th percentile for HG-LP is 9 days. 

Out of a possible 78 cycles for the HG and 72 cycles for the CG, only 22 HG and 

51 CG cycles were included in the analysis due to incomplete data. Figure 11 illustrates 

HG and CG median luteal phase lengths of9.0 and 9.4 days, respectively. The first and 

third quartiles for HG-LP are 9 and 11 days. In the CG group, the first quartile is 8.3 

days and the third quartile is 10.5 days. 

Mean luteal phase length in days for the CG (CG-LP = 9.4 ± 1.9 days) was 

slightly less than that of the HG (HG-LP = 9.9 ± 1.7 days). Both groups are classified as 

having short luteal phases «10 days) (see Tables 29 and 30, Appendix ). 

The number of anovulatory cycles occurring during the study period was 

determined by defining each subject's eligible cycles as either normal or anovulatory. 
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(Cycle having irregular temperature patterns and the absence of a definite luteal pha e 

within a cycle of normal length) ( ee Appendix D). The total number of anovulatory 

cycle for each individual was expre ed as a percentage of the total number of eligible 

cycle recorded for the study period and is pre ented for both groups in Table II. 

Table 11. novulatory C c1es. 
Group compari on for number of anovulatory cycles per eligible cycles (cycle tally) in 
the hockey group (HG) (n = 9) and non-athlete control group (CG) (n= 12) (ID = ubject 
identification number; cycle tally = number of anovulatory cycle out of total eligible 
cycle p r per on; Cycles = Total number of eligible cycles; Anovulatory = Total 
anovulatory cycles; Percent = Total percentage of anovulatory cycles per group). 

Hockey 
ID 0/0 

I 
2 
3 
4 
5 
6 
7 oout of I o 
8 lout of3 33 
9 oout of2 o 
10 
11 oout of I o 
12 2 out of2 100 

Total Anovulatory Cycles Percent (%) 
II 22 50 

Controls 
ID cycle tally % novulatory 
13 oout of5 o 
14 3 out of6 50 
15 oout of5 o 
16 lout of3 33 
17 4 out of6 67 
18 lout of3 33 
19 4 out of6 67 
20 2 out of 4 50 
21 3 out of3 100 
22 lout of 1 100 
23 1 out of4 25 
24 oout of 5 o 

Total novulatory Cycles Percent (%) 
22 51 43.1 
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Table 11 indicates that thre ubjects in the HG and CG had less than 25 % of 

eligibl cycles defined as anovulatory. Fi e G ubje t and two HG subject had 5 -50 

% of eligible cycl designated as anovulatory. Two HG ubject and two G subject 

had 51-75 % of eligible cycles con idered anovulatory. Finally, 75-100 % of eligible 

cycle were defined as anovulatory in two CG ubject and two HG ubject (ee 

Appendix N, Tables 29 and 30 for raw data). Thus, 11 out of22 or 50 % of the HG 

eligible cycles were defined as anovulatory. Similarly, 43.1 % or 22 out of 51 CG 

eligible cycles were defined as anovulatory ( ee Table 11). 
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CHAPTER 6: DISCUSSION
 

The main purpose of this pilot study was to describe menstrual disturbances in 

HG and CG subjects through detennination of menstrual cycle length, luteal phase 

length, and occurrence of anovulatory cycles. Baseline BMD measurements for the same 

subjects were also collected for group comparisons and comparison with population 

based diagnostic reference standards for BMO (T-Scores). Descriptive data on energy 

intake, energy expenditure, energy balance (intake-expenditure), and body composition 

percent change over a 9-month study period for the HG and CG groups were also 

summarized. 

Bone Mineral Density Measurements 

Bone mineral density is an important component of bone strength. BMD 

measurement is considered to be the single best method of assessing the future risk of 

fractures due to osteoporosis and for confinning the diagnosis of osteopenia and 

osteoporosis. Median lumbar spine and hip BMO were greater in the CO than in the HO 

group. However, the maximum value for all BMD measurement sites was greater in the 

HO. There were no apparent differences in mean lumbar spine, hip, or radial BMD 

between the HG and CO (Tables 22 and 23, Appendix N). 

Median lumbar spine, hip, or radial T-scores were similar for HO and CO 

subjects. Median hip T-score was larger for the CG than the HG. However, the hip T

Scores in the HG group ranged from 0.12 to 3.4 as compared to a range of -0.85 to 2.58 

in the CG group. The minimum lumbar spine and radial T-score in the HG group did 

approach the WHO definition of osteopenia (see Table 2, Appendix E). T-score 
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minimum values for subjects in the CO group approached the WHO definition of 

osteopenia at all sites (see Table 2, Appendix E). These results are in contrast to the 

introductory hypothesis stating ba eline BMD values at the spine hip, and radial site in 

the HG will be greater than BMD values for population reference standards and for CG. 

The BMD result of the current tudy are supported by Henderson, Price, Cole, 

Gutheridge, & Bhagat (1995) who reported normal values for mean BMD at the spine 

and proximal femur (caucasian women, 20 to 50 years of age) to be 1.03 ± 0.113 ge cm-2 

2 2and 1.00 ± 0.114 ge cm- , respecti ely. Mean BMD at the wrist (0.69 ± 0.13 ge cm- ) 

reported by Faulkner et al. (1996) and Warren et al. (1991) is higher than mean radial 

BMD values for the HG and CG groups in the current study. In studies ofBMD in 

female runners, Drinkwater et al. (1984) and Rencken et al. (1996) observed a significant 

difference in BMD at the lumbar spine for amenorrheic athletes (1.12 ge cm-2
) wh n 

compared with matched eumenorrheic controls (1.30 ge cm-2
). Although, no distinction 

was made for menstrual status in the current study, HG and CG BMD at the lumbar spine 

were Ie s than those reported in the Drinkwater et al. (1984) and Rencken et al. (1996) 

tudie (HG-LS = 1.066 ± 0.098 ge cm-2
; CG = 1.069 ± 0.086 ge cm-2

). The e 

comparisons must be made with caution as there is an age difference of approximately 

three years between the subjects in the current tudy (mean age HG = 21.1 ± 3.4 years; 

CO = 21.4 ± 2.8 years) and those in the study by Drinkwater and coworkers (1984) 

(amenorrheic athletes mean age = 24.9 ± 1.3 years; eumenorrheic athlete mean age = 

25.5 ± 1.4 years). These results may suggest that subjects in the current study may not be 

at their PBM for the lumbar spine due to age (Recker et aI., 1992) and also may highlight 

differences in measurement techniques across tudies a Drinkwater et al. (1984) 
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employed dual photon absorptiometry rather than DEXA to measure BMD in their group 

of female runners. 

Exercise is understood to exert a positive influence on bone accrual. Incr ased 

BMD in female athletes is reported to be dependent on the pattern of weight bearing 

activity and this effect is specific to the skeletal region timulated by the activity. 

Specifically, increased BMD at the lumbar spine and lower body has been reported in 

male and female runners and weight lifters whereas increases at the distal radius have 

been reported for gymnasts and tennis players when compared to sedentary controls 

(Dalsky, 1990; Kannus, Haapasalo, & Sankelo, 1995; Petit, Prior, & Barr, 1999). 

Presently, there is no research on the BMD at skeletal sites in female ice hockey players. 

However, ice hockey players are assumed to experience constant skeletal loading at the 

hip during the skating motion and loading of the upper body through the hands and wrists 

during stick handling. Thus, the research of Dalsky (1990), Kannus et al. (1995), and 

Petit et al. (1999) into the activity specific accrual of bone mineral content may support 

increased mean BMD at these site when compared to non-athletic control ubjects. In 

the current study, weight bearing sites specific to ice hockey did not manifest bone mass 

accrual specific to the activity pattern in the HO group a a whole when compared with 

the CO group. However, Subjects 1 (25.2 years old) and 9 (20.3 years old) in the HO 

group did have T-scores at the hip that were greater than 2.5 SD above the mean peak 

bone rna s or young normal values for population reference standards. HG Subject 9 also 

had a radial T-score greater than 2 SD above the peak bone mass or young normal values 

for population reference standards. 



70 

Evidence oflow bone mass was present in both groups. Five HG subjects had 

negative lumbar spine T-score values (-0.41 to -0.72 SD). Similarly, radial T-score 

values were negative for two HG subjects (-0.35 and -0.92 SD). T-score values at all 

sites in the CG group approached the WHO definition of osteopenia. Specifically, six 

lumbar spine (-0.09 to -0.90), two hip (-0.19 and -0.85 SD), and three radial (-0.07 to

0.64 SD) CG T-scores were negative values. These results raise specific concerns a 

Johnston and Slemenda (1991) estimate that the risk of fracture increases by 50-100 % 

for each decrease of 1 SD in BMD. In addition, Riggs et al. (1981) report the 90Lh 

percentile for vertebral BMD for patients with nontraumatic vertebral fractures to be 

0.965 gecm-2
. Subjects 3 (18.1 years old) and 4 (20.9 years old) in the HG group had 

mean lumbar spine BMD values of 0.968 gecm-2 and 0.972 gecm-2
, respectively. Subject 

23 (29.6 years old) in the CG group had a mean spinal BMD of 0.948 gecm-2 which is 

less than the threshold below which the risk for non-traumatic vertebral fractures 

increases. Thus, each of these subjects with spinal BMD values nearing the fracture 

threshold and those subjects having T-score values approaching -1 SD may be at ri k for 

future fracture, indicating the potential need for monitoring and preventative education. 

Several contributing variables have been emphasized in studies investigating 

osteoporosis or low BMD in female athlete. Rencken et al. (1996) suggest length of 

amenorrhea and body weight have a significant impact on BMD at the lumbar spine, 

trochanter, intertrochanteric region, and tibial shaft in amenorrheic, aerobically trained 

subjects. Further these re earchers recognize age of menarche as a significant predictor 

oflumbar spine BMD, suggesting that the later the age of menarche, the lower the lumbar 

spine BMD. Low calcium intakes « 1000 I11g), prolonged hypoe trogeni m, men trual 
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patterns, occurrence of menstrual disturbances (specifically amenorrhea, short luteal 

phase, and anovulatory cycles), have been recognized to differentially impact skel tal 

sites leading to low BMD values in female atWetes (Drinkwater et aI., 1984; Drinkwater, 

Bruemner, & Chesnut, 1990; Heaney, 1982; Prior et a\., 1990; Warren et a\., 1991). 

Although the current study neither attempted to measure circulating estrogen levels nor 

determine age of menarche, calcium levels were less than 1000 mg in both the HG and 

CG groups and may partially contribute to the lack of bone-trophic effect for weight 

bearing activity in both groups. 

Nutritional Status, Energy Balance and Body Composition Changes 

The identification of caloric restriction or lack of nutrition is important in all 

athletes because of the effect, both positive and negative, this may have on sport 

performance and subsequent health. The general perception is that female atWete 

involved in aesthetic or weight dependent sports, restrict caloric intake and are thereby 

not taking in enough calories for the energy they expend. As more and more females 

become active in ice hockey, physicians, coaches, trainers, parents and athletes need to be 

aware of the condition tenned the Female Athlete Triad. Although female hockey 

players do not fit the typical risk profile for the Female Athlete Triad with respect to body 

composition (e.g. low body weight and low fat mass), female hockey players are involved 

in intense physical training and it is likely that they are not meeting the nutritional energy 

requirements to balance daily energy expenditure. 

The diets for the HG and CG groups did not appear qualitatively different a 

shown by the similar contribution of protein, fat, and carbohydrates to total caloric intake. 
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Subjects in the HG group consumed 16.21 ± 3.26,59.75 ± 6.45, and 24.82 ± 4.64 % of 

their total daily caloric intake from protein, carbohydrates, and fat, respectively, while 

CG subjects consumed 14.96 ± 2.09,59.75 ± 6.39, and 25.36 ± 4.00 % oftheir total daily 

caloric intake from protein, carbohydrates, and fat, respectively. According to the current 

RNI recommendations a typical Canadian diet should provide 55 percent of total caloric 

intake as carbohydrates, less than 30 percent of energy as fat, and 10 to 15 percent of 

energy as protein with a daily caloric intake for females aged 16 to 24 years old of 21 00 

kcal-d- ' . Thus, the percentage of total daily intake from carbohydrates, protein, and fat 

for subjects in the current study was within recommended ranges (Health and We1fare 

Canada, 1990) (see Table 21 and Appendix H). Daily caloric intakes for the HG and CG 

subjects were 11 % and 15 % less than that recommended by Health and Welfare Canada 

(1990) for females aged 16-49 years, respectively (see Tables 6 and 7; Appendix H). 

Carbohydrate, total fat, and total dietary fiber intakes were similar for the HG (HG = 1 %, 

26 %, and 26 % less than RNls, respectively) and CG (CG = 9 %, 27 %, and 24 % less 

than RNls, respectively) and slightly below recommended values. Sodium, potassium, 

iron, and magnesium intakes were greater for the HG than the CG and above 

recommended values in both groups. Cholesterol and saturated fat intakes were less than 

the recommended values and slightly greater in HG than CG subjects (see Appendix H). 

Daily Energy Intake 

Median EI values for the HG and CO were 1880.3 kcal-d-1 and 1799.2 kcal-d- 1
, 

respectively. Mean daily energy intakes reported by the HG and CG groups in the 

current study are less than those reported for female basketball and volleyball players 
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(Doyle-Baker, MacDonald, Hewitt, & Harris, 2000). HG subject 4 had an average daily 

energy intake of 1065.6 kcaled-' and is represented as an outlier in Figure 7. However, 

HO subject 4 was not removed from the analysis as studies at the University of Calgary 

reveal that daily energy intake for this individual is not an anomaly amongst female team 

playing athletes. University of Calgary female varsity soccer, basketball, and volleyball 

players consumed an average of1850.7 ±417.4 kcaledai', 2639.5 ± 586.21 kcaledai', 

and 2134.8 ± 286.0 kcaledai', respectively, with a range of 1130 - 2785 kcaleday-' for 

the soccer group specifically (Doyle-Baker, MacDonald, Hewitt, & Harris, 2000). 

Further investigation of the soccer group (15-24 years old) revealed a normal caloric 

distribution of 12 % protein, 57 % carbohydrates, and 28 % fats which is comparable to 

those distributions for the HG and CG groups in the current study and within 

recommended values. 

Although, macronutrient intakes appear to be normal, it is interesting to consider 

the findings of Jones and coworkers (1997) who suggest that Health Canada's RNI values 

for women aged 25 to 49 years are substantially below the true requirement level of the 

population age based subgroup. Thus, ifthe reported daily energy intake for the HO and 

CO groups are below the current recommendations by 11 % and 15%, respectively, this 

may only be the first indication of the inadequacy of dietary caloric intake actually 

occurring. 

Despite apparent caloric restriction in the HO and CO individuals in the current 

study these results must be interpreted with caution due to measurement bias from the 7

day diet records. It is important to be aware of the fact that underreporting due to day to 

day variation in energy status, the disturbance of normal dietary practices due to 
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measuring and recording food, recall problems, and errors related to analyzing energy 

intake or calculating energy expenditure using activity records or generalized equations, 

contributes to a decrease in the accuracy of determining the energy requirement for a 

population. Specifically, when 7- day diet records were compared to the "gold standard" 

DLW method of determining energy intake and expenditure, errors in estimating energy 

intake of up to ± 30 % of actual need have been reported (deVries, Zock, Mensink, & 

Katan, 1994; Mahalko & Johnson, 1980; Sawaya, Tucker, & Tsay, 1996; Todd, Herdes, 

& Calloway, 1983). In the current study, an error estimate of20 % of actual energy need 

reported was calculated to determine a closer approximation of the daily caloric intake 

considering all possible sources of error. Mean corrected daily caloric intake in the HG 

and CG groups was 2259.47 kcaled-1 and 2132.77 kcaled- I
, respectively. 

Calcium and Vitamin D Intake 

Recent studies suggest a positive relationship between calcium intake and bone 

mass attainment (Miller & Johnston, 1990; Miller, Slemenda, & Johnston, 1990). 

Because vitamin D plays an integral role in modulating calcium absorption, dietary 

intakes and the subsequent interaction between of vitamin D and calcium are critical to 

maintaining calcium homeostasis, regulating bone turnover, and maintaining bone mass 

(Heaney, Gallagher, & Johnston, 1982; Riggs, 1987). 

The current daily calcium recommendations for women 19 to 49 years old is 700 

mged- I in Canada (Health and Welfare Canada, 1990) and 800 mged- I in the USA (Food 

and Nutrition Board, Committee on Diet and Health, 1989). For postmenopausal women 

it is 800 mged- I in both countries. Since obligatory losses of calcium are 200-250 
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mgedai' these values represent the absolute lower level to maintain calcium balance 

(Gallagher & Fillion, as cited in Lorraine & Plouffe (Eds.), 1994). Revisions to these 

recommendations are necessary and are being undertaken by the Food and Nutrition 

Board. As a result, this organization has established the Standing Committee on the 

Scientific Evaluation of Dietary Reference Intakes to develop a comprehensive set of 

reference values for dietary reference intakes for the health population in the United 

States and Canada. Presently, this report defines the Estimated Average Requirements, 

Recommended Dietary Allowances, the Adequate Intake, and the Tolerable Upper Intake 

Level for calcium, phosphorous, magnesium, vitamin D, and fluoride. The comparative 

values in the current study are inclusive of these revisions and thus HG and CG calcium 

data are compared against a recommendation of 1000-1300 mg.d,1 for females aged 14 to 

30 years old. Vitamin 0 data are compared against 5 uged" for females aged 14 to 30 

years old. In the current study, subjects in the HG consumed more calcium and vitamin 

D through dietary intake than subjects in the CG. However, intakes of calcium (HG = 13 

% less than DRIs; CG = 21 % less than ORIs), vitamin D (HG = 31 % less than DRIs; 

CG = 42 % less than DRIs) were below recommended values in both groups. The 

calcium intakes ofHG and CG groups in the current investigation are less than those 

recommended by Heaney (1982) who suggests the current recommendation of 1000 mg 

of calcium per day should be replaced with a recommendation of 1500 mged,l for 

subjects who may be experiencing low estrogen levels due to exercise induced 

amenorrhea. 

Although, exercise induced amenorrhea (as defined in Table 1, pp. 10) was not 

present in any subjects in the HG or CG group, SLP and anovulatory cycles did occur. 
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These cycles are typically characterized by low levels of progesterone. Progesterone is 

significant in the process of bone remodeling as it is likely that progesterone acts to alter 

bone metabolism through stimulation of osteoblast function thus complementing 

estrogen's role of decreasing bone resorption (Erikson et al., 1988; Prior et al., 1990; 

Riggs, Jowsey, Kelly, Jones, & Maher, 1969). Prior et al. (1990) have shown that 

inadequate production of progesterone (present in SLP and anovulatory cycles) is 

associated with accelerated bone loss. When coupled with inadequate calcium intake this 

may indicate a possible risk of BMD loss in the future. 

An adequate and balanced diet is obviously essential for health, well-being, and 

also optimal performance. For the HG and CG groups, both macro- and micronutrients 

met RNI/DRI minimum recommendations except for calcium, vitamin D, folate, biotin, 

pantothenic acid, vitamin K, and dietary fiber. From an education perspective, both 

groups need to be aware of the vitamins and minerals that they are low in as many of 

these are important for bone health (i.e. calcium, vitamin D, vitamin E, dietary fib r, 

folate, and zinc), and may potentially impact skeletal health later in life. 

Energy Balance 

Long term negative energy balance (energy expenditure exceeds energy intake) 

leads to a decrease in utilizable metabolic fuels, disrupted LH pulsatility, and subsequent 

alterations to thyroid metabolism and basal metabolic rate (Loucks & Heath, 1994; 

Loucks & Verdun, 1998; Loucks et al., 1998; Wade, Schneider, & Li, 1996). The 

"energy availability hypothesis" suggests that the GnRH pulse generator is disrupted by 
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an unidentified signal that dietary intake is inadequate for the energy cost of reproduction 

and locomotion (Loucks et aI., 1998). 

On average, both groups maintained a state of negative energy balance for the 

time period of the current study as indicated by the fact that mean TEE exceeded daily 

caloric intake for both HO and CO groups. These results are comparable to those 

reported by Drinkwater et aI. (1984), who reported that energy balance in a group of 

amenorrheic athletes was significantly lower than energy balance in a eumenorrheic 

group. In the Drinkwater et al. (1984) study, energy intakes were not different, but 

training was significantly more rigorous in the amenorrheic group. In the current study, 

the HO and CO groups were not divided based on their menstrual status. There was only 

a small difference of 105.5 kcal-d- I in daily energy intake between the HO and CO 

groups but the exercise sessions per week and calculated mean heart rate per exercise 

session were different (HO heart rate = 151.1 ± 17.5 bpm versus CO heart rate = 137.18 ± 

9.7 bpm; HO exercise/week = 10.3 ± 4. 1sessions versus CO exercise/week = 4.4 ± 1.8 

sessions). Thus, TEE between the HO and CO groups was different and may have 

contributed to the difference in energy balance between the groups. Energy balance 

remained in a negative state despite corrections for errors in estimating daily energy 

intake such that mean corrected energy balance for the HO and CO group was - 641.8 

kcal-d- I and --424.6 kcal_d- 1
, respectively. 

The energy balance findings of the current study are practically important in 

consideration of the research of Loucks (1996) who suggests that exercise contributes to 

menstrual disturbances only when the energy expended is not adequately replenished. 

This is supported by the fact that although exercise sessions per week and exercise 
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intensity differed between HO and CO group, both groups experienced similar menstrual 

cycle aberrations possibly as a result of negative energy balance. In a series of well 

controlled studies (Loucks & Heath, 1994; Loucks & Verdun, 1998; Loucks, Verdun & 

Heath, 1998), Loucks and coworkers suggest energy deficits are associated with 

significant suppression of triiodothyronine (a regulator of metabolic rate) and disruption 

ofLH pulsatile secretion (a strong indicator of reproductive performance). Further, they 

suggest that the degree of disruption in LH pulse amplitude and frequency is in direct 

relation to the duration of energy depletion. Since successful reproductive function 

requires appropriate hormonal stimulation, subjects experiencing disruptions in LH 

pulsatility may experience a range of menstrual disturbances including amenorrhea, 

oligoamenorrhea, SLP, and anovulation. Documenting a causative relationship was not 

possible in the current study due to an inability to directly measure hormonal profiles, 

non-compliance in recording menstrual cycle data, and errors in estimating daily energy 

intake and TEE. However, there may be evidence of this phenomenon in the current 

investigation. A state of negative energy balance was consistently maintained 

throughout the study period and despite corrections for recording and calculation errors in 

determination of energy balance, menstrual disturbances in the form of SLP, 

oligoamenorrhea, and anovulation did occur in both the HO and CO groups. 

Body Composition 

Despite the fact that both the HO and CO maintained a state of negative energy 

balance for the study period, percent changes in body weight, body fat, and fat free mass 

were very small (BW percent change: HO = -1.43 % and CO = 0.30 %; HO = - 4.42 % 

and CO = 4.73 %; HO = 0.82 % and CO = - 0.15 %). This finding supports the 
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hypothesis that subjects in the HG would be in a state of negative energy balance in the 

absence of any change in body composition. 

Menstrual disturbances can occur with or without weight loss (Yen, 1998). The 

general perception that changes in body weight or composition, specifically body fat 

percentage, are an impetu to the onset of men trual disturbances in female athlet s has 

been challenged by a number of studies that have failed to correlate reproductive function 

and body compo ition (DeCree, 1998; I'Anson, Foster, & Foxcroft, 1991; Sanborn, 

Albrecht, & Wagner, 1987; Sinning & Little, 1987). Specifically, reproductive function 

has been linked to general availability of metabolic fuels (Loucks & Callister, 1993; 

Loucks & Heath, 1994; Loucks, Verdun, & Heath, 1998; Wade & Schneider, 1991). 

Thus, the results of the current study may lend support to the work of several researchers 

investigating the role that energy availability, rather than exerci e intensity or body 

compo ition, plays in regulating metabolism and producing a "hypometabolic state" in 

which available energy is stored or partitioned to only essential functions (Laughlin & 

Yen, 1996). 

DeCree (1998) has documented alterations to the thyroid axis in subjects 

experiencing energy deficits linked to menstrual disturbances. Such alterations have lead 

to reduced basal body temperature and reduced metabolic rate. The HG and CO subjects 

in the current study did experience asymptomatic menstrual disturbances in the absence 

of changes in body weight, fat free mass, and percent body fat. Although, thyroid levels 

were not measured, the data potentially lend support to future research directed at 

determining the possible mechani m behind menstrual disturbances, specifically LP, 

oligoamenorrhea and anovulation and a reduction in metabolic rate leading to 
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maintenance of body composition. Further, the lack of body composition change in the 

subjects in the current study may suggest the need to expand the present Female Athlete 

Triad model and it association with amenorrhea, eating disorders, and loss of body 

weight; to adopt the understanding that menstrual disturbances are not limited to highly 

active atWetes but that aberration in menstrual cyclicity do occur in female atWete and 

recreationally active individuals who do not experience the symptomatic changes in body 

composition associated with amenorrhea in anorexia nervosa; and to further investigate 

measurement bias in detennination of energy balance using indirect measurement tools 

such as the 7-day diet record employed in the current study. 

Menstrual Disturbances in HG and CG Subjects 

Mean menstrual cycle length for the HG and CG groups was similar. HG and CG 

mean menstrual cycle lengths are within the defined normal menstrual cycle length of 21

36 day. Maximum menstrual cycle lengths in the HG (HG-CL = 45.0 days) and CG 

(CG-CL = 36.4 days) groups are uggestive of the occurrence of oligomenorrhea (cycles 

greater than 36 days) in both groups (Abraham, 1978). Similarly, the minimum 

menstrual cycle length is indicati ve of polymenorrhea (cycles length of less than 21 days 

(Abraham, 1978)) occurring in HG group subjects. Out of a po sible 78 cycles for the 

HG and 72 cycles for the CG, only 22 HG and 51 CG cycles were included in the QBT 

analysis due to incomplete data. Mean luteal phase length in days for the CG (CG-CL = 

29.8 ± 4.3 days) was slightly less than that ofthe HG (HG-CL = 35.8 ± 11.2 days). As a 

group, the CG and HG groups are classified as having hort luteal phase « 10 days). 

The e results support the research hypothesis that the HG group would exhibit a longer 
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menstrual cycle length when compared with non-athlete controls. However, the data do 

not support the hypotheses that the HG group would exhibit shortened luteal phases «10 

days) and a greater number of anovulatory cycles when compared with non-athlete 

controls. In the current study HG and CG subjects could not be differentiated based on 

the occurrence of menstrual disturbances. 

The results of the current study are similar to those of a study by Prior et al. 

(1990). In the later study, no significant differences in the occurrence of ovulatory 

disturbances were observed between consistent runners (more than 1 hour/week running 

at a constant pace but not training for a specific race), marathon runners (training for a 

recreational marathon), and normally active controls (women who performed < 1 hour 

per week of aerobic exercise) although luteal function was disturbed in 29 % of all 

cycles. It is interesting to note that in this particular study, only 13 of 66 women, 

including highly active marathon runners and normally active controls, had normal 

menstrual cycles. In the current study, luteal function was disturbed in 55 of 150 eligible 

cycles (sum of all SLP and anovulatory cycles) or in 36.7 % of recorded cycles in the HG 

and CG groups combined. Specifically, anovulation occurred in 50.0 % ofHG and 

43.1 % ofCG cycles. Thus, as in the study by Prior and coworkers (1990) disruptions to 

the luteal phase occurred in both highly active HG (10.3 ± 4.1 sessions/week) and in the 

recreationally active CG (4.4 ± 1.8 sessions/week). Although, Prior et al (1990) did not 

mention energy status of their subjects, the HG and CG subjects in the current study were 

in a state of negative energy balance according to the indirect measurement tools 

employed and this may be impacting GnRH responsiveness and LH pulsatility possibly 

leading to altered menstrual function. Thus, the results of the current study may support 
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the work of Loucks et al. (1998) who concluded that low energy availability, not stress of 

exercise or athletic involvement, alters LH pulsatility in exercising women. 

The menstrual disturbances occurring in the HO and CO subjects are 

inconspicuous or asymptomatic and do occur in cycles of normal length. Thus, there is a 

potential that these "apparently healthy" individuals may be exposed to the detrimental 

effects of low reproductive hormones without their knowledge. 

Strengths and Limitations 

The major limitation of the current study is the error inherent in the measurement 

methods for determining energy status and menstrual cyclicity. The 7-day activity log, 7

day dietary records, and MCD require compliance and detail from the participants in 

order to give an accurate reflection of EI, TEE, EB, and menstrual cyclicity. Multiple 

reminders (e.g. follow-up telephone contacts, and emails), personalized cover letters with 

original rather than photocopied signatures, colored paper, personal interviews, and 

assurances of confidentiality were incorporated into the data collection methods to 

increase response rate and decrease non-sampling errors (Ransdell, 1996). Despite these 

efforts, some of the energy status (energy intake and expenditure) and menstrual cycle 

data were incomplete. 

Individuals frequently underreport dietary intake from 20-30% (Schoeller, 1995; 

Thompson & Manore, 1998). There is strong evidence suggesting that this problem is 

exaggerated in female athletes due to undereating and also by the fact that female athletes 

tend to underreport habitual energy intake by 30% ± 18% (Edwards, Lindennan, & 

Mikesky, 1993). Accuracy of this data is frequently compromised due to four major 
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sources of reporting error: day to day variation in energy intake of the individual, the 

disturbance of normal eating habits due to observation, errors related to analyzing 

reported intakes, and recall problems (Garrow, 1985). The problem of reporting error 

was addressed through interviews with the participants following submission of their 

activity and dietary records. Interviews were directed towards confirming the accuracy 

of the records, inquiring about questionable diet and activity information, obtaining food 

recipes and restaurant names, and clarifying any illegible data. Similarly, the accuracy of 

using Activity Records to estimate free living energy expenditure, although convenient, is 

highly variable with errors for various methods reported to be 6-30% of actual energy 

need (Mahalko & Johnson, 1980; Todd, Herdes, & Calloway, 1983). The errors inherent 

in these indirect methods of determining daily energy intake and expenditure, and 

ultimately estimating energy balance, may partially explain the lack of body composition 

change despite the suggestion that HG and CG subjects were calorically deprived and in a 

state of negative energy balance for the study period. It is possible that the diet records 

are significantly underestimating energy intake for both groups. 

In the current study, the Activity Records were ineffective in correctly identifying 

EPA. Individual variations in attention to detail was the most predominant contributing 

factor, making comparisons between individuals and groups unreliable. Recent advances 

in the measurement of energy expenditure in free-living conditions have been made using 

the doubly labeled water technique (Black & Cole, 2000; Jones et aI., 1987; Schoeller, 

1995; Schoeller & Hnilicka, 1996; Schoeller et ai. 1986). Although this technique is a 

promising method for accurately estimating energy requirements of individuals it has 

several limitations including: co t, availability of labeled water, need for a high precision 
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mass spectrometer, and the need for respiratory quotient estimates which may be in error 

of up to 5% for athletes (Thompson & Manore, 1998). 

The determination of luteal phase length via QBT data alone proved to be 

problematic in some subjects despite expert advice and counsel. Although several 

researchers have relied solely on QBT to successfully predict onset of the luteal phase in 

recent studies (Prior et aI., 1982; Prior et aI., 1990; Prior, 1996), the Billings Method and 

Natural Family Planning Practitioners suggest QBT data alone cannot be used to predict 

onset ofluteal phase (Personal Communication, M. Doll, April, 2001; Billings & 

Billings, 1997). Information detailing cervical mucous secretion throughout the 

menstrual cycle in conjunction with detailed QBT data may be required to accurately 

reflect onset of luteal phase (Personal Communication, M. Doll, April, 2001; Billings & 

Billings, 1997; Weschler, 1995). Detailed information on cervical mucous consistency, 

color, and volume was not recorded for many of the participants due to limited education 

on correct monitoring techniques, maturity level or limited knowledge of personal 

reproductive health, and due to a lack of information in the exercise and performance 

literature on the importance of this data for monitoring reproductive health in female 

athletes. 

As in all studies, there exists the potential that Type II error occurred (accepting 

the null hypothesis when it is false). In the current study we may have experienced a lack 

of statistical power due to small sample size (see Appendix B). In contrast, differences 

may be present but obscured due to errors inherent in the estimation of energy balance 

and/or due to the fact that the CO volunteers were predominantly Kinesiology students 

and thus not a true "sedentary" control group, and thus, could not truly be differentiated 
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from the HG group based on activity level. In addition, although the original sample size 

requirement was exceeded at the outset of the study the sample size estimation was based 

on the work of Prior et al (1990) in which 80 % of individuals studied experienced some 

form of luteal phase aberration. In the current study, anovulation occurred in 50 % ofHG 

cycles and 43.1 % of CG cycles, and thus, a much larger sample size would be required 

to detect differences in the variables measured. 

The success of reproductive research relies on interdisciplinary cooperation and 

communication within the fields of physiology, human performance, psychology, 

nutrition, endocrinology, radiology, and medicine. In recognizing the multidisciplinary 

nature of menstrual cycle research, the primary investigator initiated correspondence with 

various clinical and technical experts in endocrinology, metabolism, nutrition, nuclear 

medicine, and human performance to develop a strong design based on success and 

failures in previous literature as well as scientific evidence. 

Recommendations for Future Research 

Detailed research into the relationship between bone mineral density, energy and 

nutritional status, and reproductive health is needed to expand our understanding of the 

implications of negative energy balance in active women. Presently, the literature 

surrounding the Female Athlete Triad is focused on using indirect measurement methods, 

similar to the methods employed in the current study, to make statements concerning 

energy status and menstrual cyclicity. However, indirect measurement of energy intake 

via prospective diet records, measurement of energy expenditure through estimations and 

calculations, and investigation of menstrual disturbances in the absence of direct 
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honnonal analysis, do not provide conclusive evidence regarding energy status and 

occurrence of menstrual disturbances. Future research should include longitudinal 

studies using direct measurement of energy status and reproductive health in order to 

draw conclusions about the health of active females. Further, time is needed to recruit 

true "sedentary" controls to detennine the role, if any, that activity level plays. 

It should be recognized that problems associated with poor nutrition and deficient 

energy status are not limited to elite athletes. Recreationally active females may also be 

exercising in combination with restricting caloric intake and thus may be at risk for 

symptomatic (amenorrhea) and asymptomatic (SLP and anovulatory cycles) menstrual 

disturbances. Researchers must focus on characterizing ovulatory disturbances in a range 

of female athlete groups including those involved in aesthetic and non-aesthetically based 

sport. Further, more infonnation is needed on the potential effect of factors such as 

exercise, nutrition, and genetics in modulating reproductive honnones and impacting 

bone remodeling. It may also be necessary to change the distinction of female sporting 

events into aesthetic versus non-aesthetic as most sporting events today are driven by 

aesthetics and the physical appearance of the athletes. Perhaps this may facilitate 

inclusion of a variety of female athletes, including those involved in team-oriented sports 

such as soccer, ice hockey, basketball, and volleyball, into those recognized as being at 

risk for the potential health consequences of of the Female Athlete Triad. 

Encouraging female athletes to decrease exercise levels is usually not a realistic 

option (RG Subject 1, personal communication, ovember, 1999). Researchers must 

promote regular activity in conjunction with nutritional balance. Specifically, researchers 

must work to resolve the difficulty in establishing EB in active females through 
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investigation of valid and reliable field methods for determining TEE and daily energy 

intake. It may be necessary to employ the "gold standard" doubly-labeled water (DLW) 

technique to determine energy needs for various subgroups of active females to provide 

an accurate overview of the energy requirements for each group. However, most of the 

existing literature on DLW deals predominantly with lean and obese populations and 

does not provide estimates of accuracy and precision in a female athletic population. 

Additionally, current RNI standards for daily caloric and nutrient intake are focused on 

the general Canadian population. Measurement of large numbers of individuals from 

various subgroups of female athletes should be undertaken to provide an accurate 

overview of the energy requirements for each group. 

Future research may also consider the difficulty of obtaining accurate prospective 

menstrual cycle data. Hormonal assays and analysis using blood samples are not feasible 

for basic research on the impact of exercise and energy status in a variety of possible at 

risk groups due to cost constraints and the invasive nature of the technique. However, 

recent advances made by Morris & Wark (2001) provide evidence for future use of cost 

effective urinary estrogen and progesterone metabolites to assess low hormone levels in 

exercise female atWetes. Further, more research must be initiated to test the reliability 

and validity of QBT measurement and the Billings Ovulation Method in a variety of 

female athlete subgroups of different chronological ages. 

Conclusions 

The topic of menstrual disturbances as it relates to restrictive eating patterns and 

osteoporosis within the "Female Athlete Triad" is well documented in the literature. 
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However literature specific to female ice hockey players is non-exi tent. The 

prospective, de criptive nature ofthi tudy was design d to increa e awareness 

regarding the pre ence of menstrual di turbances in a select population of female ice 

hockey players and to potentially highlight the need for intervention in thi ub

population of female athletes. 

Despite the errors inherent in indirect measurement of energy status and 

menstrual cyclicity, the results of this study may add to the recent literature ugge ting a 

relationship between reproductive endocrinology and energy balance. It i hypothesized 

that neither inten ity of exercise nor body composition independently di rupt menstrual 

function· rather, inadequate dietary repleni hing of expended energy leading to long term 

negative energy balance explains the occurrence of menstrual di turbance (Harber, 

2000; Personal ommunication, .B. Louck, October 2000; Loucks & Callister, 1993; 

Louck & Heath, 1994· Loucks Verdun, & Hath, 1998). In the current tudy, subject 

in the HG group appeared to demon trate dietary restraint despite the en rgy needs of 

intense training. Subjects in this tudy appeared to be in a chronic tate of negative 

energy balance. However, these subjects did not exhibit body composition changes, 

specifically 10 of body weight and percent body fat, associated with disordered eating 

practice and poor health. Thus, initiation of costly education programs and intervention 

strategie for this group of 'apparently healthy' athletes would seem unnecessar . 

Despite the fact that the subjects in the current tudy did not exhibit ymptomatic 

weight loss nonnally a ociated with the Female Athlete Triad the indirect measurement 

tools employed in the current study do indicate the pre ence of menstrual disturbance , 

specifically oligomenorrhea, SLP and anovulation, in both group. Thu the current 
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study may increa e awareness of the need to expand the range of possible at risk groups 

practicing dietary restraint combined with training to include groups such as female ice 

hockey players and recreational active females, and may provide the impetus for early 

intervention strategies to reduce the complications associated with menstrual disturbances 

in the e groups. Ultimately, the re ults of this study may aid in circumventing future 

BMD loss in female ice hockey players and recreationally active females due to 

inconspicuous menstrual di turbances. 

The result of the current study may also have important implications for the 

medical community, parents, coaches, developing female hockey players, and 

recreational athletes. Menstrual disturbances are prevalent in weight dependent and 

aesthetically based sports such as long-distance running, ballet, and gymnastics and in 

these porting realms, awareness of potential problems has provoked preventative and 

intervention strategies needed to combat men trual disturbances and the Female Athlete 

Triad as a whole. By identifying the presence of menstrual disturbances in this 

"apparently healthy" population of female ice hockey players and recreational athletes, 

physicians and individuals closely associated with developing female athletes may also 

put necessary intervention and preventative plans into place to significantly reduce 

morbidity and al 0 mortality associated with the Female Athlete Triad and its 

components. Finally, the results of this study may highlight the need for future re earch 

with developing female hockey players and recreational female athletes to verify the 

severity of MD and occurrence of negative energy balance using objective measurements. 
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HUMAN PERFORMANCE LABORATORY CO SENT FORM
 

Project Title: Body Temperature, Nutrition, and Bone Health 

Investigators: Leanne P. MacDonald and P. Tish K. Doyle-Baker, Faculty of 
Kinesiology, University of Calgary, Calgary, AB. 

This consent form, a copy of which has been given to you, is only part ofthe process of 
informed consent. It should give you the basic idea of what the research is about and 
what your participation will involve. If you are under the age of 18 years your parent or 
guardian is required to sign this consent form prior to your participation in this project. If 
you and!or your parent or guardian (if under the age of 18 years) would like more detail 
about something mentioned here, or information not included here, please feel free to 
contact P. Tish K. Doyle-Baker at 220-7034 or Leanne MacDonald at 220-3457. Please 
take the time to read this form carefully and to understand any accompanying 
information. 

It is important to note that participation in this study is entirely voluntary and as a 
participant, you may withdraw at any time without prejudice. It is also the right of the 
investigators to terminate your involvement in the study if such a need arises. Privacy 
and confidentiality of individual results will also be enforced throughout the experimental 
procedure and publication of the study. 

The purpose of this study is to conduct a 6-month investigation into the presence of 
menstrual irregularities (e.g. missed periods, short cycles, absence of ovulation) of female 
athletes and non-athletes using daily basal body temperature (BBT) measurements and a 
menstrual cycle checklist (MCC). Diet records, activity records, and body composition 
will also be compared for athletes and non-athletes. The study also aims to collect 
baseline measures of bone mineral density (BMD) in female athletes and compare these 
values to non-athletes and to diagnostic BMD reference standards for Osteopenia and 
Osteoporosis. 

If you decide to volunteer as a participant in this study, you will be asked to attend a 2
hour instructional/education session. At this session you will be asked to complete a 
questionnaire designed to screen for restrictive eating patterns and will be given 
instruction on completing the questionnaires involved in the research project. The testing 
will include a IS-minute session for body composition analysis of height, weight, girth, 
and skinfold measurements inNovember, 1999 and April, 2000. You will be asked to 
attend the Foothills Medical Clinic for a IS-minute appointment in November, 1999 at 
which time you will have your bone mineral density measured at your spine and hip. 
Each participant will also be asked to measure and record basal body temperature each 
morning before rising and to complete a menstrual cycle checklist each evening for the 
study period. Participants will also be asked to complete a 7-day dietary and 7-day 
activity record beginning on the first day of menstrual flow in November (1999), January 
(1999), and April (2000). Further details about the procedures for the participants are 
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given on the accompanying summary information sheet. Participants should be aware 
that some individuals may experience slight skin bruising as a result of the skinfold 
analysis. Further, the bone mineral density measurement will expose participants to a 
small amount of radiation (2-4 mR, less than a conventional x-ray which is approximately 
30 mR) and thus standard x-ray precautions will be taken. Finally, referrals to University 
and community counseling services will be available to all participants who may have 
any questions or concerns regarding the results of any of the test measurements. All 
participants will be provided with feedback and guidance for completing the records and 
measurements on a monthly basis. 

The results of this investigation may provide valuable information to the subject 
regarding personal reproductive health, personal nutrition habits, physical well being, 
performance and possible changes to their nutritional practices and training program. All 
of the information obtained in this study will be stored on 3.5 " floppy disks and kept in 
locked cabinet in Rm. PEB 233 of the Physical Education Complex. All records will 
coded with non-descriptive ID numbers and kept in the strictest confidence by the 
principal investigator. Your name will not be associated with any individual results. 

Your signature on this form indicates that you have understood to your satisfaction the 
information regarding participation in the research project and agree to participate as a 
subject. In no way does this waive your legal rights nor release the investigators, 
sponsors, or involved institutions from their legal and professional responsibilities. You 
are free to withdraw at any time. Your continued participation in this study should be as 
informed as your initial consent, so you should feel free to ask for any clarification or 
new information throughout your participation. If you have any further questions 
concerning matters related to this research, please contact: 

P. Tish K. Doyle-Baker 
(403) 220-7034 

Leanne MacDonald 
(403) 220-3457 

If you have any questions regarding your participation in this project, you may also 
contact the Associate Dean of Research for the Faculty of Kinesiology, Dr. Warren Veale 
at 220-5944 or contact the Office of the Vice-President (Research) and ask for Karen 
McDermid, 220-2231. 

(Name of subject/parent or guardian) (Date) (Signature of subject/parent or guardian) 

(Name of witness) (Date) (Signature of witness) 

(Name of investigator) (Date) (Signature of investigator) 

A copy of this consent form has been given to you to keep for your records and 
reference. 
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SUMMARY INFORMATION FOR PARTICIPANTS 

Your voluntary participation in this project will require the following: 
1.	 Responses to a self-administered eating practices questionnaire (EDI-2). 
2.	 Attendance at a 2-hour educational session in November, 1999. 
3.	 Measurement of height, weight, limb dimensions, and skinfold thickness in 

November, 1999 and April, 2000. 
4.	 One IS-minute appointment at the Foothills Medical Clinic for a bone mineral density 

scan of the spine and hip. 
5.	 Measurement and recording of basal body temperature for the study period. 
6.	 Maintenance of a menstrual cycle checklist for the study period. 
7.	 7-day dietary record beginning the first day of menstrual flow in November, January 

(1999) and April, 2000. 
8.	 7-day activity record beginning the first day of menstrual flow in November, January 

(1999) and April, 2000. 

Methodology: 
•	 EDI-2: The EDI-2 is used as diagnostic and screening tool to identify eating practices 

and to distinguish eating attitudes. This self-report inventory contains 11 subscales. 
The EDI-2 is easily administered and takes approximately 20 minutes to complete. 

•	 Body Composition Assessment: The participant's height, weight, girths, limb 
dimensions, and skinfold thickness at 15 sites will be measured during the follicular 
phase of her menstrual cycle in October, 1999 (month 1) and April, 2000 (month 6). 
Measurements will be obtained by an anthropometrist using a Harpenden caliper and 
% body fat, fat free mass, and % muscle mass will be calculated via computer 
program using a sum of 10 skinfolds equation specific to an athletic population. 
Body mass index will also be calculated using weight (kg) divided by the square of 
height (em) and comparisons made between athletes and controls. 

•	 Bone Mineral Density: The bone mineral density of the lumbar spine and femoral 
neck will be measured in November, 1999 to yield a baseline measurement. DEXA 
measurements will be taken by a nuclear medicine technician at the Foothills Medical 
Center using a Hologic QDR2000 rectilinear scanner. Scan time will be 
approximately 2-4 minutes. Radiation exposure from DEXA (2.0-5.0 mR) compared 
with routine chest roentgenogram (30 mR) and exposure is localized as compared to 
whole body exposure as with other techniques. 

•	 Basal Body Temperature: Each participant will be taught to measure their oral basal 
body temperature immediately upon waking and before rising each morning. A low
reading digital thermometer that can be read to the nearest o.osoe will be utilized to 
ensure accuracy of readings. The temperature measurements will be recorded in the 
Menstrual Cycle Diary in addition to the participant's subjective comments about 
such factors as late rising, illness, and disturbed sleep. Further the participants will be 
asked to complete the remainder of the Menstrual Cycle Diary each evening 
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beginning on the first day of the onset of menstrual flow and to comment on 
subjective markers of ovulation such as mucous secretion and breast tenderness. 

•	 7-day activity record: A 7-day activity record will be maintained beginning on the 
first day of menstrual flow during the months of November, January (1999), and 
April (2000). Each participant will be given a recording table for each day which will 
be divided into 4-hour segments. Participants will be instructed to record all activity 
performed each 4-hours as often as the conditions warrant and/or permit. Participants 
will be encouraged to be precise and conscientious in recording their activities. 
Participants will be given verbal instruction with active examples regarding accurate 
measurement and recording of activity type, intensity, duration, and exercising 10
second carotid pulse counts. Participants will also be asked to record weight (at 
home) once/month on the activity record. 

•	 7-day dietary record: Information regarding energy intake will be collected at the 
onset of the first day of menstrual flow inNovember, 1999 (month #1), January, 
1999 (month #2), and April, 2000 (month #3) using a 7-day dietary record. Each 
participant will be given recording sheets divided into breakfast, lunch, dinner, 
and snack-segments. You will be asked to maintain a detailed record of all food, 
fluid, and supplement intake for each meal, including snacks. To avoid recall bias, 
please record dietary intake within 30 minutes of ingestion. The data will be 
collected and coded by a nutrition intern. Coded data will be entered into the 
"FUEL" software package and analyzed to yield daily caloric intake, daily 
percentages for individual nutrients, and individual nutrient intakes. 

Please note that you are free to contact P. Tish K. Doyle-Baker (220-7034) or 
Leanne MacDonald (220-3457) at your convenience if you would like more 
information regarding your participation in this study or the specific tests involved. 
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Statistical Analysis 

Two-sample independent t-test: 

To determine the mean difference between the athletes and non-athletes for each 

ofthe independent variables a two-sample independent t-test will be used. The two

sample t-test is based on the assumption that each set of observations is sampled from a 

population with a normal distribution, and that the variances of the two samples are the 

same. The two-sample t-test is calculated via the following equation and compared with 

the t distribution with n\ + n2 -2 degrees of freedom. 

t = (XI -X2) / se * (XI-X2) 

Where: 

XI = the mean of athletes 

X2 = the mean of non-athletes 

se = the standard error of the sample mean 

n, = the size of sample 1 

nz = the size of sample 2 

se * (XI-X2) = s * -"j [(1101) + (1102)] 
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Inference for Proportions: Comparing Two Independent
 
Samples
 

(To use this page, your browser must recognize JavaScript.) 

Choose which calculation you desire, enter the relevant population values (as decimal fractions) for pI
 
(proportion in population 1) and p2 (proportion in population 2) and, if calculating power, a sample
 
size (assumed the same for each sample). You may also modify alpha and the power, ifrelevant. After
 
making your entries, hit the calculate button at the bottom.
 

• Ie Calculate Sample Size (for
 
specified Power)
 

• r Calculate Power (for specified
 
Sample Size)
 

Enter a value for pI: ).8 
Enter a value for p2: 1. 2 

• r 1 Sided Test 

• r. 2 Sided Test 

Enter a value for alpha (default is .05): 1.05 

Enter a value for desired power (default is .80): 1.85 

The sample size (for each sample) is: 111 

Reference: The calculations are the customary ones based on the normal approximation to the
 
binomial distribution. See for example, Rosner, B., Fundamentals of Biostatistics (4th ed.), Section
 
10.7 

Acknowledgments: The JavaScript underlying this page uses normal quantile and probability functions
 
taken from Jan deLeeuw's Web-based Statistics: The Study of Stabiii tv in Variation.
 

Rollin Brant
 
Email meat:rallin(jjhealth.lIcalgarv.ca
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Inference for Proportions: Comparing Two Independent 
Samples 

(To use this page, your browser must recognize JavaScript.) 

Choose which calculation you desire, enter the relevant population values (as decimal fractions) for p1
 
(proportion in population 1) and p2 (proportion in population 2) and, if calculating power, a sample
 
size (assumed the same for each sample). You may also modify alpha and the power, ifrelevant. After
 
making your entries, hit the calculate button at the bottom.
 

• r. Calculate Sample Size (for
 
specified Power)
 

• r Calculate Power (for specified
 
Sample Size)
 

Enter a value for pI: 1.8 

Enter a value for p2: 1. 2 

• r I Sided Test 

• r. 2 Sided Test 

Enter a value for alpha (default is .05): 1.05 

Enter a value for desired power (default is .80): 1.80 

The sample size (for each sample) is: 

Calculate I 
Reference: The calculations are the customary ones based on the normal approximation to the 
binomial distribution. See for example, Rosner, B., Fundamentals ofBiostatistics (4th ed.), Section 
10.7 

Acknowledgments: The JavaScript underlying this page uses normal quantile and probability functions 
taken from Jan deLeeuw's Web-based Statistics: The Study of Stability inYariati.on. 

Rollin Brant
 
Email meat:rollill(ij:.heallh.lIcalf{ary.ca
 

nnp://can. neann.UCalgary.CaJ-roUII1I SlalS/SS1ZelO.L. mml D5/UO/U l. 
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Inference for Proportions: Comparing Two Independent
 
Samples
 

(To use this page, your browser must recognize JavaScript.) 

Choose which calculation you desire, enter the relevant population values (as decimal fractions) for pI
 
(proportion in population 1) and p2 (proportion in population 2) and, if calculating power, a sample
 
size (assumed the same for each sample). You may also modify alpha and the power, ifrelevant. After
 
making your entries, hit the calculate button at the bottom.
 

• r. Calculate Sample Size (for
 
specified Power)
 

• r Calculate Power (for specified
 
Sample Size)
 

Enter a value for pI: 1.8 

Enter a value for p2: 1. 2 

• r 1 Sided Test 

• r. 2 Sided Test 

Enter a value for alpha (default is .05): 1.05 

Enter a value for desired power (default is .80): 1.75 

The sample size (for each sample) is: 

Reference: The calculations are the customary ones based on the normal approximation to the
 
binomial distribution. See for example, Rosner, B., Fundamentals ofBiostatistics (4th ed.), Section
 
10.7 

Acknowledgments: The JavaScript underlying this page uses normal quantile and probability functions 
taken from Jan deLeeuw's Web-based Statistics: The Study of Stability in VariatiorL 

Rollin Brant
 
Email meat:rollin(ii11ealth.lIcalgmy.ca
 

nup://www.neann.uCalgary.Cat-rollllllSIaISIsSIZeJOL.mml LV/VO/VI 
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Appendix C: 

Proposed Theoretical Model 
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Proposed Theoretical Model of Predictor Variables for Menstrual 
Disturbances in Female Athletes 

Energy
 
Intake (EI)
I 

Menstrual 
DisturbancesEnvironmental 

(SLP, anovulation, Stressors Total energy BMDoligomenorrhea,(physical, 
I--~ expenditure amenorrhea)emotional, (TEE)


nutritional,
 
overtraining) ........
 ............
 

......•..........•................•..•........•.
 

Body 
..........-_ .


Composition
 
(BC)
 

Figure 2. Proposed Theoretical Model. 
Occurrence of menstrual disturbances is influenced by energy intake, total energy expenditure, and body 
composition. Menstrual disturbances impact skeletal integrity through the complimentary roles of 
estrogen and progesterone on the process ofbone remodeling. Body composition indirectly impacts 
skeletal integrity through the influences of muscle on skeletal loading. 

http:�..........�................�..�........�
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Appendix D: 

Menstrual Cycle Analysis 
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Graphical Output and Analysis 

Mean Temp Month 1 
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Day of cycle 

Mean Monthly Temperature = 97.2° F
 
Menstrual Cycle Length =31 days (November 21, 2000 - December 21, 2000)
 
Luteal Phase Length = 11 days (start 21 st day or December 11, 2000)
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Mean Monthly Temperature = 97.2° F 
Menstrual Cycle Length =32 days (January 21, 200l-February 21,2001) 
Luteal Phase Length = N/A ~ Anovulatory cycle 
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Appendix E:
 

Hologic BMD regression equation and reference standards
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Explanation of Bone ineral Density easurements 

It i necessary to acknowledge the importance of attaining peak bone mass and the 

pre ence of a continuum of bone mineral acqui ition with normal development and aging. 

Through one's life span, bone mineral density values follow a continuum from initial 

bone development, to attainment of peak bone rna ,to low bone rna (osteopenia), and 

possibly to osteoporo is. 

Raw Score 

Individual measurements for the lumbar spine (LI-L4) hip (femoral neck) and forearm 

(radius) are expressed in ge cm-2
. 

T core 

tandard deviation ( D) from peak bone rna or young normal values of the refer nce 

population. This i the best determinant of absolute fracture risk. Risk of lumbar, hip 

and forearm fracture increa e by a factor of approximately two for each D below the 

average peak bone rna s. 

Table 2: Diagnostic T-scores. 
The World Health Organization's definition of osteoporosis is based on the standard 
deviation of a patient' BMD from the mean value of a reference group of young adults 
(T-score) (Kanis, Melton, Christiansen, Johnston & Khaltaev, 1994; Maggi, 1993; Rigg 
et ai, 1994). 

ormal Bone Density Osteopenia Osteoporosis 

T core ( D) -1.0 or above -1.0 to -2.5 -2.5 or less 
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Z Score 

Standard deviation from the mean of age and sex matched controls. This value gives 

information with respect to where the individual fits in relation to peers. It is a useful 

guide for therapy, particularly in older individuals where average T scores approach the 

osteoporotic range. 

Hologic regression equation (T. Kelly, Hologic Inc., Waltham, MA): 

BMD reference values for the spine (605 women; 294 men) and hip (747 women; 725
 

men) were generated by x-ray systems employing continuous internal calibration
 

(Hologic QDRI 000). Cubic equations for age-related loss ofBMD in women were
 

generated:
 

Lumbar spine (Ll-L4):
 

BMD = 0.74560 + (0.022523 * age) - (0.00049769 * agez) + (0.0000027149 * age3
)
 

1 SD = 0.11 gecm-2
 

Femoral neck:
 

BMD = 0.80463 + (0.0089186 * age) - (0.00024631 * age2
) + (0.0000012984 * age3

)
 

1 SD = 0.10 gecm-Z
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Table 3: ormative BMD Values. 
Bone Mineral Density and Bone Mineral Content for 115 Caucasian women aged 18 
years (Henderson et aI., (1995)). 

Bone Mineral Range Bone Mineral Range 
Density (ge cm2 

) Content (g) 
Spine (n = 115) 1.031±0.113 0.815 - 1.345 58.40 ± 9.40 39.15 - 86.42 

(Ll - L4) 
Proximal femur 
(n = 115) 

Neck 0.917±0.112 0.676 - 1.243 4.64 ± 0.63 3.18-6.21 
Troch 0.764 ± 0.102 0.542 - 1.021 7.91 ± 1.72 4.22 - 14.30 
Inter 1.137±0.133 0.867 - 1.518 23.60 ± 4.10 15.51 - 34.92 
Total 1.00 ± 0.114 0.779 - 1.339 36.15 ± 5.93 23.11 - 52.58 

Femoral shaft 1.543 ± 0.208 1.114 - 1.953 19.32 ± 2.86 11.42 - 26.40 
(n = 115) 
Distal tib/fib 0.699 ± 0.083 0.495 - 0.909 7.22 ± 1.07 4.88 - 10.03 
(n = 95) 

*Va1ues are mean ± sd. 
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DIAGNOSTIC IMAGING CONSULTATION 

'NAME 
INmAl 

BIRTH 

>oATED 

DevOR. 

NOFEXAM 

BONE DENSITY DETERMINATION n 
BY DUAL ENERGY X-RAY ABSORPTIOMETRY (DEXA) 

The World Health Organization definition of Osteoporosis is based on the standard deviation of a patient's bone 
density from the mean value of a reference group of young adults (T-score). A T-score of -2.5 or less defines 
significant osteoporosis. Bone density is, however, a continuum and fracture risk approximately doubles for 
each standard deviation (T-score) below the mean. Comparison with age matched peers (Z-score) is also of 
value in deciding on treatment, particularly in older patients where average bone density approaches the 
osteoporotic range. 

The table on the following page summarizes the results for this patient. Detailed results and additional 
explanatory notes are also appended. Should you have further questions, feel free to contact one of the 
undersigned at 670-1348. 

M.D.
 

Gulf Canada SqUOle FOOft\U1s P101esslonal Building Mission P1ofesslonofCentre SouIhpor1 AI11um 
.1.JIlrosol.<>d • unrClSCl<Xld • UtrClSCl<Xld • U1nClSCl<Xld 
• McnYroogapl1y • Morrmogrophy · Momrnogophv • Mor'nrroogophv 
• Nuclear Medicine • ftuocoscODl' • X4loy • fluo<oscocv 
• ~Iuo<oscocv • X·Ray 11 06. 2303 • 4 Snoot s.w. • X-Ray 

• X·Ray 360. 1620·29 sneet N.W. (403) 541·1200 AB. 10333 Southport Road S.W. 
300.401 . 9 A~ S.W. (4031 284·1830 (403) 253·5QOO 
(403) 221·9777 
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BONE DENSITY (BMD) LUMBAR SPINE FOREARM 

T-SCORE· - O.7~ S.D. S.D. - 0.35"" S.D. 

Nonna! Bone Density 
(T score of -1.0 or above) 

Borderline low BMD 
(T score of -1.0 to -2.5) 

Significant Osteoporosis 
(T score of-2.5 or less) 

FRACIURERISKIS: 

Average 
(same as young adults) 

Moderately Increased 
(2 to 5 times) 

Markedly Increased 
(more than 5 times) 

COMPAIUsoNWTIRAGEMATCHED NORMALS: 

Z-SCORE+ 
S.D. S.D. S.D. 

COMPARISON WITH PREVIOUS SfUDIES: 

Date of baseline 
BMD determination 

% annual change in BMD 
since baseline 

Change is significant at the 
95% confidence level 

NOT VALID 
for BMD measurement 
because of artifact 

". T score  Standard Deviation from the average peak bone mass of normal sex matched controls 
.. Z score • Standard Deviation from average ofage and sex matched controls 

..:-.. .. 

KEYTODATAPRESENIATIONONREVERSE~ 
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k = 1.13B de = 45.8(1.866H) ' 6 .'4751D I OLOGY 

'~. 

·14.Jan.2B8B 89:13 [116 x 132] 
Hologic QDR-4566W (S/N 49248) 

LUMbar Spine V8.26a:S 

a LUMbar Spine 
Reference Database • 

1.4 
1.3 
1.2
 

B 1.1
 
1.8t1 B.9 

D B.8
 
B.7'
 
B.G 
8.5 
8.4 
8 .3 '----'--_L---L_-'----L_-'----'--' 

16 2B 38 48 56 68 78 88 
Age 

BHD(LI-L4) = B.968 g/c~Z 

Region BND T<36.6) z 
L1 6.%1 +13.33 Hl4:1. 

L2 1.B19 -8.88 99:1. 

L3 1.818 -B.67 93% 

L4 6.ge13 -1.% 81:1. 

L1-L4 6.968 -8.72 92:1. -8.43 95:1. 

/.-'.-:'" 

• Age and sex Mat.ched\.... 
T = peak BND mat.ched 
Z = age l'I'lat.ched TK 84 Nov 91 

AB114B8e9 Fri tt~:,) 3 
NaMe: ~ 

eo",,,,ent : BASEL IKE U OF C 
I •D. : IB9583FBB Sex: F 
S.S.U: Et.hnic: 
ZIPCode: Height: 162.5B eM 
Operator: SS Weight.: 56.58 kg 
BirthDate: 19.5ep.81 Age: 18 
Physician: DOYLE BAKER 
Il'I'lage not for diagnostic use 

TOTAL BHD CV FOR Ll - L4 1.B:I. 

C.F. 1.837 1.886 1.8B8 

Region Est.Area Est.BNC Bt1D 
(Cl'I'l2) (gral'l'ls) (gl'l'ls/CM2) 

Ll 12.84 12.33 B.961 
L2 14.51 14.78 1.819 
L3 15.92 16.B8 1.818 
L4 19.18 17.19 8.988 

TOTAL 62.36 68.38 8.968 

~ 

"=' 
HOLOGIC 

A811488B9 
Nal'le: 
CoMMent: 
I.D. : 
S.S.U: 
ZIPCode: 
Operator: 
BirthDate: 
Ph~sician: 

Fri .8 
IA 

BASELIHE U OF C 
1B9S83F88 Sex: F 

Ethnic: 
Height: 162.58 Cl'l 

SS Weight: 56.5B kg 
19.5ep.81 Age: 18 

DOYLE BAKER 

-
HOLOGIC 
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k = 1.127 d8 = 49.6(1.888H) 5.577 

·14.Jan.Ze88 89:17 [91 x 18Z] 
Hologic QDR-4S88W (S/N 49248) 

Left Hip UB.Z6a:5 

1.4 
1.3 
1.2
 

B 1.1
 
1..

M e.9 
D e.a 

e.7 
e.6 
8.5 
8.4 
8 .3 l..---'_--'-_-L-__----''-----L-.J 

28 3El 4El 58 68 78 8El
 
Age
 

BND(Total [Ll) = 1. 8B? g/Cr:l2
 

Region	 BND T Z 
1----- ---------- -------- 
Neck B.B8El "8.28 104:.< 

(25.0)
Troch 8.B49 "1.44 121:.< 

(Z5.El)

Inter 1.14B "B.Z6 lEl4/.
 

(35. El ) 
TOTAL 1.8El7 "El.53 l8?/.

(25.8)
Uard's 8.918 "1.57 125/.

(25.8) 

Age and sex Matched 
r = peak BND lItatched 
Z = age l'Tlatched HHA 81 Feh 97 

A811488eB Fri 
Hallie: 
Co~nt: BASEL UtE U OF C 
I .D. : 189583F8e Sex : F 
8.8.1: Ethnic: 
ZIPCode: Height: 16Z.5e eft 

Operator: SS Weight: 56.58 kg 
BirthDate: 19.5ep.81 Age: 18 
Ph~ician: DOVLE BAKER 
INdge not for diagnostic use 

TOTAL BM» CV La-/. 
C.F. 1.837 1.886 1.888 

Region	 Est.Area Est.BNC BMD 
(CAZ) (graIlls) (gtlts/CIltZ) 

Heek 5.39 4.75 8.B88 
Troch 9.24 7.84 8.849 
Inter 16.13 18.39 1.148 
TOTAL 3B.77 3B.9B 1.8B7 

Ward's 1.Z7 1.16 8.918 
MidI ine ( 88,118)-(156, 48) 

Heek -49 x 15 a-t [Z4, 7] 
Troch 16 x 44 at [ 8, 6J 

Uard's -11 x 11 at [ 5, 5] 

HOLOGIC 

A8114S8ElB Fri nJ" ~ITC] ..:JNaMe: 
COl!'lll\en-t: BASELItiE U OF C 
I .D.: IB9583FBB Sex: F 
S.S.U: E-thnic: 
ZIPCode: Height: 162.56 CM 

Opera-tor: SS Ueight: 56.58 kg 
BirthDa-te: 19.5ep.81 Age: 18 
Physician: DOYLE BARER 

~ 

":;' 

HOLOGIC 



-----

----- ---------- ---------

131 '. 

A8114BBBC Fri 
rta",e: 
Colll..-ent : BASEL INE U OF Ck = 1.193 d8 = 63.8(1.886)(4] 
I •D. : 109583FOO Sex : F 
S.S.1I: Ethnic: 
ZIPCode: Height: 16Z.56 CA 

Operator: SS Ueight: 56.50 kg 
BirthDate: 19.5ep.81 Age: 18 
Physician: DOYLE BAKER 
Forear", Length: Z5. 8 CfII 

Inage not for diagnostic use 

TOTAL BI1D CV IS LESS THAN 1.8~ 

C.F.	 1.037 1.806 1.800 

RADIUS	 Area BI1C BI1D 
(C"'Z) (gra",s) (g",s/c",Z) 

.8	 1/3 Z.45 1.78 8.693 
HID 7.65 4.39 8.573"'''' 

UD 3.6Z 1.60 8.442 
TOTAL 13.72 7.69 8.560

·14.Jan.2B66 6~:21 [171 x ~4]
 

Hologic QDR-4SB8U (S/~ 49240)
 
Rigl\t Forearm U8 ,26a:S
 

~ 
HOLOGIC 

A81148£18C Fri 
Na.t'l\e: t-t~ ~~. _ 
COllllllent: BASELINE U OF C 
I.D. : IB9SB3FBB Sex: F 

B S.S.tt: Ethnic: 
H ZIPCode: Height: 162.5B CIll 

D Operator: SS Ueight: 56.5B kg 
BirthDate: 19.5ep.81 Age: 18 
Physician: DOYLE BAl<ER 

IL 2 L.---'_--'-_--'---_--'-_-'--_L......J
 

28 38 4e 5B 6e 7B 8B
 
Age
 

BHD(Radius[RJ TOTAL) = 8.56B g/cm2 

Region	 BHD T Z 

1/3 6.6~3 -B.Bl lBB:/.
(28.8)

MID 8.573 -8.63 94:/.
(28.0)

UD B.442 -B.B2 lBB:/. 
(2E1.EI) 

TOTAL £I.56B -0.35 97:/.
(20.0) 

• Age and sex Matched 
T = peak BMD matched 
Z =age lIlatched PS 2S Oct 91 HOLOGIC 
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Appendix F: 

Participant Study Booklet 
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Body Temperature, utrition, and Bone Health 

Instructions and Recording tools for Participants
 

ovember 1999
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Instructions 

•	 Please read and follow all instructions carefully. 

•	 This package contains all the information and recording sheets 
necessary to measure basal body temperature, track your 
menstrual cycle, and record your dietary intake and caloric 
expenditure through activity. 

•	 Plea e call Leanne on the FIRST DAY of your menstrual cycle EACH 
MONTH e.g. "Today is the day". This will keep us in close contact 
for any questions and will aid tracking of your cycle, and 
recording of diet and activity. 

•	 Call 220-3457 or emaillmacdona ucalgary if you need new 
recording sheets or if you are have questions, comments, or 
concerns. 
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Menstrual Cycle Trackine Calendar 

October 1999 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I L 

3 " ~ 6 7 II Y 

10 II IL IJ 14 15 16 

17 III \, 2U 21 22 2J 

24 2~ 26 27 211 LY JU 

31 

November 1999 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 2 3 4 5 6 

I II Y IU 1\ \2 \3 

14 15 16 17 18 I' lU 

21 22 lJ l4 l5 26 27 

28 2'1 341 

December 1999 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

1 L j " 
5 6 I IS Y IU II 
Il 13 14 15 16 17 III 

IY 2U 21 ZZ ZJ Z4 25 

26 Z7 Zll ZY JU JI 

January 2000 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 

l 3 4 5 6 7 II 

Y 10 11 Iz 13 14 15 

16 17 \11 IY 20 21 22 

23 24 25 26 27 211 29 

30 31 
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F b e ruary 2000 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 2 3 4 5 

6 7 8 9 10 II 12 

1J 14 15 16 17 III 19 

2u 21 22 23 24 25 26 

27 28 29 

March 2000 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 2 3 4 

5 6 7 8 9 10 11 

IZ IJ 14 15 III 17 18 

19 20 21 :z:z 23 24 z5 

26 27 28 29 30 31 

A"pn'12000 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 

2 3 4 5 6 7 8 

9 10 11 12 13 14 15 

16 17 18 19 20 21 22 

23 24 25 26 27 211 ZY 

30 

May 2000 
Sunday Monday Tuesday Wed. Thursday Friday Saturday 

I 2 J 4 5 II 

7 II Y IU 11 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 

28 29 30 31 

June 2000 
Sunday Monday Tuesday Wed. Thursday I Friday Saturday 

I 2 3 

4 5 6 7 8 9 IU 

11 I:z 13 14 15 16 17 

18 19 20 21 22 2J 24 

25 26 27 28 29 30 
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Measuring Body Temperature and Tracking your Menstrual Cycle 

•	 Call Leanne (220-3457) on the first day of your menstrual cycle 
EACH MONTH e.g. "Hi Leanne, its -----. Today is Day 1. Bye!" 

•	 Read the Menstrual Cycle Diary instructions carefully and refer back 
to it or call Leanne if you have any questions. 

1.	 Begin taking your temperature on the first day of your next 
menstrual cycle. This is Day 1, Month 1. 

2.	 Continue taking your temperature each morning for the 
study period. 

3.	 Wake up and take your temperature before you get out of 
bed every day. Try to postpone getting out of bed or going to 
the washroom until after you've taken your temperature. 

4.	 Record your temperature to the nearest 0.05°. 

5.	 Record the date, the menstrual cycle day (e.g. Day 1, Day 
2..Day 28), and any comments (e.g. I was up studying until 3 
am last night or I had a fever last night) using the 
Menstrual Cycle Diary. 

6.	 Fill in the boxes in the Menstrual Cycle Diary pertaining to 
flow, breast tenderness, fluid retention, etc...that apply to 
you each day. Refer to the Diary instructions for specific 
information on these areas. 

7. Use a new chart for each cycle. If no period occurs make a 
note of it on the sheet but continue recording for each day 
and re-number subsequent days as necessary, e.g. change 
Day 1 on next sheet to Day 32. 
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I 

UNDERSTANDING YOUR MENSTRUAL CYCLE
 

Menstrual Cycle Diary Dr JC Prior Copyright 1991 
The menstrual cycle is created by over a dozen hormones changing in a complex and 

~oordinated manner. Hormones of the ovary. pituitary. and uterus work together to create cyclic 
5ymptoms and signs during your cycle. We are asking you to complete this form on a daily basis 
::>ecause you can learn to notice important features about your menstrual cycle. 

Please start filling in the form on the evening of the first day of your period. The scale at the 
:op is from 0 to 4; zero represents something you did not experience and four represents the worst 
t has ever·been for you. The scale at the bottom uses letters to indicate as factors go up or down 
Tom your usual '(U)' or normal state. Although the form is mostly self-explanatory. a few 
~xplanations and samples are provided. . 

You are requested to provide two indicators of menstrual flow. The first is the number of 
::>ads and/or tampons you use each day of flow. If you use a combination of pads and tampons, 
enter the combined total for that day (4 tampons/3 pads = 7). The second is your assessment of 
~ow. from O=none to 4=very intense. A "4" is clots or a pad change every hour. 

Name' rvIonttr March Yoar. 1993 

Cycle Day 1 :2 3 4 5 10 11 12 13 14 15 16 17 18 1961 7\ 8 I 9 

Date 12 13 14 15 16 Continued 

Tarnpons/pacs/day 4 4 3 2 0 I I I
 
Record 0 = none, 1 = minimal, 2 = moderate, 3 = moderately intense, 4 = very intense 

Amount Aow 

Breast Tenderness: 
You are being asked to note both front and/or side breast tenderness. Below is a diagram 

::>f the general areas of your breast that you should touch firmly with the palm of your hand to 
::Jetermine if you have breast tenderness there. There may be very little soreness, but the pressure 
will feel different from the same pressure on your leg, for example. 

rrrT1rTTT1 

front side 
tenderness tenderness 

Fluid Retention: 
This means feeling bloated or puffy, with water weight gain and getting up to urinate at night. 

Mucous Secretions: 
The mouth of the uterus (cervix) fDakes a clear stretchy fluid when estrogen levels are high. 

A. "4" means you can stretch the mucus out for 6-8 cm (3-4") between pieces of toilet tissue paper. 

Record 0 =none, 1 = minimal, 2 =moderate, 3 = moderately intense, 4 = very intense 

_1vn_o_un_t_A_a_w I~ 
vamps 
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Breast Tenderness: Front 0 0 0 0 0 

.-'east Tenderness: Slde 0 0 0 0 0( 
Auid Retention	 0 0 0 1 0 

Mucous Secretion	 0 0 0 0 0 

Stress and Feelings: 
You are asked to record how you feel each day using a 0-4 scale on the top section of the 

form. In addition, we would like you to evaluate the amount of outside stress in your life (Stress 
work, home, etc). These two things are sometimes different - your day may have been awful but 
you can still feel good about yourself and not depressed or anxious. 

Please write your comments at the bottom of the column. This may include any particular 
event which influenced how you felt that day (eg illness, a job promotion, winning a major prize, 
argument with partner). Additional comments may be entered on the back of the form. 

Record M =much less, L = a little less, U =usual, Y =a little increased, Z =much increased 

!APpetite	 L U U U U 

Breast Slze	 U U U U U 

yInterest in sex	 L U U U 

Stress - work, home. etc	 U U U U y 

( ""'asal Body Temperature (SST) Monitoring: 
, 111e following recommendations are to assist you to accurately take your oral 

temperature. Here are a few guidelines to help you: 
1.	 Day 1 is the first day of your flow. 
2.	 Take you temperature in the morning, when you first wake. 
3. Activity will raise your basal (resting) temperature.	 If you can, postpone going to 

the bathroom or getting out of bed until you take your temperature. 
4. Use a new chart for each cycle.	 If no period occurs. continue recording on another 

sheet and re-number subsequent days as necessary. 
5.	 Under 'Comments', please record any events that may effect your morning temperature 0f 

you slept in, illness, 'a late night, if you forgot and you were up before you took your 
temperature). 

Using the digital thermometer: 
1.	 Press the green ON/OFF button and a beep will sound (88.88 will display when 

the thermometer is used for the first time). 
2.	 After a few seconds the display will go blank (rt you previously took your
 

temperature, it will be recalled and displayed for 3 seconds).
 
3. Place the thermometer under your tongue. 
4. When the peak temperature is reached (in about 1 minute), a beep will sound 3 

times. The reading will not change while the power remains on. 
5. Turn the thermometer off by pressing the green ON/OFF button. The reading will be 

,/"~" stored in memory for 3 seconds the next time you switch the thermometer on. After 3 , 
seconds, the display will go blank and the temperature will be permanently erased from 
memory. 



------

Menstrual Cycle Diary 
140
 

. Name: _ Month: _ Year: 

JCvcle Day 

lJ..te 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Tannpons!pads/day 

Amount Row 

Record 0 =none, 1 =minimal, 2 =moderate, 3 =moderately intense, 4 = very intense 

Cramps 

&east Sore; Front 

Breast Sore: Side 

Auid Retention 

Mucous Secretion 

Constipation 

Headache 

Steep Problenns 

Feeling Frustrated 

Feeling Depressed 

~ljng Anxious 

Appetite 

Record M = much less, L = a little tess, U = usual, Y = a little increased, Z = much increased 

arcast Size 

Interest in sex 

Feeling of energy 

Feeling of self-worth 

Outside stresses 

Basal Tennperature 

I 
I 
i 
, 
! 

! 

Connnnents 
(temperature taken 
late, feeling sick, 
poor sleep, elc) 

\.. 
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7-day diet record 

•	 Call Leanne (220-3457) on the first day of your menstrual cycle 
EACH MONTH. Be sure to call if you have any questions along the 
way. 

•	 Begin your diet record on the first day of your menstrual cycle for 
month 1, month 3, and month 6 e.g. if you start your next menstrual 
cycle on Nov. 5, then this is Day 1 of month 1. Then January is 
month 3, and April is month 6. 

1.	 Follow the instructions on the next page and try to be as 
specific as possible when recording food or fluid amount, 
type, method ofpreparation, recipes, and brands. Include 
labels if you think it might help determine the content and 
nutritional value of specific foods. 

2. Use the recording sheets provided to maintain a detailed 
record of all food, fluid, and supplement intake for each 
meal, including snacks. 

3.	 Record dietary intake within 30 minutes of ingestion. 
Leaving it to the end of the day usually results in inaccurate 
recall of food intake for the day. 

4.	 When you have finished your diet record each day call 220
3457 and leave a voice mail indicating all food, fluid, and 
supplement intake for each meal, including snacks. 
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COMPUTER NUTRITIONAL ANALYSIS - FOOD DIARY GUIDELINES 

,Here are some examples of what we need for your food diary. Approximate the amounts to the nearest 60ml, or 14 cup,
 
or if you have a food scale, to the nearest gram or ounce. When in doubt, describe it as best you can.
 

Write down everything that you eat and drink each day, and also how the food is prepared. If no explanation is given on 
how food is prepared, we will assume that food was already prepared. Remember to record all of the details 
condiments count as well! If for breakfast you had toast and jam your meal may actually be like the one below. 
Remember the details... 

SAMPLE DIET:
 
TIME FOOD AND DRINK- HOW PREPARED QUANTITY
 
8:00am Whole wheat (w.w.) bread 2
 

Soft marqarine (Becel) 2 tsp.
 
Jam (Smuckers) 2 tbsp.
 
Larqe oranqe 1
 
Milk 1% 1 cup
 

d	 . h'A Ch'ICken san WIC Isn t a ways Just bread and ch'IC ken. T0 be speCI TIC ••• 
11:30am	 w.w. bread 2 slices
 

Butter 1 tsp
 
Miracle Whip Liqht 2 tsp
 
Chicken (how prepared: deli, baked, without skin, white' or 112 c. diced. 20z, or
 
dar!< ) 60q
 
Lettuce 2 leaves
 
Tomato 4 slices
 

Remember to add snacks... 
I 4:00pm Small low-fat bran muffin· homemade 1 

Herbal tea 1 cup 
I Milk 2% 2 tbsp 

If you had a casserole, describe the serving that you had, or list the main ingredients. 

6:00pm	 Hamburqer casserole Mv Portion
 
3 cups cooked eqq noodles 112 cup
 
¥.! kq lean beef - raw 2 oz. Cooked
 
Chopped onion - 1 tbsp
 
Green Giant frozen peas - 2 tbsp
 
Tomatoes 14 tomato
 

•	 Be as specific as you can ... remember the computer can't read your mind! Here is a list of some more foods that are 
common entries: 

1.	 Beef or Pork: Try to describe how much you had. Is this the same size as a fast food burger? The size of a deck of 
cards? (3 ounces.) Is this raw or cooked weight? How was it cooked? 

2.	 Butter: How many tsp or mL ? Try using a measuring spoon so you can become aware of how much you use.
 
Regular or light?
 

3.	 Cereal: How many cups? Is it dry, cooked, is sugar added? How much milk? Was it skim, 1%, or 2%? 
4.	 Cheese: How many slices? What type - processed cheese, spread, hard cheese, low fat, skim, cheddar? What % 

milk fat? 
5.	 Chicken: Leg, Breast, Thigh. Was there skin? Was it baked, stir fried, broiled, or barbecued? 
6.	 Fruit: Whole, half, large, or small? Fresh or canned with syrup or pear juice? 
7.	 Juice: How much? (Sweetened, unsweetened, juice, cocktail, punch?) 
8.	 Alcoholic Beverages: Include amount of liquor and type of mix (regular or diet). 
9.	 Vegetables: Serving size, how prepared 
10. Sauces and Salad Dressings: Type, (creamy, oil and vinegar, fat free, low cal, light)? Amount, (1 tbsp)? 
11. Pasta: Type, (egg, macaroni, spaghetti)? Amount cooked, (1/2 cup)? What kind and amount of sauce? 
12.	 Snack Foods: candies, potato chips, popcorn, crackers. How big is the serving size? Is it 10.chips? Is it 2 cups of 

buttered popcorn or unbuttered? 
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Compute.' Nutritiom.1 Anah,!'i!' Fuod Dian' 

Name: 

Date: 

Height: Weight: _ 

Age: _ Sex: _ 

Acti"ity I,e,-e!: How (/0 lspelld the majority ofmy lime (Place II checkmark beside the olles which best 

descrihe your aC.'ri,-ity /t..'"e!1I11l! gi"e all estimate oflhe 1l1ll0l1llt ofrime spent doing the actil'itie,'i) ? 

Work:
 

Silting, studying_ Modermcly .-\etiyc (2-h per week) _
 

Acti\'c work (rest~u1.lnl. coaching) _ Acti\'e (morc than 5 hours per \\'eek) _
 

Hard labor Elite (2 hours/day. 5 days per \yeek) _
 

RccrcationIFitness
 

Diet record: Menstrual Cycle Dav 1 

Date: Day Month _ 

Time of day Food and Drink- How 

prepared? 

(include personal recipes. b1.lnd 

names, labels e.g. Great Canadian 

Bagel. Quaker granola oor. elc.. ) 

Quantit),
 

(I cup of H20, 250 011 of
 

Gatorade, 4 oz of steak.. I tsp, of
 

Bece!. etc .. ,)
 

I , 

I 
I ! 

I : 

, 
i 

I
 
I
 
; 

i 
! 

1 

I 
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Date: [}.Jy 

Time of da~' 

Diet record: Menstrual Cycle DAY I 

Month _ 

Food and Drink- How Quantit~· 

I)reparcd? (I cup of H20. 250 011 of 

(include personal recipes. bmnd Gatomdc. -t oz of slCilk. 1 tsp. of 

names. labels e.g. Great Canadial\ Beccl. CIC •.. ) 

Bagel. Quaker granola bar, etc..) 

! , 

I 

! 

i 
I 

I 

I 

I 

I 

I 
I, 

I 
I 

I 

I 

I 
J 

I 

I 
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7-day activity record 

•	 Call Leanne (220-3457) on the first day of your menstrual cycle EACH 
MONTH. Be ure to call if you have any questions along the way. 

•	 Begin your diet record on the first day of your men trual cycle for 
month 1, month 3, and month 6 e.g. if ou start your next men trual 
cycle on ov. 5, then this is Day 1 of month 1. Then January is 
month 3, and April is month 6. 

1.	 Record aU activity performed each 4-hours on the recording 
sheets provided as often as the conditions warrant and/or permit. 

2.	 Record each day on a new sheet 

3.	 Try to be precise and con cientious in recording activitie . 

4.	 Include your activity heart rate as often as possible e.g. 10,20, and 
30 minute into practice or workout. 

5.	 It is imperative to include the following information: 

•	 General description of the form of movement or re ting activity (e.g. 
reclining, itting, tanding walking running, etc.) 

•	 E timation of the effort involved (e.g. light, moderate, or vigorou 
effort) 

•	 Specific de cription of the activity performed (e.g. itting reading, 
tanding talking, walking to school) 

•	 Amount of time in minute pent performing each activity 
•	 U e a check mark to de ignate tho e activitie that are sport- pecific 

e.g. hockey related activity. 



Activity Record 

Name Month------------ Year------

* 1= 10 minutes into exercise *2= halfway into exercise session *3= end of exercise 

MONTH # : MENSTRUAL DA]I # 

Date 

'11/09 

Time 

of lIay 

7 am 

Rest 

pulse 

(AM) 

54 in bed 

Activity 

-

I 

*PlIlsc 

2 

-
3 

DII ration of 

Activity 

(mills) 

Weight 

(wccl<ly-

Monday lim) 

Comments 
(Rcsting e,g. sleeping, sitting; 
"cD' light e,g, driving, sewing, 

typing, cooking; Ii~ht 

e,g.c1eaning, golf, walking 2.5
3mph; moderate e,g cycling, 

skiing, dancing, carrying :I lond; 
hcavy e,g, hockey, climbing, 

soccer) 

7:05 shower 65 15 mins very light 

,7:30 made and ate breakfast 68 30 mins very light 

8:00 walk to bus stop 70 10 mins very light 

8: 10 bus to U of C (sitting 60 30 mins resting 

down) 

8:40 walk to class 65 5 mills light (late almost) 

8:55 class (sitting) 9-12 pm 54 3 hours resting 



Activity Record 

Name Month------------ Year------
* 1= 10 minutes into exercise *2= half way i!lto exercise session *3= end of exercise 

ft10NTH # : MENSTRUAl, DA Y # 

Date Ti me 

of day 

Resl 

pulse 

(AM) 

Activil)' 

-
I 

*Pl1ls~ 

2 

-
3 

DuratiOIl of 

AClivity 

(mills) 

Wcight 

(wccl<ly-

Monday llm) 

Comments 
(Resting e.g. sleeping. sitting; YCI'} 

light e.g. driving, sewing, typing. 
cooking; Ii~ht e.g.cleaning, gotr, 
walking 2.5-3mph; moderate e.g 

cycling, skiing, dancing, carrying a 
load; heavy e.g. hockey, climbing, 

soccer) 
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Appendix G:
 

Total energy expenditure calculation
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Explanation of Energy Expenditure Measurements 

Energy is expended in three ways: resting (basal) metabolic rate, thermic effect of food 

and the energy expended through physical activity. Resting metabolic rate is the energy 

required to sustain the body's vital physiological functions during a resting state (e.g. 

ventilation, cardiovascular activity, protein, glycogen and triglyceride synthesis, nerve 

activity within cells), and represents approximately 60 to 75 percent of the total energy 

expended daily in active and sedentary individuals. The thermic effect of food is a small 

amount of energy expended while consuming food, and accounts for a relatively stable 7 

percent of the total energy expended daily in both sedentary and active individuals. The 

energy expended during physical activity depends on the intensity, duration and 

frequency of the activity and represents approximately 10 to 30 percent of the total 

energy expended daily. The Department of Health and Welfare Canada developed 

"Canada's Physical Activity Guide to Healthy Active Living" in order to offer guidelines 

to improve our health. 

Total Energy Expenditure (TEE) 

The TEE may be estimated by adding together the resting energy expenditure 

(REE), energy for PA (EPA), and the thermic effect of food (TEF): 

TEE (kcaledai l
) = REE + EPA + TEF. 

REE: Much of the original work on energy measurement was based on the relationship 

between body surface area and basal metabolic rate (or REE). However, recent studies 

have shown that REE is determined primarily by the extent of fat-free mass (FFM) or 

lean body mass (LBM), which can be assessed through body composition analysis 
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(Mahan & Escott-Stump, 1996). The predictive REE equation of Cunningham (1980) 

has been shown to most accurately reflect directly measured REE (Thompson & Manore, 

1996). 

REE (kcaledaf l
) = 500 + 22 * FFM 

REE accounts for approximately 50-75% of an individual's TEE (Mahan & Escott

Stump, 1996; Van Zant, 1992) 

EPA: The contribution ofPA to TEE is highly variable and can range from 10% for an 

individual confined to bed to as much as 30% in an athlete (Mahan & Escott-Stump, 

1996; Van Zant, 1992). Each participant was required to complete a 7-day activity record 

at three time points. They were asked to record the duration of each activity (minutes). 

Each activity was coded based on caloric expenditure tables for various activities and 

multiplied by its duration to yield an EPA for that particular activity (McArdle, Katch, & 

Katch, 1996). Daily average EPA was then detennined using the 7-day activity records 

and this value will be added to the REE. 

EPA was also estimated based on each groups' habitual physical activity patterns 

and calculated as a percentage ofREE where EPA for moderately active Non-atWete 

controls is calculated as 45% ofREE and EPA for very active Hockey players is 

calculated as 75% ofREE (Heyward, 1997; Mahalko & Johnson, 1980). This method is 

based on the factorial approach to calculating energy requirements of individuals (World 

Health Organization, 1985). Using this approach a REE factor is defined for variations 

in physical activity ranging from occupational (salaried chores), desirable activities 

(playing with children, optional household tasks, and exercise), and residual time (no 



151 

clear definition of activity). These activity categories are further divided into light,
 

moderate, or heavy for each gender and each is expressed as a multiple of REE (WHO,
 

1985).
 

EPA (Heyward (1997):
 

Moderately active individuals (controls) EPA (kcaledaf') = REE * 0.45
 

Very active individual (hockey) EPA (kcaleday-') = REE * 0.75
 

TEF: The TEF is the small fraction of TEE that is contributed by the processes of 

consumption of food. Consumption of carbohydrate or fat increases the metabolic rate by 

about 5% of the total calories consumed. If the food intake consists solely of protein, the 

increase may be as much as 25%. However, if the individual is consuming a liberal 

mixed diet, 10% of the REE and EPA should be added to cover the TEF (Mahan & 

Escott-Stump, 1996). TEE was determined for each of the participants using estimated 

REE plus EPA and TEF (7% ofREE plus EAP) (Carter-Erdman, personal 

communication, 2000; Mahan & Escott-Stump, 1996; Van Zant, 1992): 

TEF (kcaleday-') = 0.07 * (REE + EPA) 
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Verification ofREE, EPA, and TEF calculations based on theoretical percentage of 

TEE (Carter-Erdman, personal communication, 2000; Mahan & Escott-Stump, 1996; 

Van Zant, 1992): 

Table 10: Theoretical Proportion of REE. 
Calculation of % of TEE for the hockey and non-athlete control group EPA, REE, and 
TEF. 

Hockey EPA Hockey Hockey Hockey TEE 
REE TEF 

Mean 1116.48 1594.98 189.80 2901.26 
Theoretical % of TEE 10-43 50-75 7-15 

Estimation 38.5% 55.0% 6.5% 
(measure/TEE) 

Control EPA Control Control Control 
REE TEF TEE 

Mean 741.75 1648.33 167.30 2557.38 
Theoretical % of TEE 10-30 60-75 7-15 

Estimation 29.0% 64.5% 6.5% 
(measure/TEE) 
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Appendix H:
 

Nutrition Guidelines
 

Recommended Nutrient Intakes (RNIs)
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Explanation of Nutritional Analysis 

Recommended Nutrient Intake (RNI) 

RNI are standardized recommendations or guidelines established for Canadians by the 

Department of National Health and Welfare in Canada. The Department of Health and 

Welfare Canada (1990) developed "Canada's Food Guide to Healthy Living" in order to 

offer guidelines for the number of servings of different categories of foods needed to 

provide an adequate diet. These recommendations also promote population-wide dietary 

changes, such as a reduction in dietary fat and salt intake and an increase in fruits and 

vegetables, in order to reduce the risk of common diseases such as cardiovascular disease 

and cancer. 

Kilocalories 

A kilocalorie (kcal) is a unit of heat that is used to measure the amount of energy 

provided by foods. Distribution of kcal reveal that a Canadian diet should provide 55 

percent of energy as carbohydrates, less than 30 percent of energy as fat, and 10 to 15 

percent of energy as protein with a daily caloric intake of 1500 to 2300 kcal (2100 kcal 

(16 to 24 years); 1900 kcal (25 to 49 years); 1800 kcal (50 to 74 years); 1500 kcal (:::: 75 

years». 

Protein 

Proteins are composed of amino acids and are found in both plant and animal products. 

Eight ofthe twenty amino acids found in proteins are essential and can not be synthesized 

in adequate amounts by the body and must be supplied by the foods that we consume. 
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Carbohydrates 

There are two fonns of carbohydrates: simple and complex. Simple carbohydrates 

(sugars) include glucose, fructose, sucrose and lactose. Simple carbohydrates are found 

in foods such as candy, soft drinks, milk and fruits. Complex carbohydrates (starches) 

are composed of chains of simple sugar . Complex carbohydrates are found in foods 

uch as pasta, breadslbagels, cereal, rice, fruits, and vegetables. These food sources also 

contain vitamin-B vitamins, minerals, fiber and protein. 

Total Fat 

Fat represents a large potential source of energy stored within our body. It also helps to 

insulate and protect vital organs. In addition to providing energy, dietary fat transports 

fat-soluble vitamins A, D, E, and K. The primary fats in foods and our body are 

cholesterol and triglycerides. Triglycerides are composed of three fatty acid chains and a 

glycerol molecule. Fatty acids are categorized as either saturated or unsaturated 

(monounsaturated, polyunsaturated). 

Cholesterol 

Cholesterol is a fat-like substance found in foods of animal origin. It is also found in the 

membranes of all cells and perfonns a number of essential anatomical and physiological 

functions. High levels of total blood cholesterol have been associated with an increased 

risk for coronary artery disease. Although dietary cholesterol can have an impact on total 

blood cholesterol levels, dietary saturated fats have a greater impact on total blood 

cholesterol. The Food and Nutrition Board (1989) recommends less than 300 milligrams 

(mg) of cholesterol a day for most adult women. 
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Saturated Fats 

Saturated fatty acids are primarily found in animal products and are in a solid form at 

room temperature. The exceptions are palm oil, coconut oil and cocoa butter, which are 

in a liquid state at room temperature. The Canadian diet recommends less than 10 

percent of energy as saturated fat. 

Monounsaturated Fats/ Polyunsaturated Fats 

Monounsaturated and polyunsaturated fatty acids are found in vegetable oils such as soy, 

unflower, com, and olive oil. 

Alcohol 

Alcohol (ethanol) provides energy; however, it has very few other nutrients and reduces 

the nutrient intake from other foods by depressing appetite. In addition, alcohol 

consumption decreases the absorption of a number of nutrients and can alter their storage, 

metabolism, and excretion. The Canadian diet recommends less than 5 percent of energy 

as alcohol (-2 drinks per day). 

Sodium 

Sodium IS involved in electrolyte and fluid balance, nerve function and muscle 

contraction. Sources of sodium include salt, soy sauce, and processed/unprocessed foods. 

The Senate Select Committee on Nutrition and Human Needs (1977) recommends less 

than 2400 mg of sodium a day for most adult women. 

Potassium 

Potassium is involved in electrolyte and fluid balance, it supports cell integrity, and 

assists in nerve function and muscle contraction. Sources of potassium include all whole 
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foods, meats, milk, fruits, vegetables, grams, and legumes. The Canadian diet 

recommends 1170 mg of potassium a day for most adult women. 

Vitamin A 

Vitamin A is involved in V1SlOn, the maintenance of skin, bone and tooth growth, 

reproduction, and immunity. Sources of vitamin A include fortified milk, cheese, cream, 

butter, fortified margarine, eggs, and liver. The Canadian diet recommends 800 retinol 

equivalents (RE) of vitamin A per day for most adult women. 

Vitamin C 

Vitamin C is involved in collagen and thyroxin synthesis, ammo acid metabolism, 

absorption of iron, it strengthens resistance to infection, and it is an antioxidant. Sources 

of vitamin C include citrus fruits, cabbage-type vegetables, dark green vegetables, 

cantaloupe, strawberries, peppers, lettuce, tomatoes, potatoes, papayas, and mangoes. 

The Canadian diet recommends 30 mg of vitamin C a day for most adult women. 

Calcium 

Calcium is involved m the mineralization of bone and teeth, muscle 

contraction/relaxation, nerve function, blood clotting, blood pressure, and immune 

defenses. Sources of calcium include milk and milk products, small fish (with bones), 

tofu, greens (broccoli, chard), and legumes. The Canadian diet recommend about 1000 

to 1300 mg (mg) of calcium (1300 mg (9 to 18 years); 1000 mg (19 to 49 years); 1200 

mg (~50 years)) a day for most adult women. 

Iron 

Iron is involved in the transportation of oxygen throughout the body (e.g. hemoglobin 

and myoglobin) and it is necessary for energy production. Sources of iron include red 
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meats, fish, poultry, shellfish, eggs, legumes, and dried fruits. The Canadian diet 

recommends about 8 to 13 mg of iron (13 mg (13 to 18 years); 12 mg (19 to 49years); 8 

mg (2: 50 years)) a day for most adult women. 

Vitamin D 

Vitamin D i involved in the mineralization of bones. Sources of vitamin D include self

ynthesis with sunlight, fortified milk, fortified margarine, egg yolk, liver, and fatty fish. 

The Canadian diet recommends 5 to 15 micrograms (ug) of vitamin D (5 ug (9 to 49 

years; 10 ug (50 to 70 years); 15 ug (2: 71 years)) a day for most adult women. 

Vitamin E 

Vitamin E i involved in the stabilization of cell membranes, regulation of mud tion 

processes, protection of vitamin A and polyunsaturated fatty acids, and it i an 

antioxidant. Sources of vitamin E include plant oils (margarine, salad dressings, 

shortenings), green and leafy vegetables, wheat genu, whole-grain products, liver, egg 

yolks, nuts, and seeds. The Canadian diet recommends 7 alpha-tocopherol units (ATE) 

of vitamin E a day for most adult women. 

Thiamin (Vitamin Bl) 

Vitamin Bl is involved in the energy metabolism of cells and supports appetite and nerve 

function. Sources of vitamin B1 include pork, ham, bacon, liver, whole-grain or enriched 

breads and cereals, legumes, and nuts. The Canadian diet recommends 0.8 mg of vitamin 

Bla day for most adult women. 

Riboflavin (Vitamin B2) 

Vitamin B2 is involved in the energy metabolism of cells and supports vision and skin 

care. Sources of vitamin B2 include milk, yogurt, cottage chee e, meat, leafy green 
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vegetables whole-grain or enriched breads, and cereals. The Canadian diet recommends 

1.0 to 1.1 mg of vitamin B2 a day for mo t adult women. 

iacin (Vitamin B3) 

Vitamin 83 is involved in the energy metabolism of cells and supports the health of kin, 

nerve function and the digestive system. Sources of vitamin 83 include milk eggs, meat, 

poultry, fi h, whole-grain and enriched breads and cereals, nuts, and all protein

containing foods. The Canadian diet recommends 15 mg of vitamin B3 a day for most 

adult women. 

Vitamin 86 

Vitamin 86 i involved in amino acid and fat metabolism and assists in producing niacin 

and red blood cells. Sources include green and leafy vegetables, meats, fish, poultry, 

hellfish, legumes, fruit , and whole-grains. The Canadian diet recommends 0.78 to 0.83 

mg of vitamin B6 a day for most adult women. 

Folate 

Folate is involved in D A synthesis (e.g. cell formation). ources of folate include leafy 

vegetables, legumes, seeds, and liver. The Canadian diet recommends 400 ug of folate a 

day for most adult women. 

Vitamin 812 

Vitamin B 12 is involved in cell synthesis, nerve function and helps to breakdown amino 

acids and fatty acids. Sources of vitamin B12 include animal products (meat, fish, 

poultry, shellfish, milk, cheese and eggs). The Canadian diet recommends 1.0 ug of 

vitamin B 12 a day for most adult women. 
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Biotin 

Biotin 1S involved in the energy metabolism of cells, fat synthesis, amino acid 

metabolism, and glycogen synthesis. Biotin is found widespread in foods. The Canadian 

diet recommends 25 to 30 ug (25 ug (14 to 18 years; 30 ug (2: 19 years)) of biotin a day 

for most adult women. 

Panthothenic Acid 

Panthothenic acid is involved in energy metabolism of cells and it is part of Coenzyme A 

(shuttle). Panthothenic acid is found widespread in foods. The Canadian diet 

recommends 5 mg of panthothenic acid a day for most adult women. 

Vitamin K 

Vitamin K is involved in blood clotting and the synthesis of a bone protein. Sources of 

vitamin K include bacterial synthesis in the digestive tract, liver, leafy green vegetables, 

cabbage-type vegetables, and milk. The American diet recommends 65 ug ofvitarnin K a 

day for most adult women. 

Magnesium 

Magnesium is involved with bone mineralization, the building of protein, enzymes, 

muscle contraction, nerve function and the maintenance of teeth. Sources of zinc include 

nuts, legumes, whole grains, dark green vegetables, seafood, chocolate, and cocoa. The 

Canadian diet recommends 200 to 210 mg (200 mg (16 to 49 years); 210 mg (2: 50 

years)) of magnesium a day for most adult women. 

Total Dietary Fiber 

Dietary fiber is involved in weight control, it supports gastrointestinal health, it prevents 

colon cancer, it lowers cholesterol, and it helps to control diabetes. Sources of dietary 
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fiber include plant foods, whole grain breads and cereals, fruits and vegetables, and 

legumes, dried beans, peas and lentil. Rambeau (1990) recommends 25 to 35 grams of 

dietary fiber per day. 

Caffeine 

Caffeine i a mild stimulant and may hinder the availability of certain nutrient (calcium 

and iron). It may also be a possible risk factor for osteoporosis. Sources of caffeine 

include plants (coffee bean, tealeaf and cocoa bean). The Canadian diet recommends 440 

to 600 mg of caffeine (~four regular cups of coffee) a day for most adult women. 



RECOMMENDED NUTRIENT INTAKES (RNls), Canada, 1990, Based on Age, Energy, and Body Weight Expressed as Daily Rates 

AGE SEX Energy Weight Thiamin Riboflavin Niacin n·3PUFA n-6PUFA Protein VitA VitO VltE VitC Folate VltB12 Calcium Phosphorus Mg Iron Iodine Zinc 

(kcal) (kg) (mg) (mg) (NE) (g) (g) (g) (RE) (ug) (mg) (mg) (ug) (ug) (mg) (mg) (mg) (mg) (ug) (mg) 

0-4 mos. Both 600 6 0.3 0.3 4 0.5 3 12ii 400 10 3 20 50 0.3 250@ 150 20 .3- 30 2

5-12 mos. Both 900 9 0.4 0.5 7 0.5 3 12 400 10 3 20 50 0.3 400 200 32 7 40 3 

1 yrs. Both 1100 11 0.5 0.6 8 0.6 4 19 400 10 3 20 65 0.3 500 300 40 6 55 4 

2-3 yrs. Both 1300 14 0.6 0.7 9 0.7 4 22 400 5 4 20 80 0.4 550 350 50 6 65 4 

4-6 yrs. Both 1800 18 0.7 0.9 13 1 6 26 500 5 5 25 90 0.5 600 400 65 8 85 5 

7-9 yrs. Male 2200 25 0.9 1.1 16 1.2 7 30 700 2.5 7 25 125 0.8 700 500 100 8 110 7 

Female 1900 25 0.8 1 14 1 6 30 700 2.5 6 25 125 0.8 700 500 100 8 95 7 

10-12 yrs. Male 2500 34 1 1.3 18 1.4 8 38 800 2.5 8 25 170 1 900 700 130 8 125 9 

Female 2200 36 0.9 1.1 16 1.1 7 40 800 5 7 25 180 1 1100 800 135 8 110 9 

13-15 yrs. Male 2800 50 1.1 1.4 20 1.4 9 50 900 5 9 30 150 1.5 1100 900 185 10 160 12 

Female 2200 48 0.9 1.1 16 1.2 7 42 800 5 7 30 145 1.5 100 850 180 13 160 9 

16-18 yrs. Male 3200 62 1.3 1.6 23 1.8 11 55 1000 5 10 40++ 185 1.9 900 1000 230 10 160 12 

Female 2100 53 0.8 1.1 15 1.2 7 43 800 2.5 7 30++ 160 1.9 700 850 200 12 160 9 

19-24 yrs. Male 3000 71 1.2 1.5 22 1.6 10 58 1000 2.5 10 40++ 210 2 800 1000 240 9 160 12 

Female 2100 58 0.8 1.1 15 1.2 7 43 800 2.5 7 30++ 175 2 700 850 200 13 160 9 

25-49 yrs. Male 2700 74 1.1 1.4 19 1.5 9 61 1000 2.5 9 40++ 220 2 800 1000 250 9 160 12 

Female 2000 59 0.8 1 14 1.1 7 44 800 2.5 6 30++ 175 2 700 850 200 13 160 9 

50-74 yrs. Male 2300 73 0.9 1.3 16 1.3 8 60 1000 5 7 40++ 220 2 800 1000 250 9 160 12 

Female 1800 63 .8·· 1.0·· 14·· 1.1-- r- 47 800 5 6 30++ 190 2 800 850 210 8 160 9 

75+ yrs. Male 2000 69 0.8 1 14 1 7 57 1000 5 6 40++ 205 2 800 1000 230 9 160 12 

FemalelV\ 1700 64 .8" 1.0- 14- 1.1·- r- 47 800 5 5 30++ 190 2 800 850 210 8 160 9 

IV\ Assumes moderate activity 

•• Level below which Intake should notfall 

• Breast milk is assumed to be the source of the mineral 
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Appendix I: 

Counseling referral list 
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PROFESSIONALS WHO WORK WITH INDIVIDUALS WITH EATING 
DISORDERS 

University CounseUing Services 
220-5893 

Sharon Cairns.. Ph.D. ~dividuaI) Lee Handy, Ph.D. 
J.J. Miles, Ph.D. 

Community Psyc'hologists 

Mary Bobey Lauris Halajeski 
Women's Health Resources Aurora Counselling 
670-2270 or 541-9005 245-3983 

Laurie Hashizu.rne Ann Laverty 
262-5340 262-5340 

Mary MacLean 10 Ann Marchuk 
270-8450 238-0207 

Sheila O"Byrne Frank Young 
244-2020 220-9436 

Community Sodal Workers Community Dietitians 

Irene Orgnero Kelly Anne Carter-Erdman 
239-4436 Sport Medicine Centre 

University ofCalgary 
Rhonda Zabrodski 220--8232 
Calgary Counselling Centre 
265-4980 Jacquelin Gates 

Foothills Hospital 
Community Counsellors 670-1522 

Rosemarie McCarroll & Peggy Craik Lori Hards 
531-3404 264-2724 

Community 1 urses Candace Marchie 
Calgary Health Services 

Maureen Coleman PO Box 1406, Station C 
270-8450 Calgary, AB, TIT 5T1 

Darlene Harris - Patient Care Manager 
Foothills Hospital 
Young Adult Program 
Adult Inpatient Psychiatry 
670-4821 
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Appendix J: 

Baecke Questionnaire 
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Baecke Questionnaire of Habitual Physical Activity 

11.\\113t is your main occup3tion?
 
1-3-5
 

'1.\t-;Nk I sit
 
~ 

I.
. 

ne r/scldom/somctimcs/oft<::n/always 1-2-3-4-5 

'l ..\t "-..... ;-1,, I stand
 
I~' nevcrlscldom/somclimcs/oftcn/alwa\·s 1-2-3-4-5


It. .
.\t work I walk
 
I' neverlscldom/sometimcsloftcnlalw:l\'s 1-2-3-4-5
1 -'------ 
!5A: work I lift hcavy loads
 
I' neycrlsddom/somctimcs/oftcn.'vcry of[cn 1-2-3-4-5
 

1;....1..[tcr working I am tired
 
l \'c oflcn/oftcn/sornetimes/scldom/ncycr 5-4-3-2:-1
 
l1At '\dk I sweat
 

ve.y often/often/sometimes/scldom/nevcr 5-4-3-2-1 
r~.In comparison ,....ilh others my O\\'n age 1 think my work is physically
 
i much hea\'ier/heavier/as he~l.\·yllighterlmllch light<::r 5-4-3-2-1
 
Iq.Oo you play sport?
 

1 

\'c~!no 

If \'e:'~ 

-,. ':h sport do you pl:l.y Illost frcqllclHly'! In(cnsit\· 0.76-1.26-1.76 
-1":.,.•\ m~ny hours ~ \\·cck"? < 1/l-2/2-3/:.-·)tI>4 Timc 0.5-1.5-2.5-3.5-4.5 
-ho\\' 111any months a ycar'! <1/1-:'/4-('!7-Y/><} Proportion 0.04-0.17-0.42-0.67-0.92 

I
 
i
 

1 
!.fycu playa second sport: 
~ -which sport do you pl:l.y most frequcntly"? Intensity 0,76-1.26-1.76 
; -hQW many hours a wcek? <1/1-212-:'/:'-4/>4 Timc 0.5-1.5-2 ..5-3.5-4.5 

! :h,~~,,' many months a ye~r'! <1/1-:'/4-(,/7-9/>9 Proportion 0.04-0.17-0,42-0.67-0.92 

I 
\ 

!1O. Jr. c.:mparisOll "'jlh olhers Illy 0\\'11 age I thillk Illy physical actjYity during leisure timc is
•i much 1110re/l11orcllhc sal11c/kS~;/l1luch kss _ 5-4-3-2-1
 
Ill. Dt;ring leisure time I S\\'cat
 

)1 very 0 ft~l1/oflel1/sol1ldi IllCS/S-: IdOlll/IlC\'c r _ 5-4-:~-1- t
 
,!LOuring leisure tillle I pbx sport


l ne.\'cr/seldol1l/somclim~s/oftcn/ vcry OftCIl _ 1-2-3-4-5
 

IG.O llP !1g leisure time I watch tc!c\'ision
 
i .... 'r1scldom/solllctimes/oftcn! vcry oftcl1 _ 1-2-3-4-5
 

It.tDcnng leisure lime [ walk
 

~ nevcr/seldom/sometimcs/oftcll/ \,en' oftcn 1-2-3-4-5
 
t~n' I· . ---- 

I . unng Clsure tIme ( cycle
 

ncvcriscldom/sollletil11cs/oflcn/ ,'cn' OflCIl 1-2-3-4-5
 
tl~.l-Iow many minutes do you walk andior cyclc per day to and from work, school, and shopping')
 

~ <5/5-15115-30130-45/>45 1-2-3-4-5 
t 

.,:.,:.~ 

···f 



167 
, , 

INSTRUCTIONS 

Th~ Ba~cke Qucstionnaire is sdf-c,<planatory. 1,. 
( 

CALCULATIONS 

Scoring of the questionnaire was d.:scrilxd by Baecke et al. (2) as follows.
 
Work intl~:< = t-kan score from occupational Likert sC,Ilt; qu.:stions on.: through eight
 

NOle: Score cmegories for question ( are: 
I = "Low (ever' occup:llions such as office or clerical work. driving. shopkeeping. teaching. or :-tullvinn 
'I = "1\,lidd1c kvel" occupations such as factory work. plumbing. or ca~ntry - .. 
.:; = "High k\'el" occupations such as dock work or construction work, 

Sports index = Mean score of questions 9 through 12 
i'Ole: Score for question 9 = Sum of Ipror~)rtion of year of participation x intensity code X time (JUr.niolill :,~ 

"II activities. The intcnsity. duration. ,lOd proportion code:' c.ln Ix found 011 the questionnaire. 
~~\IH;r')rts leisure = t-kan score for qUL'Stions 13 through 16 
Ttltal score = ,,'or\.; index + spons indc.~ + non-sports index 

1':ote: For question", :? and 13. the Likert sc"k response is suotractcd from six. Since the qucsti\)f:::;:~r..: ='Cor,:s h.II' 
110 inhcrclll ullit of measure (e.g.. kGl1Iunil time). they were dcsi~ncd 1<\ hc catcgorizcd into (ju;lnlil:..-:- for gCllcui 
d'L,sitic;llion of ;.).<:li,'ily !e,·cls. 

EXAMPLE 

Hyplllh":li..:;11 r,,:spolls<:S til til..: 1:3.1..:-:1.:<: QlI<::-.li"11l1<lirc IQlI<:Sli"1l t R<:Sp,'I1,;<:)j: I, (~): 2, (4): ~. 1':>1: 4, (4\: 5. (21: h, I:: 
7. (1)::-\, (.:»: Y, Icydil1,:!., ,\-4 11/"'1-:,4-6 ll1o/yr. ;lI1d "lllkyt'!;t11. 1-2 hi"'\-:. 1-':> nh1fyrJ: to, (-t): t 1. (~, 12, (4): 1.\,1 ;"
 
14,0): IS, I)~: 1(" {Il:
 
Work ind<:x (qll..:stions I throu,:!.h ~) = I.:> + «(,-4) -7- .\ + 4 -:- 2 + 2 -:- 1 -;- ~I -;- :-\ = 2.)
 

~P\\rts il1d~'x (qucslioll '-) lhrllll~h 12) = (2,0* 7 -l 7 -l + 4) -;- -I = ~5
 

~'Cakllbli\lll (pr t): (0,-12 X 1.7(, :-< 3.)) -;- «(1.17 X 1.2(, X 1.5) = 2.9
 

Th\.' ,';duL' Ill' 2,,-] is :,>cur<.-d ;\' ;1 2.11 ;\c<"'lI'dil1,:!. 10 Ih\.' r"lh1win:; ~Glk:
 

() (Ih' "1'",,\ 1'1':"01'\\.'<.1) = I: O,OI-<-l = 2: 4-<X = ~: ~-<12 = -1:2:12 =:,
 
f\:\IIl-:-.pofl:-. ki:-.ur<.· (qll<.·:-.tiuIIS I., (hnlll~h 1(1) = 11('-.') + :; ~ :; -;- II -'- -l 3,1l
 
T,.tl1 s<.'<\r<: = 25 -i- ~.5 -:- .'Jl = l),1l
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ppendix K: 

Bod Compo ilion 
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Explanation of Anthropometric Results 

Body compo ition i the propOltion of fat, muscle and bone within th body, and 

often defined a the ratio of fat rna to fat free mass. A variety of methods exist for 

a essing body composition. The method used in this study asses ed body composition 

by using Harpenden kinfold caliper to measure kinfold thickness to the nearest 0.5 rom 

and a Luftkin metal tape to detennine egrnent lengths and girths measured to the nearest 

0.1 cm at various site on the body. 

The initial a e sment included measurement of each participant's height, weight 

girths (10 ites), limb dimensions (8 sites), and skinfold thickness (15 sites). All 

measurement were taken on the right ide of the body and were collected by the same 

anthropometrist on all trials. Girth measurements included the acromion (G4); upper arm 

relaxed (G5); elbow (G6); max. foreann (G7); max. wrist (G8); subgluteal (G 10); kne 

(G II); max. calf (G 12)' and max. ankle (G 13). The length parameters included proximal 

and distal upper arm (L2, L3); proximal and distal forearm (U, L5); proximal and di tal 

thigh length (L7, L8); proximal and di tal calf! ngth (L9 LIO). The location of the girth 

and length were selected based on previous field work and previously determined 

ignificant body parameter (Pollock et aI., 1982; Ulbrichova, 1977). 8kinfold 

thickness were mea ured at the cheek ( 1); chin (82); che t 1 and 2 (83, 86)· Tricep 

( 4); sub capular (85); iliac crest (87); abdomen (88); patella (89); mid thigh (810); 

proximal and mid calf(810, 11); bicep (813); forearm 1 and 2 (814, SIS). The 

exact location of the kinfold ites 81-89 and 811 and 813 have been describ d by 

Parizkova (1978); 810 by Ro sand Martell-Jone (1982) and 812, 814 and 15 by 

Ibricho a (1977). 
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Body composition components will be estimated using the equations ofParizkova 

(1978) and Matiegka (1921). 

Estimation of Percent fat (Parizko a (1978): 

% F = 39.572 • log X - 61.25 (females 17-45 ;rears) 

Where X = L (SI to S9 + SIl) 

Estimation of Total Muscle Mass (Matiegka (1921): 

Corrected diameter ofupper arm (em):
 

CDU = G5/n - [(S4 (em) + S13 (cm»/2]
 

Corrected diameter offorearm:
 

CDF = G7/n - [(SI4 (em) + S15 (cm)/2]
 

Corrected diameter ofthe thigh (em):
 

CDT = GlO/n - S10 (em) 

Corrected diameter ofthe calf(em):
 

CDC = G12/n - S12 (em)
 

Mass of muscle = [(CDU + CDF + DT + CDC)/8f * Height (cm)* 6.5 * 1/1000 (kg)
 

% muscle = (Mas of muscle (kg)/body mass (kg») * 100 (%)
 

Female Fat Free Mass = (weight (kg» -«([% fat Parizkova]* (weight (kg»)/100)
 

Body Mass Index
 

Body mas index (BMI) is used to assess weight relative to height and is calculated using
 

the ratio of weight (kg) to height (mf BMI is not a measure of body composition but
 

correlates well with body fat in many populations. The new federal guidelines define 

normal, as a BMf of20 to 24.9, overweight as a BMf of25 to 29.9 and obesity as a BMf 
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of 30 or greater. The lower the BMI score the lower the risk for cardiovascular or 

a sociated disease. Body mass index (BM!) will be calculated using weight (kg) divided 

by the square of height (cm) and comparisons made between Hockey players and on

athlete controls (Prior et aI., 1990). 

Fat Free Mass 

Fat free mass (FFM) includes water, proteins, muscle, bone and other non-fatty tis ues. 

When predicting athletic performance, fat free mass and muscle mass, not percent body 

fat, are very important. 

Muscle Mass 

Muscle mass represents the amount of lean muscle within the body. 

Fat Mass 

Fat mass includes all essential and nonessential fat stored in our body. Essential body fat 

includes the fat in bone marrow, central nervous system, cell membranes, heart, lungs, 

spleen, kidneys, intestines and muscle, and represents approximately 3 to 8 percent and 1 

to 5 percent of the fat mass in women and men, respectively. 

Percent Body Fat 

Desirable body fat for women is 18 to 30 percent; however, genetics, ethnicity/culture, 

individual difference in the level of physical activity or the availability of food can play 

an important role in optimal percent body fat. For these reasons, it can be difficult to 

make comparisons amongst individuals. 
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NATIONAL SPORT CENTRE - CALGARY
 

COMPUTED MEASURES
 

Sport HOCKEY 

Name 

Level Gender 

Athlete 10 3909 

F 

Test Date 

Age 
Weight (kg) 

Height (em) 

Fat Free Mass (kg) 

OBI (weighUheight x 100) 

Sum of10 Skinfolds (mm) 

18-Apr-00 

70.00 

166.60 

53.67 

4.20 

137.20 

28-0ct-99 

71.00 

166.60 

53.72 

4.26 

145.50 

BODY COMPOSITION 

% Fat (Parizkova) 

Mass of Fat (kg) 

Mass of Muscle Matiegka (kg) 

F:M Ratio (9 FaUkg Muscle) 

23.33 

16.33 

26.56 

614.96 

24.34 

17.28 

25.42 

679.90 

ACTIVE TISSUE DEVELOPMENT-Corrected Diam. (cm) 

Upper Arm 6.81 

Forearm 7.65 

Thigh 14.78 

Calf 10.37 

6.65 

7.50 

14.49 

10.12 

SEGMENTAL VOLUMES (mL) 

UPPER ARM 

Total Volume 

Fat Free Volume 

Volume of Fat 

2188.94 

1535.16 

653.78 

2243.60 

1502.11 

741.49 

FOREARM: 

Total Volume 856.76 837.84 

Fat Free Volume 

Volume of Fat 

668.76 

187.99 

645.37 

192.47 

THIGH: 

Total Volume 

Fat Free Volume 

8418.02 

6977.84 

8639.67 

6787.49 

Volume of Fat 1440.18 1852.18 

CALF: 

Total Volume 3437.14 3423.80 

Fat Free Volume 

Volume of Fat 

2623.49 

813.65 

2546.64 

877.16 
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Appendix L:
 

EDI-2
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Explanation of EDI-2 Surve 

The EDI-2 survey wa used to detennine if caloric restriction occurred. The survey also 

identifie the trait or yrnptom clu ter associat d and presumed to have relevanc in 

understanding and identifying a pattern of eating re triction. The higher the ubscal raw 

score or percentile, the greater the manifestation of the trait. Percentiles allow one to 

rank the cores within a group. U ually, the higher score correspond to a higher 

percentile and therefore a greater demon tration of the trait. 

Drive for Thinness 

This sub cale is the core p ychopathology of eating disorders. Thi "fear of fatne "i 

e sential in the diagnosis of anorexia nervosa and bulimia. Que tions in the urvey that 

address thi ubscale include excessive concern with dieting, preoccupation with wight 

and fear of weight gain. 

Bulimia 

The bulimia sub cale asse es the tendencie to think about and engage in bouts of 

uncontrollable overeating (bingeing). The pre ence of binge eating is one the defining 

features of bulimia. 

Body Dissatisfaction 

This sub cale mea ures dis atisfaction with one's ov rail shape and ize of certain 

regIOn of the body that are the greate t concern with eating disorder (e.g. tomach, hip, 

thighs, buttocks). In the extreme ca e, this is considered a central feature of eating 

di order. 
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Ineffectiveness 

This sub cale assesses feelings of general inadequacy, insecurity, worthlessness, 

emptine ,and lack of control over one's life. High scores reflect a significant deficiency 

in self-esteem. 

Perfectioni m 

This perfectionism subscale measures the extent to which one believes that per onal 

achievements should be superior. The struggle to live up to high expectations is a 

characteristic of tho e who develop eating disorders. 

Interpersonal Distrust 

This subscale assesse an individual's general feeling of alienation and reluctance to form 

close relationships. This need to keep others at a distance has been described as an 

important theme in the development and maintenance of eating disorders. 

Lack of Interoceptive Awareness 

This sub cale measures confusion and apprehension in recognizing and accurately 

responding to emotional states (e.g. intrapsychic paranoia). 

Maturity Fears 

The maturity fears subscale assesses the desire to retreat to the security of childhood. 

According to this view, starvation becomes the mechanism for avoiding psychobiological 

maturity and results in the return to prepubertal appearance and hormonal status. 

Asceticism 

This subscale measures the tendency to seek virtue through the pursuit of spiritual ideals 

such as s If-discipline, self-denial, self-restraint, self-sacrifice, and control of bodily 

urges. 
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Impulse Regulation
 

This subscale assesses the tendency toward impulsivity, substance abuse, recklessnes ,
 

hostility, de tructiveness in interpersonal relation hips, and self-destructiveness.
 

Social Insecurity
 

The subscale measures the belief that social relationships are tense, msecure,
 

disappointing, unrewarding, and generally of poor quality.
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, -;:=~=L ITEM BOOKLET 

David M. Gamer, Ph.D. 

DIRECI10NS 

Enter your name, the date, your age, sex, marital status, and occupation. Complete the questiOll5 on the rest of this page. 
Then tum to the inside of the booklet and carefully follow the instructions. 

Name _ Cc;, ~	 Dat~~---=j:.L~~=--:t~_o=--'....::::O=--- _ 

.~ r:
_....;~-cr-'--,J-=---__ Sa __t-""=-- Marital status _.....:$==--;.~ccupation __s!nx....I...l.6A~dv.......~~_:rc:.·=-- _*Ag~ 

A. *Current w~ight: ___ pOw;ds 

B. *Height: 5 feel Q _'5 inches 

C.	 Highest past weight excluding pregnancy: rbe. pounds 

How long ago did you first reach this \'>'eight? -!-f7/q f months 

How long did you weigh this weight? ~ ,;2t{ months 

D.	 *Lowest weight as an adult: 138 pounds 

How long ago did you first reach this weight? months 

How long did you weigh this weight? __Y-,-·_ months 

E.	 \Vhat weight have you been at for the longest period of time? IJ.fQ.-f5'pounds 

At what age did you first reach this weight? ---'-{~=-_ years old 

E If your "'eight has changed a lot over the years. is there a weight that you keep coming back to 

"1>en you are not dieting? --'.L' Yes __ No
 

If yes, what is thi s "'ci{f.~.'- / if5 r~ Lt-pounds
 

At \,nat age did you first reach this weight? i7- years old
 

G.	 \'\That is the most weight you have ever lost? 25 pounds 

Did you lose this weight on purpose? __ Yes ~No 
• n C

\Vhat weight did you lose to? \.'.J pounds 

At \,nat age did you reach this "'eight? years old 

H. \Vhat do you think your weight would be if you did not consciously try to control your weight) :,;,'~)N~r;Lpounds 

I. Ho,,' much would you like to weigh? i ;. to) pounds 

J. Age at "bich ---eight problems began (if any); it'ole years old 

K. Father\ occupation: h,:,;{ i~--'/~'l / f," ,'q:... c--.(~-I 
{ ; 

L. i\·1otheros occupation: .1; "j" .\J .; : ..... ",'. {-vI ". .c""\,../ br....... c.:..-: .~......J..........yj
 

PAR Psychological Assessment Resources, Inc. 
.... P.o. Box 998/0dessa, Florida 33556/Toll-Free 1-800-331-TEST 

COl'yr;~ht ~1 '9~. 1991 by Psychological AsS<"ssnlcnl R<sources. [nc. .':"11 rights rcsClTed. May not be reproduced in ,,'hok or in parI in any form or by any ID"ans "'ilhoul 
,,-ntl~1 p<'rmissiQn of Psychological Assessment R.sour«s. loc. Conlains the original EDl scab de"e1op<-d by Garner. Olnlsl..-d. and Poli,y (1984). 

987654	 Prinkd in Ihe U.S.A. 



180 INSTRUCTIONS 

First, "Tite your name and the date on your EDI-2 Answer Sheet. Your ratings on the items below will be made on the 
EDI-2 Answer Sheet. The items ask about your attitudes, feelings, and behavior. Some of the items relate to food or eating. 
Other items ask about your feelings about yourself. 

For each item, decide if the item is true about you ALWAYS (A), USUALLY (U), OFfEN (0), SOMETIMES 
(5), RARELY (R), or NEVER (N). Grde the letter that corresponds to your rating on the £01-2 Answer Sheet. For 
~Ie, if your rating for an item is OFTEN, you would circle the 0 for that item on the Answer Sheet. 

Respond to all of the items, making sure that you circle the letter for the rating that is true about you. DO NOT ERASE! 
If you need to change an answer, make an <eX" through the incorrect letter and then circle the correct one. 

1. I eat sweets and carbohydrates without feeling nervous. 

2. [think that my stomach is too big. 

3. I wish that I could return to the security of childhood. 

4. [eat when 1 am upset. 

5. I stuff myself with food. 

6. I wish that I could be younger. 

7. I think about dieting. 

8. I get frightened when my feelings are too strong. 

9. I think that my thighs are too large. 

10. I feel ineffective as a person. 

II. I feel extremely guilty after overeating. 

12. I think that my stomach is just the right siLe. 

13. Only outstanding perfonnance is good enough in my family. 

14. The happiest time in life is when you are a child. 

15. I am open about my feelings. 

16. I am terrified of gaining weight. 

17. I trust others. 

18. I feel alone in the world. 

19. I feel satisfied with the shape of my body. 

20. I feel generally in control of things in my life. 

11. I get confused about what emotion I am feeling. 

21. I would rather be an adult than a child. 

13. I can communicate with othel·s easily. 

24. I "'ish I "'ere someone else. 

15. I exaggerate or magnify the importance of weight. 

16. I can clearly identify what emotion I am feeling. 

27. I feel inadequate. 

28. I ha\'e gone on eating binges where I fell that I could not stop. 

29. As a child, I tried very hard to avoid disappointing my parenls and teachers. 

30. I have clo~e relationships. 

31. I like the shape of my buttocks. 

32. I am preoccupied with the desire to be thinner. 

33. I don't know what's going on inside me. 

34. I have trouble expressing my emotions to others. 

35. The demands of adulthood are loo great. 

36. I hale being less than best at things. 

37. I feel secure about myself. 
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313. Itl,ink about t,ingeing (overcating). 
\ 

39. I f<·d happy Ihat I am not a child anymorc . 

.ro. J gel confused as 10 wkther or not J am hungry. 

41. I ha'·e a low opinion of myself. 

42. I fed that Jcan achieve my standards. 

43. My parents have cxpected cxcdknce of me. 

44. Jworry that my feelings will get out of control. 

45. Ilhink my hips are too big. 

46. I cat moderately in front of others and stuff myself when they're gone. 

47. I fc::1 bloated after eating a nonnal meal. 

48. I feel that people are happiest when they are children_ 

49. If I gain a pound, [ worry that I will keep gaining. 

50. I fcel that [ am a ....."orthwhile person. 

51. \Vhen I am upset, [ don't know if I am sad, frightened, or angry. 

52. I fed that I must do things perfectly or not do them at all. 

53. I ha'-e the thought of trying to vomit in order to lose weight. 

54. I need 10 keep people at a certain distance (feel uncomfortable if someone lJ;es to get too close). 

55. I think that my thighs are just the right size. 

56. I fed empty inside (emotionally). 

57. I can talk about personal thoughts or feelings. 

58. The best years of your life are when you become an adult. 

59. I think my buttocks are 100 large_ 

60. I ha\-c feelings I can't quite identify. 

61. I eat or drink in secrecy. 

62. 1 think that my hips are just the right sileo 

63. I ha'-c e:"tremely high goals.
 

6-4_ \,'hen [ am upset, I "-orry that I \,-ill start eating_
 

65. People I really like end up disappointing me_
 

66. I am ashamed of my human \,-eaknesses_
 

67. Other people would say that [ am emotionally unstable.
 

68. I would like to be in total control of my bodily urges_
 

69. I feel relaxed in most group situations.
 

70_ I say things impulsively that I regret ha\-ing said_
 

/1. I go out of my \'-ay to experience pleasure_
 

72_ I ha\-e to be careful of my tendency to abuse drugs_
 

73_ I am outgoing ,,-ith most people_
 

7-4 _ I feel trapped in relationships_
 

I) _ Self·denial makes me feel stronger spiritually_
 

76. People understand my real problems_
 

77. I can't get strange thoughts ou t of my head_
 

78. Eating for plea~ure is a sign of moral ""eakness_ 

79. I am prone to outbursls of anger or rage. 

80. I feel that people give me the credit I ekserve_ 

81. I ha'-e to be careful of my tendency to abuse alcohol. 

82. I belie'"e that relaxing is simply a waste of time_ 

83. Others WQuid say that I get irritated easily_ 

B·L	 I feel like I am losing out everywhcl-e_ / 

(Continued) 



182 85. I <:xp<:rit"K<: ma,-kc:d mood shifts_ 
\ 

86. I am cmoarrasscd by my oodily urges. 

87. I ,,"ould ratha spend lime by myself than wilh others. 

88. Suffering makes you a beller person. 

89. I know Ihal people love me. 

90. I feel like [ must hurt myself or others. 

91. I feel that [ really know who I am. 

Additional copies available from:
PAR Psychological Assessment Resources, Inc. 
............. P.O. Box 998/0dessa, Florida 33556/TolI·Free 1-800-331-TEST
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-I!!•••f"')
ii•••L-. ANSWER SHEET 

David M. Garner, PhD 

c~ s: 
Name _--'----'..-_-:.....'-'--'---'--'- Date_---==.jCLJk'-'--'N~·_l..1....-_CJ-=--.::o_~ _ 

Fill in your name and the date above. Follow the Instructions in the EDI·2 Item Booklet and enter your ratings on this sheet. 

A=ALWAYS U=USUALLY o = OFTEN S = SOMETIMES R = RARELY N=NEVER
 

1 AU O(S)R N 20 A@o S R N 39 ~UOSRN 58 A@!OSRN 76 A(G)b S R N 

2 A UO@RN 21 AUOSR@ 40 A UO S~N 59 AUO~N 77 AU 0 S R(Nl1 

3 AUOSR(N; 22 A«(bo S R N" 41 A U 0 S (R')N 60 AUOS ~ 78 AU 0 S R(N) 

4 AU 0 S@N 23 I(A U 0 S R N 42 A(U~O S R N 61 AUOSR~ 79 AU 0 S R(N/ 

5 AU 0 S R@ 24 A UO S R~ 43 AUO(S;RN 62 1\:::17;0 S R N 80 (~U 0 S R N 

6 AU 0 S R~) 25 AUOS@N 44 AUOSR@ 63 AUOSRW 81 A UO S R~ 
7 A U@S'R N 26 (A;U 0 S R N 45 AUO~RN 64 A U 0 

,G)
S R(NJ 82 AUOSR@ 

8 A t; 0 S ReB) 17 A UO S(~N' 46 AUOSR@ 83 AUOSR~ 
9 AU O(S'JR N 28 AUOSR@ 47 A UO S R@ 65 AUOSR@: 84 AU 0 S R(Fi; 

10 AU 0 S RP, 29 A UO@RN 48 AUOSR@ 66 AU 0 S(R;N 85 A U 0 S R(1\f~ 

11 A LTO S~'N 30 A(U;O S R N 49 AUOS{§N 67 AUOSR@! 86 AUOSR@ 

12 A U O~)R N 31 AU OCS',R N 50 (A:UOSRN 68 AU 0 S(R':N 87 A l(Q-'S R N 

13 A U 0 S($'(lj 32 A U Ors:R N 51 AUOSR@ 69 A L(OlS R N 88 AUOSR@ 

14 ALJOSR(1~) 33 AU 0 S R(N; 52 AUOSR@ 70 AU 0 S!R'JN 89 LEUOSRN 

15 A@O S R N 34 AU 0 S(&N 53 AUOSR~ 71 A UO S@N 90 AUOSP.(~ 

16 AU 0 SCE>N 35 AU 0 S(R'IN 54 AU 0 S&'N 72 A~SR~ 91 @UOSRN 

17 NUOSRN\..::; 36 A L(O.iS R N 55 AU O(S:R N 73 A(U~.o S R@) 
18 AUOSRI'N 

'-" 
37 (AUO S RN 56 AUOS ~ 74 AUOSR@J 

19 /I.. U(OJS R N 38 AUOS I\"N) 57 A(Q,b S R N 75 A@,;p S R@ 
... 

PAR PsychologicaJ Assessment Resources, Inc./P.O. Box 998/0dessa, FL 33556/Toll-Free 1-800-331-TEST-
Copyright © 1991 by Psychological Assessment Resources, Inc. All rights reserved. May not be reproduced in whole or in part in any form or by any 
means without written permission of Psychological Assessment Resources, Inc. This form is printed in blue ink on carbonless paper. Any other version 
is unauthorized. 

7654321 Reorder #RO-1762 Printed in the U.S.A. 9 
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.... .. 

___!!••• fJ 
~iiI •••L.- ANSWER SHEET 

!:.' 

David M. Garner, PhD 

..; 

Name ____________ Date_----=JkN"'--'-'---->-/_7--'------=.0--=0'-- _ 

Each item is identified by scale. Total the item scores for each subscale to arrive at a subscale raw score and enter this value in the 
space provided ar the bottom of the answer sheet. 

" 

DT o 0 0(02 3 I O@O 1 2 3 MF ~)O 0 1 2 3 MF O@O 1 2 3 81 0(010 1 2 3 
'~Bp 3 21(9)00 1A 3 2 1 0 O(Q) lA 3 2 1 0 co) 0 BD 3 2 1 0(0) 0 lR 3 2 1 0 0(0'
 

MF 3 2100(6) MF 0(0)0 1 2 3"" I 3 2 1 0 (6)0 lA 3 2 1 0 O(l)~ A 3 2 1 0 0(0)
 

B 3 2 1 O@O 10 ,(0) 0 0 1 2 3 I o@o 1 2 3 B 3 2 1 0 O@ 1R 32100cQ
 

B 3 2 1 0 0 (0"'J I 32100@) P 3 2 1 (5)0 0 BD O@O 1 2 3 51 @001 23
 
> ...-"j' 

.~MF 3 2 1 0 0 ( OJ DT 3210(Q)0 lA "3 2 1 0 0eQ) P 32100(0..../ 1R 32100(0; 

DT 3 20)0" 0 0 lA (O~ 0 0 1 2 3 BD 3 2 1 @O 0 A 3 2 1 0 O@,-' lA 3 2 1 0 0(0) 

lA 3 2 1 0 O@ I 3 Z 1 00Jo B 3 2 1 0 OcQJ lR 3 2 1 0 0 (0. 

BD 3 2 1 (6)0 0 B 3 Z 1 0 0(6) lA 3 Z 1 0 0 (Q) 1R 3 2 1 o Oi:Q) 81 3 2 1 0 O(O~ 

1 3 2 1 0 0 ~ P 3 2 1 (00 0 MF 3 2 100@ A 3 Z 1 0(6):l lR 3 2 1 0 O(O'! 
DT 3 2 1 0(0)0 10 0(0)0 1 2 3 DT 321 ~ 0 IR 3 2 1 o O@ A 3 2 1 0 O@ 
BD 0 o 0(02 3 BD o 0 0 (1)2 3 1 (0)00123 A 3 2 1 0/610 51 3 2(1)0:0 0 

I. .' 

P 3 2 1 O@~ ~ DT 3 2 1 (6)0 0 lA 3 Z 1 0 0 eg.) 51 o 0(9)1 2 3 A 3 2 1 0 O~) 

MF 3 2 1 0 0 ~D lA 3 2 1 0 0(01 p 3 2 1 0 0 (g) lR 3 2 1 O{§)O 51 @OOI 23
 
(;.':'. .
10 o ~/O 1 2 3 10 3210@)O B 32100(0) A 0001(2)3 1R 3 2 1 0 0(0) 

DT 3 2 1 O@)O' MF 3 2 1 0(6)0 ill 3 2 1 O@O lR 3 2&0 0(0; 81 @O 0 1 2 3 

10 O@O 1 2 3 P 3 2(1)0 0 0 BD o 0 0(1)2 3 51 0(0)0 1 211) 

1 32100@ 1 (()~:o 0 1 2 3 I 3 2 1 0 0(61 IR 3 2 1 0 O@~'. ,
 
BD o 0(6)1 2 3 B 3 2 1 0 0(0) ill o (Q.AJ 1 2 3 A 3@;1 0 0(0
 

DT B BD I P ID lA MF A IR I 

o o \ o o o o lRaw Score 

PAR Psychological Assessment Resources, Inc./P.O. Box 998/0de sa, FL 33556/Toll-Free 1-800~331-TEST :1 

Copyright © 1991 by Psychological Assessment Resources, Inc, All rights reserved. May not be reproduced in whole or in part in any form or by any
 
means without written permission of Psychological Assessment Resources, Inc. This form is printed in blue ink on carbonless paper. Any other version
 
is unauthorized.
 

9 7654321 Reorder #RO-1762 Printed in the U.S.A. 

~" 



185 

-:;~~~=L PROFI LE FORM 

Name_ --__----:........:..=.. Age '2-"3 Sex ~ Date _---""O"'-'CUA==-::....:,_l~1~"20=-=D:.....:O:=:-__
 

30_r;:=DT:;-_~B__-=-B-=-D__--.:-__..:.P__~I:::D~_-!.IA~_~M~F_---,_~A:...-.-_-..!I~R~_~~I I 51 -30 o Eating Disorder (ED)
 

Femal~ College cfC) ._.._- - ·------------=\--------------l-25 

20- -20 
."
 
t)
.. 
0 
u
 

V'l
 

~ 
0.::: 15- -15 
t) 

d 
(J 
til 

..c 
::l
 

V'l
 

10- -10 

5-t---¥.~ .---;=-"'~---~---c=---5 

. - - .- . 
O· -0 

Drive Bulimia lneffec- Perfec- £nterpersonal Intero- Maturity Asceticism Impulse Social 
for tiveness tionism Distrust ceptive Fears Regulation Insecurity 

Thinness Awareness 

Raw ~ 0
Score __ ()) --~ 0 ~ JJ £L .1L --

Z- --J 
Percentile i-f j sScore __ 3 -1- ~ '2J Jf if 12 .b. 

INormative Croup - &vh7 d<.~t?{ded Normative Table - It/ 

Figure 14. EDI-2 Prome Form.
 
The EDI-2 Profile Form allows comparisons with subscale norms derived from eating
 
disordered patient (N = 889) and a female college student compari on group (N = 205).
 
Shaded areas on the profile form are 68 % confidence intervals for these groups.
 

PAR Psychological Assessment Resources, Inc. 
iiIIilllllliiil... P.O. Box 998/0dessa, Florida 33556/Toll-Free 1-800-331-TfST 
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David M. Gamer, Ph.D. 

DIRECDONS 

. Enter your name, the date, your ~, sex, marital slatus, and occupation. Complete the questions in this booklet as accuratdy 
as you can. 

Name --.J. [9 .-~ Date CfAty. 1 CO 
Age !J3 Sex r: Marital status 5 

1'4=<- Occupation $-1.v:~...J-

A. DrETING 

*Have you eva restricted your food intake due to concerns about your body SQe or weight? -...L Yes __ No 

How old were you the very first time that you began to seriously restrict your food intake due to concern about your body SQe or weight? 

15 years old 

B. EXERCISE 

On a~age, over the last three months, how often have you exercised (including going on walks, riding a bicycle, etc.)? If you exercise more 

than once a day, please count the total number of tim.e.s that you exercise in a typical week. . I '--/' times a week 
"""; .............al' "'I


On average, how long do you exercise each time? . V\.) )..~ minutes 

"\,!;!hat percentage of your exel'cise is aimed at controlling your weight? 

.,,/' 0% __ less than 25% __ 25-50% __ 50-75% __ more than 75% __ 100% 
+y(~"'spc.- t ,,,; 

C. RrNGE EATING 

Please. remember in answeling the following questions that an eating binge only refers to eatjng an amount of food that others of your age and 
sex regard as unusually large. It does not include times when you ma)' have eaten a normal quantity of food which you would have prefened 
not to have eaten. 

*Have you eVer had an episode of eating an amount of food that others would regard as unusually large? __ Yes ~No 
If no, please skip to Question D. 

How old were you when you first had an eating binge? ____ year.; old 

How old were you when you began binge eating on a regular basis? years old 

"Duri~ the lastt/tree months, how often have you typically had an eati~ binge? 

r.fl' I have not binged in the last three months. 

Monthly-I usually binge _ time(s) a month. 

*	 \Veek.ly-I usually binge _ time(s) a week. 

Daily - I usually binge _ time(s) a day. 

"'At the WOrst of times, what was your average number of binges per week? binges per week 

How long ago was that? months ago _ at its worst right no'" 

PAR Psychological Assessment Resources, Inc. 
. P.O. Box 998/0dessa, Aorida 33556/ToU-Free 1·800-331-TfST 

Copyright () 1991 by Psychological Assesmrnt Resources. Inc. All rights reserved. May not ~ reprodoccd in ,,-hole or in part in any fann or br any means "'ithout wriUen 

pcnnissioo of Psychological Assessment Resources. Inc. 

9876543 This form is printed in blu< ink on ,,-hite paper. Any other ''(<sion is unauthorized. Reorder # 1764-CF. Printed in the U.S.A. 



187 11 you have nol lJinged in the last three ITKJnlhs, please skip to ~ucstjon U. 

*00 you fed out of cQIltrol when you binge?
 

__ Never __ Rarely __ Sometimes __ Often __ Usually __ Always
 

Do you fed that you can stop once a bi~ has started? 

_ Neve- __ Rarely _ Sometimes _ Oftm _ Usually _ Always
 

Do you fed that you can prevmt a binge from starting in ~ first place?
 

__ Never __ Rarely __ Sometjmes __ Often __ Usually _ Always
 

Do you fed you can control your urga to cat large quantities of food?
 

__ Never __ Rardy __ Sometimes __ Often __ Usually __ Always
 

Do you fed distressed by your bingcjng?
 

__ Never __ Rardy __ Sometimes __ Often __ Usually __ Always
 

Do you find,bingeing pleasurable?
 

Never __ Rarely __ Sometimes __ Often __ Usually __ Always
 

D. PURGING 

*Ha'ie you ever tried to vo~it after eating in ord"r 10 get rid of the food ealen? __ Yes ...tLNo 
If no, please skip to Question E. 

How old were you when you induced vomili~ for the first time? _ years old 

*During the last three months, how often I,,\\"(, you typically induced vomiting? 

I have not vomited in the last lllf<"(' months. 

Monthly-I usually vomit _ time(s) a month. 

\Veekly- I usually vomit _ time(s) a week, 

Daily-I usually vomit _ time(s) a day, 

*At the worst of times, what was your a\'<"f;I~" number of vomiting episodes per week? vomiting episodes per week 

How long ago was that? _ month~ 

E. lAXATIVES 

*Have you eyer used laxatives to control your w"i~"l or "'get rid of food?" __ \e~ V No 
If no, please skip to Question E 

How old were you \\~,e-n you firs I took Iax"t;,",,; for weight control? - years old 

How old were you when you began takil\~ I.,:-;,ll;'·es for weight control on a regular basis? years old 

·During the lasllhree TI,onl!J$, how ofl<'11 h,,,',, you been taking laxatives for weight controP
 

I have not t;,k,'f! laxatives ill th,' I.I:'t three months.
 

Monthly-lu:,ually take Ia:-;;lli,"'; _ time(s) a month.
 

\Veekly-I lI:,u:llly take la:-;;lli,<,,, time(s) a week, 

Daily-I u~II:1l1y lake laxalin':, time(s) a day,
 

How many laxatives do y<>u u:,ually take ",..,j, tilll") Ia..xatives
 

\Vhat kind of laxative~ d" you take? 

.;<At the worst of times, wl1:lt was the a\','r,l~f number of Ia..xati\'es that you were taking per week? laxatives per week 

How long ago was that? month:, 



l8BF. DIET PILLS 
\ 

*Havc you ever taken diet pills? Ycs~No
 
If no. pkaR skip to Question G.
 

*During the last three months, how often have you typically taken diet pills?
 

I have not taken diet pills in the last three months.
 

Monthly-I usually take diet pills times a month.
 

__ Weckly-I usually take diet pills times a week.
 

__ Daily-I usually take diet pills a day.
 

*At the WOrst of times. what was the average number of diet pills that you were taking per week? ___ diet pills per week 

How long ago was that? _ months 

G. DIURETICS 

*Have you ever taken diuretics (water pills) to control your weight? Yes JL No
 
If no. please skip to Question H.
 

*During the last three months, how often have you typically taken diuretics?
 

I have not taken diuretics in the last three months.
 

Monthly- I usually take diuretics times a month.
 

\Veekly - I usually take diuretics times a week.
 

Daily- [ usually take diuretics a day.
 

>;<At the u.>orst of times, what was the aVeI'age number of diuretics that you were taking per week? diuretics per week 

How long ago was that) months 

H. MENSTRUAL HISTORY 
(For Females only) 

"'Have you ever had a menstrual period) / Yes __ No
 
If no. please skip to Question I _
 

Howald were you when you first started menstruating? _-'-(~'---'-_ years old
 

*00 you ha\'e menstrual periods no"'? (check one)
 

V Yes, regularly every month
 

)~s. but I skip a month once in a while 

Yes. but not very often (for example. once in six months)
 

j\;o. I have not had a period in at least six months
 

~o, [ am post-menopausal, ha\"e had a hysterectomy, or am pregnant
 

>;<How long has it been since your last period) months
 

>;<Have you ever had a period of time when you did not menstruate for three months or more (excluding pregnancy)?
 

" {es __/N'0
 

If yes. ho,," old were you ,,"hen you firsl missed you I' period for thl"ee months or more? years old 

For ho\\' many months did you miss your period? months 

How much did you weigh \\·hen you stopped menstruating? pounds 

Are you cUITCntly taking birth control pills? __ Yes __ No 

(f yes. how old \~'ere you ,,-hen you first starting using the pill? ____ years old 
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I. CUKKt:rl/"f Mt:UKAHON 

Ar; yoo currently taking any medication prescribed by a pl,)'sician? __ Yes ~o 
If Yc:s. please list the medications you are laking. 

Addilional copies available from:

PAR Psychological Assessment Resources, Inc. . 
........... P.O. Box 998/0dessa, Florida 33SS6/Toll-Free 1·800·331·TEST
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NORMATIVE TABLES
 

Conversion of Raw Scores to Percentile Ranks for Eating Disordered Patients 

Body Inter- Int~o' 
Dri"e for Di5satis, IodIcc- p{c"(5onal ceptive Maturity Impulse Social 

Raw Score Thin0C5s Bulimia~ faction ti\-ene~s Perfectionism Distrust A"-areness Fears Asceticism ~Iation Insecurity Ra"- Score 

30- 30+ 
19 ~ 29 
28 23.,_/ o~ 9Q _/" 26 S4 98 26 
Z5 80 96 97 25 
2~ /) 9~ 96 24 
23 70 91 95 23 
22 67 90 93 99 " 
21 6-l 87 91 99 21 
20 SS 93 60 35 89 99 99 9S 20 
19 81 95 56 83 87 98 98 19 
18 13 9Z 53 81 ~ 98 97 9.; 18 
17 61 8S ~9 78 96 99 81 97 96 17 
16 53 54 ~I I~ 93 98 18 96 96 93 16 
15 47 7S 44 69 89 97 73 94 92 15 
14 -II 73 -II 66 8-1 95 70 -) 93 93 90 14Q' 

13 35 67 37 62 30 93 66 94 90 89 Sf 13 
12 30 62 3-1 53 74 89 62 92 85 87 81 12 
II 27 56 30 53 67 85 58 91 83 86 73 i I 
10 23 51 18 50 60 82 52 89 76 82 66 10 
9 20 -1-1 2-1 -16 5-1 77 -17 88 67 80 62 9 
8 17 39 21 -12 -17 72 41 85 62 73 57 8 
7 14 32 18 38 41 67 36 82 50 66 -17 7 
6 11 17 15 33 3-1 60 29 77 38 61 33 6 

7'5 9 21 12 19 29 55 _J 71 3,t 57 27 5 ,-I 7 15 9 ,_J - 23 ..,/ 20 65 21 49 11 -l 
3 6 12 7 10 17 39 16 54 12 39 15 3 
Z -1 7 6 15 i I 32 11 42 4 31 to 1 

3 5 3 I J 7 n 6 23 I 2) 6 1 
"0 2 3 2 5 -I 13 3 !7 13 0 

\~.t<. For or'~;r._ll ED! ;d)",~!<s_ .\" = 889: for ED! !'fo,·j,ie.n.1 sub,e..b . .\" = Ilii. 
E.<dudins A~-R is= iOQ) 
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ppendix M: 

Personal Communications 
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Subject: Re: A quick question
 
Date: Thu, 21 Oct 199909:52:28 -0600
 

From: Don Bailey <don.bailey@usask.ca>
 
To: Leanne MacDonald <lmacdona@ucalgary.ca>
 

Hello Leanne: 

I think the two sites you have selected are the best. I don't think 
you can get at the thoracic spine except as a regional analysis from a 
whole body scan, and even then you would have rib overlap. I think you 
are restricted to Ll to L4 and I would even prefer L2-L4 because of 
possible rib involvement. If I had to select a different site from the 2 
you have selected I would go for a tibial site 

1, 
Hope this I 

helps Don 

Dr. Don Bailey E-mail: baileyd@sask.usask.ca 
College of Kinesiology Phone: (306) 966-6994 
University of Saskatchewan Fax: (306) 966-6502 
105 Gymnasium Place 
Saskatoon, SK 
S7N 5C2 

1 of 1 10/211999:57 AM 

mailto:baileyd@sask.usask.ca
mailto:lmacdona@ucalgary.ca
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Leanne MacDonald 

From: ;:. Anne Loucks [Ioucks@ohiou.edu] 
Sent: -"'OGtober 30;' 2000 11 :29 AM ,;: 
To: Leanne MacDonald 
Subject: Re: thank you 

Leanne,
 
Your email just arrived today. In answer to your
 
questions. The accelerometer that we utilized for our
 
initial studies was the Caltrac. We are currently using
 
the Tritrac. LH pulsatility appears to be changing, at ,
 
energy availabi'litie~'between:'~20 'and'30 kcal/kgLBM/day.
 

Best regards, 
Anne Loucks. 

Mon, 23 Oct 2000 10:29:07 -0600 Leanne 
MacDonald <leanne.rnacdonald@strnc.ab.ca> wrote: 

> Dr. Loucks: 
> 
> Thank you very much for your insight and suggestions. My study was 
strictly 
> observational in nature as I chose to take the first look at these 
issues in 
> female ice hockey players. Each participant completed a 7-day dietary 
record 
> and 7-day activity record at three time periods. Total daily energy 
> expenditure was estimated using the Cunningham equation for BMR and 
then 
> using best estimates for the thermic effect of food and energy of 
physical 
> activity. Thus, a crude prediction. Energy intake was not controlled 
but 
> simply quantified using Nutrition 5. 
> 
> Using the work of Jeri lyn Prior as a guide, I attempted to collect 
basal 
> body temperature and ovulatory data from the subjects. Notice I use 
the 
> word" attempted"!! I think that prior education (through athletics) 
on the 
> importance of monitoring menstrual cycle characteristics and education 
on 
> the importance of the links between energy metabolism, menstrual 
> disturbances, and bone turnover may be a significant predictor of 
compliance 
> with this method of collecting cycle data. In the end the data 
collected was 
> not sound enough to calculate luteal phase length. We did however 
collect 
> data on cycle length and history of missed cycles. 
> 
> As a Masterts thesis this data provides sound suggestions that this 
> population needs further attention but I was disappointed with the 
lack of 
> quality menstrual cycle data I was able to obtain. I am presenting 
these 
> results at the CSEP conference on Thursday and the information you 
provided 
> will help quite a bit as I am sure Vicki Harber from the University of 

1 



194 

> Alberta will question me on these topics. Further, I was very 
interested to 
> see your distinction of the terms Energy Balance and Energy 
Availability as 
> I had been using them interchangeably in some cases. 
> 
> I do have two more questions for you:
 
>
 
> 1. What accelerometer did you use?
 
> 2. I don't have your papers with me today and was wondering at what
 
Energy
 
> Availability did you see changes in LH pulsatility?
 
>
 
> Thanks so much,
 
> Leao.ne
 

Anne Loucks
 
Profes~or 

Department of Biological Sciences 
·Ohio University 
Athens, OH 45701-2979 
loucks@ohiou.edu 

2 
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Leanne Macdonald 

From: Anne B. Loucks [loucks@eurekanet.com] 
Sent: October 22, 2000 9:01 PM 
To: Leanne Macdonald 
Cc: loucks@oak.cats.ohiou.edu 
Subject: Energy Availability 

Leanne, 

This message replies to yours dated yesterday. I am not surprised that 
you 
have had difficulty in relating the units of measure of Energy 
Availabilty 
to kcal/day. 

First, you need to understand that in my paper on the energy 
availability 
threshold (Loucks & Heath, Am J Physiol 266 Regulatory Integrative Comp 
Physiol 35), I defined the term Energy Availability (note the capital 
letters) as a controlled treatment administered to experimental 
subjects, 
not as an uncontrolled observational characteristic of free-living 
women. I 
quantified the Energy Availability of subjects by carefully controlling 
and 
measuring the energy content of the food that I fed them as well as the 
energy expenditure of the supervised exercise that I required them to 
perform. I then subtracted the exercise energy expenditure from the 
dietary 
energy intake. All calculations were made by normalizing amounts to 
each 
individual subjects' lean body mass, because that is the most readily 
available estimate of the metabolically active portion of the body. For 
example, when a woman with 50 kg of lean body mass was to be fed 45 
kcal/kgLBM/day, I fed her 2250 kcal/day. When she was to expend 30
 
kcal/kgLBM/day in controlled exercise, I required her to expend 1350
 
kcal/day. The result of this treatment would be an energy availability
 
of
 
45 - 30 15 kcal/kgLBM/day and 50 * 15 = 750 kcal/day.
 

Second, in my later paper on LH pulsatility in exercising women (Loucks, 
Verdun & Heath, J Appl Physiol 84), I also defined the term Energy 
Balance 
(note again the capital letters) as the uncontrolled observational 
outcome 
of the controlled Energy Availability treatments that I administered to 
subjects plus all of their physical activity and basal metabolic 
activity 
that was out of my control -- and much greater in magnitude than the 
exercise energy expenditure that I did control. Quantifying the energy 
expenditure of uncontrolled free-living activity is difficult. I 
estimated 
total daily energy expenditure by means of a commercially available 
calibrated accelerometer. I calculated Energy Balance as the controlled 
dietary energy intake that I administered as a treatment minus the total 
daily energy expenditure that I observed on the calorimeter. 

Third t I have never defined or used the concept of energy deficit in my 
experiments. I did not find it useful, because it presumes knowledge of 
energy sufficiency relative to which the energy deficit would be 
calculated, 
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and the amount of energy sufficient for reproductive health is exactly 
what 
I did not know. Note that the concept of Energy Balance, as I defined 
it, 
makes no assumption about nutritional adequacy. 

From the little information that you provided about your study, I guess 
that 
it is observational rather than experimental. That is, the so-called 
energy 
deficit that you measured resulted from the free choice of the subjects 
and 
was not quantitatively controlled by you. If that is so, then the 
concept 
of Energy Availability does not apply, because Energy Availability does 
not 
take into account the energy cost of the freely chosen activities and 
basal 
metabolic activity of subjects when they are not in the laboratory. 

The concept of Energy Balance could be applied, but since I did not 
estimate 
total daily energy expenditure and calculate Energy Balance in the 
threshold 
experiment, we do not know what values of Energy Balance corresponded to 
the 
Energy Availability values on either side of the threshold. My current 
experiment is addressing this issue amongst others. 

For your observational purposes, I suggest that you calculate the Energy 
Balance of your subjects, if you have measures of their total daily 
energy 
intakes and expenditures. Then, if you have a large number of 
observations 
over a wide range of Energy Balance, you could apply some sort of 
classification or other data-drivep. statistic such as curve fitting to 
search for a value of Energy Balance at which an abrupt shift in the 
values 
of some parameter of interest (such as the length of the follicular or 
luteal phase) may occur. 

Best regards, 

Anne 

ps. I have written this message from home. If you email me again, send
 
your
 
message to my university office, as you did the first time.
 

2 
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Leanne Macdonald 

From: Jerilynn Prior [Dr.] Uprior@vanhosp.bc.ca]
 
Sent: January 24, 2001 2:20 PM
 
To: leanne.macdonald@stmc.ab.ca
 
SUbject: RE: basal body temp graphs·
 

Dear Leanne,
 
Correctly calculating the average will help!
 
Do you have daily Menstrual Cycle Diary records as well? They help when
 
the cycles are wonky to figure out if something is an artifact or real.
 

I'll not be able to work on this right away because I've been invited to
 
London to speak and will leave on Sunday. I've only got a review to do,
 
a paper to write and my slides to prepare before then!
 

See what you see when you calculate correctly.
 
Talk to you later.
 
Jerilynn
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z 1C6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

»> Leanne Macdonald <leanne.macdonald@stmc.ab.ca> 01/24/01 12:46PM »>
 
Dr. Prior:
 

This file is the raw temperature data for all the subjects in my study. 
Group 1 is hockey players and Group 2 is controls (Kinesiology 
students) . 
As you can see I think I did calculate the mean using the # of days in 
the 
cycle rather than the number of days with temperatures!! Group 2 were 
fairly compliant with data collection however Group 1 were not! Let me 
know what if anything you see in this. The two subject records I faxed 
to 
you were Group 2, SUbject 1 and 6. 

Thanks for your time! I 

Leanne 

-----Original Message----
From: Jerilynn Prior [Dr.] [mailto: jprior@vanhosp.bc.cal
 
Sent: January 23, 2001 1:28 PM
 
To: leanne.macdonald@stmc.ab.ca
 
Subject: re: basal body temp graphs
 

Dear Leanne, 
That's good that you at least tried to collect QBT data. 
The procedure is simple: add up all the temperatures/cycle. Divide by 
the 
number of days on which there are temperature data (not by the number of 
days in the cycle). Use the average you will get from the above 
calculation 
to decide at which spot in the cycle, or if, the temperature goes above 

1 

mailto:jprior@vanhosp.bc.cal
mailto:jprior@vanhosp.bc.ca
mailto:Uprior@vanhosp.bc.ca
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that
 
average and stays up for 3 or more days.
 

If you have no higher temperatures before the flow then it is likely (in
 
other words, confirmed) that the participants were anovulatory.
 
Jerilynn
 
PS--If you wanted to fax me one or two people's primary data, I'd take a
 
look at it and make more specific suggestions.
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z lC6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

»> Leanne Macdonald <leanne.macdonald@stmc.ab.ca> 01/22/01 02:02PM »>
 
Hi Dr. Prior:
 

I have a few questions for you regarding the basal body temperature data
 
I 
have collected from my subjects as I cannot see any temp peaks 
indicating 
the start of the LP on any of the graphs I have completed. I think I 
may be 
calculating the mean temp line incorrectly?? I had followed your 
methodology to the tee (at least I thought I did) but as far as I can 
tell 
the data is very sketchy. Non-compliance was a big issue throughout the 
study period despite our very best efforts and this possibly is the 
reason 
why calculating the LP length is difficult. Could you please outline 
the 
correct methodology for constructing the mean temp graphs with the 
temperature data? 

I really appreciate your time! 

Sincerely, 
Leanne MacDonald 
University of Calgary 
Faculty of Kinesiology 

2 

mailto:jprior@vanhosp.bc.ca
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Leanne Macdonald 

From: Leanne MacDonald [l.mac@home.com] 
Sent: June 13, 2001 1:45 PM 
To: Leanne Macdonald 
SUbject: Fw: QBT data-in hockey players and controls 

----- Original Message ---- 
From: "Jerilynn Prior [Dr.)" <jprior@vanhosp.bc.ca>
 
To: <l.mac@home.com>
 
Cc: <pdoyleba@ucalgary.ca>
 
Sent: Tuesday, May 22, 2001 2:14 PM
 
Subject: Re: QBT data--in hockey players and controls
 

Dear Leanne,
 
It's ok about the confusion. She didn't know we'd been' faxing and
 
emailing
 
furiously!
 

The rule is, the luteal phase begins when the actual temperature goes
 
above
 
the mean temperature and stays above until flow starts. That should be
 
clear. If not, fax me the charts and the mean you've calculated and
 
I'll
 
take a look at the data. (First, though, double-check your math!)
 

Use of the Daily Menstrual Cycle Diary Data
 
I previously showed, cross-sectional as well as within woman decreases
 
in
 
breast tenderness and fluid with less difference in mood premenstrually
 
between exercising and non-exercising women. I'm wondering if you have
 
thought about analysis of your cross-sectional diary data with that idea
 
in
 
mind? If so, I would like to be part of that project. If not, if you
 
were
 
to provide me with the diaries and other data (weight, menarche age,
 
exercise etc), I would enter the data and work on a paper on which you
 
would
 
be the first or second author. Let me know what you think.
 

Let me know what you think,
 
Jerilynn
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z le6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

»> "Leanne MacDonald" <l.mac@home.com> OS/21/01 09:43AM »>
 
Thanks for your help Jerilynn and sorry for the confusion with Tish last
 
week! I didn't get a chance to talk to her before she left for the
 
conference last week and thus she didn't discuss your emails with her.
 

I am going to look at my data again this week to try the calculations
 
again
 

mailto:jprior@vanhosp.bc.ca
mailto:pdoyleba@ucalgary.ca
mailto:jprior@vanhosp.bc.ca
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and will let you know what, if anything, I can come up with. I think I 
am 
able to correctly calculate the mean but cannot decide on the first day 
of 
the luteal phase because the graphs cross the temp line so many times. 
I 
will be in touch this week.
 

Thanks a lot!
 

Leanne
 
----- Original Message ---- 
From: "Jerilynn Prior [Dr.]" <jprior@vanhosp.bc.ca>
 
To: <l.mac@home.com>
 
Sent: Tuesday, May 08, 2001 8:14 PM
 
Subject: Re:QBT data
 

Dear Leanne,
 
As luck would have it, I had assistance today and have the results of
 
the
 
Maximina analysis (least squares) for that final cycle.
 

It confirms the result using a mean of 97.2 which is that the first day
 
of
 
the luteal phase is April 30th; the luteal length is 13 days.
 

I would like to see what you've produced, once your thesis crunch is
 
done.
 
All the best,
 
Jerilynn
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z lC6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

»> "Leanne MacDonald" <l.mac@home.com> 05/08/01 02:54PM »>
 
Thanks so much this was very helpful!!
 

Leanne
 
----- Original Message ---- 
From: "Jerilynn Prior [Dr.]" <jprior@vanhosp.bc.ca>
 
To: <l.mac@home.com>
 
Sent: Tuesday, May 08, 2001 1:41 PM
 
Subject: Re: re:QBT data
 

Dear Leanne,
 
I have four diaries and in some cases no name, etc.
 
I'll describe them as you sent them in your fax.
 

AM Cycle 1, Dec 13 to Jan 14th, 32 temps, 33 day cycle
 
sum 3127.6
 
mean = 97.7
 
First day of the luteal phase is day 23.
 
Luteal length is 10 days.
 

AM Cycle 2 Jan 15 to Feb 17, 36 temps
 
sum = 3516.2
 
mean = 97.7
 

2 

mailto:jprior@vanhosp.bc.ca
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First day of luteal phase is day 27
 
Luteal length is 10 d~ys
 

Second set of cycles
 
March 12 to April 11
 
Sum = 2523.6
 
mean = 97.1
 
no luteal phase = anovulatory
 

April 12 to May 12
 
sum = 2528.6
 
mean = 97.3 (but this is an unreasonably low value). I'll run these
 
temperatures through out Maximena programme and see what least squares
 
comes
 
up with.
 
For now I think that you can say that the luteal phase began on May 6
 
and
 
therefore the luteal length was 7 days.
 

Hope this is helpful.
 
Jerilynn
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z 1C6
 
phone: (604) 875-5927
 
fax: (604) 875-5915 I
 

email: jprior@vanhosp.bc.ca
 

»> "Leanne MacDonald" <l.mac@home.com> 05/08/01 10:59AM »>
 
Just wondering how you would interpret these cycles e.g. I can't figure
 
out
 
the lu eal phase length definitively.
 

Leanne
 
----- Original Message ---- 
From: "Jerilynn Prior [Dr.]" <jprior@vanhosp.bc.ca>
 
To: <l.mac@home.com>
 
Sent: Tuesday, May 08, 2001 11:44 AM
 
Subject: re:QBT data
 

Dear Leanne,
 
I have both of the records but I'm not clear on the question you are
 
asking
 
of me. Please refresh me about what you needed clarification on.
 
Thanks,
 
Jerilynn
 
PS--I call it "QBT" (for quantitative basal temp~rature) when basal
 
temperature data are analyzed with either of the quantitative methods,
 
least
 
squares or mean temperature, that has been validated.
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z 1C6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

3 
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»> "Leanne MacDonald" <l.mac@home.com> 05/08/01 10:26AM »> 
Hi Dr. Prior: 

I had almost forgotten that I had sent you through some of the BBT data 
I 
had collected until Tish reminded me yesterday. I am wondering if you 
have 
had a chance to look at these two individuals yet and if so do you have 
any 
comments. Please email me at this address as I am presently in "lock 
down" 
mode to finish my thesis. 

Thanks 
Leanne MacDonald 

4 
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Leanne Macdonald 

From: Jerilynn Prior [Dr.] [jprior@vanhosp.bc.ca] 
Sent: November 27,2001 11:45 AM 
To: leanne.macdonald@stmc.ab.ca 
Cc: pdoyleba@ucalgary.ca 
Subject: re: Permision to use daily Menstrual Cycle Diary, Quantitative Basal Temperature 

Dear Leanne,
 
Congratulations on completing your thesis.
 

As an academic colleague I did send you the daily Menstrual Cycle Diary and information
 
about the Quantitative Basal Temperature analysis. Both of these are published
 
instruments and therefore in the public domain. Whenever either are listed they should
 
be capitalized and have the copyright sign after them to indicate that you are referring
 
to a specific instrument.
 

I give you permission to use a completed diary in your thesis (provided the participant
 
has given permission and her name is not on the sheet you copied) .
 

Because very little of the work I've done with these instruments have so far been
 
published, I would like to assist you in the data description and in erpretation. In any
 
paper in which you analyze or describe data using the daily Menstrual Cycle Diary and/or
 
Quantitative Basal Temperature I would like to participate in that analysis and be a
 
minor co-author on that paper.
 

Please let me know (although this is a late stage at which to clarify this) whether or
 
not this is satisfactory to you.
 

Sincerely,
 

Jerilynn C Prior MD FRCPC
 
Professor of Medicine/Endocrinology
 
University of British Columbia
 
Suite 380 - 575 West 8th Ave
 
Vancouver, BC V5Z lC6
 
phone: (604) 875-5927
 
fax: (604) 875-5915
 
email: jprior@vanhosp.bc.ca
 

»> Leanne Macdonald <leanne.macdonald@stmc.ab.ca> 11/27/01 07:40AM »>
 
Hi Dr. Prior:
 

I can finally see the light at the end of this tunnel as my thesis is ready
 
to be submitted to Graduate Studies. We have one last snag though.
 
Although you did send me copies of your Menstrual Cycle Diary (MCD) for data
 
collection my thesis committee members would like to have your written
 
consent for use. An example of a completed diary does appear in one
 
Appendix of my thesis and as such before printing I am wondering if you
 
could send an email stating that I can keep this example of the MCD in my
 
Appendix to illustrate the method of menstrual cycle tracking used. Please
 
do not hesitate to contact me via phone (403-254-3728) or email for any
 
questions or concerns you may have.
 

We have not started any papers using my data yet as I am in the middle of
 
organizing my PhD program. I will keep you posted and would love to talk to
 
you sometime about my results.
 

Sincerely,
 

Leanne MacDonald
 
Director, Athletics and Recreation Programs
 
St. Mary's College
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Table 12: Hockey Body Composition Raw Data.
 
Body composition data for hockey (group 1) individuals from time 1 and time 2 (n = 12)
 
(WT = weight in kg; HT = height in cm; BMI = body mass index in kglm2

; FFM = fat
 
free mas in kg; Mmass = muscle mas in kg; Fmass = fat mass in kg; %BF = body fat
 
percentage; MEA = group mean' SD = Standard Deviation; MAX = Maximum; MIN =
 
Minimum).
 

Hocke 1 Test ession 1 -- 
WT 

Group ID Age (yrs) (kg) HT (cm) BMI ffm (kg) Mmass (kg) Fmass (kg) % BF Thigh Volume (emJ 
) 

I I 25.21 71.00 166.60 25.58 53.72 25.42 17.28 24.36 8639.42 

I 2 21.84 62.80 164.80 23.12 47.58 23.35 15.22 24.23 9510.42 

I 3 18.12 54.90 161.10 21.15 42.42 16.69 12.48 22.73 8081.46 

I 4 20.90 76.30 173.30 25.41 56.00 28.29 20.30 26.60 12130.24 

I 5 18.45 51.80 169.00 18.14 41.28 17.07 10.52 20.31 7477.78 

I 6 20.17 63.80 170.80 21. 7 47.23 24. 2 16.57 25.97 112 5.14 

I 7 18.14 66.00 170.80 22.62 54.77 27.09 11.23 17.01 594.56 

I 8 18.93 58.50 161.00 22.57 47.67 21.86 10.83 18.52 844.23 

I 9 20.27 61.50 159.10 24.30 47.39 23.21 14.11 22.95 8523.20 

I 10 24.84 60.00 166.40 21.67 49.52 23.08 10.48 17.46 8497.35 

I II 28.42 76.10 167.10 27.25 57.43 31.80 18.67 24.54 9990.29 

I 12 18.22 73.80 161.00 28.47 52.25 22.08 21.55 29.20 9040.14 

MEA 21.13 64.71 165.91 23.51 49.77 23.73 14.94 22.82 9217.85 

SD 3.36 8.13 4.60 2.85 5.15 4.29 3.95 3.81 1336.65 

MI 18.12 51.8 159.1 18.14 41.28 16.69 10.48 17.01 7477.78 
MAX 28.42 76.3 173.3 28.47 57.43 31.80 21.55 29.20 12130.24 

Hockey Test ession 2 
I 70.00 166.60 25.22 53.67 26.56 16.33 23.33 8418.02 
2 61.30 164.80 22.57 48.15 23.93 13.15 21.45 8475.62 
3 57.30 161.10 22.08 42.13 17.69 15.17 26.48 8499.05 
4 81.50 173.30 27.14 59.75 30.42 21.75 26.69 12086.18 
5 50.80 169.00 17.79 41.19 17.86 9.61 18.91 7039.86 
6 72.40 170.80 24.82 53.86 25.19 18.54 25.61 10895.74 
7 64.40 170.80 22.08 54.37 26.69 10.03 15.58 7984.77 
8 62.50 161.00 24.11 49.17 22.44 I .33 21.33 9036.74 
9 62.50 159.10 24.69 48.77 23.69 13.73 21.97 8571.55 
10 
II 74.40 167.10 26.65 56.90 30.99 17.50 23.52 9684.11 
12 70.70 161.00 27.28 52.68 24.28 I .02 25.4 8559.44 

MEA 66.16 165.9 24.04 50.97 24.52 15.20 22.76 9022.83 
SD 8.63 4.60 2.80 5.76 4.27 3.69 3.41 1403.46 

MI 50.8 159.1 17.79 41.19 17.69 9.61 15.58 7039.86 
MAX 81.5 173.3 27.28 59.75 30.99 21.75 26.69 12086.18 
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Table 13: Control Body Composition Raw Data.
 
Body composition data for non-athlete control (group 2) individuals from time 1 and time
 
2 (n = 12) (WT = weight in kg; HT = height in em; BMI = body mass index in kglm2

;
 

FFM = fat free mass in kg; Mmass = muscle mass in kg; Fmass = fat mass in kg; %BF =
 
body fat percentage; MEAN = group mean; SD = Standard Deviation; MIN = Minimum;
 
MAX = Maximum).
 

Group LD Age (yrs) wr (kg) HT (em) BMI ffm (kg) Mmass (kg) Fmass (kg) % BF Tbigb Volume (em3
) 

2 13 22.77 62.1 173.2 20.70 48.47 21.68 13.63 21.95 9398.02 

2 \4 21.98 63.4 171.9 21.46 50.62 24.37 12.78 20.\6 9\46.53 

2 \5 20.04 66.3 171.0 22.67 52.99 25.55 13.31 20.07 9940.96 

2 \6 21.25 73.8 169.5 25.69 55.04 28.91 18.76 25.43 10392.76 

2 \7 20.3\ 61.3 165.3 22.43 49.05 25.70 12.25 19.98 8172.42 

2 18 20.56 63.0 159.6 24.73 49.25 23.29 13.75 21.82 9378.39 

2 19 21.15 68.2 171.5 23.19 54.63 25.09 13.57 19.90 9890.42 

2 20 18.82 71.1 173.0 23.76 56.86 26.25 14.24 20.02 10247.87 

2 21 19.73 56.5 163.0 21.27 47.97 24.46 8.53 15.10 7281.83 

2 22 21.10 77.4 177.0 24.71 59.16 32.91 18.24 23.57 9913.52 

2 23 29.6\ 65.0 176.0 20.98 55.34 27.24 9.66 14.86 8743.05 

2 24 18.90 56.9 163.4 21.31 46.98 21.38 9.92 17.44 7724.92 

MEA 21.35 65.42 169.53 22.74 52.20 25.57 13.22 20.03 9185.89 

SO 2.85 6.36 5.49 1.68 3.99 3.15 3.08 3.11 1011.16 

MI 18.82 56.5 159.6 20.70 46.98 21.38 8.53 14.86 7281.83 
MAX 29.61 77.4 177.0 25.69 59.16 32.91 18.76 25.43 10392.76 

Control Test Session 2 
13 63.9 173.2 21.30 49.33 20.59 14.57 22.80 9772.54 
14 63.5 171.9 21.49 49.55 24.69 13.95 21.97 9317.73 
15 66.4 171.0 22.71 53.19 26.11 13.21 19.89 9976.22 
16 76.3 169.5 26.56 54.70 25.84 21.6 28.31 10248.95 
17 62.7 165.3 22.95 49.02 25.72 13.68 21.81 7962.86 
18 66.9 159.6 26.26 50.01 23.54 16.89 25.25 9921.12 
19 68.5 171.5 23.29 54.04 25.03 14.46 21.11 9896.55 
20 72.5 173.0 24.22 56.24 26.03 16.26 22.43 10456.92 
21 56.5 163.0 21.27 48.45 24.43 8.05 14.25 7394.79 
22 77.2 177.0 24.64 59.02 32.07 18.18 23.55 9536.99 
23 62.9 176.0 20.31 54.78 27.02 8.12 12.90 8169.14 
24 56.5 163.4 21.16 47.48 21.92 9.02 15.97 7477.29 

MEA 66.15 169.53 23.0 52.l5 25.25 14.00 20.85 9177.59 
SO 6.69 5.49 2.1 3.65 2.83 4.10 4.50 1110.15 

MI 56.5 159.6 20.3 47.48 20.59 8.05 12.90 7394.79 
MAX 77.2 177.0 26.6 59.02 32.07 21.60 28.31 10456.92 
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Table 14: Group Anthropometric Characteristics.
 
Anthropometric characteristics of the hockey group (HG) and non-atWete control group
 
(CG) (hockey group n=12; non-atWete control group n = 12; MEAN = group mean; SD =
 
Standard Deviation; MIN = Minimum; MAX = Maximum)
 

Controls 

HGME SD MI MAX CGMEA SD MAX 

AGE (YEARS) 21.\3 3.36 \8.\2 28.42 21.35 2.85 18.82 29.61 

WEIGHT (KG) 64.71 8.13 51.80 76.30 65.42 6.36 56.50 77.40 

HEIGHT (CM) 165.92 4.60 159.10 173.30 169.53 5.49 159.60 177.00 

BODY MASS INDEX (KG/M 2
) 23.51 2.85 18.14 28.47 22.74 1.68 20.70 25.69 

FAT FREE MASS (KG) 49.77 5.15 41.28 57.43 52.20 3.99 46.98 59.16 

MUSCLE MAS (KG) 23.73 4.29 16.69 31.80 25.57 3.15 21.38 32.91 

FAT MASS (KG) 14.94 3.95 10.48 21.55 13.22 3.0& &.53 1&.76 

% BODY FAT 22.82 3.8\ 17.0\ 29.20 20.03 3.11 14.86 25.43 

TOTAL VOLU E OF THIGH (emJ
) 9217.&5 1336.657477.78 12\30.24 9\85.89 101 1.167281.83 10392.76 

Table 15: Hockey Raw EDI-2 Subscale Item Scores.
 
Hockey individual EDI-2 subscale item scores (ID# = individual subject identification
 
number; DT= Drive for Thinness; B= Bulimia; BD= Body Dissatisfaction; 1=
 
Ineffectiveness; P= Perfectionism; ID= Interpersonal Distrust; IA= Interoceptive
 
Awareness; MF= Maturity Fears; A= Asceticism; IR= Impulse Regulation; SI= Social
 
Insecurity).
 

10# DT B BD P ID IA MF A IR SI 

1 0 0 1 0 7 0 0 3 7 0 1 

2 0 0 5 I 2 2 I 4 5 0 3 

3 1 0 0 0 7 I 2 0 3 0 0 

4 5 0 17 0 10 I I 4 5 0 2 

5 0 0 0 2 3 I 0 I 0 0 3 

6 2 0 2\ 2 9 0 0 6 4 0 2 

7 2 0 4 3 5 5 3 4 I \ 5 

& 4 2 0 1 5 6 3 13 5 0 4 

9 3 \ 3 0 I 3 0 1 3 0 1 

10 2 \ 9 0 10 0 0 3 I 2 0 

II 0 0 I I 4 2 I 0 2 0 3 

12 13 0 19 6 4 6 10 4 3 0 4 

MEAN 2.7 0.3 6.7 1.3 5.6 2.3 1.8 3.6 3.3 0.3 2.3 

SD 3.7 0.7 7.9 1.8 3.0 2.3 2.8 3.5 2.1 0.6 1.6 

MI 0 0 0 0 1 0 0 0 0 0 0 

MAX 13 2 21 6 10 6 10 13 7 2 5 



208 

Table 16: Control Raw EDI-2 Subscale Item Scores.
 
Non-athlete control individual EDI-2 subscale item scores (ID# = individual subject
 
identification number; DT= Drive for Thinness; B= Bulimia; BD= Body Dissatisfaction;
 
1= Ineffectiveness; P= Perfectionism; ID= Interpersonal Distrust; IA= Interoceptive
 
Awareness; MF= Maturity Fears; A= Asceticism; IR= Impulse Regulation; SI= Social
 
Insecurity).
 

10# DT B BD I P 10 IA MF A IR SI 

13 5 0 23 0 5 0 0 5 1 I 3 

14 0 0 0 0 I 0 0 0 4 0 0 

15 2 1 17 I 8 4 4 3 8 0 2 

16 0 0 3 0 3 1 0 0 4 0 I 

17 0 0 3 0 I 3 I 3 I 2 2 

18 2 0 3 0 I 0 0 0 2 0 I 

19 0 2 7 0 2 0 2 0 3 0 2 

20 0 I 5 0 4 6 I 1 3 3 3 

21 0 0 0 0 5 0 0 4 I 0 1 

22 6 0 7 2 2 I 1 2 5 0 2 

23 0 2 0 0 6 0 I 0 1 0 I 

24 0 0 1 0 9 0 0 0 2 3 0 

MEAN 1.3 0.5 5.8 0.3 3.9 1.3 0.8 1.5 2.9 0.8 1.5 

SD 2.1 0.8 7.2 0.6 2.7 2.0 1.2 1.8 2.1 1.2 1.0 

MIN 0 0 0 0 I 0 0 0 I 0 0 

MAX 6 2 23 2 9 6 4 5 8 3 3 

Table 17: Hockey EDI-2 Subscale Scores.
 
Hockey group EDI-2 subscale scores (n=12) (FCI = Female Nonpatient Comparison
 
Group- EDI-2 Survey (N=205); HG = hockey group (n=12); SD = Standard Deviation;
 
MIN = Minimum; MAX = Maximum).
 

______=--FC-=-=--IM:.:..:.=E::.;AN:::..:.--=H:..:..G:::::...:.:M.:..:E:::A_:.:...:.._-=H:..:..G:::....:::S-=.D_ HG MfN._--.:H:.:.G=--.:.:Mc.:..:A'-"X:..:......-_ 

DRIVE FOR THI ESS 5.5 2.7 3.7 0 13 

BULIMIA 1.2 0.3 0.7 0 2 

BODY DISSATISFACTIO 12.2 6.7 7.9 0 21 

INEFFECTIVENESS 2.3 1.3 1.8 0 6 

PERFECTIONISM 6.2 5.6 3.0 1 10 

I TERPERSONAL DISTRUST 2.0 2.3 2.3 0 6 

I TEROCEPTIVE AWARE ESS 3.0 1.8 2.8 0 10 

MATURITY FACTORS 2.7 3.6 3.5 0 13 

ASCETICISM 3.4 3.3 2.1 0 7 

IMPULSE REGULATION 2J OJ 0.6 0 2 
SOCIAL INSECURITY 3.3 2.3 1.6 0 5 
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Table 18: Control EDI-2 Subscale Scores. 
Non-atWete control group EDI-2 subscale scores (n=12) (FCI = Female Nonpatient 
Comparison Group- EDI-2 Survey (N=205); CG = non-athlete control group (n=12); SD 
= Standard Deviation; MIN = Minimum; MAX = Maximum). 

FCI MEAN CG MEAN CGSD CGMIN CGMAX 

DRIVE FOR THINNESS 5.5 1.3 2.1 o 6 

BULIMIA 1.2 0.5 0.8 o 2 

BODY DISSATISFACTION 12.2 5.8 7.2 o 23 

INEFFECTIVENESS 2.3 0.3 0.6 o 2 

PERFECTIONISM 6.2 3.9 2.7 I 9 

INTERPERSONAL DISTRUST 2.0 1.3 2.0 o 6 

INTEROCEPTIVE AWARENESS 3.0 0.8 1.2 o 4 

MATURITY FACTORS 2.7 1.5 1.8 o 5 

ASCETICISM 3.4 2.9 2.1 I 8 

IMPULSE REGULATION 2.3 0.8 1.2 o 3 

SOCIAL INSECURITY 3.3 1.5 1.0 o 3 

Table 19: Hockey Group EDI-2 Percentile Scores.
 
Hockey group (HG) EDI-2 survey percentile score (n=12) (HG = hockey group (n=12);
 
SD = Standard Deviation; MIN = Minimum; MAX = Maximum).
 

HG MEAN HGSD HGMIN HGMAX 

DRIVE FOR THINNESS 6.7 9.2 2 35 

BULIMIA 3.7 1.3 3 7 

BODY DISSATISFACTION 19.4 23.3 2 64 

INEFFECTIVENESS 11.8 8.4 5 33 

PERFECTION ISM 32.9 18.3 7 60 

INTERPERSONAL DISTRUST 32.2 17.8 13 60 

INTEROCEPTIVE AWARENESS 11.5 13.7 3 52 

MATURITY FACTORS 52.4 24.6 17 94 

ASCETICISM 17.3 15.8 0 50 

IMPULSE REGULATION 15.5 6.0 13 31 

SOCIAL INSECURITY 12.5 7.9 2 27 

_._--_. 
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I 

Table 20: Control EDI-2 Percentile Scores.
 
Non-atWete control group EDI-2 survey percentile score (n=12) (CO = non-atWete
 
control group (n=12); SD = Standard Deviation; MIN = Minimum; MAX = Maximum).
 

DRIVE FOR THINNESS 

BULIMIA 

BODY OIS ATISFACTIO 

EFFECTIVE ESS 

PERFECTIONISM 

INTERPERSONAL DISTRUST 

INTEROCEPTIVE AWARENESS 

MATURITY FACTORS 

ASCETICISM 

IMPULSE REGULATIO 

SOCIAL I SECURITY 

CGMEA 

5.0 

4.0 

16.4 

6.3 

23.0 

23.6 

6.1 

34.7 

14.4 

19.8 

8.2 

.__.~G SJ? 

5.6 

1.6 

21.4 

3.2 

16.0 

16.2 

5.0 

21.2 

18.1 

10.7 

4.3 

.~Q_M[~ ~Q~A~__
 

2 20
 

3 7
 

2 70
 

5 15
 

7 54
 

13 60
 

3 20
 

17 71
 

I 62
 

13 39
 

2 15
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Table 21: Group Nutrition. 
Daily caloric intake, percentage of total daily intake from carbohydrates, protein, fat, and 
alcohol, and selected micronutrient intakes for hockey (HO) (n = 12) and non-athlete 
control (CO) group (n = 12) (RNI = Recommended Nutrient Intake (Health and Welfare 
Canada, 1990; Food and Nutrition Board Institute of Medicine, 1999) (* = Food and 
Nutrition Board, Committee on Diet and Health, 1989; # = Food and Nutrition 
Board/Health Canada, 1999; ** = Senate Select Committee on Nutrition and Human 
Needs, 1977; £= Rombeau, 1990). 

HOCKEY 

RNI MEA SD RANGE MEAN SD 

TOTAL KILOCALORIES (kcal) 2100 1882.89 366.37 1065 to 2419 1777.31 328.62 1212 to 2219 

PROTEIN (g) 52-55 74.47 14.63 54 to 107 66.48 15.95 38 to 92 

PROTEIN (% kcal) 15 16.21 3.26 10 to 22 14.96 2.09 II to 18 

CARBOHYDRATES (g) 290 286.38 69.68 159 to 409 264.81 53.16 182 to 334 

CARBOHYDRATES (% kcal) 55 59.75 6.45 50 to 68 59.75 6.39 50 to 71 

TOTAL FAT (g) <69 51.21 15.0 25 to 76 50.63 12.88 26 to 70 

TOTAL FAT (% kcal) < 30 24.82 4.63 19 to 34 25.36 4.00 19 to 31 

ALCOHOL (g) 3.11 3.67 oto 9 5.35 4.06 oto 12 

ALCOHOL (% kcal) <5 1.18 1.42 ot04 2.24 1.48 oto 5 

CHOLESTEROL (mg) < 300* 198.82 113.62 102 to 537 192.91 78.37 83 to 339 

SATURATED FAT (g) <23 18.07 6.59 7 to 29 16.83 4.43 8 to 24 

MO OUNSATURATE FAT (g) 13.88 4.61 7 to 22 13.10 2.97 8 to 18 

SODIUM (mg) < 2400** 2939.27 41292 1867 to 3676 2700.68 561.01 1437 to 3385 

POTASSIUM (mg) 1170 2457.45 529.61 1641 to 3670 2298.43 632.73 1552 to 3537 

VITAMIN A (RE) 800 1009.31 373.74 498 to 1731 1061.41 342.29 712tol757 

VITAMIN C (mg) 30 161.81 77.93 87 to 370 118.76 54.73 53 to 199 

CALCIUM (mg) 1000- 1300# 870.53 250.99 479 to 1286 785.33 271.15 438 to 1252 

IRON (mg) 12-13 15.85 5.77 8 to 29 13.56 4.47 7 to 22 

VITAMIN D (ug) 5# 3.46 2.40 0.58 to 7.6 2.91 1.30 0.8 to 5 

VITAMIN E (ATE) 7 10.02 7.75 4 to 30 10.51 16.85 3 to 63 

THIAMIN (mg) 0.8 2.83 3.41 0.89 to 12.7 1.38 0.45 0.86 to 2.2 

RIBOFLAVIN (mg) 1.0-1.1 3.07 3.47 0.98 to 13.1 1.59 0.47 0.96 to 2.5 

lACI (mg) 15 23.58 8.26 16 to 43 16.87 5.81 10 to 29 

VITAMIN B6 (mg) 0.78-0.83 3.54 6.57 I to 33 2.56 4.33 I to 24 

FOLATE (ug) 400 352.28 164.03 194 to 830 290.43 99.78 189 to 490 

VITAMJN B12 (ug) I 6.49 6.34 1.75t021 3.98 3.28 2 to 14 

BIOTIN (ug) 25-30 40.33 26.73 9 to 84 23.05 23.68 5 to 92 

PANTHOTHE IC ACID (mg) 5 5.34 3.78 3 to 15 3.16 1.05 2 to 6 

VITAMJ K (ug) 65 29.37 20.42 4 to 65 55.4 34.11 12 to 115 

MAG ESlUM (mg) 200 253.11 39.85 160 to 305 238.79 89.69 146 to 396 

TOTAL DIETARY FillER (g) 25-35£ 18.39 2.72 14 to 24 18.92 8.27 10 to 35 

CAFFEINE (mg) < 440-600 28.65 26.70 1.73 to 92 128.22 109.23 6 to 341 
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Table 22: Raw BMD scores: Hockey.
 
Hockey group BMD results (n=11) (ID = individual subject identification number; BMD
 
= bone mineral density; SD = standard deviation; min = minimum; max = maximum).
 

ID Lumbar S ioe Hi Distal Radius 
BMO T-score BMO T-score Z-score BMO T-score Z
(gecm-2

) (SO) (gecm-2) (SO) (SO) (gecm-2) (SO) score 
(SO) 

I 1.273 2.32 2.38 1.357 3.4 3.4 0.655 1.4 1.44 
2 1.149 0.93 1.11 1.074 1.08 1.08 0.649 1.3 1.31 
3 0.968 -0.72 -0.43 1.007 0.53 0.56 -0.35 
4 0.972 -0.69 -0.47 1.004 0.51 0.51 0.642 1.17 1.18 
5 0.993 -0.49 -0.21 1.045 0.84 0.529 -0.92 
6 1.089 0.65 0.88 1.116 1.42 1.42 0.651 1.33 1.33 
7 1.063 0.15 0.43 1.064 I 0.639 1.11 
8 0.996 -0.47 -0.2 1.102 1.81 0.606 0.5 
9 1.047 0 0.24 1.254 2.56 2.56 0.691 2.07 2.07 
10 1.002 -0.41 -0.35 0.956 0.12 0.12 0.612 0.62 0.65 
II 1.179 1.2 1.22 1.045 0.84 0.86 0.602 0.42 0.51 
12 

MEA 1.066 0.22 0.42 1.093 1.28 1.42 0.621 0.79 1.21 
SO 0.098 0.96 0.90 0.117 0.97 1.17 0.046 0.85 0.52 

MI 0.968 -0.72 -0.47 0.956 0.12 0.12 0.529 -0.92 0.51 
MAX 1.273 2.32 2.38 1.357 3.40 3.40 0.691 2.07 2.07 

Table 23: Raw BMD Scores: Controls.
 
Non-athlete control group BMD results (n=12) (ID = individual subject identification
 
number; BMD = bone mineral density; SD = standard deviation; min = minimum; max =
 
maximum).
 

ID Lumbar SiDe Hi Distal Radius 
BMO T-score Z-score BMO T-score Z-score BMO T-score Z

(gecm-2) (SO) (SO) (gecm-2) (SO) (SO) (gecm-2) (SO) score 
(SO) 

13 1.004 -0.39 -0.24 0.838 -0.85 -0.85 0.556 -0.42 -0.4 
14 1.112 0.86 1.02 1.048 0.87 0.87 0.587 0.14 0.16 
15 1.037 -0.09 -0.08 0.962 0.16 0.18 0.545 -0.64 -0.54 
16 1.112 0.59 0.8 1.098 1.28 1.28 0.629 0.93 0.94 
17 1.101 0.49 0.74 1.125 1.5 1.5 0.663 1.56 1.56 
18 1.08 0.3 0.42 1.087 1.19 1.19 0.595 0.3 0.32 
19 1.019 -0.26 -0.06 1.114 1.41 1.41 0.607 0.52 0.53 
20 1.251 1.85 2.12 1.257 2.58 0.65 1.32 
21 0.998 -0.45 -0.19 1.001 0.49 0.655 1.41 
22 1.171 1.12 1.33 1.256 2.57 2.57 0.686 1.98 1.99 
23 0.948 -0.9 -0.9 1.002 0.5 0.52 0.575 -0.07 0.03 
24 0.991 -0.5 -0.23 0.918 -0.19 0.604 0.47 

MEAN 1.069 0.22 0.39 1.059 0.96 0.96 0.613 0.63 0.51 
SO 0.086 0.80 0.84 0.125 1.02 0.96 0.044 0.82 0.85 

MIN 0.948 -0.90 -0.90 0.838 -0.85 -0.85 0.545 -0.64 -0.54 
MAX 1.251 1.85 2.12 1.257 2.58 2.57 0.686 1.98 1.99 
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Table 24: Hockey Total Daily Energy Expenditure Raw Scores. 
Hockey individual estimates of energy of physical activity (EPA), resting energy 
expenditure (REE), thermic effect of food (TEF) and total daily energy expenditure 
(TEE) in kcal-d- I (n = 12) (ID = individual subject identification number; mean = group 
mean; SD = standard deviation; min = minimum; max = maximum). 

ID 

I 1177.29 1681.84 200.14 3059.27 

2 1082.73 1546.76 184.06 2813.56 

3 1003.27 1433.24 170.56 2607.06 

4 1212.40 1732.00 206.11 3150.51 

5 985.71 1408.16 167.57 2561.44 

6 1077.34 1539.06 183.15 2799.55 

7 1193.46 1704.94 202.89 3101.29 

8 1084.12 1548.74 184.30 2817.16 

9 1079.81 1542.58 183.57 2805.95 

10 1112.61 1589.44 189.14 2891.19 

II 1234.42 1763.46 209.85 3207.73 

12 1154.65 1649.50 196.29 3000.44 

MEA 1116.48 1594.98 189.80 2901.26 

SD 79.31 113.30 13.48 206.09 

MIN 985.71 1408.16 167.57 2561.44 

MAX 1234.42 1763.46 209.85 3207.73 

Table 25: Control Total Daily Energy Expenditure Raw Scores.
 
Non-athlete control individual estimates of energy of physical activity (EPA), resting
 
energy expenditure (REE), thermic effect of food (TEF) and total daily energy
 
expenditure (TEE) in kcal-d- I (n = 12) (ill = individual subject identification number;
 
mean = group mean; SD = standard deviation; min = minimum; max = maximum).
 

ID 

13 704.85 1566.34 158.98 2430.18 

14 726.14 1613.64 163.78 2503.56 

15 749.60 1665.78 169.08 2584.46 

16 769.90 1710.88 173.65 2654.43 

17 710.60 1579.1 160.28 2449.97 

18 712.58 1583.5 160.73 2456.80 

19 765.84 1701.86 172.74 2640.44 

20 787.91 1750.92 177.72 2716.55 

21 699.90 1555.34 157.86 2413.11 

22 810.68 1801.52 182.85 2795.06 

23 772.86 1717.48 174.32 2664.67 

24 690.10 1533.56 155.66 2379.32 

MEA 741.75 1648.33 167.30 2557.38 

SD 39.46 87.70 8.90 136.06 

Ml 690.10 1533.56 155.66 2379.32 

MAX 810.68 1801.52 182.85 2795.06 
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Table 26: Individual Energy Balance Components.
 
Total daily energy expenditure, energy intake at time 1-3, energy balance at time 1-3, and
 
estimated mean energy balance for the study period in hockey players (n = 12) and non

athlete controls (n = 12) (TEE = estimated total daily energy expenditure; EIAVG =
 
mean energy intake calculated from records 1-3; EBAVG = mean energy balance for the
 
study period; mean = group mean; SD = standard deviation; min = minimum; max =
 
maximum).
 

ID EIAVG ERAVG kcaled·1 

1 3059.27 2418.74 -640.53 

2 2813.56 1972.38 -841.18 

3 2607.06 2394.94 -212.12 

4 3150.51 1065.56 -2084.95 

5 2561.44 1605.75 -955.69 

6 2799.55 1785.82 -1013.73 

7 3101.29 1654.15 -1447.14 

8 2817.16 1775.13 -1042.03 

9 2805.95 1979.38 -826.57 

10 2891.19 2182.31 -708.88 

11 3207.73 1912.04 -1295.70 

12 3000.44 1848.52 -1151.92 

MEA 2901.26 1882.89 -1018.37 

SO 206.09 366.37 464.90 

MI 2561.44 1065.56 -2084.95 

MAX 3207.73 2418.74 -212.12 

ID TEE (kcaled,l) EIAVG EBAVG (kcaled· l 
) 

13 2430.18 1835.25 -594.93 

14 2503.56 1379.54 -1124.02 

15 2584.46 1212.14 -1372.32 

16 2654.43 1583.96 -1070.47 

17 2449.97 2206.63 -243.34 

18 2456.8 1434.14 -1022.66 

19 2640.44 2007.81 -632.63 

20 2716.55 1934.56 -781.99 

21 2413.11 1682.31 -730.8 

22 2795.06 2219.12 -575.94 

23 2664.67 2069.1 -595.57 

24 2379.32 1763.21 -616.11 

MEA 2557.38 1777.31 -780.07 

SO 136.06 328.62 310.62 

MIN 2379.32 1212.14 -1372.32 

MAX 2795.06 2219.12 -243.34 
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Table 27: Individual Exercise Characteristics. 
Exercise characteristics of hockey players (n = 12) and non-athlete controls (n = 12) as 
indicated by the EDI-2 Symptom Checklist (ID = individual subject identification 
number; exweek = number of exercise sessions per week; Timesess = average time of 
each exercise session in minutes; MeanHR = calculated mean heart rate during exercise 
sessions in beats per minute; mean = group mean; SD = standard deviation; min = 
minimum; max = maximum). 

HOCKEY 

ID Exweek # Timesess mins MeanHR b m 

I 8.00 90.00 130.00 

2 12.00 60.00 139.00 

3 10.00 90.00 125.00 

4 7.00 90.00 

5 7.00 75.00 155.00 

6 12.00 60.00 175.00 

7 11.00 90.00 164.60 

8 21.00 60.00 155.60 

9 9.00 90.00 

\0 12 60.00 170.00 

II 9.00 60.00 145.90 

\2 5.00 60.00 

MEA 10.3 73.8 151.1 

SD 4.1 14.9 17.5 

MI 5 60 125 

MAX 21 90 175 

CO TROLS 

ID exweek timesess MeanHR 

13 3 30 123.68 

14 4 45 

15 5 60 154.3 

16 4 60 133.4 

17 4 60 145.9 

18 6 90 137.9 

19 3 30 140.7 

20 5 120 122.6 

2\ 2 75 

2\ 9 30 136.1 

23 5 50 143.7 

24 3 30 133.5 

MEA 4.4 56.7 137.2 

SD 1.8 27.8 9.0 

MI 2 30 123 

MAX 9 120 154 
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Table 28: Menstrual Cycle Length Raw Scores.
 
Menstrual cycle length (in days) for hockey players (n = 12) and non-athlete controls (n =
 
12) (ID = individual subject identification number; M1 = cycle 1; M2 = cycle 2; M3 =
 
cycle 3; M4 = cycle 4; M5 = cycle 5; M6 = cycle 6; MAVG = average menstrual cycle
 
length for the study period; mean = group mean; SD = standard deviation; min =
 
minimum; max = maximum).
 

HOCKEY 

rD Ml (d) M2 (d) M3 (d) M4 (d) M5 (d) M6 (d) MAVG (d) 

1 54 54.0 

2 31 30 32 40 32 33.0 

3 30 26 24 34 33 30 29.5 

4 32 45 35 65 44.3 

5 68 39 53.5 

6 28 28.0 

7 64 33 48.5 

8 29 29 25 29 31 30 28.8 

9 37 28 30 31 30 31.2 

10 28 13 20 20.3 

II 31 31 31 31 23 29.4 

12 42 14 30 28 28.5 

MEAN 39.5 28.8 28.4 36.9 29.8 30.0 35.8 

SD 14.5 9.8 4.9 13.0 4.0 0.0 11.2 

MIN 28.0 13.0 20.0 28.0 23.0 30.0 20.3 

MAX 68.0 45.0 35.0 65.0 33.0 30.0 54.0 

CONTROL 

ill Ml (d) M2 (d) M3 (d) M4 (d) M5 (d) M6 (d) MAVG (d) 

13 33 36 39 35 39 36.4 

14 24 35 32 33 28 33 30.8 

15 28 24 26 27 27 27 26.5 

16 22 31 27 27 29 31 27.8 

17 30 31 33 32 32 33 31.8 

18 35 31 31 32.3 

19 23 21 25 26 20 23 23.0 

20 27 30 35 33 30 31.0 

21 34 42 32 33 35.3 

22 25 20 24 23.0 

23 36 40 27 32 27 32.4 

24 28 26 26 29 29 27.6 

MEAN 28.8 30.6 29.8 30.7 29.0 29.4 29.8 

SD 4.8 7.0 4.6 3.2 5.0 4.3 4.3 

MI 22.0 20.0 24.0 26.0 20.0 23.0 23.0 

MAX 36.0 42.0 39.0 35.0 39.0 33.0 36.4 
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Table 29: Luteal Phase Length Raw Scores: Hockey (0 = 9). 
Menstrual cycle characteristics including luteal phase length (in days) and anovulatory 
cycles for hockey players (ID = individual subject identification number; cycle = cycle 
number; Length= cycle length in days; Number of temperatures = number of recorded 
temperatures; Sum = sum of recorded temps; MMT = mean monthly temperture; LP 
length = estimated luteal phase length in days; Anovulatory = lack of thermal shift in 
cycle of normal length (Yes of No); mean = group mean; SD = standard deviation; min = 

minimum; max = maximum). 

ID Cycle Length Sum MMT 
da s 

1 1 54 53 5145.3 97.1 Y 
2 1 31 30 2916 97.2 11 

2 30 30 2916.9 97.2 9 
3 32 32 3109.9 97.2 Y 
4 40 40 3888.5 97.2 7 
5 32 29 2822.9 97.3 y 

3 1 30 30 2925.6 97.5 Y 
2 26 26 2531.1 97.4 Y 
3 24 24 2333.7 97.2 Y 
4 34 34 3305.8 97.2 9 

4 I 32 32 3109.8 97.2 8 
2 45 45 4362.9 97.0 y 

3 35 35 3391.9 96.9 Y 

6 ...._.....__..__.•.... ------~-_ .. _-----...._.._.._-----_._--_.._-- ....._..._...._-_._..._......_..._..- ......._..__.._-----_.__._----_._--_.__._......_-_._-------_.._..__._
7 2 39 26 2497.8 96.1 II -------_._
8 1 29 28 2726.9 97.4 9 

2 29 29 2804.2 96.7 12 
3 25 25 2422.3 96.9 y 

9 1 37 28 2731.3 97.5 14 
4 31 27 2633.1 97.5 12 

10 
11 I 31 29 2843.8 98.1 9 
12 1 42 38 3695 97.2 Y 

3 30 29 2799.4 96.5 y 
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Table 30: Luteal Phase Length Raw Scores: Controls (n = 12). 
Menstrual cycle characteristics including luteal phase length and anovulatory cycles for CO (ID 
= individual subject identification number; cycle = cycle number; Length= cycle length in days; 
Number of temperatures = number of recorded temperatures; Sum = sum of recorded temps; 
MMT = mean monthly temperture; LP length = estimated luteal phase length in days; 
Anovulatory = lack of thermal shift in cycle of normal length (Yes of No); mean = group mean; 
SD = standard deviation; min = minimum; max = maximum). 

ID Cycle Length Sum MMT LP length Anovulatory (Yes 
da s da s or 0 

13	 1 33 33 3224.7 97.7 10
 
2 36 36 3515.9 97.7 10
 
3 39 37 3619.1 97.8 13
 
4 35 34 3320.7 97.7 9
 
5	 39 38 3706.1 97.5 12 

~-_._._._.... __.._..__....._--_._--- ......•._..__.__._.._-_._--------_.._--_._--_.._--------_._._-_..- ....._....__.._......_._
14 1 24 24 2341.1 97.5 6
 

2 35 35 3416.4 97.6 10
 
3 32 32 3125.7 97.7 9
 
4 33 33 3215.4 97.4 Y 
5 28 27 2629.3 97.4 Y 

y6	 33 33 3212.3 97.3 _.._---_._----- _._---
15 1 28 28 2697.6 96.3 13 

2 24 24 2324 96.8 7 
3 26 26 2531 97.3 8 
4 27 27 2636.8 97.7 7 
5 27 27 2634.9 97.6 13 

16 1 22 21 2053.2 97.8 7 
2 31 30 2936.1 97.9 Y 
3 27 25 2448.3 97.9 7 

17 1 30 26 2540.5 97.7 y 
2 31 27 2632.8 97.5 12 
3 33 28 2728.4 97.4 Y 
4 32 28 2730.1 97.5 9 
5 32 29 2835.2 97.8 y
 
6 33 29 2825.2 97.4 Y
 

18 1 35 32 3111.1 97.2
 y
 
2 31 26 2523.6 97.1 8
 
3 31 28 2724.6 97.3 13
 

19 1 23 22 2131.1 96.9
 y 
2 21 21 2042 97.2 8 
3 25 25 2429.1 97.2 Y 
4 26 26 2529.5 97.3 y 

y
 

6 23 22 2125.4 96.6 4
 
20 1 27 27 2612.9 96.8
 

5	 20 20 1942.2 97.1 

y 

2 30 28 2720.5 97.2 15 
3 35 32 3114.1 97.3 13 
4 33 28 2717.7 97.1 y 

y 

2 42 32 3121.1 97.5 
21	 1 34 27 2634.9 97.6 

y 
y3	 32 25 2445.1 97.8 
y
 

23 I 36 34 3320.4 97.7 9
 
2 40 39 3813 97.8 13
 
3 27 23 2245.6 97.6
 

22	 1 25 22 2100.6 95.5 

y
 

5 27 25 2447.6 97.9 6
 

24 1 28 28 2736.7 97.7 15
 
2 26 26 2544.1 97.9 7
 
3 26 25 2449.6 98.0 8
 
4 29 28 2741.5 97.9 9
 
5 29 29 2838.5 97.9 7
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Appendix 0: 

Other Results 
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EDI-2 Survey: 

The EDI-2 survey was used to detennine if caloric restriction occurred. The 

survey identified the trait or symptom clusters associated and presumed to have relevance 

in understanding and identifying a pattern of eating restriction. The higher the subscale 

raw score or percentile, the greater the manifestation of the trait. Percentiles allow one to 

rank the scores within a group. Usually, the higher score corresponds to a higher 

percentile, and therefore a greater demonstration of the trait. Trait scores for the HG and 

CG individuals are presented in Figures 12 and 13, respectively. 

-+-MEA _MfNIMUM -'-MAXIMUM 
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EDI-2 SUBCATEGORIES 

Figure 12: Hockey EDI-2 Subscale Scores.
 
Hockey group EDI-2 Results (DT = Drive for Thinness; B = Bulimia; BD = Body
 
Dissatisfaction; I = Ineffectiveness; P = Perfectionism; 10 = Interpersonal Distrust; IA =
 
Interoceptive Awareness; MF = Maturity Fears; A = Asceticism; IR = Impulse
 
Regulation; SI = Social Insecurity).
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Figure 13: Control EDI-2 Subscale Scores.
 
Non-athlete control group EDI-2 results (DT = Drive for Thinness; B = Bulimia; BD =
 
Body Dissatisfaction; I = Ineffectiveness; P = Perfectionism; ID = Interpersonal Distrust;
 
IA = Interoceptive Awareness; MF = Maturity Fears; A = Asceticism; IR = Impulse
 
Regulation; SI = Social Insecurity).
 

Subscale score trends were similar in the HG and CG. Mean EDI-2 subscales 

scores were less than or equivalent to normal values found in the reference female college 

population (Figure 14, Appendix L). Individuals in the HG did score above the standard 

for an eating disordered population on the DT, BD, P, and MF subscales of the EDI-2. 

Individuals in the CG group also scored above the standard for an eating disordered 

population on the BD and A subscales. 

EDI-Symptom Checklist: 

The EDI-Symptom Checklist (EDI -SC) provides detailed information about the 

frequency of trait or symptom clusters associated and presumed to have relevance in 
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understanding and identifying a pattern of eating restriction. EDI-SC trait frequencies for 

hockey players and non-atWete controls are illustrated in Figures 15 and 16. 
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Figure 15: EDI-SC trait frequency in hockey players. 
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Figure 16: EDI-SC trait frequency in non-atWete controls. 



223 

Use oflaxatives, diet pills, or diuretics was not reported in the HG or CG. Missed 

menstrual periods were historically reported in 27% of individuals in the HG and 23% of 

individuals in the CG. Forty-one percent ofHG and 54% of the CG individuals reported 

a history of dieting. Historical incidents ofbinging and purging were reported in 18% 

and 14% ofHG and 15% and 8% ofCG individuals respectively. 

BMD Z-scores: 

Bone mineral density Z-scores indicate the standard deviation from the mean of 

age and sex matched controls. Mean BMD Z-scores for the HG and CG are presented in 

Figure 17. 
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Figure 17: Group Comparison ofBMD Z-scores.
 
Group comparison for Z-scores at the lumbar spine (L), hip (H), and radius for the
 
hockey (HG) and non-athlete control (CG) groups (CGHZ = Non-Athlete Control Group
 
Hip Z-Score; CGLZ = Non-Athlete Control Group Lumbar Spine Z-Score; CGRZ =
 
Non-Athlete Control Group Radial Z-Score; HGHZ = Hockey Group Hip Z-score; HGLZ
 
= Hockey Group Lumbar Spine Z-score; HGRZ = Hockey Group Radius Z-Score).
 

Figure 17 gives information with respect to where the individual fits in relation to 

peers. Median HG and CG lumbar spine Z-scores of 0.24 SD and 0.18 SD, respectively. 

The first and third quartiles for HG-LZ are -0.35 SD and 1.11 SD. In the CG group, 

0.21 SD and 0.91 SD indicate the first and third quartiles, respectively. The frequency 

distribution of CG-LZ is relatively normal. The median HG and CG hip Z-scores are 1.08 

SD and 1.19 SD, respectively. The frequency distribution for HG-HZ is left skewed and 

the CG-HZ frequency distribution is right skewed. Median HG and CG radial Z-scores 
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are also illustrated in Figure19. The first and third quartiles for HG-RZ are 0.65 and 1.44 

SD. In the CG group, 0.03 SD and 0.94 SD represent the first and third quartiles, 

respectively. 

Mean Z-scores for the HG and CG are above the normative values for an age and 

sex matched reference population. 
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