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Abstract.

The purposcs of the investigation were (1) To cxamine the cffects of
endurance training on V02 max., body fat and lean body mass. (2) to
cxamine a model of Activity Anorexia; specifically appetite suppression and
the effects of weekly rate of change of activity on food intake, and (3) to
investigate the role of dietary intake and cnergy balance in alterations in
reproductive  hormones and LH pulse frequency in high milcage and
beginner runners.

Three groups of volunteer subjects were selected. Ten high mileage
runners (HMRM) and 10 female runners along with 15 male (CONM) and 15
female (CONF) sedentary subjects as a control group. In addition a third
group of 20 sedentary men (TRM) and 20 women (TRF) was selected to take
part in a six month running training program designed to increase
training distance to approximately 40-56 km/week. HMRM, HMRF, CONF and
CONM subjects were required to pursue their normal training routine or
sedentary lifestyles and to record dietary intake for six months.

All  subjects underwent pre, mid and post training program
assessment of aerobic capacity and body fat and food intake based on three
day diet diaries. Blood samples were collected from HMRM and TRM to
determine serum hormone levels and parameters of LH pulsatile relecase.
Ten HMRM and 7 HMRF; 14 TRM and 13 TRF and 7 CONM and 11 CONF subjects
completed the investigation.

Six months of endurance running tfaining resulted in a significant
improvement in VO2 max. and decrcased percent body fat in TR. Results
indicated no differences in caloric intake or diet composition either before
or after training among the groups. Trend analysis revealed that a subsct

of the TRM exhibited a significant quadratic and quartic trend in response




o the training program. This was characterised by a drop in food intake as
training began. The drop in caloric intake was associated with the rate o
increcase in wecekly running. TRF cxhibited no distinctive dictary trend as a
result of training.

There was a significant pre-training  difference in  total testosterone
between HMRM and TRM. Training resulted in a significant decrease n
totai testosterone in the TRM group. There was no difference in LH pulsatile
release  cither before or after training.  Correlation analysis  revealed  thal
total testosterone was directly  related 1o dictary mtake factors o HMRM bt
noi scdentary men at the pre  test. Following the traming progr - total
testosterone was directly related 1o dictary intake 1n TRM and HMRM  as B!
group.

Trend analysis suggests that excrcise had a suppressive  cffect on
appctite in subjects with a higher weekly rate of increase an running In
male runncrs altcrations in total stosterone would  appeur 10 be  dircctly
rclated to nutrient intake and not LH pulsatile relcase  This may represent a

mctabolic  adaptation 10 a negative cnergy balance
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Chapter 1.

Introduction and Statement of the Problem:

Introduction:

Running has become an important part of the lives of millions of
individuals either as a mode of training for fitness, relaxation and weight
control. Although many benefits have been attributed to involvement in
running programs recently less desirable effects have given rise to concern.
Runners have been described as "neurotic," "negatively addicted" and
"anorectic” although traditionally the role of activity has been disregarded as
an etiological factor in the development of eating disorders.

However, recent evidence supports a role of activity in alterations of
eating behaviour under exercise conditions. A model of activity anorexia has
been proposed in animals under conditions of food depriviiion and
opportunity to exercise which may generalize to the human species (Epling
and Pierce, 1988). Alterations in dietary behaviour associated with exercise
may have other physiological consequences.

Alterations in the reproductive axis in women and rmen, including
amenorrhea and decreased circulating total and .ree testosterone may in part
be due to alterations in caloric intake and/or energy balance.

The purpose of the investigation was to investigate the effect of
opportunity to exercise (via a 6 month training program) on caloric intake in
men and women as it relates to a model of activity anorexia in animals and to
examine the role of caloric intake and energy balance in changes in the
hypothalamic-pituitary-gonadal axis associated with endurance training

programs.



A Review of the Literature:

There are many physiological and psychological benefits associated
with programs of endurance running training. Progressive training
programs have resulted in significant improvements in cardiovascular
function (Clausen, 1977), increases of 15-20% in aecrobic powér (Saltin, 1968;
Roskam, 1967; Ekblom, 1968; Kasch, 1973; Pollock, 1973; Saltin et al., 1980) and
decreased percent body fat (Depres et al., 1985; Paviou et al., 1985; Thomas,
Adeniran, Etheridge, 1984). Psychological benefits include, running as a
treatment for depression (Greist et al.,, 1978; 1979; Blue, 1979; Brown, 1978) and
in programs of stress management and anxiety reduction (Blue, 1979; Lion,
1978). Running has been considered as a viable alternative to stress
inoculation in stress management programs (Long, 1984;1985).

In contrast some authors have suggested that chronic involvement in
distance running may result in anatomical, physiological and psychological
alterations which have implications for the hecalth of the athlete.

There has been a large increcase in the incidence of chronic overuse
syndreme among distance runners (Stanish, 1984; Clement, 1981). Severe
disruption of muscle cell structure has been reported in high milcage runners
(Hikida et al., 1983; Norregard-Hansen ct al., 1982). The habitual or obligatory
long distance runner may develop an addiction to running and is unable to
stop even when injured. Thus the high mileage runner has been described as
"negatively addicted” (Morgan, 1979). Neurotic illness in fitness fauatics
forced to cease exercisc due to injury has been recported by Liule (1981).
Recently alterations in hypothalamic-pituitary-gonadal (HPG) function in

men and women runners have been documented.



Long distance running has been associated with amenorrhea (Fecicht et
al., 1978; Frisch et al., 1981; Malina ct al., 1978; 1983; Schwartz ct al. 1981),
abbreviated lutcal phase (Shangold et al., 1981; Bonen et al.,, 1981; Pror et al.,
1982), anovulatory cycles (Prior ct al., 1982) and delayed menarche (Malina et
al., 1978;1983). Chronic training in women has also been associated with bone
calcium loss (Nelson et al. 1986; Warren, Brooks-Gunn, 1986). In men chronic
running training has been associated with reductions in circulating total and
frec testosterone levels (Wheeler et al.,, 1984; Strauss ct al., 198%; Ayers et al.,
1986; Hackney ect al.,, 1988).

To date the mechanisms associated with alterations in the hypothalamic-
pituitary-gonadal axis in men and women runners have not bLeen determined
although various hypotheses have becn wproposed. Alterations in the HPG axis
in women runners may be associated with a multi-factorial process including:
training intensity and volume, body ‘weight, body fat, lean body mass to weight
ratio, alterations in the GnRH (LHRH) pulse generator (with concomitant
alterations in LH pulsatile release) and nutrient intake (Cumming and Rebar,
1985).

Alterations in pulsatile LH release have been demonstrated in normally
cycling runners under acute exercise and chronic training conditions
(Cumming et al, 1985a & b) although the mechanism of suppression is not
clear at this time.

It has been suggested that nutrient intake and/or energy balance may
be associated with alterations in the HPG axis in women runners (Schwartz et
al., 1981; Frisch et al., 1981; Cumming and Rebar, 1985).

A frequent omission in research on athletic amenorrhea is the accurate
measurement of dietary intake, although dietary changes frequently

accompany exercise programs (Cumming and Rebar, 1983). This is supported



by rcports of anorcctic cating attitudes (Henry, 1982), pathogenic weight
control behaviour in wemen runners (Rosen et al. 1986), dictary changes in
runners beginning training pre-menarchally (Frisch et al., 1981) and
significantly lower protcin intake in the diet of amenorrheic and normally
menstruating runners (Schwartz et al., 1981; Plantc and Houston, 1974).
Evidence also suggests that the cyclical variation of steroid and progesterone
levels during thc menstrual cycle may affect food intake independent of
cxercise (Cjaja, 1975). Others have reported low caloric intake in athletes
compared to recommended nutrient intake values for training athletes (Short
and Short, 1983; Drinkwater et al., 1984; Marcus et al., 1985; Nelson et al., 1986).

Alterations in dietary intake during the menstrual cycle may be
mediated by altering steroid levels. Dalvit (1981) reported that caloric intake
was 500 kilocalories per day higher during the 10 day post ovulatory period
than during a 10 day pre-ovulatory period. She suggested that alterations in
progesterone levels during the menstrual cycle may mediate appetite changes.
Adding support to this contention Cjaja (1975) found that fo'od intake was
suppressed when estradiol levels peaked in female primates.

In contrast, Pirke et al. (1985) rcported effects of diet on menstruation.
A significant reduction in caloric intake “srupted the menstrual cycle in €0%
of a sample of normally menstruating women. Regular cycles resumed siv
months following resumption of a normal dict. Starvation for 2.5 wecks
produced an immature LH sccretory pattern in 3 out of 5 normally
menstruating women (Fichter and Pirke (1984). Drinkwater ¢t al. (1984)
measured caloric intake in a group of 28 women distance runners training
33.4 miles per weck, half of whom were amenorrheic. Using the 3 day dict
diary recording technique, caloric intake values of 1,750 kcals/day were

reported. The level of caloric intake was significantly lower than that



recorded in non-cxercising women of normal weight (Licbell and Hirsch,
1984) ond considcrably below levels indicated f{o women at this activity level.
Bates ct al. (1982) reported that of 29 women with unexplained infertility, 19
concecived spontancously on rcgaining 95% of normal body weight by
increasing caloric intake. Others have failed to observe any differences in
caloric intake betwcen runners and non-runners despite a significantly lower
menstrual frequency in the running group (Dale and Goldberg, 1979).

Various mechanisms have becn suggested to explain alterations in
testosterone levels reported in male long distance runners. Putative
mechanisms  include, increased cortisol levels (Cumming, Quigley and Yen,
1983), decreased prolactin levels, increased metabolic clearance or decreas:d
testicular production of testosterone (WF cler et al., 1984). Others have
considered the role of nutrient intake and/ or encrgy balance (Ayers et al.,
1986; Strauss et al.,, 1985) although no attempt has been made to precisely
monitor caloric intake and correlate levels with total and free testosterone in
high mileage runners. Nontheless, Strauss et al. (1985) reported significantly
reduced total and free testosterone levels in wrestlers at peak season compared
to off scasor levels. The authors considered that low caloric intake contributed
to the reductica in circulating levels since low body fat and weight was
correlated with reduced steroid levels. Others have also measured low caloric
intake in wrestlers (225-1,821 kcals/day) although total and free testosterone
levels were not measured (Short and Short, 1983). Ayers et al. (1986) renorted
significantly reduced total testosterone in 14 out of 20 marathon runners and
significantly reduced total and free testosterone levels in an "anorectic sub-
group” concerned with lean body mass and caloric intake. Others have
examined dietary intake in relation to total and free testosterone levels during

non-exercise conditions.



Hill et al. (1980) rcported significantly reduced total testostcrone in men
on a vcegetarian dict and Hamalainen ct al. (1983) reported significantly
rcduced total and free testosterone in normal healthy men on a low fat high
fibre dict. Klibanski et al. (1981) observed a decrease in total tcstostcronc in
men after a 10 day fast. In another investigation a carbohydratc supplemented
1500 kcal/day dict in men resulted in a significan: reduction in testosterone
levels. Three rcgimens of carbohydrate refeeding did not eclevate testosterone
levels (Nan Hokyung et al, 1981). Zubiran and Gomez Mont (1954) reported low
testosterone levels in Mexican males on a nutritionally inadequate dict.
Anorcctic men also exhibit pathological levels of total and free testosteronc
(Brown, 1983) which are¢ normalized on refeeding (Beaumont 1972).

The precise mechanism by which the HPG axis of men and women
runners adapts to exercise is not clear. However, recent concerns with the
dictary intake of men and women in exercisc programs raise questions with
regard to the energy balance of hatitual excrcisers and more specifically
runners (Rosen et al., i986; Strauss ct al., 1985; Brownell ct al., 1988).

A consistent omission in investigations of the effects of exercise on the
HPG axis in men and women in excrcise programs or under chronic training
conditions is the mecasurcment of caloric intake and/or cnergy balance.
However, there is considerable evidence to suggest that men and women
undergoing programs of rcpetitive endurance training maintain high lcvels
of activity on apparently calorically decficient dictary intake. Additionally
alterations in dictary practices may contribute to alterations in the endocrine
system in men and women.

Recent investigations of men (Short and Short, 1983) and women

(Drinkwater et al., 1984; Marcus ct al., 1984; Nelson ot al., 1986) have suggested



that caloric intakc would appear to be inadequate in relation to activity and
training levels.

Short and Short (1983) studied dictary intake over a 4 year period in 10
men's and 6 women's varsity tcams. Although footballers demonstrated high
caloric intake values (5,270 kcals/day) the dietary intake of malc wrestlers was
as low as 925 kcals per day during the competitive scason. Drinkwater et al.
(1984) rcported daily caloric intake levels of 1,750 kcals/day in women
training 33.4 miles/week and Marcus ct al. (1985) reported dietary intake
levels of 1,400 kcals/day in a group of women marathon runners training 65
miles per wecek. Nelson ct al. (1986) reporied caloric intake levels of 1,990
kcals/day in a group of 28 women iunners training at lcast 37 miles/weck. A
three day diet diary recording technique was utilized in all the above
investigations. Caloric intake would appear insufficient to support such
activity levels. Calori. irtake was relatively low compared to a non-athletic
population (Liebell and Hirsch, 1984). The food efficiency factor (kcals/kg)
was lower in the ruunners cited in the above investigations (31.9; 31.1; 35.4
kcals/kg/body weight respectively) than the sedentary controls v (36.4
kcals/kg/body weight) of the Liebell and Hirsch (1984) investigation. The
following questions :rc therefore pertinent:

Does involvement in running lead to alterations in dietary behaviour in
men and women? and in addition do alterations in dietary practices contribute
to exercise associated changes in the endocrine system?

It is clear that starvation contributes to pathologically low testosterone
levels in male anorectics (Beaumont, 1972) and starving Mexican men
(Zubiran and Gomez-Mont, 1954). It is also clear that starving anorectics are

often hyperactive (Litt and Glader, 1986). The effects of the interaction of



nutrition and aining stress on the HPG axis in men and women have yet to be

clarified.
The Effects of Exercise on Caloric Intake:
Humau  Investigations:

Correlational studies suggest ‘hi. under exercise conditions humans
decrease their caloric intake. Edholm ct al. (1955) demonst.ated that army
recruits consumecd less foo <1 du:s ¢ wmiitary training. The authors did,
however, fail to consider the time available for food consumption. In a classic
investigation of 213 millworkers in India, Mayer, Roy and Mitra (1956) found
that food intake was greatest in the heavy manual labourers but that moderate
intensity work was associated with lower caloric intake than in scdentary
office workers. Factors such as meal time available were not considered as this
may have related to opportunity to eat. Katch, Michael and Jones (1969)
reported a moderate decline in caloric intake in 15 previously inactive college
women taking part in either a daily tennis or swimming program. Caloric
intake decreased from 1,751 kcal/day to 1,584 kcal/day in 20 college age womcn
taking part in a 10 weck exercise program and Watt, Wiley and Fletcher (1972)
reported a decrease in caloric intake from 2,867 to 2,088 kcal/day after a 12
week exercise program in 30 middle aged men.

Conversely others have reportcd no changes in caloric intake with
programs of exercisc. Dempsey (1964) found a non-significant 100-200
kcal/day incrcase in a group of overwcight men taking part in an 18 weck
cxercise program. However, since an hour of activity may utilize 400-600 hkcals

of energy then a dictary deficit could be implicd. Skinncr (1964) also reported
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no changes in caloric intake in a group of meu cengaged in a 6 onth

calisthenics and exercise program. Again a caloric ‘it could be implied
from failure 1o compensate tor increased activity increased  caloric
intake.

Food Intake in Athletic Populations:

Several cross scctional investigations indicate that involvement in
training programs leads to calorically insufficient diets when caloric intake is
compared to the Recommended Nutrient Intake Tables for Canadians and when
activity level js taken into account (Shori and Short, 1983; Drinkwater et al,,
1984; Marcus et al., 1985; Nelson et al.,, 1986). Although such investigations
cannot imply cause duc to their corrclaiional nature, they do supgest that
training is associated with low caloric intake.

Others have suggested that the adoption of a training program does not
result in an incrcase in caloric .nizke to compensate for increased activity
(Wood et al., 1983).

Short and Short (1983) reported caloric intake as low as 925 kcals/day in
wrestlers and Marcus et al.,, (1985) reported caloric intake levels of 1,440
kcals/day in a group of women marathon runners training at least 65
miles/weck. Others have reported slightly higher levels of cal. -ic intake in
women runners (Drinkwater et al., 1984; 1,750 kcals/day and Ncison et al., 1986;
1,990 kcals/day) although intake would still be considered below the RNI levels
for Canadians,

in contrast some authors have reported higher levels of caloric intake
in men and women runners (Blair et al., 1981). Blair et al. (1981) reported that

men and women runners consumed 2,959 and 2,386 kcals/day respectively.
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Animali Investigations:

Animal investigations have sugpested that free or forced exercise under
free feeding conditions is associated with a decrease in caloric intake {(Maver
ct al, 1954; Oscai, Mole and Holloszy, 1971; Stevenson ¢t al., 1966; Levitsky, 1974,
Oscai and Holloszy, 1969; Ahrens et al., 1972; Crews ct al., 1969) However, this
decrease in food intake may be temporary since it has been demonstrated that
after the initial 5 or 6 days of running, food intake recovers to above baseline
levels (Tokyama ct al., 1982). Dccrcased appetite in excrcise animals appcars 1o
be associated with exercis. intensity (Oscai, 1973; Katch, Martin and Martin,
1979).

Mayer et al. (1954) subjected normal rats and genctically obese mice to
20,40 and 60 minutes of swimming. Excrcisc was followed by a slight decreasc
in caloric intake which was followed by an appcetite increcase. Oscai,Mole and
Holloszy (1971) reported that forcing rats to swim resulted in a decrease in food
consumption in fen.alc rats compared to control animals. There was no cffect
of cxercise on riale animals. Stevenson et al. (1966) forced rats to run which
resulted in decrcased caloric intake. This bchaviour was maintzined when
excrcise was irrcgular and not presented as a fixed interval foo. schedule. A
finding of decreased caloric intake in animals under exercise conditions has
also beer confirmed by others (Oscai and Holloszy, 1969; Crews ct al., 1969:
Ahrens ct al., 1972). It would appear that the opportunity to exercise alonc
versus forced excrcisc will result in reductions in food consumption. However,
the non-specific cffccts of cxercise induced stress cannot be ruled out in
appctite suppression with cxercise. Premack and Schacffer (1963 introduced g

running whecel to free feeding rats and produced a reduction in food intake n



the first 7 days following the introduction of the running wheel, This wis
confirmed by Levitsky (1973). Epling and Pierce (1984) demonstrated  that
opportunity 1o run and datly rate of chauge of aclivity  levels were associated
with reduction in food consumption in nimals. Animals were permitted  varied
access o wheel running and subjected o a 90 minute food schedule. Strong
anorexia (food intake reduction) occurred  when opportunity t¢ run exceeded
12 hours. Food intake thercfore declined as a function of opportunity 1o run,

The decrease in food intake associated with the introduction of a
running wheel may be temporary since it has been demonstrated that after
the initial 5 or 6 days of running food intake recovers to above bascline levels
(Tokyamu et al,, 1982 Mayer et al., 1954),

Exercisc intensity appears to affect caloric intake in animals under
forced or frce cxercisc conditions. Oscai (1973) rcported that food intake
suppression was proportional to excrcise intensity in male animals. K.l ot
al.,, (1979) observed that short duration high intensity exercise reduced caloric
intake to a greater cxtent than extended duration low intensity cxercise.
Human investigations have supported a finding of an acute high intensity
exercisc mediated suppression of appetite. Thompson et al. (1988) cxamined the
cffects of 12 hours of fasting on caloric intake (20 minute) and sucrose
palatibility and appetite in 15 college age men. Subjects underwent a control
non-excrcise, and two exercise periods (35% and 65% VO2 max.). The high
intensity exercise period was associated with a short term reduction in
appetiie.

Others have suggested that activity affects the duration of feeding
rather than food consumption per se (Kanarck and Collier, 1979: 1983) and

Pierce et al. (1986) provided evidence that the desire for fceding is reduced by
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activity. Prior bouts of exercise cither voluntary or forced reduced  the
einforcing cffectiveness of food for bar pressing in animals,

In summary it appears that free or faced exercise and daily rate of
change of activity  are associated  with reductions in food antake. Reductions an
food mtake may be due o saticty (stoppiny cating once started) or 1o a

reduction in the reinforcing  cffectiveness  of food.

The Lffects of Food intake on Activity Levels in Humans and

Animals:

The Wifects of PFood inake on Activity tu Huomans:

It appears that food availability may affecct activity levels in humans
and animals (Epling and Picrce, i988) Increased mobility has been associated
with human starvation (Howard, 1839; Russel Davis, 1951). Mooility may be duc
to physiological changes that arc in part a result of cvolutionary processes.
Mobility in times of starvation has survival valuc since to remain in arcas of

inadequate food supply could be detrimental to the health of the organism.

The Effects of Food Intake on Activity in Animals:

Experimental cvidence suggests that food deprivation atfects levels of

wheel running in animals (Epling and Pierce. 1988). Depriving rats of food

increases the level of wheel running when amimals arc given the opportunity

to cxcrcisc (Cornish and Mrosovsky, 196S5. Finger, 1951, Hall and Hantord. 1954,

Reid and Finger, 1955). It would appear that food resttichion alone iy sufficient



to increase physical activity in animals (Epling and Pierce, 1988). Food

schedule may also affect activity levels in animals.

The Effects of Food Schedule on Activity Levels in ‘nimals:

When rats and mice are fed once per day for 60 - 90 minutes they
initially lose weight but over a few days adjust to the new level of food
availability (Epling and Pierce, 1988).

Animals exposed to similar food schedules but allowed free access to
running wheels except while being fed continue to lose body weight, iacrease
their running and die (Hall and Hanford, 1954; Spear and Hill, 1962;
Routtenberg and Kuznesof, 1967; Routtenberg, 1968; Epling et al., 1981).
Routtenberg and Kuzneszof (1967) demonstrated that rats allowed free access to
a running wheel and a 60 minute feeding schedule increased their wheel
running,  self-starved and died. Chloropromazine (CPZ) (an appetite stimulant
and hypoactive agent) stimulated appectite while at the same time decreasing
activity. Survival rate under CPZ administration increased to 75%. Routtenberg
(1968) habituated rats to the running wheel prior to food restriction. This
increased the survival rate among animals on the 60 minute food schedule
with opportunity to exercise although it did not eliminate the anorectic effect
of food schedule and exercise. Epling et al.,, (1981) extended this effect to mice.
Excessive wheel running in rats has been noted when the number of meals
was changed from free feeding to one meal per day (Routtenberg, 1968; Spear
and Hill, 1962; Routtenberg and Kuzneszof, 1967).

A possible criticism of such studies is the accidental reinforcement of

running by food scheduling (Epling, Pierce and Stefan, 1983). However, Epling



et al., (1983) observed that in the investigation of Kuzneszof (1967) starvation
occurred even when access to running was delayed following feeding.

Thus Epling and Pierce (1988) suggest that: 1) activity appears to be associated
with decreased caloric intake and 2) that increased activity appears to be

associated with food scheduling and/or food deprivation.

A Theory of Activity Anorexia: An Evolutionary and Physiological

Perspective:

I. :ntly Epling and Pierce (1988) have proposed a model of Activity
Anorexia based on a biophysical '¢. This model, which they argue
may generalize to humans, is basc
1) A decrease in caloric intake with .ctivity.

2) An increase in activity with food scheduling and/or deprivation.
3) Daily rate of increase in activity.

It is suggested that humans, particularly those involved in the modern
"exercise culture” are at risk for anorexia. Additionally the culture provides
necessary and sufficient conditions for activity anorexia (Epling et al., 1983;
Epling and Pierce, 1988). The activity anorexia model assumes that exercise
may be initially motivated by a desire to lose weight or gain fitness and may be
summarized thus:

1) Increased physical activity decreases food intake or decreased food intake
increases activity.

?) The decreased value of food reinforcement results in a decline in both food
intake and body weight.

3) As body weight decreascs the motivational value of exercise increases (as

weight is lost incentive to increase exercise further is enhanced).
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4) A further cscalation in activity results in a further decrease in the
reinforcement value of eating.
5) A cycle of increased activity and decreased caloric intake is established

which is extremely resistant to change.

A model which offers an explanation of dietary disorders commonly
associated with habitual exercise must explain the tendency to exercise under
conditions of food restriction and the interrelationship between exercise and
eating. Furthermore, the model must be shown to be generalizable to humans.
Epling and Pierce (1988) have produced a model of Activity Anorexia based on

an evolutionary and physiological perspective.
Activity Anorexia: An Evolutionary Perspective:

The evolutionary analysis of activity anorexia is based on the fact that
man and other animals become mobile in times of food scarcity. This had
survival value since remaining in areas where food is scarce would result in
death by starvation. Once food is located then it would be feasible to assume
that both man and animals would then decrease activity unless a further
stimulus to maintain activity was present. Animals that became active thus
survived and this genetic compliment was passed on to further generations.
Arguably cultural reinforcement of low caloric intake and excessive activity

patterns could induce activity anorexia.
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Activity Amnorexia: A Physiological Perspective:

A physiological perspective is based on the role of the endogenous
opiate peptides, specifically beta-endophin (BEF). Since food deprivation
increases the reinforcing effectiveness of running and running decreases
the reinforcing effectiveness of food this suggests a physiological mechanism
linking the motivational value of eating and running (Epling -nd Pierce,
1988).

Endogenous and exogenous opiate stimulation appears tc increase
appetite under conditions when body weight is normal. When w icht is low
(ie: declining during exercise programs or during starvation) BEe: appear to
function as appetite suppressants or alternatively some other mcchanism
antagonizes the appetite stimulating effects of the BEP system.

The injection of BEP into the hypothalamii of non-hungry :.iimals
stimulated feeding (Grandison and Guidotti, 1977; Liebowitz and Hor, 1982;
McKay et al, 1981). The effects of BEP on feeding in animals has generally
been examined indirectly via the administration of the opiate antagonists,
naloxone (NLX) and naltrexone (NTX) which attcnuates feeding and drinking
behaviour in animals (Fishman et al., 1983; Holtzman, 1975; 1979; Kirkman and
Blundell, 1984; Maickel et al., 1977; Margules et al., 1978). The cffects of the BEP
system on fec. ..g may in part be mediated by the dopaminergic system (DA)
since DA inhibits dynorphin induced fceding in animals (Morley and Levine,
1983; Morley et al. 1982).

The interaction of opiates, exercise and feeding has been examined by
Davis ct al. (1985a; 1985b) under acutc and chronic exercise conditions

although the evidence for an opiatc mediated effect on appetite under exercisc



conditions is unclear. Evidence from the Davis et al. investigations has
suggested:

1) A short term (0-2 hour) opiate mediated hyperphagia which is NTX
reversible.

2) A period 2 (2 hours +) opiate deficiency mediated hypophagia which is not
altered by NTX.

3) A medium term (4 week) opiate deficiency mediated hypophagia associated
with a reduction in 2 deoxy-D-glucose (opiate dependent) induced feeding.
4) Long term (12 week) opiate mediated appetite control since BEP levels were
elevated at 12 weeks of training and NTX attenuated food intake in a dose
dependent manner.

Others have reported that opiates have a suppressive effect on eating .
Sanger and McCarthy (1980) observed that food deprived animals (ie: low
weight) ate less food when injected with morphine. This suggests that opiates
may act to decrease appetite under food deprivation conditions (Epling and
Pierce, 1988). Alternatively the opiate af enhancing effect may be
antagonised by other substances released under starvation conditions when
body weight is low.

Epling and Pierce (1988) also interpreted the Davis et al. (1985 a&b) as
producing evidence of an opiate suppression of appetite under exercise
conditions since injections of 2 deoxy-D-glucose (opiate stimulus) resulted in
lower fnod intake in trained versus untrained animals after a training period.

An opiate mediated suppression of food intake associated with low body
weight is supported by evidence from patients with anorexia nervosa. Elevated
cerebro-spinal fluid levels of BEP have been reported in anorectics (Kaye et
al., 1982) and NTX stimulated weight gain in anorectic patients (Moore, 1981).

This effect may be reinforced by excessive activity which is often observed in
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anorectic patients (King, 1963; Kron, 1978; Crisp, 1965; Crisp, 1980; Litt and
Glader, 1986). Periods of activity are associated with clevations of plasma BEP
in non-clinical populations (Appenzeller, 1980: 1981; Farrell, 1981;1985; Farrell
et al., 1981;1982). Since activity may precede the onset of anorexia nervosa and
abnormal psychopathology (Katz, 1986) then this would support a model of
opiate mediated activity anorexia in normal individuals,
Appenzeller (1980) reported a surge in in BEP lasting 2 hours following
a marathon and Farrel (1981) reported an increase in BEP at an exercise
intensity of 60% of VO2 max. Elias et al. (1986) examined BEP and Beta-
Lipotropin (BLPH) secretion before and after 20 minutes of sub-maximal
exercise at 80% VO2 max. in 8 men. An exercise associated increase in
BEP/BLPH returned to normal 60 minutes post exercise. Colt (1981) reported an
increase in BEP proportional to degree of effort in 26 long distance runners
after a hard bout of rurning and Elliot et al. (1984) reported a significant
increase in BEP/BLPH in 5 men following a bout of treadmill running and
weight lifting.
Research thus suggests:

1) An opiate mediated decrease in food intake under starvation conditions
when body weight is low.
2) At normal body weight and under normal free feeding conditions opiates act
to increasec appetite.

It should however, be considered that measurement of opiates in peripheral
circulation may not necessarily reflect opiate mediated appctite cffects
occurring centrally (specifically in the hypothalamic arca) and scparated by

the brain-blood barrier.
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To date therc has becen no investigation of the interaction of training
programs, weight loss, and opiate mediated effects on appetite in relation to

supporting a model of cxercise associated anorexia in men nor women.

Alterations in Metabolic Rate and "ood Efficiency With Food
Deprivation and Training: Relevance to a model of human Activity

Anorexia.

It is well cstablished that anorectic patients maintain high levels of
activity on very limited caloric intake. The basal metabolic rate (BMR) is
depressed in the anorectic patient and the efficiency of nutrient metabolism
enhanced. This mechanism serves to protect the anorectic (albeit temporarily)
from the effects of increased energy expenditure and decreased caloric intake.
If a model of activity anorexia in humans is tenable then evidence must be
presented to suggest adaptive metabolic alterations to increasing exercise and
food depr_ivation.

Non-exercise based investigations with normal and obese individuals
suggest that caloric deprivation decreases BMR (Bray, 1969; Welle et al., 1984;
Lammert and Hansen, 1982). A 15% reduction in BMR was reported by Bray
(1969) in obese women on a 450 kcal/day liquid diet and a 9.5% reduction in
BMR was reported by Welle et al. (1984) in women on a 472 kcal/day diet.
Lammert and Hansen (1982) examined the response of over and underfeeding
and normal caloric intake on BMR. Semi-starvation was associated with a
decrease in BMR compared to other feeding conditions.

To date there is little agreement on the effects of training on the BMR of
athletes (Brehm, 1988; Brownell et al.,, 1987). Stern et al. (1980) reported that

exercise attenuated the suppression of BMR induced by caloric deprivation of



20

500 kcal/day. In- contrast Phinncy (1985) rcported that dictary restriction
dccreased BMR by 10% and that a combination of diet and excrcise decreascd
BMR by 30%. Warren (1988) investigated the role of energy balance in the
development of amenorrhea. Amenorrheic runners were reported as having a
lower resting BMR than normally cycling runners. Warren concluded that
high mileage runners did not increase caloric intake to compensate for the
increased energy expenditure of activity but maintained energy balance
through a reduction in the BMR.

In times of dictary restrictior foul efficiency in animals (Brownell ct
al., 1987) and humans (Leibel and Hirsch, 1984) is eclevated. Food cfficiency
may be defined as the ratio of food ingested to body weight and represents an
index of nutrient requirements for the maintenance of body weight (Brownell
et al., 1987). By definition food efficiency increases when calories required to
maintain body weight decreases. Under dietary restriction it would therefore
appear that the human organism is able to gain more energy from food than
under normal feeding circumstances (presumably by enhanced digestive
efficiency and decreased gastric motility).

This is of particular relevance to a model of activity anorexia for two
reasons:

1) The activity anorcxia model assumes that wcight loss provides a motivation

for increasing exercise. Subsequently weight loss and possible opiate mecdiated

appetite suppression effects decrease the reinfor value of food. Since food
efficiency increases as food intake decrecases loss would become
more difficult. This would add to motivation isc and is

consistent with the case histories described b
2) Increased cfficiency of nutrient utilization the development

of activity anorexia with pathological weight loss .. .ic maintenance of



extreme activity levels under conditions of dietary deprivation without
apparcnt harm to hecalth for an cxtended period..

In summary, a decreasc in BMR and an increasc in food cfficiency with
cxercisc and dietary restriction are consistent with a model of activity
anorexia in humans and would account in part for the stable and resistant

cycle described by Epling and Pierce (1988).

The Endogenous Opiate Peptides and the Effects of Exercise on the

Hypothalamic-Pituitary-Gonadal Axis in Men and Women.

Chronic involvement in running training programs is associated with
alterations in the HPG axis in men (Wheeler et al., 1984) and women (Cumming,
1987). Nutritional factors may play a rele in these alterations (Cumming, 1985)
and excessive running in women has been associated with anorectic eating
attitudes (Henry, 1982). Exercise programs are effective in reducing body
weight and body fat (Depres et al. 1980) and exercise programs may result in
decreased appetite. Exercise increases circulating BEP levels and this has been
associated with decreased appetite under conditions of low body weight such as
in anorexia nervosa (Epling and Pierce, 1988) although it would not appear
that BEPs are associated with the endocrine changes accompanying endurance
training (Cumming and Wheeler, 1987). Such alterations in the HPG axis in
runners are consistent with changes observed in anorectic individuals
(Brown, 1983) and starving men (Zubiran and Gomez-Mont, 1954), although
similarities are qualitative rather than quantitative. Pathologically altered
testosterone levels were observed in an "anorectic sub-group” of male runners
consistent with levels in anorectic male patients have been observed (Ayers et

al.,1986). It is possible that an interaction of activity with the BEP system and



alterations in appetite and/or food intake may be responsible for altcrations in
the HPG axis of runners. However, since peripheral measures of BEP levels
may not be indicative of central levels then any association of BEP's with
appetitc is tcntative.

Most investigations of the effects of the BEP system on endocrine
function in men and women have not considercd an interaction of execrcise
and caloric intake on the HPG axis.

Investigations of the effects of the BEP system on the HPG axis in men
and women have utilized the opiate antagonists NLX and NTX or morphine,
Studies in women have suggested an inhibitory role of the BEP on the HPG axis.
Morley et al. (1980) obscrved that NLX given to normal women increased LH
levels and Popert Quigley and Yen, (1981) demonstrated that administration of
NLX for 6 hours increased LH pulse frequency and amplitude. Quigley,
Sheehan, Casper and Yen (1980) examined the interaction of the DA and BEP
systems in 4 amenorrheic and 4 nommal cycling women. NLX and MCP
administration had no effect on LH patterns in normal women although serum
LH was increased in 4 women with amenorrhea and decreased in 4
amenorrheic subjects. Delitala, Devilla and Musso (1983) demonstrated an NLX
induced increase in LH in women which was suppressed by DA. Similar
findings have been reported in men. Morley et al. (1980) reported an NLX
induced LH rise in men and Veldhuis et al. (1984) reported that cven with a
suppressive dose of steroids NLX rcinstated LH pulse frequency in men.
Bergjelk et al. (1986) obscrved that an NLX infusion resulted in an increasc in
scrum LH in normals and transexuals which was not altered by the
administration of suppressive doses of estrogens. Elias ¢t al. (1986)
demonstrated that a GnRH stimulated LH increase in men was augmented by an

NLX infusion. Others have reported no cffects of NLX on LH sccrction in men



(DcFeo et al, 1986: Martin ¢t al., 1985). Pfeiffer ct al., (1986) reported no cffect
of Kappa receptor agonists on LH sccrction in norma! men. Contrasting
findings may in part be rclated to dose specific responses of the HPG axis 1o
NLX induced opiate recceptor suppression in men (Knuth and Neisschlag, 1985;
Martin et al, 1985). Although NLX stimulatcd LH secretion and DA suppresscd
the NLX induced risc in LH, pre-trecatment with mctaclopramide (MCP) faijle:! to
alter the magnitude of LH increments obscrved during NLX infusion. This did
not suggest a role for DA receptors in NLX induced LH changes in men
(Delitala, Devilla and Musso, 1983).

Zvidence of an opiate mediated effect on the HPG axis has not been
substantiat i r excrcise conditions. Rogol et al. (1984) demonstrated an
NLX mediated increase in LH secretion in runners and non-runners and
suggested that there were no differences in opia’ mediated control of the HPG
axis between the groups. Elias ct al. (1986) reported that exercise failed to
modify the LH/FSH response to GnRH and NLX failed to alter i cxercise or
GNRF stimulated LH levels. Although decreased LH pulse frequency (2.2 + 0.48
v 3.6 + 0.24/8 hours), amplitude and LH response to GnRH was reported in male
runners versus sedentary controls, the role of the BEP system was not
investigated (MacConnie et al., 1686).

Although the bio-physical wmodel offers an atiractive explanation of the
Activity Anorexia model as it may generalize to man, there remains only
correlatory evidence of an evolutionary and physiological explanation of the

interraction of appetite and exercise.




Other Factors in Support of an Activity Based Anorexia in Humans:

Epling and Picrce (1988) suggest that certain conditions arc necessary
and sufficient for the development of an activity anorcxia in humans:
1) A dccrease in food intake with cxercise.
2) Opportunity to cxercise.
3) A changc in attitude towards food (dcereased reinforcement value).
4) Deccline in body weight.
5) Evidence of the development of increased motivational valuc of exercisce.
t) A process of cxercise and dicting which is resistant to change.
Furthermore there are:

7) Recent reports of exercise induced anorexia.

Decreased food intake with exercise and alterations in attitudes

towards food:

Although various investigations have suggested a decrease in caloric
intake with training programs in men and women (see previous discussion),
there has been a general failure to rcport changes in attitudes towards cating.
Recently obligatory or habitual runners have been compared to the anorectic
patient in terms of psychological profile and attitudes towards body fat and
food intake (Yates et al., 1983; Sours, 1981) although this disease model has
been refuted in favour of a model of affect regulation (Blumenthal ot al., 1985).
Others have described anorectic cating attitudes (Henry, 1982) and
pathological weight control bchaviours (Roscn et al. 1986) in women runners.

A food aversion simulating anorcxia ncrovsa has been described in high
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school age athletes (Smith, 1982) and an anorectic sub-group has been
described in an investigation of the HPG axis in male runners (Ayers o al.
1985). Others have attributed severe weight loss and pathological levels of total
and free scrum testosterone to inadequate calovic intake i.. restlers (Strauss
ct al., 1985). Others did not find anorectic cating attitude scores in men
(Wheeler ct al., 1984) and women (Weight and Noakes, 1987) runncrs. It is
unrcalistic and crroncous to comparc the scvere psychopathology of anorcxia
ncrvosa with the apparently hcalthy aspects of regular running. However,
there would appear to be considerable concern with food and body weight
among runners. tor the want of an adequate maodel, carly accounts have
comparcd the group with the anorcctic. There is little doubt that the runner
sharcs a similar concern with exercise as do many anorectics but until the
model of Epling and Pizcrce (1988) there has been no adequate model to explain
the relationship of food intake with exercise and exercise with food intake. Of
great significance here is the relationship to the evolutionary perspective of
running. The reader will recall that activity increases during times of food
scarcity in animals and man. Activity, should in theory, decrease when food is
located. It is feasible that the cultural reinforcement associated with scif-
control with regard to eating may scrve t iimit caloric intake cven when 1uod
is available. Epling and Pierce (1988) observe that cultural pursuit of the
perfect body image may contribute to intcrnalization of socictal values and
standards and anorcxias. As weight decreases running becomes ecasier and

therefore potential for increasing activity occurs.



Exponential  increases in Running, Motivational Value of Exercise

and the Development of a Condition Resistant to Change:

Running is an cffective means of weight control. Running propgrams
have proved cffective in lowering body weight and decreasing  percent  body
fat. (Dcpres ct al,, 1985).

As body weight falls then arguably the reinforcing effectiveness of
food intake would decrease. This would be cenhanced by an apparent appetite
suppression effect of exercise. Counversely the rein ccing value of  exercise
increases since weight loss is achieved. Since food cfficicncy has been shown
to incrcasc and BMR has been shown to decrcase under conditions of dictary
restriction and exercise then weight loss would be slowed. This may provide
further motivation for an increase in activity. The significant incrcase in the
incidence of ovecruse injurics in runncrs (Stanish, 1984; Clements et al.,, 1981;
Hikida et al., 1983; Norregard-Hansen et al.,, 1981), the inability of the runner
lo cease running even when given medical advice associated with negative
addiction (Morgan, 1979) and necurotic illness in fitness fanatics (Little, 1981)
support the devclopment of a condition which is extremely resistant to
change. If the runner is also preoccupied with caloric intake then an
important association with the Epling and Pierce (1988) model would scem

apparent.
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Reports of Development of Anorexia following the Onset of an

Exercise Regimen:

Some of the most convincing recent documented evidence to date of the
development of an Activity Anorexia in humans is ; ovided in two case reports
by Katz (1986). Katz (1986) documents Itwo cases which may briefly be summed
up in the following:

1) Distance running was adopted as a means of getting in shape by a physician
and ex-athlete.

2) No previous history of eating disorders or psychopathology was apparent in
either subject.

3) There was a rapid increase in training distance accompanied by a dramatic
weight loss in both subjects.

4) Running distance continued to increase and weight continued to fall
accompanied by an increasing concern for body weight and the caloric
content of meals.

5) In case one, a forced reduction in running due to vocational commitment
led to the development of a depressive condition during which the subject
became further preoccupied with weight loss and caloric intake. This was
accompanied by the onset of bulimic episodes which increased in frequency.
€) Case two's running performance began to decrease even with increased
training and the eventual development of a knee injury curtailed running. A
state of depression ensued and bulimic behaviour developed simultaneously
with this depressed state. Further depression occurred as concern for body

weight grew.
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7) Both developed a psychopathology so severe that medical advice was sought
and the individuals presented to a physician.

8) From the onset of exercise to the time when the individuals sought medical
advice, case one lost approximately 35% of initial body weight and case two
17% of initial body weight. It should be borne in mind that in the case of the
subject two, initial body weight was low since the subject was a wrestler.

These case histories provide evidence of the development of an anorexia
and depressive psychopathology associated with exs ~ise. This has also been
substantiated by Keys et al. (1950) who demonstraccd the development of
neurotic traits and increased activity in a group of concientious objectors
subjected to an extended period of starvation.

The current societal preoccupation with exercise, dieting and slimness
would therefore appear to provide the necessary and sufficient conditions for
the development of an Activity Anorexia syndrome. Arguably conditions
diagnosed as Anorexia Nervosa today may infact be activity anorexias. The
fundamental difference is that the medical profession attributes the activity of
anorexia nervosa as a means of weight control whereas a hypothesis of
activity anorexia in humans is based on activity as a fundamental etiological
factor in the development of a condition which is highly resist -t tc change.
Many anorexia nervosa cases may be anorcxias which are a function of

exerciss  1d not a premorbid personality disorder.

Purpose of the Investigatioa:

The purpose of the following investigation was:
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1) To investigate the effects of a six month training program 'on indices of
fitness and anthropometric measures on healthy men and women and
experienced high mileage runners. The exercise program was implemented to;
2) To examine one aspect of the activity anorexia model according to Epling
and Pierce (1988); that is the effect of exercise (six month running program),
opportunity to exercise and unlimited food intake to run on caloric intake.

3) To investigate the role of exercise and nutrition in changes in the HPG axis
in men as this supports a model of human caloric restriction and/or negative

energy balance.

To examine these questions a six month running program was designed
to improve the training volume of previously sedentary healthy adults to 25 -
30 miles/week (40 - 56 km/per week). Measures of weight, body fat and
maximal aerobic capacity were performed as a validation criterion for the

training program.
Specific Objectives of the Proposed Research.

The primary purpose of research is to examine theory; to provide
support or evidence against a particular hypothesis or hypotheses. In accord
with this view the following research project has attempted to contribute to a
theory of human activity anorexia in men and women. Inherent in this
objective v - the identification of conditions which may result in men and
women changing their dietary patterns as a consequence of opportunity to
engage in a progressive exercise program. The following were the specific

experimental objectives of the proposed project:
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1) To investigate the effects of high mileage running training on wnutritional
intake in men and women and hypothalamic-pituitary-gonadal axis in healthy

adult men.

2) To investigate the effects of a six month training program on the dietary

intake of healthy sedentary men and women.

3) To investigate the effects of a six month training program on the

hypothalamic-pituitary-gonadal axis in healthy adult men.

4) To investigate the relationships between nutritional and hormonal
variables among healthy men and women involved in a training program and

chronic exercise routines.

5) To examine the effects of a standardised exercise program on dietary intake
in healthy sedentary men women as it relates to a model of Activity
Anorexia; that is; free food availability and opportunity to exercise results in

appetite suppression.
Hypotheses:
Five main hypotheses were tested:
1) Six months of endurance running training will result in significant
reductions in caloric intake in previously sedentary healthy men and women.

High mileage men and women runners will consume significantly less

calories than non-cxercisers despite their activity level.



2) Six months of endurance training designed to increase the weekly training
load of a group of healthy sedentary men and women to a mean of 40 to 56 km
per week will result in a decrease in circulating testosterone in the men.

Furthermore, high mileage runners will demonstrate significantly lower total

testosterorie levels than the sedentary male subjects,

3) Six months of endurance training will result in alterations in the pulsatile
release of LH in the male training group. Alterations will include decreased LH
pulse frequency, decreased pulse amplitude and area under the LH curve.
Furthermore, LH pulsatile characteristics will be significantly different

between high mileage runners and sedentary but healthy men.

4) Alterations in testosterone will be related to alterations in LH pulsatile

release in the training group.

5) Alterations in total testosterone and LH characteristics will be related to

caloric and macro-nutrient intake and changes in caloric intake.
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Chapter 2.

Methods and Procedures.

Subjects:

Three groups of subjects were invited to take part in the study. Group
one comprised 10 high mileage male runners (HMR) and 10 high mileage
women runners (FHMR) training at least 48 kilometres per weeck. Group two
were 20 men and 20 women invited to take part in a six month progressive
jogging programme (TRM and TRF respectively) designed to increase their
weekly mileage from zero to approximately 40-56 kilometres per week. Group
three was a control group comprising 15 men and 15 women who had no
interest in, and who took no part in any organized exercise programmes.
Participants in the study were chosen from respondents to three separate
advertisements. The first advertisement called for high mileage runners
training at least 48 kilometres per week to take part in a study to monitor their
fitness level, endocrine profile and dietary habits during a six month period.
The second advertisement solicited healthy men and women to take part in a
six month jogging programme including the monitoring of nutritional
behaviour and endocrine variables. The third advertisement was directed
towards healthy men and women to take part in a study of the dictary
behaviours of sedentary men and women. In this third advertisement it was
stressed that involvement in the study depended on a complete lack of interest
in, and participation in any organized exercise programme. A financial
incentive package for control subjects was outlined. All advertisements were

run in the student newspaper, the Gateway, and the University of Alberta Folio
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magazine. Subjects were selected from respondents to the advertiscments

according to the following criteria:
Controls:

Respondents to the advertisements were interviewed individually
following an initial phonc interview regarding exercise habits. An activity
questionnaire was completed to cnsure that individuals were suitable for the
study. Thirty individuals were selected, 15 men and 15 women, and were
invited to attend a final selection/screening meeting to ensure that
participation criteria were met. All inconsistencies were checked and any
doubt as to the credibility or reliability of the individual resulted in
elimination from the subject pool and the selection of another subject. Those
selected were then invited for two orientation meetings for completion of
questionnaires, physical fitness testing, and instruction in the completion of 3
day diet diaries. A form of informed consent was completed and the obligations
of the participants to the investigation fully outlined. Following all the
screening procedures and orientation meetings the investigator was satisfied
that' credible controls had been selected from the potential subject pool. It is
recognized that a true control group is randomly sampled from the population
at large. This ensures a homogeneity of variance among extraneous variables
which may affect the experiment ie. error. However, the nature of the
following investigation necessitated. the selection of controls from a
respondent pool, since it was vital to the investigation that the subjects chosen
were truly sedentary. Since funds were available for an incentive it was found
that several individuals attempted to infiltrate the investigation for the

purpose of financial gain although they were in fact well trained individuals.
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Such potential participants were not retained within the experimrental subjcct
pool. For the purposcs of the script this group will be called the control group

although violations of the true term are recognized by the author.

High Mileage Runners:

Respondents to the advertisement for high mileage runners were
interviewed and sclected according to their fulfilling the following criteria:
(a) Training year round and averaging approximately 48-56 kilometres per
week.

(b) Having been training over these distances for at least two years.

(c) Able to complete the investigation.

Training Groups:

All those responding to the advertisement were interviewed on the
phone and promptly made aware of the degree of commitment cxpected during
the course of the study. The activity levels of the respondents were
investigated during the same phone interview to ensure that training state
was negligible. Those who were found to exercise more than once per week or
who were involved in any regular programme of exercise were omiiticd from
the subject pool. Any individual who expressed doubt at being able to commit
the necessary time to the investigation was also eliminated from the subject
pool. Poteriial candidates for inclusion in the study were invited to the
University of Alberta Fitness Unit to take a short standardized test of physical
fitness. All thosc attending were asked to complete an activity questionnaire

and complete the Physical Activity readiness questionnairc (PAR Q). The test



battery is described in the measures scction. Any individual who was training
once per weck was informed that in future all training must be confined to
running. Any potential candidate for the investigation who cxpressed an
unwillingness to comply with this directive was asked to withdraw from the

study.

Programme Incentives:

'In order to maximize participant adherence, incentives were offered to
all groups. High mileage runners were offered the incentive of free fitness
tests and anthropometric measurement. In return the high mileage group was
asked to continue training according to their own schedule and to record their
dietary intake in a diet diary over a ihree day period during alternate weeks.
Control subjects were offered 10 dollars per completed diet diary in return for
accurate diary completion and the maintenance of a sedentary lifestyle.
Controls were also informed that free fitness programming would be offered at
the end of the study.

The training groups provided their own financial incentive for
remaining in the study by depositing 100 dollars which they were informed
would be returned with interest at the end of the study. However, trainees
were informed that failure to complete the study for reasons other than injury
or mitigating circumstances ie. family demise or job opportunity; would result
in the loss of the deposit on a pro-rated basis. In the event of injury the full

one hundred dollars was refunded
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Group Orientation Meetings:

All thosc chosen for the study were asked to attend two orientation
mectings: The first was for the purpose of informing participants of the
requirements and timelines of the study, to complete the Eating Attitudes Test
(EAT), the Eating Disorder Inventory (EDI) and to collect a bascline blood
sample from the men. The second meeting was conducted for the purpose of
instruction in the completion of diet diaries. Orientation mectings were held
between the hours of 1600-1800.

During the first meeting the subjects were informed that this was
merely a study of the effects of exercise on fitness level. No information was
given with regard to appetite changes associated with exercise since we did not
wish to influence the dietary behaviour of the subjects. Subjects were simply
asked to record dietary intake during the course of the study. It was stressed
that the utmost integrity should be followed in the completion of the diet
diaries since failure to comply with this requircment would render the study
inaccurzte. Also during this meecting consent forms were signed and a
document outlining all the potential positive and negative effects of exercise
programmes was given to all subjects. No emphasis was put on any particular
positive or negative effect of running. Any subject over the age of 35 was
asked to provide a note from a physician to say they were medically sound and
able to take part in an endurance running program. Any subject over the age
of 35 was also required to undergo a cardiac stress test at the University of
Alberta Hospital. Subsequent testing of such subjects was completed under the
supervision of a physician. Writien proof of the completion of a cardiac stress

test was required prior to admission to the investigation.
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A basal blood sample was taken from all the males in the HMR and TR
groups between 1600-1800 hours and at lcast three hours after a light caffeine
frec lunch. All blood samples were taken at lcast 24 hours aficr any cxertion.
All subjects from all groups completed the EAT and The EDL

At the second mecting a nutritionist conducted an instructional session
on the completion of 3 day dict diaries. Such topics as meal size, cstimation of
portions and recording techniques were covered. Particular attention was paid
to the minimization of crror in the recording of dictary information and the
importance of carrying the diary around during the day. Eac ct was
informed that dictary information was to be recorded after eu al. Subjects
were also informed that the investigator would spend time with cach of them

to cnsure accurate recording of dictary intake.

A Summary of Measurements:

Training Study Participants:

1) Eight minute sub-maximal test of cardiovascular endurance (Modified
Astrand Protocol, U of A Fitness Unit). This test was used to estimate maximal
aerobic power and was used in place of a direct assessment for safety reasons.
2) Skinfold measurements were taken to give an estimate of degree of adiposity
and to establish a percentile rating for each subject against national norms.
3) Height and weight were measured.

4) Subject selection was based on results ( overweight, high blocd rressure).



Pre, Mid and Post Programme Measurements: Al groups:

1) Maximum Acrohic Capacity: Direct measurcment via treadmill protocol and
the Beckman MMC according to protocols outlined in Physiological Testing of
the Elite Athlete, MacDougall, Wenger and Green, 1982).

2) Percentage Body Fat: Estimated by the body density method (densitometry)
utilizing the cquation derived by Brozck et al. (1963), and assuming the two

compartment model (fat and non-fat compartments),

re and Post Programme Measures: Controls:

Measures of ecating behaviours and attitudes: (EAT and The EDI).

Pre and Post Programme Measures: Trainees:

1) Basal hormone levels (Testosterone, FSH, LH, Cortisol, Prolactin, SHBG).

2) LH Pulse Patterns (6 men as a sub-set from the training group).l-

3) Measures of cating behaviours and eating attitudes: (EAT and EDI).

Pre and Post Programme Measures: High Mileage runners:

1) Measures of eating bchaviour and attitudes: (EAT and EDI).

2) Baseline hormone levels.

- LH pulse patterns will not be measured in the female training
greup since this data has already been provided by other
investigators (Cumming et al. 1985 ).



3) LH pulse patterns in a sub-set of 6 male volunteers.

Cross  Sectional Investigations: All groups.

Pre and post cross scctional investigations of basal hormone levels were

conducted on male high milcage runners and trainces.

Dietary Measurcements: All  groups:

All participants recorded their dietary intake over a one month baseline
period. Two diaries were completed for three consccutive days (Thursday,
Friday, Saturday) on alternate weeks. This established a basal level of caloric
intake. Having ecstablished a baseline caloric intake all subjects were
interviewed by the nutritionist to establish correct procedures in filling out
the diaries and to correct any problems. Each subject was then instructed to
complete diet diaries every alternate week for the designated three day period
for a period of 24 we~ks. All diaries were collected on a bi-weekly basis and
were continually monitored by the nutritionist. Any problems arising were
dealt with by personal or phone interview. Analysis of the diaries was
completed by the author and a qualified nutritionist and expert in the use of
the University of Alberta/Kellogg Diet Data Base (Kellogg-Salada Inc. 1980)
comprising in excess of 20,000 name brand food items. The three day diet diary
procedure has been used successfully in other investi~~tions of caloric intake
in athletic populations (Short and Short, 1983; Drinkwater et al.,, 1984; Marcus

et al., 1985; Nelson et a., :986).



Details of Measurement Procedures:

Physiological Measures:

Maximum oxygen uptake was measured dircctly in all subjects at three
monthly intervals ie: pre, mid and post programme. The Beckman Metabolic
Cart (MMC) and a standardized computerized metabolic programme was used. A
modified version of a standard treadmill protocol was ased for the
determiration of maximum oxygen uptake (MacDougall, Wenger and Green,
1982).

Prior to testing all trainces and control subjecls were familiarized with
the admill. Any of the high mileage group who were unfamiliar with the

' were also required to familiarize themselves with the machine.

Oricatation procedures were conducted i the following manner:

1) Subjects walked and then jogged on the t~admill. Subjects were instructed
cxtensively on safety procecures inciuding getting on and off the treadmill
and communicating with the operator. Each subject was asked to practice
terminating the test several times to ensure 1naximum safety.

2) Subjects walked on the treadmiil with headgear.

3) Subjects walked and then ran on the treadmill with the headgear and the
Rudolph valve in their mouths,

4) Subjects underwent a progressive practice run until voluntary cessction. No
motivation was given.

5) The practice protocol may be summarized thus:



Trainees:

Men ran at initial speceds of 6.5 mph and women at 5.5 mph for a warm
up period of two minutes. At two minutes the treadmill speed was increased to
7.5 and 6.5 mph for men and women respectively. Thereafter speed remained
constant. After two minutes at this work load the treadmill was raised 2% every
two minutes until voluntary cessation of the test. The above protocol was
designed after extensive familiarization procedures wi‘h control and traince

subjects.

High Mileage Runners:

Trained runners underwent a practice run at 7.0 - 7.5 mph and 7.5 - 8.0
mph for women and men respectively.
6) Following the orientation procedures all subjects were asked to return to the
laboratory for a pre-programme tesi on two separate occasions. Repeat tests
were used to determine the reliability of the aerobic maximum (VO2 Max)
measure, to ensure complete familiarity with the test and to control ‘or

learning effects of testing.

Anthropometric Measures:

Height and weight were measured by standardized procedures. Weights
were measured on a beam balance scale on a weekly basis. The scale was
calibrated against known weights on a daily basis. Percentage body fat was

estimated via the following pr..ucol:

41



1) Subject was weighed in a bathing suit on a beam balance scale having
arrived at the laboratory 3 hours after the last meal.

2) The subject was instructed to enter the tank and the chart recorder was
calibrated accorditig to standardized procedures.

3) Vital capacity was measured in each subject while seated on a submerged
chair,

4) Subjects held their breath and submerged fully for a time sufficient to
establish a chart recording. Smooth movements were emphasized.

5) A satisfactory chart recording was accepted when three consecutive
measures were within one half of one unit on chart recorder paper.

6) Temperature of the water and density of the water was taken before any
measurement. Water temperature was maintained between 32-34 degrees
celcius for subject comfort.

7) Body density, percentage body fat and lean body mass were estimated on an
equation based on the two compartment model ie: fat and non-fat component

(Brozek et al., 1963).

Endocrine Measures:

1. Baseline Investigation of Male Subjects:

A single 5 ml baseline blood sample was obtained from each subject in
the study on a pre and post program basis for the assessment of LH, FSH,
cortisol, prolactin, total testosterone, sex hormone binding globulin and the
free testosterone index. All baseline samples were taken al a standard time of
1600-1800 hours at least three hours after the last mcal and at least 24 lhiciars

since the last bout of exercise. In addition, %iocd samples were obtained at ;5



minute intervals cver six hours for evaluation of LH pulse patterns from six
males in the training group and six males in the high mileage running group.
To determine mean basal LH and FSH levels, the initial sample from the six
hour sampling period was used. Six hour sampling was conducted in a three
hour post absorptive state and at least 24 hours after the last bout of exercise.
The ingestion of non-caffeine based beverages was allowed during the course
of the blood sampling. Any movement was discouraged for control purposes,
although bathroom visits were allowed. All blood samples were allowed to clot
at room temperature, were centrifuged to separate serum and stored at -20

degrees celcius.

2. Monitoring of Hormones during Training in Male Subjects:

The hormones measured at baseline (total testosterone, LH, FSH, cortisol,

prolactin) were also measured at the conclusion of the study. Six hour

sampling was repeated at the end of the study in male subjects for examinatior

of spontaneous LH pulse patterns as previously described. LH amplitude, pulse
frequency anmd area under the LH curve were compared io pre-program levels
and analyzed according to the cluster analysis method devised by Veldhuis and

Yohnson(1986) and computerized in the Munroe program in 1987.
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Psychological Measurements:

The Eating Attitudes test and The Eating Disorder Inventory (EAT,

EDI)

The Eating Attitudes Test originally comprised 40 items and was designed
75w self report scale of anorectic behaviours and attitudes towards food
(Guifinkel and Garner, 1979). The test has been used to detect anorectic
tendencies and eating behaviours in runners (Henry, 1982) and in ballet
dancers (Garfinkel and Garner, 1982). The scale has since been modified to a 26
item test comprising a 3 factor scale of anorectic behaviours. The three factors
were identified as:

1) Dieting.
2) Bulimia and preoccupation with food.
3) Oral control.

The EAT 26 correlates highly with the EAT 40 (r=0.98). A score of 20
points was taken 1o represent an anorectic score. This compares with the
original version score of 30 points.

The EDI represents a factorized extension of the EAT and was also devised
by Garfinkel and Gamer (1983). The EDI was completed by all subjects. These

inventories were completed on a pre and post program basis by all subjects.
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Nutritional Assessment:
1. Methodology.

Nutritional intake was assessed by a 3 day diet diary method. The diary
was completed on a thursday, friday and‘.. saturday on an alternate weekly basis.
The food record diary was developed at the University of Alberta by the Faculty
of Dentistry and Pharmacy in association with the Kellogg Company. Diaries
were analyzed utilizing a computerized 20,000 item data base and analyzed for
exact nutrient content. Nutritional data was entered into a computer by an
expert in the area of nutrition and diet diary coding and scoring. All

information was treated as highly confidential.
!. Baseline Assessment.

All participants attended a one hour instructional session by group and
conducted by a nutritionist. During the ses..on detailed instruction was given
on the techniques of recording dietary intake. Food models were used
extensively to train accuracy in meal size and portion size estimation.
Following the orientation session all subjects were given two diaries for the
determination of baseline caloric intake. These books were evaluated in detail
by the nutriticnist. Any problems arising from the completion of these
baseline diaries were dealt with by phone of personal interview. All subjects
were informed that they had access to the nutritionist for consultation for the

duration of the investigation.
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3. Intra-Program Assessment.

Diaries were completed by all subjects on an alternate weekly basis.
Each month a randomly selected sample was chosen by the nutritionist for
accuracy checks and integrity. Any difficulties or apparent inaccuracies
encountered during these checks were followed up by the nutritionist and

reported to the investigator.

Summary of Programme Procedures by Group:

High mileage Group.

Following all pre-tests as previously outlined members of this group
were instructed to continue training as per their own schedules and to record
dictary intake as outlined. Subjects were asked by the nutritionist to exercise
the utmost integrity in completing the diaries and were told that the success of
the investigation depended on the same. All subjects were asked to record any
injury periods. In the event of illness the subjects were instructed to complete

diaries on the first thursday to saturday period after normal health resumed.

Training Group:

1. Matching and Grouping:

Following all pre-test and orientation procedures the training group
was paired and matched on Cooper 12 minute run performance, VO2 max. and

gender. Subjects were randomly assigned to two training groups hercafter
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referred to as groups A and B. This procedure was followed to permit subjects to

choosc suitable training times.
2. Programme Outline:

Each training group met with the investigator and the program was
discussed according to a standardized agenda. Training progressions were
explained on the basis of simple physiological principles. Instruction was
given on the purchase of appropriate footwear and an attractive discount
offered via an arrangement with a local sports store. This ensured that the
trainees were adequately protected in terms of appropriate footwear. Training
intensity was determined by a simple target heart rate zone method (200 - age,
upper limit and 170 - age lower limit) and the importance of maintenance of
training intensity and the heart rate training sensitive zone was explained.
Subjects were instructed to monitor heart rate response to exercise on an
ongoing basis to ensure that training intensity was maintained. A generalized
warm-up and flexibility programme was outlined to the participants to ensure
conformity to a standardized program in the event of their being unable to
attend training sessions. Warm up was emphasized as a means of reducing the
incidence of injury.

At the beginning of the program all subjects were filmed running on
the treadmill and on the track in order to assess running style in terms of
pronation and supination (varus and valgus alignment) and heel and toe
strike. This ¢ :luation was used to offer preliminary advice on the purchase of
training foot nd thereby minimize the confusion facing the typical

naive running buyer.
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The running program was standardized to incorporatc a weekly and
monthly distance increcase of approximately 8 kilomectres per week for each
month up to six months. The programme was thus designed to increasc
training distances to between 40 and 56 kilometres per week. Although this
was the target distancc all trainees were encouraged to self-monitor their
progress and to proceed at their own rate should the prescribed program be
too severe. This method of self regulation of intensity and volume has been
successfully implemented by others in maintaining a high rate of subject
compliance and low injury rates (Boyden et al. 1984). All subjects were
required to keep ¢ record of their training pace to assist in categorization of

effort later in the analysis stage.

3. Weekly Monitoring of Weight.

Trainees were required to attend a weekly weighing session. Weight was
measured on a beam balance scale which was recalibrated with known weights
on a daily basis. All weights were taken in a "T" shirt and shorts and at least

three hours pust absorptive. All other subjects were measured in the same

manner.

4. Training Times:

Training schedules were discussed with each subject such that all
subjects could attend the university at a suitable training time. This allowed
the investigator and training assistant to personally supcrvise all training
sessions. Training times w. restricted to three periods per day and subjects

were cncouraged to vary the training time.
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5. Training Environment:

To ensure that the effects of training and diet were not confounded by
outside temperature, all training took place at the University of Alberta, Van
Vliet Centre. The 200 metre track permitted the measurcment of precise
distances. Outdoor running was actively discouraged although it was
recognized that some outdoor running would have to take place when subjects
schedules would not permit their attending the University. Some outside runs

were arranged by group to offset the monotony problem.

6. Responsibility of the Investigators:

Two trainers trained the groups. Trainers were both at the masters level
within the University of Alberta, experienced long distance runners and
experts in training prescription. To control for any experimenter bias the

trainers met on a daily basis and regularly swapped group responsibilities.

7. Dietary Counselling:

Nutritional advice was limited to that pertaining to the completion of

diet diaries. No advice was given on macro-nutrient bias with training or with

regard to nutritional supplementation.



Controls,

Controls were sclected as previously outlined and underwent measures
previously discussed The only requirement of the control subjects was that
they kept a faithful record of their caloric intake via the dict diary method and
maintain their sedentary lifestyle. Follow-up interviews were conducted by
the investigator and the nutritionist to ensure that the utmost integrity was
exercised by all the control sabjects. Any failure to meet the ¢xpectations of
the investigators was met with immediate exclusion from the investigation and
nullification of the payment contract. It was emphasized at the beginning of
the investigation that payment was contingent on the receipt of a full

compliment of diaries completed to the satisfaction of the nutritionist.

Design and Analysis:

1. The experiment represents a 3 (group) x 2 (gender) x 3 (time) mixed
factorial design. Factor 1 was group; high mileage runner, trainees and
control subjects. Factor 2 was gender (male, female) and factor 3 was time; prc
mid and post program (0, 12 and 24 weeks).

2. Analysis of data was conducted as follows:

a) UANOVA (unique analysis of variance, Dr. T. Taerum, University of Alberta):
A three way anova with repeated measures was used to examine the effects of
training on physiological, hormonal and psychological variables examined in

the investigation.



b) UANCOVA (unique analysis of cov;il‘iun;c): To examine the ceffects of mital
fitness level on training induced changes in VO2 Max, and to account for the
cffects of body weight and lean body mass on caloric, fat, carbohydratc and
protein intake in men and women the unique analysis of covariance
procedure was uscd. Covariates utilized were pre-VO2 max, pre-weight and pre-

lcan body mass.

c) INDIVIDUAL SUBJECT INVESTIGATION: To cxamine the cffects of exercise on
dictary Dbehaviour, the dictary profiles of trainees were cxamined. A profile
analysis was calculated to establish trends in dietary intak over a six month

training period.

d) CORRELATION COEFFICIENTS: To examine the relation between caloric intake,
macro-nutrient intake and relative dietary measures (eg: calories/kg body
weight and lean body mass) and nutrient intake and hormonl levels, Pearson

Product Moment Correlation Coefficients were calculated.
Significance Levels:

The 0.05 alpha level was accepted as the appropriate degree of

significance in the investigation throughout all analyses.
Limitations of the Investigation:
1) Attrition: A certain degree of attrition must be anticipated associated with

a training program such as that proposed. Expected reasons will include

unforseen relocation, personal circumstances and injury due to overuse.

L
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2) Physiological Measurement: Inhcrent crror in the cstimation of

percentage body fat from the densitometry technique. Estimation of residual

volume,
3) Nutritional Assessment: The use of dictary & techniques although
morc rcliable than the 24 or 48 hour recall method: susceptible to subject

integrity, non-homogeneity of food intake on weck days and problems of

retrospective  dictary  completion,

4) Hormonal Measures: Error in the utilization of radioimmunoassay

tecchniques for the measurement of hormones. Assay sensitivity and precision

of techniques are associated vith inter and intra-essay cocfficients of
variation.
5) Subject selection: Due to the nature of the i .zation subjects were

selected from respondents to three advertisements. 1.7 was to ensure a high

mileage and scdentary control group and a low risk training group.

Delimitations of the Investigation.

1) 20 high mileage runners; 10 men and 10 women training at least 56 km per
week ( Hereafter called HMRM and HMRF).

2) 40 active and healthy men (20) and women (20) taking part in a six month
endurance running program (Hereafter called TRM and TRF).

3) 30 control/comparison subjects (1S men and 15 women): sclection based on a
lack of participation in regular physical exercise (Hercafter called CONM and

CONF).



D Endocrine parameters will be measured  from blood samples aken al a
standard time of day; 1600-1800 hrs and between 1200 and 1900 for six hour

serial  sampling.

A Definition of Terms.

1) Habitual Running: For the purposcs of this investigation the habitual
runner is a inan or woman who trains daily, covers at lecast 48-56 km per week
and who docs not nccessarily compete. This individual typically has to run
daily and will expericnce considerable guilt and anxicty if a run is missed with
the concomitant devclopment of withdrawal-like symptoms if deprived of
running altogether such as in the case of injury. Furthermore, such an
individual may not cease running cven in the cvent of an injury. Such a
runner would also be described as negatively addicted. (Glasser, 1969).

2) Maximum Oxygen Uptake: The maximum rate at which the body can
utilize oxygen in the breakdown of carbohvdrates and fats to C02, H20 and heat,
with the corcomitant production of ATP. The measure may be expressed in
litres per minute (absolute) or as millilitzes per kilogram of body weight per
minute (relative).

3) Anorexia Nervosa: A psychopathelogic:l condition of seif induced
cachexia and starvation characterized by a ioss of at least 207% ¢f norma;
weight, a relentless pursuit of thinness and unceasing fear of obesitr aud
overcating. The anorectic patient suffers from a distorted body nazge and has
been described as engaged in a *:ttle for personal sc!f-control through orai
control methods (Bruch, 1974). ‘itic syndrome is further complicated by
physiological dysfunctions including an abnormal endocrine profile and

severe, life threatening electrc'ytic disturbances (Garner and Garfinkel, 1975:
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1978). The prognosis for the disorder is poor with a mortality rate as hiph as
15% (Dally, 1969).

4) Activity Anorexia: A condition generaled under laboratory cenditions in
animals. Activity anorexia occurs in animals (raw) given unlimited access 10
an activity wheel and subjected to food schedules, typically 60-90 minutes in
length, The condition ariscs from the interaction of opportunity to cxercise,
daily ratc of cxercise incrcase and food schedule and or deprivation, The
interaction of the above variables appears to increase activity while food
intake declines. The activity increase may suppress food intake which in turmn
leads 1o an activity/starvation induced weight loss. If unchecked the process
will result in the death of the animal (Epling, Picrce and Stefan, 1983: Epling

and Pierce, 1988).

Endocrine Definitions:

1) Testosterone (T): Testosteronc is a stcroid hormone sei .~1 from the
interstitial/ Leydig cells of the tesies (95%) with 5% bcing secreted from the
adrenal glands. T is relecased in response to the action of the gonadotropin,
Lutcinizing hormone (LH) which in turn may be regulated by the action of
Prolactin (PRL) in sensitizing the Leydig cells to LH. T has both androgenic
and anabolic properties. The hormone functions in the production of the
sccondary gender characteristics of the male and may be associated with libido
and potency. The anabolic action of the hormone liecs in the synthesis of
proteins from amino acids.

2) Protein Binding of Testosterone: In men lestosterone circulates in  he
blood bound to specific and non-specific binding proteins and in free form,

The largest portion is bound to sex hormone binding globulin (SHBG)(60%)
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with remainder bound to albumin (38% approximately) or in free form (2%).
SHBG binds testosterone based on a high affinity low volume basis and albumin
binds T on a low affinity high volume basis. Protein binding of T modifies the
biological availability of the hormone such that SHBG bound T is unavailable to
enter the cell to initiate protein synthetic reactions. Free T and non-
specifically bound T most likely represent the biologically available portion of
the total circulating hormone (Pardridge, 1981).

3) Follicle Stimulating Hormone (FSH) and Luteinizing Hormone
(LH): FSH and LH are secreted in a pulsatile fashion from the anterior
pituitary in response to Gonadotropin Releasing Hormone (GnRH). GnRH
mediated pulses occur at approximately 90 minute intervals during the
majority of the female menstrual cycle but decrease in frequency during the
mid and late luteal phase (to approx. one pulse per 3 hours). In men LH is
released in a similar manner to that in women ie. is regulated by the pulsatile
release of GnRH from the hypothalamus. LH regulates testosterone production
from the Leydig cells. FSH is essential for normal spermatogenesis in the
seminiferous tubules. LH pulses occur at approximately 90-120 minute
intervals.

In women FSH and LH interact in a complex series of hormonal events during
the menstrual cycle.

4) LH Pulses: The GnRH mediated episodic release of LH from the anterior
pituitary occurs at approximately 90 minute intervals durirg the follicular
phase of the cycle and declines to one pulse per three or four hours in the mid
to late luteal phase. Pulse frequency in men is generally lower. The puisatile
release of LH is under controi of the hypothalamic peptide, GnRH which is

released in a similar pulsatile manner from the arcuate nucleus area of the



56

median eminerce area of the hypothalamus but is principally controlled by

the circulating levels of the hormone itself by classic negative feedback loops.

Operationa: . efinitions:

1) VO2 Maximum: The maximum amount and rate of oxygen consumption per
minute following an incremental bout of exercise. The maximum oxygen
consumption point shall be taken as the maximum value achieved prior to or at
voluntary exhaustion. Values will be expressed as an absolute measure
(litres/minute) or as a relative measure (ml/kg/minute). This value will be
confirmed by a supra-maximal test.

2) Supra-Maximum: A supra-maximal test of aerobic power will be conducted
following the VO2 max. test to confirm the true maximum of the subject. The
subject shall be allowed to rest following the first test until the heart rate has
fallen to approximately 120 beats per minute. At this point the subject shall
resume running at the final elevation and velocity achieved during the first
test. This test to shall be terminated at voluntary exhaustion (see MacDougall,
Wenger and Green, 1982).

3) Percentage Body Fat: The amount of fat as estimated by the under water
weighing method assuming a two compartment model of the body (fat and
non-fat). The equation for the calculation of body fat is derived from that of
Brozek (1963).

4) Dietary Intake: The amount and quality of food intake consumed by the
subjects of the investigation as assessed by a three day diet diary
(Kellogg/University of Alberta Data Base). Daily caloric intake shall be taken

as an average of three consecutive daily dietary intake measures.



5)

57

Eating Attitudes: Eating Attitudes shall be defined as the scores attained on

the Eating Disorder Inventory (EDI) (Garner and Garfinkel, 1983), and the EAT

26 (Garner and Garfinkel, 1982).

6)

LH Pulse: An LH pulse shall be defined as an episodic release of LH as

detected by the cluster analysis method of Veldhuis and Johnson (1986)

computerized by Munroe et al. 1987.

Independent and Dependent Variables:

Independent Variables:

Number of kilometres of training completed per week and per total program.

Dependent Variables:

a)
b)
c)
d)

e)

g)
h)

g)

Nutritional Intake: Total calories, percentage intake of macro-nutrients.
Basal hormone levels (T, LH, FSH, prolactin and cortiso!).

LH pulse patterns.

Percentage bod. :at.

kg fat.

Lean body weight (kg).

Body weight (kg).

EAT scores (Eating Attitudes Inventory, EAT 26)

VO2 Maximum (ml/kg/min., liters/min.)

All of the above are described in the methods section.
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Chapter 3.
Results

Analysis of Variance:

The overall group (HMR,Trainee, Control), time and gender model was
tested via a Three Way Analysis of Variance (UANOVA) programme with
repeated measures and missing data capability. Analysis of covariance
(UANCOVA) was also employed on certain measures. Results of the UANOVA
analysis are reported under the following headings:

1) Subject profiles, attrition and compliance.

2) Training distances achieved and cardiovascular adaptations to a six month
training program.

3) Anthropometric changes associated with a six month training program.
4) The effects of a six month training program on dietary intake, macro-
nutrient composition and energy expenditure.

5) Individual subject dietary profiles during a six month training program.
6) Dietary surplus and deficit data.

7) A comparison of dietary intake to the recommended nutrient intake for
Canadians.

8) The ecffects of a six month training program on Eating Attitudes and Eating
Disorder Inventory Scores.

9) The effects of a six month training program on reproductive hormonecs and
LH pulsatile release.

10) Relationzuips among variables,
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Results:Section 1: Group Personal Data and Program Compliance

and Attrition.

Compliance and attrition rates:

Of the 10 high mileage men and 10 high mileage women who began the
investigation, 10 men and 7 women completed the investigation. Three women
subjects were lost from the investigation. Two were omitted for non-
compliance in dietary recording requirements and one was lost due to injury.

Of the 20 men and women who began the training program, 14 men and
13 women completed the requirements of the investigation. Four subjects (3
women and 1 man) dropped the program due to previous diagnoses of anorexia
nervosa. The subjects considered that the program (ie: running and recording
diet intake) was arousing old fears about body weight and food consumption.
Two men were eliminated from the investigation due to a lack of co-operation
in terms of dietary recording. Three men develop~i knee and lower limb
injuries which forced them to retire from the investigation. Of the four
women who did not complete the investigation two did not comply with dietary
recording requirements whereas two developed knee and lower leg injuries
which necessitated their dropping out.

The control group were by far the most difficult group in terms of
maintaining interest. This was despite the incentive of financial
remuneration for completion of diet diaries. Of the 15 men and 15 women who
were selected as controls from the sedentary group interviewed, 11 women and

7 men completed the study requirements. In all cases, failure to complete the
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investigation was associated with failure to complete the diet diarics to the

satisfaction of the nutritionist and not appearing for testing procedures.

Pre Investigation differences in Age, Height and Weight.

HMR were significantly older (39.9 + 2.9 years of age), shorter (162.7
+1.45 cms ) and lighter (59.91 + 2.03 kgs) than the TR group (31.2 + 1.51 years,
173.6 + 2.05 cms, 69.15 + 2.26 kgs). HMR were also significantly older than the
CON group (26.3 + 1.07 years). TR were significantly taller but not heavier than
control subjects (163.49 + 1.56).

A complete record of mean height, weight and age of subjects
completing the investigation is reported in Table 1. There were no group
differences in pre investigation lean body mass (LBM) although there was an

expected significant gender difference in LBM (p<0.0001).



Table 1. Subject Profiles.

GROUP AGE HEIGHT WEIGHT
x/sem x/sem x/sem
(yrs) (cms) (kgs)
HMRM 47.2 165.89 65.42
2.53 1.56 1.8
HMRF 29.4 158.09 52.04
3.68 1.57 1.54
TRM 32.8 180.86 76.91
2.44 1.99 2.56
TRF 29.4 165.71 6G.80
1.67 2.11 2.02
CONM 25.6 169.97 73.43
1.51 1.90 4.95
CONF 26.7 158.79 54.06
1.53 1.35 1.44

* Means and standard error of the means are for subjects who completed the
investigation. Older subjects were lost from the training group whereas
younger subjects were lost from the high mileage runner group; particularly

HMRM.



Results: Section2: Training achievement and cardiovascular

fitness changes due to training:

Training distance achieved by HMR and Trzinees during the Six

Month Program:

Deccription of Results:

Main Effects:

Group main effect was highly significant (p<0.0001). HMR trained
significautly longer distances than the TR group (67.04 + 6.79 v 20.62 + 0.77
kms/week). Gender effect was significant (p<0.007). Men trained over greater
distances than women (45.78 +5.9 v 29.9 +3.69 kms/week). The time main effect
was also highly significant (p<0.0001). Training distances increased from 25.67
+6.03 kms/week to 48.84 + 3.62 kms/week over the six month period across all
groups (see figure 1). The gender training difference was not consistent for
both HMR and TR since there was a gender x group interaction. There was an
overall significant difference between training volume in HMRM and HMRE
but not TRM and TRF. The gender x time interaction was not significant. The
time main effect was accounted for by significant increases in training
distances in the TRM ( pre, 0, mid, 25.1, post, 39.5 km/week) and TRF (pre, O,
mid 23.62, post, 25.1 km/week) groups (p<0.05) but not HMRM, HMRF, CONM and
CONF (sece table 2). However, although the TRM group and HMRM group

differences remained throughout the investigation only a pre and mid point

significant difference in training volume was recorded between the HMRE and



TRF groups (p<0.05 Scheffe) (see figure 2). The cffects of a six month training
program therefore removed the group difference between high milecage

women and the women training group.
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Table 2. Training Achievements:

Group

HMRM

HMRF

TRM

TRF

Training Distance

pre
x/sem
84.2
12.5
41.0
4.7
0.0
0.0
0.0
0.0

mid
x/sem

77.4

54.4
7.0
25.1
1.5
23.6
1.1

64

HMR & TR

(kms)

post
x/sem
77.6
9.9
51.6
6.3
39.5
2.6
35.3

2.7
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* %% all P<0.05 (Scheffe):

* There was a significant increase in training distance in the TR group from

pre to mid, mid to post and from pre to post measurement.

** HMR group trained significantly more than TR or CON throughout the

experimental period.

NS: There was no change in the training distances of the HMR group during

the six month experimental period.

Figure 1. Training distances achieved: HMR, TR & CON by group (mean and

SEM)
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* There was a significant increase in training distance at all stages in the TR

group (TRF and TRM)

** HMRM trained significantly more than TRM or CONM at all stages.

*** HMRF irained significantly more than TRF or CONF at all stages except TRF

v HMRF uat the post measurement period.

Figure 2. Training di

:nces achieved: HMR & TR: group*gender
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The Effects of six months of endurance traiving on Maximum

Oxygen Uptake (VO2 Max.) in HMR, Trainees and Control subject..

Results: Main effects:

Group (p<0.0001), gender (p<0.0001) and time (p<0.001) main effccts were
all highly significant. The HMR group had significantly higher VO2 Max.
values (57.16 + 191 ml/kg/min) than the TR (44.24 + 1.15 ml/kg/min) or CC™

(42.98 +

1.67 ml/kg/min) groups (p<0.0001) although there were no differcnces
between the TR and CON groups. There was a significant gender difference in
VO2 Max. (men, 51.51 + 1.36 ml/kg/min v women, 43.36 + 1.64 ml/kg/min)
(P<00002). The time effect was also highly significant (p<0.001). VO2 max,
incrcased from 44.33 + 1.28 ml/kg/min to 4995 + 123 ml/kg/min. Mean VO?2
max. valucs for all groups are reported in table 3. Results are reported in
graphic form in figures 3, 4 and 5.

Group*gender interaction was not significant. The group*time
interaction was highly significant (p<0.001). Multiple comparisons revealed
that HMR maintained a greater aerobic capacity than TR at pre (55.74 +6.43 v
38.8 +0.3 ml/kg/min), (mid 56.3 + 0.51 v 45.8 + 0.35 ml/ig/min) and post (59.4 +
0.76 v 47.7 + 0.34 ml/kg/min) investigation periods and a greater capacity than
the CON (CON V02 max. = 41.0 + 0.31, 42.4 + 0.53, 42.7 + 0.51 ml/kg/min, pre, mid,
post respectively) group at all stages (p<0.05 Scheffe). Surprisingly multiple
comparisons revealed that TR did not exhibit significantly higher aerobic
power than CON as a result of training. This was due to lower VO2 max. scores in

TR as a group than CON at the outset of the investigation.
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Training Effects:

There was a significant increase in VO2 max from prc to post
mecasurement period in HMRM (56.1 + 0.72 v 62.47 t 0.64 ml/kg/min.) (Scheffe
p<0.05) (Figure 3). Since wecight did aot change in this group and training
volume did not incrcasc an increasc in - xercise intensity must be assumed. The
usc of interval type training for race fitness would account for this increase.
Also pre V02 max. in 3 HMRM was ' Dossibly due o detraining due to
previous injuiy. There were no significant changes in HMRF from pre to mid,
mid to post or from pre to post training period. HMRM and HMRF maintained
greater acrobic power than TR or CON throughout the investigation (scc figure
4)

There was a significant increase in VO2 max. in TRM from pre to mid measure
(42.47 + 0.63 10 494 + 0.52 ml/kg/min), from mid to post (49.9 + 0.52 to 51.8 + 0.49
mi/kg/min.) and from pre to post (42.47 1+ 0.63 to 51.8 + 0.49 ml/kg/min.)
(p<0.05, Scheffe).

There were similar significant increases in women on all three
cornparisons (sece table 3) (all Scheffe p<0.05). However, the TRE group did not
demonstrate greater relative aerobic power than the CONF group at the end of
the investigation.

There were no significant changes in the VO2 max. of either CONM or
CONF over the training period (see figures 3,4 and 5, .able 3). HMRM and HMRF
maintained a higher mean VO2 max, than this group throughout. Although
CONM had a higher VO2 at the onset of the investigation than TR?: (46.7 + 19 v
42,5 + 1.2 ml/kg/min), CONM exhibited lower mean aerobic power than the

TRM group (489 + 1.7 v 51.8 + 1,3 ml/kg/min) at the end of th= investigation.



This difference was, however, not significzm.t. TRF had significantly lower
acrobic power than CONF at the beginning of the investigation (p<0.05).
Although TRF increased their VO2 max (from 35.5 + 1.2 to 44.1 + 1.6
ml/kg/min). an' were running a mean of 35 kilometres per week at the end of
the investigation, the VO2 max levels wazre not significantly different from
those of the CONF group (44.1 + 1.6 TRF post v 38.9 + 2.1 ral/kg/min. CONF post).
This effect was due to selection of subjects and group bias since randomized
design was not feasible in this investigation. Similarly the significantly
g: ier VO2 max. levels of the HMR grcup were to be expected since this group
was selccted as a training control group.

Since pre VO2 levels were significantly different at the beginning of
the investigation (HMR, 55.77 + 1.96, TR, 38.83 + 1.12, CON, 42.03 + 1.69
m/kg/minute) an analysis of covariance was computed to account for the
original group differences. When the effects of the covariate were removed

the main effects analysis remained significant (see appendix 9: table 6).



Table 3. The Effects of training on V02 Max.

Group

HMRM

HMRF

TRM

TRF

CONM

CONF

Pre
X
sem

56.”

5§5.3
1.91
42.5
1.2

34.5
k.21
46.7
.88
37.9
1.71

Mid
X

sem

(mls/kg/min.)

57.¢
2.87
54.4
3.12
49.9
1.46
41.2
1.42
48.6
1.98
38.7

2.41

Post
X
sem

62.5
2.23
§5.0
3.20
§1.8
1.28
44.1
1.64
48.9
i.70
38.9

2.10

70
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* %% all P<0.05 (Scheffe):
* A significant increase in HMR from pre o post measurement period.
** A significant increase in VO2 from pre to post and pre to mid measure in

the TR group.

Figure 3. Effects of training on VO2 max. by group.
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** HMRM maintained a significantly greater VO2 max. than TRM or CONM
throughout the experimental period.

**% V02 max. increased TRM significantiy from pre to mid and from pre to post
measure.

Although TRM had a greater VO2 max. than CONM at the end of the

investigation the difference was not significant.

NS There was no change in the CONM group.

Figure 4. Effects of training on VO2 max: group*gender (men)



73

60 -
& %‘ ‘%7 ﬂ% NS
=
o (12
= 50-
£
E &~ HMRF
o - - T
‘E /,/%’ B CuUNF
= 40 - i NS
o) ?
> .

30 1 § v ¥ v T Y

PRE MiD POST
TIME

* *% a3l P<0.05 (Scheffe):

* TRF signyicantly iaicrease in /02 max. from pre to mid and from pre to post
moasure.

** HMRF maintained a greater VO2 max. than TRF or CONF throughout the
investigation period.

NS§ There was no significant change in the CONF group or {IMRF group.
Although TRF achieved higher VO2 max. levels than CONF ct the end of the

investigation the difference was not significant.

Figure 5. Effects of training on VO2 max: group * gender (women)



Results: Sect’'vn 3:The Effects of six months of endurance training
on anthropometric variables: Body weight, body fat and lean body

mass.

Changes in body weight during a six month training program:

Main Effects:

Group (p<J. ) gender (9<2.0001) and time (p<0.001) main etrecis were
highly significant. .. = 7 < . 2.05 kgs) and TR ( 8.25 + 2.16 kgs) groups
LI ed significantly w weight (p<0.05) although TR and CON (62.43 + 326 kgs)

- IMR and CON did not differ. Men (71.69 + 1.65 kgs) were consistently

-avicr than women (56.35 + 1.25 kgs) (p<0.0001). This was consistent across
1l groups as revealed by gender*time Scheffe multiple comparisons (see table
4). T.aere was significant reduction of body weight over time from 64.8 + 1.54
i0 63.63 + 1.39 kgs. (p<0.0001). The time effect was due to a significant weight
reduction i » TR group from pre to mid, mid to post and pre to post
measuremen' (see figure 7). There were no changes in the other .oups. Post
hor Scheffe multiple comparisons revealed that HMRM were not significantly

different in weight from CONM.

Effects of training:

Neither HMRM or HMRF changed weight significantly during the
training period (see figures 6 and 7).
There was a significant reduction in body weight from pre (o posi

measure in the TRM group (p<0.05) (see table 4, figure 6). However, there was
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no cffect of training on the body weight of the women runners. TRM
cxperienced a significant loss in body weight (79.9 i 0.37 to 74.02 + 0.39 kgs,
p<0.05) following 6 months of rurning training whereas there was no effect of
training on the TRF group (60.8 + (.29 to 59.18 + 0.38 kgs) (see figure 7). TR
remained heavier than HMR throughout the investigation but as a group apd
not by gender.

There were no significant alterations i~ the body . .ight of the control

grour: during the course of the investigation (scc figur: 6).



Table 4. The Effecis of training on body weight: means & sem (Kgs).

Gronp

HMRM

HMRF

TRM

TRF

CONM

CONF

Pre
.8
sem

25.24
1.80
§2.04
1.54
76.9
2.56
60.8
2.02
73.43
4.95
54.06

1.44

Mid
X
sem

65.24
1.88
52.54
1.48
76.01
2.39
63.14
2.08
72.93
4.75
54.33
1.45

Post
X
sem

73.26
3.87
54.68
1.31
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* There was a significant reduction in body weight in the TR group.

** HMR were significantly lighter than TR or CON throughout the

investigation.

Figure 6. Effec: -aining by group.
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the investigation.

Figure 7. Effects of training: group*gender (men)
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The Effects of training on Percent Body fat and Lean Body Mass.

Main Effects:

There was a significant group (p<0.001), gender (p<0.00001) and time
(r-0.01) main effect for pcrcent body fat among the groups. HMR (16.08 +
1.31%) had significantly lower body fat than CON (2637 + 1.85%) and TR (21.19
4+ 1.12%)(P<0.05 Schetfe) although there was no difference between the TR and
CON groups. The group differences in body fat were accounted for by
significantly lower body fat in HMRF (17.79 + 1.58% * ihan TRF (26.2 + 0.87%)
and CONF (24.9 + 1.68%) (r<0.05) but no: between HMRM, TRM and CONM (sec
figure 9). M (15.32 + 0.82%) had significantly less body fat than women
(22.93 + 0.92 %) (P<0.r" Jercent body fat decreased from 19.76 + 0.9% to
18.8 + 0.84 % across ai. giwuns (p<0.01). Group*gender n.ultiple comparisons
revealed that gender differences betwezn TRM (16.74 + 0.96%) and TRF (26.11 +
0.87%) and CONM (14.32 + 1.61%) and COI\T (24.9 + 1.68%) were significant
although there was no significant difference bei..een HMRM (14.89 + 1.89%)
and HMRF (17.79 + 1.58%). Group*time (p<0.01) effect is accounted for by a
significant reduction in percent body fat in the TR group from pre (23.03 +
0.52%) to mid (2C.42 + 0.37% ) measure and from pre (23.03 + 0.52%) to post
(20.07 + 0.35) measure (p<0.05) but not mid to post measure (see figure 8). The
effect of training on percent body fat was significan® in TR as a group only
and not by gender. Neither HMR nor CON altered in percent body fat during
the investigation. Mean values for body for all groups are reporied in table 5.

Graphic representations of changes in body fat are represented in figures 8



and 9.

chronic

As cxpected there was a drop in body ltat in the TR rroup but not the

runners  and  control  subjects.

20
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Table 5. Percent Body Fat in HMR, TR N subyects (%),
Group pre post
X : X
2m Soom sen
HMRM 15.64 14.80 14.23
1.88 1.84 2.12
HMRF 18.34 16.75 18.23
2.27 1.88 1.65
TRM 18.990 15.73 15.60
1.44 1.06 0.9i
TRF 27.47 25.59 25.32
1.13 1.02 0.94
CONM 13.87 1 4.50 14.60
1.41 .94 1.70
CONF 24.34 25.20 25.17

1.94 1.56 1.59
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* #* all P<0.05 (scheffe);
* There was a significant reduction in body fat in the TR group with training
(not by gender).

¥ HMR maintained irss body fit than TR or CON throughout the investigation.

Figure 8. Effects of training on body fat by group.
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** P<0.05(Scheffe): differences in HMR body fat were accounted for by

significantly lower fat in HMRF v TRF or CONF.

Figure 9. Group differences in body fat in women subjects.



The Effects of training on Lean body mass:

Main Effects:

The group and time main effects were not significant for LBM although
there was a significant gender difference in LBM (p<0.0001). Men (60.68 + 1.45
kgs/lbm) had significantly greater 'zan body mass than Women (42.72 + 0.9
kgs/lbm). Post hoc comparisons (Scheffe) revealed gender differe ices
between HMRM and HMRF, TRM and TRF and CONM and CONF in lean body mass
throughout the lavestigation (p<0.05) (see table 6). Training did not result in

any alteration in lean body mass.
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Table 6. Mecan Lean Body Mass in HMR,TR and CON (Kgs)

Group

HMRM

HMRF

TRM

TRF

CONM

CONF

pre

sem

56.1
2.12
42.2
1.44

63.4

43.6
1.58
62.5
4.01
40.8

0.86

mid

s¢m

56.0
2.02
43.2
1.16
63.9
2.21
44.7
1.61
61.9
4.03
40.3
0.86

post

sem

56.7
2.07
41.9
1.17
62.3
2.33
44.8
1.77
62.4
J.63
39.8
1.86
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Results: Section 4. The effects of training on caloric intake and

dietary composition of HMR, TR and CON.

Analysis of Variance and Covariance:

To control for pre investigation gender differences in body weight and
gender differences in lean body mass among the groups an analysis of
covariance (Uancova) was computed utiliziry weight and lean body mass as

covariates in addition to an analysis of variance.

Main Effects:

Caloric Intake

Despite the disparity in activity levels 2mong the groups it was
remarkable that there were no differences in group or time main effects.
There was a significant gender effect (p<0.001). Men ( 2645.9 + 79.34 kcals/day)
ate significantly more calories than women (1984.5 + 74.53 kcals/day) (see
table 7). No other interactions were significant. Post hoc Scheffe multiple
comparisons demonstrated a significant difference in caloric intake between
TRM (27929 + 92.9 kcals/day) and TRF (1966.5 + 111.5 kcals/day) and CONM
(2659.9 + 187 kcals/day) and CONF (1896.2 + 146.7 kcals/day) (all p<0.05).
However, HMRM did not differ in the number of calories consumed from
HMREF.

The use of weight as the covariate reduced the probability level of
significance of gender difference in caloric intake (from p<0.0001 to p<0.01)

and when lean body mass was entered as a covariate in the analysis  the



gender difference in caloric intake was rcmovcﬁ (p<0.0001 to p<0.1).
Differences in caloric intske between TRM and TRF and CONM and CONF were
removed when subjects were equated for weight and lean body mass. Mecan
caloric intake by group and gender is reported in summary in table 7. Group
measures of dietary intake are illustrated in figure 10.

Training had no effect on caloric intake in either HMR or TR groups.

There was no seasonal change in caloric intake in the CON group.
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Table 7. Effects of training on caloric intake (Kcals/day).

Group

HMRM

HMRF

TRM

TRF

CONM

CONF

pre
X
sem

2440.5
169.5
2230.7
132.9
2750.7
105.6
2028.0
154.9
2551.2
172.1
1780.5
123.5

mid

X

sem
2446.7
193.7
2111.9
77.0
2802.9
128.3
1932.3
149.5
2733.3
271.4
1957.8

188.7

post
X
sem

2394.0
215.8
2127.1
192.6
2825.1
117.5
1939.0
111.4
2695.3
184.9
1950.5

187.4
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There were no significant effects of time or training on the caloric intake of

HMR, TR or CON.

Figurc 10. Effccts of training on caloric intake HMR, TR and €~



CALORIC INTAKE {kcs'e/day)

When

removed.

i €
2350 &:‘ _ = o
[u 2 Tem ’rwj -

gender was equated with lean body mass the gender effect was

Figure 11. Gender differences in caloric intake

HMRE
HMRM
TRM

‘
]

Convi-

90



91

The effects of training on carbohydrate intake in HMR, TR and CON

subjects.

Main Effects:

Only gender (p<0.000') and group*gender interaction (pa0.01) ¢ffects
were significant. There was no effect of time or tramming on the consumprion
of carbohydrates among the groups. Group*gender multiple comparisons
showed that TRM (3442 + 19.24 pms/day) differed significantly from TRIF (23313
+18.35 gms/day) and CONF (230.0 v +_16.4 gms/day) in carbohydrate
consumption (all p<0.05 Scheffe). When body weight and lcan body mass were
used as a covariates for carbohydrate intake the gender effect was removed
The group*gender interaction effect remained margimally  significant  when
weight was uscd as the covariate and was removed when fean body mass wans
used as the covariate. Group*gender multiple comparisons revealed that when
weight and lean body mass were used as covariates only TRM (3442 4 19D
gms/cho) ~nd TRF (233.4 + 18.35 gms/cho) exhibited any diffcrences an
carbohydrate intakc. Mecan carbohydratc intake by group and gender over
tme is reported in table 8. Graphic representation of carbohydrate s reported

in figurcs 12 and 13,

Training Effects:
Training had no cffect on carbohydrate intake 1n ciher HMR or R

There was no time (scasonal) effect on carbohydrate intake in CON
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Table 8. Carbohydrate Intake in HMR, TR and CON (gms).

TIME
Group pre mid post
X X X
sem sem sem
HMRM 289.0 299.8 285.4
23.5 27.5 28.9
HMRY 302.5 287.4 291.6
14.7 14.8 21.9
TRM 325.0 348.3 359.3
21.4 21.8 20.7
TRF 250.7 227.7 221.4
25.9 21.4 19.1
CONM 299.2 311.3 315.7
45.3 31.3 33.7
CONF 209.7 239.1 243.9

'6.3 26.4 19.6
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Figure 13a: Gender differences in carbohydrate intake in HMR, TR and CON.
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The eifects of training on dietary fat intake in HMR, TR and CON

subjects.
Main Effects:

There were no significant diffcrences in consumption of dietary fat
either among the groups or over time (ie: with training). There was a
significant difference between genders for dietary fai intake (P<0.00011). Men
(98.05 + 4.17 gms/day) consumed more dictary fa. than women (73.13 + 3.75
gms/day). Men ate more fat than women at the pre (100.12 + 5.1 v 74.37 + 3.95
gms/day) and mid (99.10 + 4.33 v 7447 + 4.1 gms/day) but not post period of the
investigation in all groups (P<0.05 Scheffe). The use of body weight and lean
body mass as covariates in the UANOVA analysis removed the gender
difference in dietary fat consumption.

Mean dietary fat intake before, during and after the investigation is
reported in table 9. Graphic representation of the results is reported in figures

14 and i5.
Effects of training:

Training had no effect on dietary fat intake in either HMR or TR. There

was no seasonal effect on fat intake in the CON group.



Group

dMRM

HMRF

TRM

TRF

CONM

CONF

Table 9.

Dietary fat intake (gms):

TIME
pre mid
X X
sem sem
91.3 81.9
7.6 8.2
75.6 73.0
6.6 7.2
105.2 100.4
6.8 7.9
73.0 72.3
8.1 7.1
103.8 115.0
11.3 16.9
74.6 78.2
7.7 9.6

97

post

sem

39.7
10.4
65.6
7.2
93.5
7.3
69.5
5.9
101.6
10.9
76.6
10.6
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There were no differences in dietary fat intake foliowing six mcnths of

endurance running training.

Figure 14. Effects of :raining on the dietary fai intake HMR, TR
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Figure 15a: Gender effects: Dictary fat intake in HMR, TR and CON.
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The Effects of training on dietary protein intake in HMR, TR and

CON subjects.

Main Effects:

There were no significant differences either between the groupé or
over time in dictary protein intake. There was a significant difference in
dietary protein intake between men (100.75 + 3.35 gms/day) and women (88.1 +
2.97 gms/day)(P<0.0001). This was not consistent over timc. Men only ate
significantly more protein than the women at the mid and post mecasurcment
stages and not on the pre measure (P<0.05 Scheffe) There was also a
significant group* gender interaction (P<0.05).  Scheffe post hoc comparisons
revealed that only TRM and CONM ate more than TRF and CONF. HMRM and
HMRF did not consume different amounts of dietary protein (see tablc 10). The
addition of body weight and lean body mass as covariates in the analysis
removed  the group*gender interaction effect although the gender effec:
remained intact when body weight was entered as a covariate. The use of
covariates removed the CONF and CONM protein intake difference although the
TRM v TRF and CONF differences remained s’ :ificant. Mean dictary proteir
intake before, during and after the investigation period is reported in table 10.

Graphic representation of dietary protein intake is reported in figures 16 and

17.

Training Effects:

There was no effect of training on dictary intake in protein in cither TR

or HMR. There was no scasonal effect on protein intake in the CON group.



Table 10. Dictary Protein Intake (gms).

Group

HVIRM

HMRF

TRM

TRF

CONM

CONF

pre

se¢in

90.0
5.1
87.4
6.5
111.5
5.2
72.3
2.3
97.2
8.9
69.5
5.2

TIME

mid

sem

91.8
5.3
80.6
3.3
103.1
5.8
73.5
5.5
162.1
10.2
73.4

7.2

post

sem

79.4
7.1
107.3
3.9
77.5
4.4
106.7
9.2
68.3
9.3
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There were no significant differences in dietary protein intake among the

groups or over time.

Figurel6. Effects of training on dictary protein intake HMR, TR
and CON.
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There were significant gende- differences in dietary protein intake. The
gender effect remained intact when body weight was used as a covariate.
Analysis of covariance in which lean body mass was used as a covariate

removed the gender difference although the p value was P<0.054.

Figurec 17: Gender dificrences in dietary protein intake.
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Individu.i: dictary profiles among TRM & TRE.

Since there were no changes with dictary intake over time in the TR

group, an incividual caloric intake/training profile was c¢xamined. Ten TRM

105

and nine TRIF were sclected from the subjerts who successfully completed the

investigation. Successful completion of the yestigation was determined by
fully completed sct of diet diaries and traimg at least 25 km per weck
Individual dictary and training p.cfile were constructed and the mean
training distances and dietary proi'. is shown sceiv in figurcs 18 and 19,
Individual data is reported below with descriptions in figures 18a to 18 and

19a to 19i.

Graph Legends: For all graphs light lines with boxes represent caloric

intake; diamonds on black lines represent mean weekly training  distance.

a
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Figure 18. Mean Caloric Intake in 10 TRM during a six month training

program.
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Figure 19. Mean Caloric Intake in 9 TRF during a six month training program,
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Description  of dietary and training profiles of TRM.

There was a lincar increase in distance trained per week over the six
month training period in the 10 men sclected for individual profiling,
Although there was no significant trend in the dictary profile, the caloric
intake exhibited a fluctuating pattern which is st described as triphasic
a) An initial drop in caloric intakc at the onsct of c¢xercise.

b) A recovery phase characterize.! oy @ linear increase 1o above bascline
levels.
¢) A sccondary decrease phasc characterized by a persistent fall in caloric

intake despite a linear increase in distance trained by the TRM group.

There was an initial drop in caloric intake in the TRM group during the
first 6 weecks of the investi sation from a baseline caloric intake of 3035.5
+£193.07 to 2627.6 + 123.4 Kilocalories per day despite an increase in weekly
training of 14.9 +1.9 km/week. This represented a 13.5% decrease in caloric
intake. At week 6 a recovery phase began  which appcared 10 be lincai with
distance trained. This recovery lasted until week 18 of the investigation.
Caloric intake increased to 3237.7 + 195.7 kilocalories per day which
represented an increase of 6.5% over baseline levels,  However, after week 18
there was a persistent fall in caloric intake despite an increasc in weekly
training distance which lasted to the cnd of the investigation. At weck 24 of
the running program the TRM Broup was consuming a mecan caloric intake of
2903.3 + 189.2 kilocalories per day  which represented an overall decrease in
caloric intake of 4.3% from bascline despitc a lincar incrcase in training

distance to approximately 40 km per weck (25 milcs).
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Description  of Dictary and Training Profiles of TRF.

The dictary profile of the women subjects is remarkable in that despite a
lincar increcasc in weekly training distance there was no significant
alteration in dictary intake. Caloric intake cssentially remains  constant

throughout the course of the investigation.

Vrofile Anajvsis:

To examine the effects of training on caloric intake in men and women
an anova procedur: for repeated measures and trend analysis was computed
(SPSS 3.0 Timec Series and Forecasting). Linear, quadratic, cubic and quartic
trends in the dictary profile were examined. Although there was a highly
significant overall difference between men and women (p<0.00001) no distinct
trend in the dietary profile of either men or women was detected. The drop in
caloric intake in the TRM group appeared to be distinctive in only 5 of the
TRM. In the other 5 there did not appear to be a dictary response pattern.
Subsequently a trend analysis was computed for a group, hereafter to be called
responders (initial drop in caloric intake)(n=5) and non-responders (no drop
in caloric intake)(n=5). There was a significant quadratic trend (p<0.045) and
quartic trend (p<0.02) in the responder ;-oup and an overall difference in
caloric intake between the two sub-groups.

The responder group cxhibited a distinct drop in caloric intake
immediately after the onset of the investigation which is maintained for a
period of 6 weeks. Thereafter, there was an increase in caloric intake

although not to baseline levels.
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The mean dietary intake and training profiles for the responder and

non-responder sub groups of TRM  are reported  below in figures 20 and 1.

Since the activity anorexia model assumes a drop in caloric intake associated
with cexcreise intensity and rate of change of daily activity, the rate of change
of daily activity was examined via regression analysis.  The slope constants for
the whole investigation were not significantly different ¢ b = 3.15 £0.53,
responders v 3.19 +0.14, Non-responders, p<0.944).  Analysis of the slopes for
the first hall of the investigation revealed a significandy  greater rate  of
inercase m baining distance - the respoader group (b~ 4211 + 0.46 v 2.620 +
0.115, p<0.011). The rate of increase in training distance as indicated by the
slope constant was 85% greater in the responder group.  This suggested a role
of rate of change in daily activity in the dictary response of the TRM

responder  group to trainiang.
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There was a significant Quadratic (p<0.045) and Quartic (p<0.022) trend for
dietary intake in the responder group. The slope constant for training
distance was significantly greater in the responder group (b= 4.211 v 2.63,
p<0.011) for the first half of the investigation.

Figure 20: Dietary and training profiles for 5 TRM responders.
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Figure 21: Dietary and training profiles for 5 TRM non-responders.
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Individual training and dietary profiles: TRF
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Energy Expenditure and  Energy Intake (Energy Balance):

Since there were no differences in caloric intake cither among groups
or with training an analysis of cnergy balance was completed. It would be
expected that an incrcase in training volume and/or a program of endurance
running would necessitate ingestion of a greater number of calories than in a
scdentary state. Basa! metabolic rate was cstimated using the nomogram of
Roothby ¢t al. (1936) and Boothby (1956) and the encrgy cost of exercisc was
calculat:d based on a constant for normal daily activity (20% of caloric
intake). The specific dynamic action of food was estimated as 6% of total
caloric intake for trained and 10% for untrained (Bostick-Reed, 1987). The
energy cost of exercise was based on the metabolic cost of running on the
treadmill (using the non-protein  kilocaloric equivalents for oxygen: 4.79 . 501
Kcals/Litre 02). The exercise value was equated with actual training intensity
on the road or track. The results are reported below expressed as kilocalorics

surplus/deficit (see Table 11) and as a ratio from Z€ro to one (sec Table 12).

Dietary deficit/surplus in HMR, TR and CON after a six month

training period:

Main Effects and Interactions:

There were highly significant group (p<0.001), group*gender (p<0.01)
and group*time (p<0.01) cffects for the deficit/surplus measure (cstimation).
The significant group cffect resided in a significantly greater deficit in the
HMR group (-313.76 +165.2 kcals) v TR (-54.8 + 54.1 kcals) or CON (+170.90 +

101.25 kcals). Group*gender multiple comparisons revecaled that HMRM (-531.7



+165.2 kcals) and not HMRF (-43.34 + 139.1 kcals) had a significantly mreater
estimated caloric deficit than cither the TRM (34.5 + 60.7 kcals) or CONM (+301.6
+ 117.4 kcals) groups. TRF, HMRF and CONF were not significantly different.
Group*time multiple comparisons showed that following training the HMR (-
358.36 + 69.74 kcals) and TR (-215.7 + 51.4 kcals) groups as a whole cxhibited a
greater deficit than the CON group whereas prior to training there was no
difference.  This CON surplus was consistent across groups and time.  Although
there was a considerable shilt from a caloric surplus in the TR group, (both
nicn and women) to a negative caloric balance, this was not significant due to
considerable within group variability.

Mcan results for all groups dre reported in table 11 and graphically

represented in figures 20 to 21,



Table 11. Dictary surplus/Deficit (Kilocalories/day) in HMR, TR and CON.

Group

HMRM

HMRF

TRM

TRF

CONM

CONF

Pre
.

s

sein
-579.4
164.9
45.74
118.8
210.3
89.6
4.81
116.3
246.7
154.5
21.9
113.3

Pust

A
s¢m

-485.9
218.5
-132.43
194.6
-141.2
97.2
-318.5
116.3
356.5
161.9
198.1
176.6
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*P<0.05: Pre HMR sig. greater deficit v TR or CON.
Post HMR sig, greater deficit than CON bur not TR.

No sig. difference between HMR & TR post measure.

Figure 22: Dietary surplus/deficit i~ HMR,TR and CON subjects before and after

training.



SURPLUS/DEFICIT (kcals/day)

GROUP

HMR PRE
HMR POST
TRAINEE PRE
CON POST

TRAINEE POST
COMPRE

* p<0.05 Scheffe: HMR had a significantly greater deficit before, during and

after training than TRM and CONM.

Figure 23: Dietary Surplus/Deficit in HMRM, TRM and CONM subjects.
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SURPLUS/DEFICIT (Kcals/day)

HMR PRE
HMR POST

TRAINEE POST
CONPRE

TRAINEE PRE

Figure 24: Dietary Surplus/Deficit in HMRF, TRF and CONF subjects.



Dietary Deficit Ratios for HMR, TR and CON before and after

training.

Ratios are reported in tabular form (see table 12

Main Effects and effects of training,

Maii. Effects and effects of training on the ratio are as per absolute caloric

surplus/deficit section.

Table 12: Dietary deficit/surplus ratios before and after training,

Group Pre Post
X X
sem sem
HMRM 0.814 0.834
0.05 0.07
HMRF 1.02 0.95
0.1 0.08
TRM 1.07 6.95
0.03 0.03
TRF 0.99 0.86
0.06 0.04
CONM 1.11 1.15
0.07 6.07
CONF 1.01 1.12

0.07 8.1
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Comparison of nutrient intake of HMR, TR and CON to the RNI for

Canadians.

The low caloric intake of the HMRM group compared to the other
exercise and control group was interesting in that there appearzd to be no
increase in dietary intake to compensate for increased activity (see table 13).
HMRM consumed 13% less calories than TRM and 4.5% less calories than CONM.
When body weight was factored into the caloric measure there were no
differences among the groups; HMRM, TRM and CONM consumed an average of
37.3, 35.8 and 34.7 kcals/kg body weight respectively. The HMRM group
exhibited a dietary deficit of -579.37+164.9 kilocalories of energy per day. This
compared to a surpius of 210.33+ 89.58 Kilocalories in TRM and 246.72 + 154.52
Kilocalories in CONM at the outset of the investigation. This deficit was
consistent and significantly greater than either TRM or CONM (P<0.05) within
the HMR group over the course of the investigation ( post measure = -
483.97+218.47 Kilocalories). In contrast to the HMRM group HMRF appeared to
consume more absolute calories than either TRF or CONF, HMRF consumed
28.5% more calories than TRF and 30% more than the CONF group. When body
weight was factored into the caloric intake measure there was a clear
difference in energy consumption. HMRF consumed an average of 42.85
Kcal/kg compared to 33.4 in TRF and 32.9 in the CONF group. It was interesting
that HMRF consumed more calories per kilogram body weight than the HMRM
group. The diet deficit/surplus values computed for the women subjects also
demonstrated a value close to dietary equilibrium. HMRF consumed a surplus
of only +45.7 kilocalories whereas TRF consumed +4.81 Kilocalories and CONFF,

+21.93 Kilocalories.



Since there is little refercnce data from rescarch studies of this nature
with which to compare the current data, caloric intake was compared to the
recommended nutrient for Canadians (Dietary standards for Canada, Minister
of National Health and Welfare, Ottawa, 1975). The following table compares
the nutrient intake of subjects at the initial/pre measurement phase to
Canadian dietary standards (see table 13).

Since the Canadian standards are based upon values calculated to be 2
. standard deviations above actual required mean caloric consumption then it is
evident that the caloric intake of the HMRM group falls short of the
requirements. This is particularly evident since this group was training in
excess of 70 kms/week and would not appear to compensate for this activity
with increased caloric intake. An apparent shortfall in the CONM and CONF
groups would not be considered problematic since the RNI for Canadians is set

at 2 standard deviations above minimum nutrient requirements for adults.



Table 13. Comparison of caloric intake to Canadian dietary standards (pre

Group

HMRM -

HMRF

TRM

CONM

CONF

investigation

Dietary intake

(Kilocals)

2440.50

2230.71

2750.71

2028.00

2551.17

1780.45

measures).

Diet req.

(Kilocals)

2700

2100

3000

2100

3000

2100

%*

¥ %k

%RNI

90.0

106.2

91.7

96.5

85.0

85.0

* caloric intake assumes a normal activity pattern (ie: not inclusive of

training regimens).

** values are 2 standard deviations above the mean calculated requirements

for each age group.
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Tablel4. A comparison of dietary protein intake in HMR,TR and CON to

Canadian dictary standards (Pre expcrimental measures).

Group

HMRM

HMRF

TRM

TRF

CONM

Prot.Intake Prot/kg.

(gms)

90.0

87.4

111.5

72.31

97.2

69.5

(gms)

1.37

1.68

1.45

1.32

1.28

%RNI

160.0

213.2

205.4

176.3

173.6

1495

% RNI

(Athlete)

68.0

84.0



An examination of the table 14 reveals that acpording to dictary
standards for Canadians all groups consumed sufficient total protein.  The
dictary reference standard of 1 gm/kg body weight was exceeded in all cases.
A protcin intake of 2.0 gm/kg/body weight has been suggested for athletes. In
this case the HMR group may be scen to be consuming only 68% if required
intake in HMRM and 84% of rcquired intake in the HMRF group.

An examination of pre measures of total and relative caloric intake and
protein thus revealed an apparent dietary deficit in total calories consumed in
the HMRM group and a deficit in terms of recommended protein intake in both
HMRM and HMRF.

Since the purpose of the investigation was to examine the effects of
exercise on caloric intake it is pertinent to examine the effects of exercise on
caloric intake and protein consumption over time (ie: during the investigation

training period) and relative to the Canadian dietary standards. (table 15)
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Tablel5: Caloric intake in HMR, TR and CON following six months of endurance

Group

HMRM

HMRF

TRM

TRF

CONM

CONF

training: comparison to RNI for Canadians.

Diet Intake

2394.0

2127.0

2825.0

1939.0

2695.3

1950.5

Diet Req.

2700

2100

3000

2100

3000

2100

%RNI

88.7

101.3

94.2

92.3

89.8

92.9
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There were no changes in dictary protein intake with training or

between the groups (see table 10).

In relative terms all groups satisifed the

daily requirement of at least Igm protein/kg body weight by a comfortable

margin.  Again, however, if a value of 2.0 gms/kg is accepted as the

requirement for athletes and active individuals then both the HMR.and the TR

groups might bc considered as dictarily deficient in protein intake.

Table 16: Protein Intake following a six month endurance training program:

Group

HMRM

HMRF

TRM

TRF

CONM

comparison to Canadian RNI.

Prot.intake

(gms)

90.0

79.43

107.5

77.5

106.7

68.3

Prot/kg

(gms)

1.37

1.54

1.45

1.31

1.45

1.24

%RNI %RNI

(athlete)

160.7 69.0

193.7 76.0

192.0 72.6

189.0 64.5

190.5

166.5



135

The absolute carbohy. ratc intake of the groups was not significantly
different either between groups of over time (sce table 17). Since
carbohydrates arec the main source of fuel of high intensity exercise it was
thought that HMRM and HMRF would initially consume more carbohydrates
than ecither of the other groups. This was not the casc. However, there was
shift towards an increasc in carbohydrate consumption in the TR group over
the six month period which appeared to have been compensated for by a
decrease ‘a dietary fat intake. The increase in carbohydrate intake was not

significant.

Table 17: Carbohydrate intake as a percentage of total nutrient intake.

Group PreCHO(%) MidCHO(%) PostCHO(%)
HMRM 61.4 63.3 61.5
HMRF 65.2 65.0 66.7
TRM 60.0 63.1 64.2
TRF 63.3 60.9 60.1
CONM 59.8 58.9 60.3

CONF 59.3 61.2 62.7



There were no differences in dictary fat intake among the groups or

over time.  Therc was however, a trend for a decrease in fat consumption as a

percentage of total nutrient intake in the TRM group.

in fat intakc (sce table 18).

No other group changed

Table 18: Dictary fat intake as a percentage of total nutrient intake.

Group

HMRM

HMRF

TRM

TRF

CONM

PreFAT(%)

19.3

16.6

19.4

18.4

20.8

MidFAT(%)

17.3

18.2

19.3

21.8

20.0

PostFAT(%)

19.4

15.1

16.7

18.9

19.4

19.8
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Effects of a six month training program on Eating Attitudes and

Eating Disorder Inventory Scores.

Main Effects: Eating Attitudes Test.

There were sigaificant group (p<0.01  and gender (p<0.01" main ciiects
for the EAT but no other interaction was significant. A significant group
cffect was accounted for by a diffcrence between TR (9.3 £ 1.6 points ) and CON
(3.5 +.0.85 points) (p<0.05 Scheffe) (sce table 19). HMR (5.91 + 1.25 points) did
not differ frc TR and CON by group (see figure 25). Post hoc Scheffe multiple
comparison: czled that the group diffcrence between TR and CON was
accounted 1. 4 significantly higher EAT score in TRF (13.9 + 2.5 ) than in
CONF in the pre measure (4.16 + 1.1)(p<0.05 Scheffe) (see figure 27). TRM (5.36
+ 1.5) also scored significantly lower on the EAT than TRF (p<0.05). Post hoc
multiple comparison revealed a significant pre measurc difference among
men and women but not a post measure difference (p<0.05). The

group*gender*time interaction was not significant.

The Eating Disorder Inventory:

There were significant group (p-"0.01) and gender (0.001) main effects
for the EDI scores among the three groups. A significant group effect was
accounted for by significantly higher EDI scores in the TR (19.38 + 2.7) than
HMR(7.0 + 1.06) group (sce figure 26). Post hoc multiple comparisons revealed
that the group difference was accounted for by significantly higher EDI
scores in TRF (28.54 + 3.7) than HMRF (7.75 £+ 1.91) (p<0.05 Scheffe) (see figure

28). There was also a within group difference between TRF (28.54 + 3.7) and
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TRM (11.54 + 2.55) on EDI scores (p<0.05 Scheffe). There was a significant
group*time interaction effect. Multiple comparisons over time showed that
th:re was a before and after difference in EDI <cores in men and women

(P<0.05).

Effects of training on EAT and EDI scores in HMR,TR and CON.

There was no effect of training on either the EDI or EAT scores in the
HMR group (Table 19, Nor was there any within sceuder differciice in scores
over time in this group. Neither HMRM or HMRT scored r1y .aocrently on
either score than TR or CON groups except on the EDL «r whiei the HMRF
group scored significantly lower than the TRF group (p " > Scheffe).
Although the TRF scores were much higher than thc HMRF scores on both the
EAT and the EDI there were no significant differences when Scheffc multiple
comparisons were calculated,

Six months of endurance running training did nothing to alter the
eating attitudes or the EDI scores of the TR group (figures 25 and 26). However,
there was a noticeable trend for much higher scores both before and after
training in the TRF group. On the EAT, TRF scored significantly higher scores
overall than CONF and TRM (p<0.05 Scheffe). TRF also scored significantly
higher than the HMRF and TRM groups on the EDT (p<0.05) (figures 27 and 28).

There were no changes in the EAT or EDI scores in the CON group over
time. Like the TRF group, the CONF group tended to score higher EDI scores
than the HMRF group although the differences were not sig;niﬁcant.‘ TRF
scored much higher scores on the EAT than the CONF group (p<0.05) but not on
the EDI. As a group the TR group scored higher scores on the EAT than the CON

group on the pre measure but not the post ..casure (p<0.05 Scheffe).



Table 19. EAT and EDI scores in HMR, TR & CON before and after training.

GROUP

HMR

TR

GENDER EAT

PRE
(x/sem) |
4.67
1.5
7.00
1.8
5.93
1.6
15.68
3.2
1.60
0.8
3.20

0.9

POST
(x/sem)
2.56
0.6
8.30
1.48
4.78
1.5
12.16
2.4
2.20
14
5.10
1.9

EDI
PRE
(x/sem)
8.00
0.8
8.50
2.23
12.21
3.0
30.3
4.9
4.20
1.4
10.36

3.4

POST
(x/sem)
4.20
0.7
7.00
1.65
10.80
2.2
26.75
4.8
6.00
2.1
15.81

7.2
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EATING ATTITWDE SCORES

TR PRE
TR POST

GROUP

HMR PRE
HMR POST
CON PRE
CON POST

*P<0.05 (Scheffe): TR scored significantly higher EAT scores than the control
group before and after training. Differences were accounted for by

significantly higher scores in the TRF v CONF groups.

Figure 25: EAT Scores by group before and after training.
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*P<0.05: TR scored significantly higher EDI scores than the HMR group but not

CON PRE
CON POST

CON. Differences between HMR and TR were accounted for by significantly

higher EDI scores in TRF v HMRF.

Figure 26: EDI scores by group before and after training.
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*P<0.05 (Scheffe): TRF scored sigr.icantly higher EAT scores than CONF .

Figure 27: EAT scores: group*gender (women)
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*P<0.05 (Scheffe): TRF scored significantly higher EDI scores than the HMRF

group.

Figure 28: EDI scores: group*gender (women)
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Result section 5. The effects of six months of endurance
training on serum Testosterone, SHBG capacity, Free Androgen
Index, Prolactin, Cortisol, LH, FSH and Pulsatile LH release in HMR

and TRM subjects.

Main Effects:

Serum total testosterone was significantly different in HMR (594.2 + 58.1
ng/dl) v TRM (885.4 + 59.1 ng/dl) at the onset of the investigation (p<0.05
Scheffe).  After training there was no significant differencc between HMR
(586.5 + 73.1 ng/dl) and TRM (684.1 + 58.3 ng/dl). TRM pre testosterone levels
were 23% greater than pre HMR testosterone levels. There was a significant
reduction in serum testosterone from pre to post training period in the TR
group (885.4 + 59.1 to 684.1 + 58.3 ng/dl) (p<0.05 Scheffe) (see figure 29). The
drop in testosterone represented a 22% decrease in circulating levels. There
were no significant group or time main effects in sex hormone binding
capacity (SHBG) (see figure 30).

Although the Free Androgen Index was considerably greater in the TR v
HMR group there were no group or group*time differences in the Free
Androgen Index (T/SHBG ratio) (see figure 31). Post hoc Scheffe comparison
revealed that HMR post FSH levels were significantly higher than either TRM
pre or post values (p<0.”S5, Scheffe) (see figure 32).

There was a si;nificant reduction in cortisol levels in TRM (p<0.05)
although the alterations 'n pre and post levels were not physiologically
significant ie: were w: > normal range (see figure 33).

LH levels did noi between groups or over time in either group

(see figures 34 &35). Thei. were no group differences in prolactin levels
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although there was a significant reduction in prolactin in the TRM group (11.6

+ 0.8 ng/ml to 8.9 + 0.6 ng/mi)(sce figurc 36). Mean values for hormonal

mcasurcs are reported in table 20.
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Table 20. Hormonal changes during a six month training program,
GROUP TIME TEST SHBG FAI FSH LH F PRL
ng/dl mmol/l (mIU/ml) ng/ml  ng/ml
HMR FRE 5942 379 645 129 114 6.0 10.9
58.1 5.1 102 19 09 0.1 1.58
POST 586.5 36.6 58.7 152 _ 57 8.7
73.1 2.6 87 26 _ 0.5 1.5
TRM PRE 8854 319 116.6 79 10.2 7.2 11.6
59.1 3.6 158 08 0.3 0.5 0.8
POST 684.1 31.1 976 7.5 9.8 54 8.9

583 35 16.7 09 0.7 04 0.6
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TESTOSTERONE (NG/DL)

GROUP

HMR PRE
HMR POST
TRAINEE PRE

TRAINEE POST

* ** all P<0.05 (Scheffe):

* HMR pre T levels were significantly lower than pre T of TR group but not
post training TR levels. HMR T levels did not change as a function of training
season.

** Training resulted in a significant decrease in total T in the TR group.
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SHBG (nmol/i)

GROUP

u
&
3
I

HMR POST
TRAINEE PRE
TRAINEE POST

NS: There was no effect of time or training on the SHBG capacity of either HMR

or TR subjects.

Figure 30. Effects of training on SHBG capacity in HMR and TR subjects,
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140 A

FREE T INDEX (T/SHBG RATIO)

% § GROUP é §
: g &
e f

NS: Although there was a considerable difference between HMR and TR in the
FAl before and after training these differences were not significant. A

decreased FAI with training in the TR 8roup was also not significant.

Figure 31. Effects of training on the Free Androgen Index in HMR and TR

subjects.
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* %% all P<0.05 (Scheffe):
*Pre TR FSH levels were significantly imwver then pre HMZ icvels.

** Post FSH levels in HMR were significantly hizher in the MR qroup.

Figure 32. Effects of training on ¥SF levels in AMR and TR subiects.
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* P<0.05 (Scheffe): There was a significant drop in baseline cortisol  levels

after six months of endurance training in the TR group. There was no Change

in r:ie (IMR group.

Figure 33. Effects of training on Cortisol in HMR and TR subjects.
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LH (miU/mi)

HMR pre TR pre
GROUP

NS: Baseline LH levels were not significantly different berween TR and HMR.

Figure 34. Baseline LH levels in HMR and TR.
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LH {miU/ml)
o
1

TR PRE TR POST
TIME

NS: Training had no effect on baseline mean LH levels in the TR group.

Figure 35. Effects of training on baseline LH levels in TR subjects.
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PROLACTIN (NG/M)

GROUP

[
& @
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o
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I

I

TRAINEE PRE
TRAINEE POST

* P<0.05 (Scheffe): Tra.ning resulted in a significant drop in Prolactin levels

in the TR group.

Figure 36. Effects of training on Prolactin in HMR and TR subjects.
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The Effects of six months of endurance running training on LH

pulsatile release in HMR and TR subjects.

Comparison of LH pulse parameters between HMRM and TRM.

The effects of training in LH pulsatile parameters were measured in the
HMRM and TRM groups only. Differcnces between the Pre measures between
HMRM and TRM were assessed via a one way ANOVA. Differences in pulse
parameters between pre and post LH pulse parameters in the TRM group were
assessed via a one group T test for dependent measures (2 tailed).

There was a small but insignificant difference in the number of LH
pulses (peaks) between HMRM and TRM. No other LH pulse parameters were

different (Table 21, figure 37).



Table 21. Summary of statistics: HMR V TRM: LH pulse Parameters.

Variable

Mean LH

Amplitude

Nadir

Pulse Arca

Pulse Interval

Pulses

Area Under

LH Curve.

NS: There were no significant differences among any of the pulse pattern

HMRM

11.42
0.93
323
0.38
10.04
0.94
130.1
30.2
132.1
25.3
3.33
0.33

NA

variables between HMR and TR.

TRM

10.20
0.30

4.41

8.84
0.36
133.8
222
102.2

3.80
0.37

NA

Prob.

0.282

0.297

0.926

0.343

0.379 NS

NA
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LH Pulse Freqiency per 6 aurs.

GROuUP

MS: There was a small but insignificant difference in the number of LH pulses

per 6 hours between TR and HMR.

Figure 37. Mean LH Pulse Frequency in HMRM and TRM.



The effects of six months

release in TRM.

of endurance
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training on LH pulsatile

Table 22. Summary of T Test Results: LH Pulse parameters before and after

Variable

Mean LH

Pulse Freq.

Nadir

Pulse Area

Pulse Amplitude

Pulse Interval

Area Under

LH Curve

training in TRM.

TRM Pre

10.2
0.34
3.8
0.37
8.84
0.36
133.8
22.2

4.41

NA

TRM Post

9.86
0.69
4.0
0.32
8.41
0.53
139.3
33.1
4.15
0.93
78.75
4.74

NA

Probability.

0.652

0.561

0.462

0.876

0.793

0.0078 *

NA

* Only mean pulse interval was significantly different (P<0.01).

There were no significant effects of training on the pulse pattern

profile of the "RM group except for a significant drop in the mean pulse

interval from pre to post investigation measurement (P<0.01). =+ & -alt

decrement in taseline LHE levels was not significant (Tabie 2.. . -
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NS: Training did not result in a change in LH pulse frequency in the TR

group.

Figure 38. Mean LH Pulse Frequency in TRM before and after training,
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Results Section 6: Correlations among variables,

To cxamine the rclationship among the variables measured, correlation
cocfficients and matrices were computed. A factor analysis was also computed
to determine the relationship between endocrine and selected nutritional

factors.

Correlation Matrices:

Correlation matrices were computed for all nutritional variables versus
pre and post testosterone levels by individual group and pooled group data,

Corrclation matrices are located in the appendices.

Simple Correlation Coefficients: The relationship of Testosterone

levels to pre and post variables:

To examine the relationship of selected nutritional variables to pre and
post training testosterone levels, correlation coefficients were computed for
caloric intake, caloric intake per kg body weight, caloric intake per kg LBM,
CHO, fat, protein (absolute (gms) and relative to body weight (gms/kg)), caloric
deficit (absolute and per kg body weight). Correlations were computed on a
pre and post training basis for HMRM only, TRM only and for HMRM and TRM

as a group. Results are published below in tables 23, 24 and 25



Table 23. Corrclation cocfficients for HMR: Pre and Post Investigation: v pre

and post Testosterone levels.

Variable

Caloric Intake

Cal/kg/wt

Cal/kg/LBM

Deficit

Deficit/kg/wt

Protein

Protein/kg/wt

Protein.kg/lbm

Fat

Fat/kg/wt

CHO/kg/wt

Pre Coeff. sig

0.764

0.817

0.367

0.374

0.726

6.786

0.819

0.857

0.844

0.442

0.520

0.01

0.01

0.01

ns

ns

0.01

0.01

0.01

0.01

0.01

ns

ns

Post Coeff.

0.570

0.503

0.600

0.510

0.531

0.697

0.640

0.747

0.615

0.547

0.066

0.040

sig

ns

ns

0.05

ns

ns

ns

0.05

0.01

0.05

ns

ns

iol



Table 24: Corrclations: prc and Post training: TRM group.
Sclected variables v Testosterone.

Variable

Caloric Intake

Cal/kg/wt

Cal/kg/LBM

Deficit

Deficit/kg/wt

Protein

Protein/kg/wt

Prot/kg/lbm

Fat

Fat/kg/wt

CHO/kg/wt

PreCoeff.

-0.

532

687

.733

.494

521

517

.587

329

162

171

.437

415

sig
0.05

0.01

0.01

0.1

0.05

0.05

0.05

ns

-0.162

ns

ns

ns

PostCoeff.

0.352

0.326

6.197

0.302

0.322

0.130

0.082

0.197

0.282

0.255

0.024

0.051

sig

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

162



163

Table 25: Corrclation Cocfficients: Grouped data (HMR & TR)
prc and post training: v testosterone.

Variable

Caloric Intake

Cal/kg/wt

Cal/kg/LBM

Deficit

Deficit/kg/wt

Protein

Protein/kg/wt

Prot/kg/lbm

Fat

Fat/kg/wt

CHO/kg/wt

Pre Coeff.

0.220

0.033

0.062

0.359

0.380

0.224

0.175

0.068

0.314

0.175

0.023

0.073

sig

1ns

ns

ns

ns

n

ns

ns

ns

ns

Post

0.498

0.415

0.422

0.445

0.464

0.463

0.363

0.361

0.440

0.357

0.134

0.091

sig
0.02

0.05

0.05

0.05

0.02

0.02

0.1

0.1

0.05

0.1

ns

ns
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Description of Correlations:

Training  Group:

The most striking trend obscrved from the calculation of corrclation
cocfficients for this group was a shilt from negative corrclations of
nutritional wvariables with prc testosterone levels to positive corrclations
following six months of endurance training.  The shift was not, however,

significant (see table 24).

HMR group:
There was an cxtremely strong reclationship between pre nutritional
variables and pre testosterone levels. This relationship held for the post

mecasurement (see Table 23).

Grouped data:

The most noticeable trend was for 1 shift towards a stronger correlation
of post testosterone to sclected nutritional variables.  Although these
correlations were not significant this does suggest a positive relationship
between clements of nutrient intake and androgen levels in men (seec Table

25).

Stepwise Regression Analysis:

To further examine the relationship of nutritional variables, absolute
and relative measures of caloric intake and dietary deficit with pre and post
training testosterone levels data was entered into a stepwise regression

analysis.  The regression analysis for the absolute and relative variables did



not sclect any significant predictors of pre testosterone in the HMR and TR
pooled data.  However, a stepwise  regression analysis revealed two  significant
predictors of post testosterone levels. Absolute caloric intake was the oLy
significant variable in the first analysis based on absolute values of nutrients
for post data (p<0.05) and in the relative analysis th: caloric deficit per kg

body wecight was the most significan: predictor of post testosterone (p<0.05)

Factor Analysis:

Factor analysis were performed on the nutrient intake variables and
testosterone as further indices of the relationship of caloric intake and dictary

composition to circulating sex steroid levels,

Factor Analysis: Pre & DPost data (HMR & TR).

Principle component analysis and orthotran/varimax rotation.
produced 3 factors in first analysis.

The orthoganal transformation solution-varimax rotation revealed that
the nntrient variables load on factor 1, fat and fat per kg/wt loads on factor 2
and dietary deficit and pre testosterone levels are correlated with factor 3 ie:
apparently unrelaied to factor 1: the nutrient factor (see Table 26 below). The
POSt measure factor analysis isolates two factors only (see¢ Tables 27 and 28 ).
Avsolute and relative fat intake was highly correlated with the nutrient intake
factor and total testosterone and dietary deficit were also related to this first
factor.  The oblique solution to the analysis revealed a stronger relationship of
testosterone to factor 1 whereas the importance of carbohydrate intake

diminishes significantly.
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Table 26. factor Analysis: Pre measures:

Variable .

Cals/kg
Cals/ibm
Fat/kg
Prot/kg
CHO/kg
Fat/lbm
Prot/lbm
CHO/1bm
Def/kg

PreT

Factori

0.819
G.795
0.319
0.663
0.935
0.29¢6
0.547
0.937
¢.340
-0.230

Pre

Measure

Factor?2

0.399
0.412
0.911
0.485
-0.008
¢.914
0.496
-0.003
-0.016

¢ 201

Orthoganal transformation-varimax:

Factor3

0.163
0.208
0.059
0.220
0.032
0.691
0.262
0.079
0.814

0.822
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Table 27: Factor Analysis: Post wmcasures: Orthesaral solution-varimax.

Variable Post Measure
Factorl Factor2

Cals/kg 0.974 -0.044
Cals/lbm 0.981 -0.021
Fat/kg 0.852 0.221
Prot/kg 0.803 0.283
CHO/kg 6.731 -0.652
Fat/lkm 0.843 0.240
Prot/ltia 0.777 0.310
CHO/1bm 0.739 -0.636
Def/kg 0.898 -0.083

PostT 0.499 0.503
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Table 28: Factor analysis: Post measures: Oblique Solution: Primary Pattern.

Variable Post Measure
Factorl Factor2

Cals/kg 0.636 0.565
Cals/li:m 0.660 0.547
Fat/kg 0.763 6.259
Prot/kg 0.779 0.177
CHO/kg -0.015 0.984
Fat/lbm 0.772 6.237
Prot/lbm 0.783 0.138
CHO/1bm 0.003 0.975
Deflkg $.553 0.559

PostT 0.711 -0.214



Chapter 4. A Discussion of the Results:

The discussion of results is arranged such that cach of the hypotheses
proposed at the beginning of the investigation is examined in the light of

current research and findings of this investigation.

Part 1: The effects of exercise On  measures of aerobic capacity and

percent body fat.

An cndurance training program was utilized to examine the effects of
training on VO?2 max., percent body fat and lea. body mass. Furthermore,
measu s % aerobic capacity, body weight, percent fat and lean body mass
were uu:td as control measures to demonstrate that a training effect had
vccurred.  Changes in VO2 mass were consistent with those reported in the
literature for healthy men and women (see review). Both TRM and TRF
exhibited a significant increase in VO2 max. TRM exhibited a 22% increase in
VO2 max. and TRF showed a 27% increase in VO2 max. Both groups also
achieved a significant increase in trainiug distance over the six month
investigation. TRM increased training volume to 39.5 km/week and TRF, to 35.3
km/week. These distances represent training increases from a bascline of no
tra‘aing, Surprisingly only TRM demonstrated a significant decrease in body
weight although TR as a group exhibited a significant decrease in percent
body fat. This is particularly interesting since the alterations in dietary
patterns observed in TRM were not observed in the TRF group (see section 2 of

discussion).
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Part 2: An examination of the results as they support a model of

Activity Anorvexia:

The hypotheses proposed were:

1) Six months of endurance running training will resu!: in significant
reductions in caloric intake in previously sedentary healthy men and women.
High mileage men and women runners will consume  significantly less
calories than non-exercisers decpite their activity level.

2) Dietary intake and diztary behaviour in runners and trainees will support a

model of human activity anorexia.

An e;cmination of the nutritional data revealed scseral interesting
findings.
1. High mileage male ruuwiers did not appear to consume adequate calories tc
compcensate for normal daily activity and energy expewditure due to traininy.

This was confirmed by a significant calculated dietary deficit in the HMRM

group.

2. Training failed to elicit a >ompensatory increase ‘1 caloric intake in the

training group for increased encrgy expenditure.

3. Both the TR and HMR groups consumed no more calories than a group of

sedentary control subjects.

<. Although heavier than the CON group the TR group exhibited a negative

calorie balance at the end of the investigation. The TR group therefore
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copcarcd to maintain  higher body weight on relatively less caloric intake

than non-runners.

5. There was a significant quadratic and quartic trend in dictary intake in 5 of
the  TRM group (responders) although this was not a universal effect.

Analysis rcvealed that the rate of increase in daily running was greater in the
responders (initial decrcase in caloric intske) and non-responders.  This

supported carlier findings in anim-~', (VYou..oo et al 1982),
Anorectic Effect of Exercise:

Anpj. *.ch has suggested that exercise results in an initial
decrease in - . ic intake which eventually recovers to above baseline
(Tokuyama et al. 1982  Alterations in caloric intake in the rat arc associated
with daily rate of activity increase (Epling and Pierce, 1984) and alterations in
food schedules may result ir increased activity (see Epling and Picrce, 1988).
Epling and Pierce (1988) have proposed a model of Activity Anorexia which is
essentially based on:

1) Opportunity to exercise.
2) Food schedule and/or deprivation.

3) Rer of chenge of daily activity,

If the animal model of activity anorexia applies to humans then it would
be expecied that training would result in a decrease in energy consumption
and that exercise would increase. The greater the rate of increase in running

the greater the appetite suppression effect.  Alterations in dietary behaviour,



particularly the frequency of meal consumption would be expec ’cd to further
increase  running.

There was no apparent increase or decrcas- in caloric intake in the TR
group with training. An examination of individual dictary profiles of the TRM
group, revealed a significant quadratic (p<0.04) and quartic (p<0.02) trend in
dictary bchaviour which appeared to be related to exercise intensity; - ~re
specifically to the ate of change in running during the first half of e
investigation.  The: - was a significant difference in rate of change o1
running in 5 responders vs 5 non-responders (p<0.01). The responders
exhibited a 60% greater rate of change in daily running than the non-
responder group.

This effect was not obser- ed in the TRF group. This is most likely
explained by the fact that TRF did not achieve the same training distances as
the TRM and did not exhibii the same rate of change in running as the men. It
v . intercsting that the TRF group tended to 1. »w the guide-lines for
training set out by the investigators at the beginning of the training program
whereas the TRM often increased training distances above the prescribed rate.

The significant trend in caloric intake in the responder TRM group is
consistent with animal investigations (Tokuyama et .. 1982).

The effect of food deprivation and or schedule is unclear in the present
investigation. Wha: was clear, was that many HMR and a sub-group of the TR
group consumed only one or two meals per day. This was surprising since the
degree of energy expenditure would appear to necessitate the ingestion of
more calorics. The runners therefore appeared to eat too little foo¢ and too few

meals.



Alterations in  Basal Metabolism, Food Efficiency and Dietary

Def) it

The low caloric intake of the il}ViRM group compared to the other
excreise and control group prior to the investigation was interesting in that
there appearc  to be no increp s in dietary intake to compensate for increased
activity.  An initial measure o the caloric intake of the male grours revealed
that HMRM consumed 13% less calories than TRM and 4.5% less calories than
CONM. Howecver, the difference was not significant. When body weight was
factored into the caloric measure there were no differences amecng the £Ioups;
HMRM, TRM and CONM consumed an average or 37.3, 35.8 and 34.7 kcals/kg
body weight resp .tively. Since there did not appear to be an increase in
caloric intake to compensate for physical activity. a dic deficit/surplus value
wus computed. This was based on an estimate of basal metabolic rate (Boothby,
Berkson and Dunn, 1936: Boothby, 1956, in Bostick-Reed, 1987), energy
consumption during -ily activity (assume 20% of total caloric intake),
specific dynamic of food (thermic effect; 6%-10% of total caloric intake)
and the energy con ned during physical training (based on the aon-protein
RER/RQ). Not surprisingly the HMRM group ecxhibited a dietary deficit of -
579.37+164.9 Kilocalories of energy per day. This compared to a surplus of
210.33+ 89.58 Kilocalories in TRM and 246.72+154.52 Kilocalories in CONM. This
deficit was consistent and significantly greater than either TRM or CONM
(P<0.05) within the HMR group over the course of the investigation (post
measure = -483.97+218.47 Kilocalories). In contrast to the HMRM group HMRF
appearcd to consume more absolute calories than cither TRF or CONF. HMRF
consumed 28.5% more calories than TRF and 30% more than the CONF group.

When body weight was factored into the caloric intake measure there was a
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clear difference in cnergy consumption. HMRF consumed an average of 42.85
Kcal/kg compared to 33.4 in TRF and 32.9 in the CONF group. It was intcresting
that HMRF consumed more calories per kilogram body weight than the HMRM
group.  The dict deficit/surplus values computed for the women subjects als,
demonstrated a value close te dietary equil’brium in afl the groups. HMRF
consumed a surplus of only +45.7 Kilocalories whereas TRF consumed +4.81

Kilocalories and CONF, +21.93 Kilocalories.

“he dictary deficit of the HMRM group is interesti ¢ since the weight of

:his group remained stable over time despite a caloric deficit of 500 to 600
calories per day. A deficit of this magnitude would be expected to elicit a
weight loss of at least o.. pound per weelk.  According to accepted metabolic
thcory this would translate to a weight loss of 24 lbs over a six month per.od.
Furthermorc the greater diet deficit of the TRV group coincided with a
slowing down of the weight loss effect of the exercise program.

This would suggest that the bouy must alter metabolically to compensate
for an apparent dict deficit incurred due to a) inadequate nutritional intake b)
incrcased energy expenditure due to running.

The commonly accepted practice of inducing weight loss by increasing
energy cxnenditure aud limiting dietary intake may not 1 true for all cases
since it has been demonstrated that reduction in food - ¢ is associated with
reductions in the BMR (Bray, 1969; Welle et al. 1984) and that the addition of
exercise results in further reductions in metabolic rate (Warren, 19838;
Phinney, 1985).

Dicting and manipulation of diet results in alterations in BMR. Bray
(1969) demonstrated a 15% decrease in the BMR of a group of obese individuals
after weight loss. Welle et al. (1984) demonstrated a 9.5% decrease in the BMR

in response to a 472 kcal/day diet. Lammert and Hansen (1982) showed that
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semi-starvation resulted in a significant Jecr nse in BMR comparcd to
increases clicited by ovcreating.  Although Stern (1980) suggested that
cxercise compensated for the decreased metabolic ratc associated with scmi-
slarvedion others have demonstrated that caloric restriction and excrcise have
& threce food greater suppression cffect than food restriction alone (Phinncy,
1985).  Warren (1988) iavestigated the role of nutrition and energy balance in
athletic amenorrhea in runners. The author repovied that amenorrheic
runners have significantly lower resting mctabolic rates and thermic
responses to food than normally cycling runners.  Amenorrheic runners
consumed a similar number of calories to normally cycling runners. She
concluded that high mileage women runners did not increase caloric intake to
compensate for activity but maintained energy balance through reductions in
resting metabolic rate.

A decrease in basal metabolic rate would in part explain the apparent
dictary deficit incurred by the HMRM and TRM and TRF groups since BMR waj
estimated for the purposes of this investigation. Besides a decrease in BMR the
Warren finding of a decreased thermic effect of food suggests greater
metabolic efficiency of digestion.

An increase in food efficiency (ratio of weight change to inges'~d
calories , Brownell et al. 1987) occurs as a metabolic response to inadcqguste
dietary intake. Body weight is maintained on fewer calerics than would
otherwise be expected. A thcory of increased food efficiency in runners is
based on increased digestive efficiency for food and a reduction in metabolic
rate. Leibell and Hirsch, (1984) reported that obese individuals required 28%
less calories than normal weight individuals to maintain body weight. 25% less
calories were required to maintain body weight after food restriction than

prior to weight loss. Several investigations lend support for increased food
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cfficiency in athletes. Drintvatu et al. (1984), Marcus ct al. (1985) and Nelson

et al. (1986) have reported relatively low caloric intake in athietes, despite

hivh levels of cnergy cxpenditure, in sports where weight is important,
Alterations in metabolic ratc and food cfficiecncy may in part explain

the apparent dietary deficit in the ruuuvers in the present investigarion.

Alterations in dietary intake, metabolic cote, foed  efficiency  and

the mwotivational value of exercisg:

An important aspect of the activity anorexia model is the increasing

motivational value of exerc 'nd reduction in the reinforcing value of food.
The activity anorcxia thcory is based r - ~Auction of appetite induced by
runring which decreases the reinforcin. uveness of fiod.  As body

weight declines (due 'o activity and decreased food intake) the reinfo cing
value of activity increases and further activity decrcases food intake (Epling
and Pierce, 1988). A theory of decrcased metabolic rate and ir~rcased food
cfficiency with training is consistent with a modcl of activity anorexia.

If food efficiency increases in runners then body weight will be
maintained on relatively lower caloric intake than prior to running and
weight loss.  If the runner uscs running as a means of body weight control
then further increases in running would be necessary to effect changes in
body weight as the BMR decreases and food efficiency increases. Further
desire for weight loss beccmes a powerful motivator for further increases in
runrn Ui s

Evidence from the present investigation therefore supports a model of

activity auvrexia. Three important factors emerge:
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1) Exercise docs not result in increased energy intake,

2) The rate of change of daily running has a suppressing effect on food
consumption.

3) Increasing activity maintaincd against an increased relative caloric

insufficiency.

Pavi 5: Endocerine  alterations  wiin exereise:

The hypoti ses proposed were:

1) Six months of endurance training designed to increase the weekly training
load of a grovy of healthy sedentary men and women tc¢ « mean of 40 to 48 kr
per week will result in a decrease in circulating testosterone in the men.

Furthermore, high mileage runners will demonstrate sigrificantly lower total

testostcrone levels than the s:dentary male subjects.

2) Six months of endurance training w'il result in alterations in the pulsatile
release of LH in the training group. Alterations will include decreased LH
pulse frequency, decreased pulse amplitude and area under the LH curve.
Furthermore, LH pulsatile characteristios will be significantly dijferent

between high mileage runners and sedentary but healthy men.

3) Alterations in testosterone will be related to alterations in LH pulsqatile

release in the training group.

4) Alterations in total testosterone and LH pulsatile characteristics will be

related to caloric and macro-nutrient intake and changes in caloric intqke.



Decreased total testosterone in HMR and TR at b na

following training.

As previously reported by others (Wheelsr ct al. 1 . strauss ct al. 1985;
Ayers ct al., 1986) total tcstosterone levels were signif iy lower in HMR
versus  the control subjects  (pre-training group).  Total (estosterone  levels

were  significaptly reduced by six months of endurance training during which
time the TRM increcascd their weekly training load to a mean of 395 km/week,
Total testostcrone levels fell by 22% from 885.4+59.1 to 684.1+58.3 ng/dl
(p<0.01). As cxpected testosterone levels were 23% lower ( 885.4+ 59.1 v 5942+
58.1, P<0.03) in the HMR group versus the pre-training men. These findings
are consistent with thosc of Wheeler et al. (1984) who reported total and free
testosterone levels 30% lower in a group of 31 high mileage runners versus 18
scdentary controls and Ayers et al. (1986) who reported significantly reduced
total testosteronc levels in 14 out of a sample of 20 marathon runners. In the
Ayers et al. investigation, T levels were 39% lower in the runners than the
controls.  Hackney ct al. (1988) reported significantly reduced total and free
testosterone levels in trained versus untrained men (499446 v 725+67 ng/dl;
17.2+1.4 v 23.6+0.6 pg/ml, P<0.001). However, in the present investigation the
Free Androgen Index (FAI; total T/SHBG ratio) was not significantly lower in
the HMR v training group nor was it lowered by training. It should be¢ noted
that there was approximately a 50% difference in the FATl in HMR v TR and that
large within group variation accounted for the lack of significance.

Others have attributed the fall in total and free testosterone to chronic

tramning stress.  Strauss et al. (1985) reported an 80% reduction in total
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testosterone from the ocginning to the peak of the wrestling scason (890+180
e 170+80 ng/dl).

This represents the tirst time that an endurance training program
induced fall in tot: tcstosterone has been demonstrated, although scveral
cross scctional investigations have suggested a decrease in total and frec
lestosterone  associated with endurance activities (Wheeler et al., 1984: Stranss
et al., 1Y8S5).

Many different theorics of mechanisms of decieased total and frec
lestosterone  associated with excrcise Fave been proposed.  To investigate the
ctiology of dccreased testosterone, caloric intake and LH pulsatile relecase were

examined in the groups over the six mouth training period.

The role of nutrition in decreased testosterone levels associated

with exercise.

Although several authers have suggested a role of nutrient intake in
alterations in the menstrual cycle in women (see previous discussion; tnere
have becn a l.ck of measurement of caloric intake in male runner. with low
testosterone levels. Several investigations have suggested a role of nutritional
intake in reduced t tosterone levels in runners. Ayers ¢t al (1986) suggested
the presence of .- anorectic sub-group n their inves:gation of marathon
runners who demonstrated unusual emphasis n leanness and food intake.
However, no measure of dictary intake was attempted. Strauss et al. (1985)
suggested that a large reduction in caloric intake in a group of wrestlers was
correlated with significant change. in male sex steroids.  Although,
undoubtedly, wrestlers are notorious for their abuse of nutritional com:zon

sense, Strauss and colleagues made no objective or statistical attempt to rclate
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changes in testosterone to actual energy intake. Rather, this was inferred
from large losses of body fat and body weight and significant correlations.
Alterations in menstrua: function are common in women runners and there ic
considerable evidence to suggest that alterations in dietary intake may in part
be responsible. Menstrual abnormalities occur as a function of starvation in
humans during times of social unrest (Stein et al. 1975). Malnutrition in pre-
adolescents (Chakravarty et al. 1982; Kulin et al. 1984) and adults (Vigersky et
al. 1977, Beumont et al. 1976) results in alterations in gonadotropin secretion.
Others have suggested specific nutritional deficiencies are responsible for
alterations in the menstrual cycle, including caloric deficiency (Drinkwater et
al. 1984; Marcus et al. 1985; Nelson et al. 1986; Schweiger et al. 1988) excess
dietary fibre (Lioyd et al 1987), protein deficiency (Schwartz et al. 1981), rcd
meat deficiency (Brooks et al. 1984) and fat and zinc insufficiency (Deuster et
al. 1963). Bates et al. (1982) examined 29 women with unexplained fertility and

18 with menstrual dysfunction. All these women were below ideal body weight,
When 36 of the women followed a dietary regimen designed to incrcase body
weight, 19 of the infertile women conceived spontaneously and 9 of 10 women
with secondary amenorrhea resumed menstruation. The authors concluded
that the practice of weight control may have been a cause of unexplained
infertility and menstrual disorders in otherwise healthy women.

Dietary inadequacy and exercise will result in a net energy deficit. It is
possible that in the face of this inadequacy that there is a shutdown of the
reproductive axes in men and women to save energy. This is consistent with
animals in the wild. Mating behaviour ceases during times of severe food

shortage.
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To relate changes in iestosterone 1o various nutritional variables
correlation cocfficients were computed for absolute dictary intakc and
composition and relative dietary intake and composition (ie: relative to
kg/body weight and kg/lean body mass). A stepwise regression analysis and
factor analysis was also computed to examine potential relationships of
nutritional variables and pre and post testosterone levels. (see results for
tables of correlations).

Correlations for pre and post iestosterone levels were computed for
HMRM versus caloric intake, calorics/kg body weight and other mac o-
nutrients.  There was a significant relationship between caloric intake,
calories/kg, calories/kg LBM, grams protein and fat/kg body weight with pre
testosterone levels (all p<0.01). Post investigations correlation coefficients
were significant for caloric intake/kg LBM, dietary protein/kg body weight
and dietary fat (all p<0.05) and dictary protein’kg LBEM (p<0.01). Although
caloric intake and caloric intake/kg body weight were not significantly
correlated with post testosterone levels, coefficients narrowly missed
significance.

An extremely interesting trend appeared when the coefficients for pre
and post training were compared in the TR group. Correlation coefficients for
pre testosterone levels and indices of dictary intake were inversely correlated
prior to the investigation. Correlations were negative and significant. Caloric
intake and caloric intake/kg body weight, and caloric intake/kg LBM were
highly negatively correlated with total pre-testosteione (r=-0.532, p<0.05; r=-
0.69, r=-0.733, p<0.01 respectively). Caloric deficit and dietary protein intake
(absolute and relative) were also significantly inversely correlated. Following

training this significant inverse effect was removed and correlations became
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positive yct not significant. This suggested a shift in.thc relationship of total
testosterone and cnergy balance in men under training conditions.

Since there was a positive relationship of nutrient intake to testosteronc
in HMR and an inverse relationship in pre mecasures in the TR group, it was
rcasonable to expect a shift in the grouped correlation coefficients towards a
positive relationship of calories and other nutrients (absolute and rclative) to
final testosteronc levels. Indeed, examination of the cocfficients revealed that
following training there was a significant correlation of post testosterone 10
absolute and rclative caloric intake, dictary deficit and absolute protein and
dietary fat intake. These correlations suggested some interrclationship of
testosterone levels and nutrient intake and may be reminiscent of a reduction
in reproductive hormones in animals under starvation conditions. For
example there was shift in the correlation coefficient of caloric intake, caloric
intake/kg body weight and lean body mass and dictary deficit (absolute and
per kg body weight from 0.22 to 0.5, p<0.02; 0.04 to 0.415, p<0.05; 0.06 to 0.42,
p<0.05; 0.36 to 0.46, p<0.05 and 0.38 10 0.47, p<0.02 respectively.

A stepwise regression was computed to examine pre and post program
r.»dictors of total testosterone. The analysis of pre-investigation pooled data
revealed no significant predictors of total testosterone. The post analysis
revealed two predictors;  caloric deficit/kg body weight and total caloric intake
(all P<G.05).

Factor analysis also revealed some compelling cvide- that
testosterone was related to caloric intake and other nutrient factors. Pre
analysis revealed 3 factors. Total calories and other measures loaded on factor
1, hereafter called the "diet factor.” However, total testosterone and dictary
deficit/kg/body weight were independent of this facter and were correlated

with a third factor, the "hormone-cnergy” factor. Since the data was pooled
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and the HMR and TR groups both exhibied contrasting prc investigation
relationships of nutricnt intakc and testosterone this was expected.  The shift
towards a rclationship between the hormonal and diet factor was demonstrated
by the significant correlation of total testosterone and diet deficit/kg body
weight to the diet factor in the pooled factor analysis.

In summary the corrclative data does suggest a significant relationship
between dietary imake and total testosterone in those who exercisc regularly
and probably represents a physiological adjustment to increased cnergy
expenditure witacut a compensatory increase in caloric intake. The exact
significance of this remains unclear although conceivably such an
adjusiment may mimic periods of low food availability when reproductive

activity ceases fcr energy conservation and survival.

The role of pulsatile LH secretion in the regulation of normal

testicular production of testosterone.

LH 1is sccrcted in a pulsatile fashion from the anterior pituitary in men
at approximately 90-14C minute intervals (Naftolin,Judd and Yen, 1973;
Naftolin,Yen and Tsai, 1972).

The pulsatile secretion of LH from the anterior pituitary gonadotropes is
necessary for the normal production of testosterone from the
interstitium/Leydig cells. LH binds receptors at the Leydig cell site and
promotes the conversion of 20-22 alpha-hydroxvcholesterol to pregnenolone
and eventually to testosterone. LH also plays a role in augmenting the
membrane transport of the cholesterol precursor into the mitochondria for

conversion to testosterone (Haficz et al. 1971;1972; DiZerega and Sherins, 1981).
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Rescarch has demonstrated a furctional link between  the opiatidergic
pathway ¢nd GnRH/LH pulsatile sccrction. The administration of naloxone
(opiatc antagonist) increcases basal LH levels and LH pulse frequency in
women (sec review).  Subscquently, it has been suggested that increased
opiatidergic tone might be responsible for an inhibition of GnRH and LH
frequency with a concomitant reduction in peripheral production of
testosterone.  Current rescarch has thus attempted to characterize the nature
of LH pulsatile release in men and women who train over long distances.

Alterations in the pulsatile nature of LH have been demonstrated during
acute cxercise and at rest in chronically trained women ecndurance runners
(Cumming ct al. 1985,a & b). Such alterations in pulsc frequency and amplitude
may in part account for athletic amenorrhea. It has been suggested that
similar alterations in men might account for a reduction in circulating
testosterone levels commonly reported in chronically trained runners (Avyers
ct al.1985; Wheeler et al. 1984). However, evidence to date is contradictory with
regard to this position. Rogol et al. (1984) reported no differences in LH pulse
frequency or amplitude among runncrs and control subjects.

Hackney,Sinning and Bruot (1988) compared the hormonal profile of trained
and untrained men and although total testostcrone levels were  significantly
lower in the trained versus untrained group (499+46 v 725+67 ng/dl, P<0.001)
there were no differences in LH pulsatile release or LH pulsc amplitude. Basal
LH levels were higher in the trained versus untrained group (153119 v
11.7+1.2 mIU/ml, P<0.05). However, since the study was carricd out with a four
hour sampling period, a comparison of results is difficult. Maconnic ot al.
(1986) reported decreased LH pulsc frequency in 6 hecalthy runners training
an average of 120-200 km per week (2.2 v 3.6 pulses/8 hours, p<0.05). However,

two hours of submaximal trcadmill running failed o alter the LH secretory
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pattern in the runmag group.  Runners also dcmox;slratcd an impaired LH
response to increasing doses of cxogenous GnRH.  McColl et al. (1989, in press)
rcported that 60 minutes of cxercise at 5% below the ventilatory threshold
falled to alter LH pulsatile relecase in 6 highly trained men.

.‘uthermore, there is no evidence to support an opiate mediated
reduction of LH pulse frequency in runners. Rogol et al. (1984) failed to show
any difference in the NLX induced LH increment in trained versus untrained
individuals. Elias et al. (1986) also failed to alter the LH response to cxogenous
LHEH stimulation with NLX in trained runners. A comparison of the
investigations in which pulsatile paramecters of LH secretion have been
mcasured is reported below (see table 29). Comparison of LH pulsatile

parimeters from the various investigations is appropriate at this point.
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Table 2v. The Effccts of Exercise and Opiate Antagonists on LH Pulsatile Releasc

Author Subjects
Naftolin
et al.
(1972) Normal
Veldhuis
et al.
(1983) Normal
+NTX
Veldhuis
ct al.
(1984) Normal
+NTX
Rogo!
et al.
(1984) Runner
Normal
Runner+
NTX
Normmal+
NTX
MacConnie
et al.
(1986) Runner
Normal
Pre Run
Post 2hr
un
DeFeo
et al.
(1986) Normals
+NLX
Agonadal
+NLX
McColl
et al.
(1988) Runser
Pre Ex
Rumner
Post Ex
Wheeler
et al
(1988) Normal
@6mhs
HMR

Mean LH
(r=1U/ml)

NA

8.15
9.69
10.94
10.53

13.58

14.26

6.6

11.3
36.6
38.6

»>

10.2
9.86
11.42

in Mecn.

LH Pulse Freq.
(per 6/8/12 hr)

2-5/6hrs

3-31{8hr'
4.6/8hrs

3.5/12hrs
6.0/12hbrs

2.8/6hrs
3.18/6hrs
4.9/6hrs
4.64/6hrs
2.2, hrs

3.6/8hrs
1.8/8hrs

" NC

.3/6hrs
.6/6hrs
.2/6hrs
.6/6hrs

(VAR SRV AV

4.0/6hrs
3.6/6hr1s
3.8/6hrs

.0/6hrs
3.33/6hrs

r Y

Amplitude
(mlU/ml)

5.6

4.45

8.23

0.90
1.60
1.10

NA
NA
NA
NA

2.75
2.4
4.4)

418
3N

Penodicity

(minutes)

60-100

135
926

NA
NA

144

167

935

98.5

NA

NA
NA

NA
NA
NA
NA

NA

Ns\

102 2

78 7%
132 )

Arca
under
LHcurve
(mlU/ml)

NA

2347
Yy

PRSI

4,600
7.000

5368
4098
6511
3892
NA
NA
NA
NC
610
1081

2144
2204

1680

1490

NA

NA
NA



LIl Pulse Frequency.

Different sampling periods make it difficult to compare the
investigations  carricd out to date on gonadotropin secretion in  the high
milcage runner.

Pro rating data would suggest that the data of McColl ct al. (1988),
Hackney ¢t al. (1938) and the present investication arc consistent.  The data
from Rogol ct al. (1984) and Mac( (1986) based on & hour sampling
periods suggest a lower LH pulse frequen., i trained m ortec
by the previous investigations. However, both giuups of data arc inconsistent
with the LH pulsc frequency reported by Veldhuis ct al. (1984) in which only
3.5 pulses per 12 hour period were reported. LH pulses were cleviisd to 6.0/12
hours in the Veldhuis ct al. (1984) investigation. This is approximately
equivalent to the effect noted by DcFeo et al. (1986) and Rogol et al. (1984) witk

NLX and NTX administration respectively.

Mean LH Levels.

The present data is consistent with the data of Rogol et al. (1984) and
Hackney et al. (1988). Howev r, the data of MacConnie et al. (1986) would
suggest very low baseline LH levels in high mileage runners training

between 125-200 km/week.

187
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Pulse Amplitude.

In comparison to other investigations the pulse amplitude reported by
MacConnic would appear 10 be extremely low.  McColl's data (1988) also appears
to demonstrate LH pulse amplitude levels approximately $0% of those reported
by Wheeler (present investigation), Rogol et al. (1984) and Hackney ¢t al.

(1988).

Periodicity.

The time interval between pulses across the various investigations is
difficult to evaluate since the values reported in comparable investigations

range from 78.75 to 144 minutes in runners training 80 Km/week.

Area under the LH curve.

Arca under the LH curve is an estimate of the total LH secretey dunng a
sampling pecriod. The data from the MacConnic et al. (1986) investigation is not
available fer examination.  However, it is interesting 10 observe that in
subjects training a mean of ROkm/weck in the Rogol et al. (1984) and McColl el
al. (1989) investigations that the values reported by the latter appear 10 be less
than 50% of the former. Since the Rogol ct al. (1984) mvestigation used
samples following a 10-15 mile run than it is perhaps appropriate 10 comparce
the values to the McColl ct al. (198%) investigation following 60 minutes of

running at 5% bclow ventilatory threshold.  The values from the McColl et al
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(1988) investugation are very much lower than those reponed by Rovol of al
4 3 1 Y !

(1984). Values were not computed during the present investigation.

Summary:

There is a considerable variability in the cesearch findings witl. regard
to LH pulsatile release in runners under bascline and acute cxercise
conditions.  the data from the MacConnic et al. (1986) investigation does appear
to be somcwhat discrepent from data reported by others.

[t is therefore appropriate to examine the investigation conditions of
previous studics on pulsatile gonadotrypin release in men since there appcears
to be somc inconsistency in rescarch findings. A summary of investigation

conditions is rcported in table 30 below.



Table 0.

Variable

Age of subjects

Number snb;.
(runncrs)

Training state
Body fat

Sezason

Time of study

Duration of
sampling

Alterations in
LH Pulse freq

(baseline & post

exercise)

Pulse detect
method

Testosterone

(baseline)

Testosterone
(Post ex)

in Trained Men and Control Subjects.

Rogol et al.
(1984)
26-42

n=25

80 km/wk
<10

Winter

N/A

8/hrs

No diff.
tuuners v
controls afier
10-15 mile
run

Santen &
Bardin (1973
Steiner(1982)

Normal bdaseline

No info. given

No Informanon

Author

MacConnie et al

(1986)
25.0

nams

125-200/wk

1.7%

Sprisg/Sommer

0600-1400

8/hrs

Dec. LH pulse
freq. runners v
controls.

Dec. response
to GaRH in
runners.

No effect of 2
bour ron @
2% VO2 max.
Reame ¢t al
(1984)

No difference
TUnNeTY v Con

@ basehine

No effect of 2
e @ 729
YO2 max

McColl et al.
(1988)
26

n=6

80 Em/wn
N/A

Summer

1100-1800

6/hrs

No &iff. LK
pulse freq.
runners after
60 min run
@ 5% below
Ventilatory
threshold

No diff v

udcnury cen.

Veldhuic ey al
(1987,

Low normal
range v
controls

inc T wih

60 mins run
@ 3% below
Vent  Thresh
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Wiceler
(1989)

n=6

80 Linfwk

Winter
Summer

baseline
retest

1100-1800

6/hrs

No &ff. @ baseline
HMR v congol

No effect of ¢
months endurance
iraining

Veldhuis er 4
(198

Dec wtal T
HMR v Con
Dec total T
@ 6 monihs
traiming

No acute ea
phase
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An  examination  of  inter-investigation  differences:

Possible  explanations  of discrepencics  between ‘nvesiigations  in which

the intepr'ty of the GuRH/LII pulse gencrator has been examined include:

a) Degrrc of training of subjects/training intensity.,

by Age of subjects.

¢) Time/scason of the investigation.

dy Duranon of blood suopliog,

¢) LH pulse detection methodologices.

f) Effccts of excrcise: proximity to sampling prriod.

£) Variations in steroid levels and feedback mechanisms.
h) Body fat.

i) Nutritional state.

a) Degree of training of subjects:

It is highly cvident from an analysis of the cxperimental conditions
reported above that the runners in the MacConnic ot al. (1986) investigation
were training significantly more than the subjects in other investigations. It
is also evident that this was the only investigation in which a significant!y
lower LH pulsc frequency was reported in runners v control subjects.
Basclinc mean LH levels and LH pulse amplitude were also very different 1o
those reported clsewhere. MacConnic ¢t al. (1988) cxplained the discrepency
between their data and that of Rogol ct al. (1984° based on training volumec.

Rogol ct al. (1984) c¢n the other hand, observed that the absence of



dewonstrable abnormalities 1o LI pulee wecction i marathon tneiers ~bould
net be tihen to campletely exclude abaormabities i less sticanously tranny
nren Just bevinning traming, Fhe  present anvesngation  addres.ed this very
msue,  Sixo months of endursnce training an previously  sedentary men did not
result in any  changes in paramcters of LI releasc,

Litde information is given on the uainng mtensity of the subjects
the varioun investigations under exavunation. The tindings ol unaltered  LH
pulse frequency with acute excrcise reported by MacConnie et al. (1986) and
McColl et all (1988) under similar exercise minsity are comparable Intensiy
varnabtliy botween investigation, would  not appear 10 cxpliin inter

investigation  discrepeacies.

by Ace of subjects.

The range of ages of subjects reporied in the present investigation  and
Rogol ct al. (1984) arc consistent.  Findiags in the two IMvesaRatons were
similar with respect to LH pulsaule release. LH and T levels were not
significantly corrclated with age in the present imvestgation.  The mcan ages
of subjects reported by MacConnic ¢t al. (1986), Hackney ct al. (1988 and
McColl ct al. (1989) were similar. However, whereas MacConnie reported
sigmficantly reduced LH pulse frequency i their runner subjects verwus
controls, the other invesuganons did not show any diffcrences The maor

diffcrence between these nvestipaions would appear to be traimng volume

!(}\



¢) Daily and seasonal timing of the investigations.

The MacConnie et al. (1986) investigation was begun early in the
morning whereas those of other investigators were begun in the mid-
morning. Since LH pulse frequency and testosterone are known to vary
diurnally (Naftolin, Yen and Tsai, 1972) then this may possibly suggest a
reason for variations in former investigation ~hen compared to other studies.

It is impossible to pinpoint to exact season in which the investigations
were carried out although it would appear that the studies of Wheeler
(present), Rogol et al. (1984) and Hackney et al. (1988) were carried out in the
winter. Results of the studies are comparable. The McColl et al. (1989) and
MacConnie et al. (1986) investigations were carried out in the summer months
yet there are different results. Again the degree of training of the MacConnie

et al. (1986) subjects would appear to be the key variable.

d) Duration of sampling:

A comparison of investigations of alterations in pulsatile LH with
exercise is difficult since the multiple blood sampling p.riods has ranged from
4 to 8 hours in trained subjects. To compare the investigations one can convert
pulse frequencies to a standard frequency per sampling time. The sampling
standard will be taken as 6 hours since this was the sampling duration chosen

by our laboratory. These conversions are reported in table 31.



Table 31: Standardized pulse frequencies in exercise investigations:

Author Subiects Pulse freauency Corrected
(6 hours)

Rogol et al. Runners 2.8/8 hours 2.1/6 hours

(1984)
Controls 3.2/8 hours 2.4/6 hours

MacConnie

et al. (1986) Runners 2.2/8 hours 1.7/6 hours
Controls 3.6/8 hours 2.7/6 hours
Runners 1.8/8 hours 1.4/6 hours
(pre run)
Post 2hr 1.8/8 hours 1.4/6 hours
run

McColl et al. Runners 4.0/6 hours 4.0/6 hours

(1988)
Post 60 min. 3.6/6 hours 3.6/6 hours
run.

Hackney

et al.(1988) Runners 2.6/4 hours 3.9/6 hours
Controls 2.7/4 hours 4.0/6 hours

Wheeler

et al. (1989) Runners 3.3/6 hours 3.3/6 hours
Controls 3.8/6 hours 3.8/6 hours
Post 6 mth 4.0/6 hours 4.0/6 hours

training

194
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A comparison of the pro rated data illustrates major differences between
the data of Rogol et al. (1984) and MacConnie ct al. (1986) versus the findings
of McColl et al. (1988), Hackney et al. (1988) and the present investigation. The
subjects utilized by McColl et al. (1988) and in the present investigation were
comparable in terms of training distance although no information other than
S years of training is given in the Hackney et ai. (1988) investigation. The
subjects used by Rogol et al. (1984) and MacConnie et al. (1986) were marathon
runners although training distances were different between the two
investigations. It should also be noted that the use of a standardized pulsc
frequency is a contrivance and does not necessarily reflect alterations in
periodicity within individuals over time. It merely serves as a basis for

comparison.

e) Total and free Testosterone levels and LH pulse frequency:

The presence of significantly reduced total and free testosterone
(Wheeler et al. 1984) and total testosterone (Ayers et al. 1985) has been
established in the high mileage runner. An examination of the investigations
of gonadotropin release as an etiological factor in the reduction of sex steroids
in endurance trained me= casts doubt on this a mec.anism.

In the present investigation significantly reduced total testosterone was
observed in HMR v sedentary controls and after 6 months of endurance
training in TRM. This data is consistent with that reported by Hackney et al.
(1988) in which total and free testosterone were reduced in trained v
untrained subjects (499+46 v 725+67 ng/dl, 17.2+1.4 v 23.6+0.6 pg.ml) without

any alterations in LH pulse frequency compared to a group of control subjects.



However, Rogol et al. (1984) reported ncithcr. reduced total or free T or LH
pulse frequency in men training 80km/wk. and MacConnie et al. (1986)
reported significantly reduced LH pulse frequency in highly trained men
without alterations in total testosterone. Although the LH response to GnRH
was impaired in runners, an acute 2 hour bout of exercise at 72% of VO2 max.
had no ecffect on pulse frequency. McColl et al. (1988) reported sighiﬁcantly
reduced total T levels v control subjects but no difference in pulse frequency
or alteration in pulse frequency with 60 minutes of running at 5% below
ventilatory threshold. This data would not support a hypogonadotropism

mediated  decrcase in testosterone production in men who run,
f) Body fat:

Alterations in the lean:fat ratio and decreased total body fat may be
associated with the development of athletic amenorrhea (Cumming and Rcbar,
1985). Anorectics with very low body fat become amenorrheic. Strauss et al.
(1985) correlated low body fat with low testosterone levels in wrestlers and
Ayers et al (1985) reported low body fat in an anorectic sub-group of ultra-
distance runners associated with low total and free testosterone and
oligospermia. Low body fat levels commonly associated with endurance
running might conceivably result in hypogonadotropism and
hypoandrogenism in men. Total testosterone and LH pulse frequency were not
related in the present investigation. Body fat levels reported by Rogol et al.
(1984), MacConnie ct al. (1986) and Hackney et al. (1988) are comparable. Body
fat levels were all less than 10% in the subjects within these investigations:
yet LH pulse frequency is reduced in the MacConnie et al. (1986) study without

decreases in total T; LH pulse frequency is not reduced in the Rogol et al. (1984)
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investigation without changes in total testostcronc and are unaltered in the
Hackney et al. (1988) investigation in the presence of total and frec 1" Icvels
70% of control values. Body fat would not appear to be a significant factor in

between investigation variations.

g) Nutritional status of subjects.

No information is given with regard to the nutritional state of the
athletes in MacConnie. et al. (1986), Rogol et al. (1984) or Hackney et al. (1988).
In the present investigation a relationship of caloric intake and T levels was
established although there was no apparent association with LH pulsatile

release.

Summary statement:

Evidence from the present investigation would not support a theory of a
centrally mediated suppression of testosterone production due to inhibition of
the GnRH/LH axis. LH pulse frequency, amplitude and area under the curve
was not significantly different between HMR and untrained healthy men.
Although HMR had a marginally lower LH pulse frequency (3.3+ 0.33 v 3.8+
0.37/pulses/6 hours) this difference was not significant.  Furthermore, six
months of endurance training failed to alter LH pulse frequency or any other
aspect of the LH profile in the TR group, whereas a significant reduction in
total testosterone did occur.

Several factors must however, be considered in evaluating this position:
a) periods of sampling across investigations have been inconsistent 4 10 8

hours) and therefore results may not be comparable. A four hour sampling



period v an cight hour sampling period could conceivably produce different
within subject pulse frequency values.

b) Altcrations in LH levels and LH pulse frequency may be extremely subtle
and not dctectable within the sensitivity ranges of current assay procedures
or within the sampling time frames used.

¢) Wide interindividual and intraindividual variation and limited sampling
procedures may create difficultics of generalization of results to whole
populations of runnecrs.

d) Wide' interindividual variations in training intensity and volume have not
been considered in the analysis of the integrity of the HPG axis in high

mileage runners.

Hypoprolactinemia as a mechanism of testosterone suppression.

Prolactin is necessary for the normal production of testostecrone in the
Leydig cells of the testes (DiZerega and Sherins, 1981). Prolactin appears to
sensitize the testicular LH receptor to LH (Bartke, 1976; Bartke and Dalterio,
1976; Hafiez, Lloyd and Bartke, 1972).

Wheeler et al. (1984) reported significantly reduced prolactin levels in
high mileage runners whereas others (Hackney et al. 1988) have failcd to
report any changes or differences in PRL levels among trained and untrained
subjects.

The present investigation revealed no significant differences in PRL
levels between HMR and the TR group although there was a significant
reduction in PRL with training in the TR group (11.6 ng/ml to 8.9 ng/ml,

p<0.05).
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Such 1cductions were within the physiological range and arc unlikely
to affect testosterone production at the testicular level,
Other mechanisms have been suggested to cxplain the reductions in
circulating testostcrone.
The fall in circulating testosteronc levels must reflect cither:
a) decrcased production rates
b) decreased binding

¢) incrcased metabolic clecarance rate.

Production rates:

As previously discussed it would not appcar that alterations in LH
pulsatile release or prolactin levels are responsible for the decrcased
production of testosterone.  Significant correlations of testosterone levels with
nutrient factors imply a relationship but cannot be considered as causal (ie: a
direct mechanism). Anecdotal evidence in the form of low lean body mass in
endurance trained men suggests a decrease in protein synthesis or increased
catabolism.  Pr-duction rates of testosterone arc decreased 10% in men after 60
minutes of su', maximal endurance running (Cadoux-Hudson et al., 1985)
although no chronic decrease in production rate of testosterone has becn

demonstrated in highlv trained athletes.

The role of the ACTH-Cortisol axis in lower testosterone levels in

trained men.

Insulin induced hypoglycemia induces a decrease in testicular

production of testosterone presumably due to a direct inhibitory effect on the



Leydig cells (Cumming, Quigley and Yen, 1983). Chronic clevation of cortisol
levels has been demonstrated in "overtrained" endurance athletes (Barron et
al.,, 1985) and a shift in the testostcrone/cortisol ratio associated with strenuous
activity has been reported (Adlercreutz et al. 1986). Wheeler ct al. (1984)
reported  normal values of cortisol in high milcage runners (15.9+1.8 ug/dl).
Cortisol levels were not significantly corrclated with total or free testosterone
values. There was no difference in cortisol levels between high milcage
runners and controls in the Wheeler ct al. (1984) investigation. It is possible
that eclevated cortisol levels associated with endurance training might
suppress normal testicular production of testosterone.

However, in the present investigation there was no difference in
cortisol levels in HMR and TR and no cffects of training on cortisol levels. All

levels were within the normal range for afiernoon samples for adult men.

Body Fat and Fat/Lean Ratio:

Alterations in body fat and the fat to lean ratio may in part be
responsible for amenorrhea often reported in women athletes (Cumming and
Rebar, 1985). Strauss et al. (1985) reported a significant rclationship between
reduced total and free testosterone and body weight, loss of body wecight and
percent body fat in a group of w.cstiers.  Ayers et al. (1986) rcported
pathologically reduced total and free testosterone levels in a sub-group of
marathon runners with cxtremely low body fat.

Correlations of percent body fat, weight, weight loss and LBM with toual
testosterone (pre and post values) failed to reveal any rclationship in the
present investigation. However, it was intcresting that an inverse corrclation

of body fat and total testosteronc in the TR group becamc larger and



significant with training (p<0.05). This would not support a decrease in
testosterone  associated with a decrease in body fat.

Since testosterone is metabolized by lean body tissuc then it might
rcasonably bc cxpected that testosterone might be associated with lcan body
mass.  Since arguably runners defend much less lean body mass than non-
runncrs then low testosterone levels might be cxpected in this group as a
function of lower onabolic demand. However, there was no rclationship
between testosterone and lean body mass in any of the groups and HMR did not

have significantly less lean body mass than the TR or CON groups.

Decreased testosterone binding canacity:

A dccrease in binding of testosterone to SHBG is unlikely since in this
and other investigation. i slterations in SHBG capacity have been
demonstrated (Wheeler et ai. 1984). One investigation did report a decrease in
SHBG in mazle marathoners but without a corresponding decrease in free T

levels (Ayers et al. 1985)

Increased metabolic clearance of testosterone and reduced levels

in athletes.

Since high mileage runners incur considerable structural damage
associated with chronic training (see Hikida et al. 1983; Norregard-Hansen et
al. 1982) then it might be cxpected that there is a greater peripheral demand
and turnover of testosterone in runners versus sedentary individuals.

Skeletal muscle has specific androgen receptors (Snowchowski et al. 1981)

and metabolizes testosterone in viiro (Stenstead and Eik-ness, 1981).
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Testosterone  prever s siocletal muscle degradation in rats undergoing
strenuous  endurance runring. (Dahlman et al. 1981).

It is possiblc therefore, that continuous endurance training imposes an
increased mectabelic demand for testosterone at the peripheral muscular  sites
and that there is an increcasc in testosterene clearance analogous to incrcased
thyroxine (%) turnover in animals and nn under strenuous cxcrcise
conditions (Irvine, 1967, 1968).

However, if utilization increases in -ic muscle then one would expect a
cc:apensatory increase in blood production raic of testostcrone 1o compensate
for incrcased removal (Wheeler =t al. 1984). i has been demonstrated that
free testosterone is corrclated with metabolic .icurance rate (Vermculen et al,
1969). Reduced free T levels in other investigations would however, support
an increased clearance thcory (Wheeler ct al. 1984; Hackney ct al. 1988).
However, although differences and changes in the FAI were not statistically
significant they were marked and this mcchanism must not be ruled out.
Evidence from acute excrcise based reseirch has suggested that therc is a
decrease in metabolic clearance rate associated with an acute exercisce induced
rise in testosterone levels (Sutton et al., 1978; Cadoux-Hudson et al., 1985).

To date it is unclear how MCR is affected by chronic endurance training,

In Summary:

The mechanism of reduced testosterone levels in high milcage runnecrs
is unclear. Alterations in LH pulse frequency do not appear to play a role in
the reductions or arc too subtle for current assay mcthodologics to discern.

It does appcar that caloric intake and other absolute and relative mcasurcs of

dictary composition may be rclated to testosterone levels although caution
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must be excrcised in interpreting correlation as casse.  There is little doubt
that dictary manipulation (Hill ¢t al. 1980; Hamalainen ~1, 193), starvation
(Zubiran and Gomez-Mont, 1954) and anorexia nervos n, 1983) ure
rclated to severc hypogonadism.  The alteration in hormonal levels and
possibly testicular function has a survival valuc to both man and animals in
times of low food availability. The exact mechanism is unclear by which
cnergy balance regulates the HPG axis although likely reflects alterations in
Pituitary-Thyroid function.

Conceivably a reduction in pituitary-thyroid function resulting in
rcduced metabolic ratc might redvce the demand for testostcrone by
periphcral musculature. Howcever, in the cas: of runners this would not seem
likely duc to excessive activity levels. It must be considercd that the metabolic
cost of exercising is relatively low for an endurance trained athlete and
anccdotal evidence supports a considerable lcthargy among runners during
non-running periods of the day. Since it is known that the feeding centers of
the hypothalamus are associated with .he serotoninergic, dopaminergic and
op tidergic pathways (Morley and Levine, 1983) and that opiates and
catecholamines have been implicated in the regulation of both appetite and
the integrity of the HPG axis then it is in theory, possible, that the opiate
pathway may influence testicular function based on the energy balance of the
human organism. To date no investigation has demonstrated this rclationship.

Energy balance and testicular function requires further e-».iination in

the long distance runner.
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Chapter 5.

Conclusions  and Recommendations,

Results of the investigation  suggest  that:

1) High milcage men and women runners do not consume more calories than
sedentary individuals as compensation for increased encrgy cexpenditure cven
when gender and group differences in body weight and lean body mass arc

taken into account.

2) High mileage men runners appra 10 incur a caloric deficit due to traning
yet maintain a stable body weight. High milcage women runners also exhibit a

deficit although not to the samc cxtent as male runners.

3) As expected high milcage runners had a higher VO2 max. and lower percent
body fat than non runners (before a training program) and scdentary control

subjeccts.

4) Six months of moderate intensity progressive endurance training resulted
in significant incrcases in VO2 max. in men and women but a significar

weight and body fat loss in training men only.

5) A six month program of moderate intensity (target heart rate zonc)
progressive endurance running training did not cffect an increase in caloric

intake to compensate for increascd encrgy cxpenditure,
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6) A six month program of moderate mtensity  progressive  endurance  running
training  did not result in qualitative dictary  alterations in a prroup  of  healthy

men and women.

7Y A six month program  of moderate intensity progressive  endurance running

resulte: i an apparent dictary deficit in healthy men and women.

8) Individual dictary profiles suggested a gender difference in response 1o six
months of modcratc intensity progressive cendurance running training. Men
appcared to respond to running with a triphasic pattern of caloric intake.
Women did not exhibit any significant trend in dictary intake. Men could be
divided into responders (decreased caloric intake following onset of training)
and non-responders (no dccrease in caloric intake). Responders exhibited a
significant initial decrease in caloric intake which did not recover to baselin.
and a significant quadratic and quartic trend in caloric inteke. The significant
trend affect was associated with a greater rate of increase in weckly running

in the responder group versus non-responders.

9) High mileage male runners had significantly lower testosterone levels than

scdentary men prior to six months of running training.

10) Six months of moderate intensity progressive endurance training resulted
in a significant decrease in total testosterone in a group of previously
untrained men. Pre experimental differences between high mileage male

runners and sedentary men were removed after training.
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1D Absolute and relative dictary intake Factors were correlited  with  togal

lestosterone 1 men who  run,

In conclusion, the date supports a model of activity anorexia,  Running
training resulted inan apparent initial  reduction in caloric mtake. The effect
was associated  with the rate of chanpe of weekly running. The eifect appeared
to be gender specific. Women did not exhibit any dictary trend as a result of
training,

The data also supports recent reports of alterations in basal mctabolic
ratc (BMR) and food cfficiency (FE) with rupning  tralning  since mgh milcage
runners mantained  bhody  weicht on an apparent Letary  deficir, Puithetgiog,
healthy men and women training for six months failed to increase dictary
intake to match the increased energy demands of excreise.

The potential alteration in physiological rcgulation of cnergy
conscrvation may provide support for the motivational function of running
expressed in the Epling and Pierce (1988) activity anorcxia model.  Since BMR
inay be reduced and FE incrcased with training, then the weight loss function
of exercise may be lost as exercise progresses. Thus, as suggested in the Epling
and Picrce (1988) model, the motivational value of running is increased and
training volume and rate of change of activity increascs.

Mecasurement of total testosterone in high milcage runners and a group
of scdentary men prior to a six month training program confirmed carlicr
findings of significantly reduced levels in trained runners  ( eg.Wheeler ct
al.1984).  The investigation demonstrates for the first time, a drop in
testosteronc levels associated with a controlled prospective investigation of
running.  The correlation of total testosterone with mcasurcs of cnergy intake

suggests that cnergy balance s important in the cxplanation of alterations in
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the reproductive axis in men undergoing endurance training, The metabolic
signal remains unexplained at . this time. The following hypothetical model of
the development of a condition of Activity Anorexia is proposed (figure 39).

The medel represents a modification of the Epling and Pierce (1988) model.

Recommendations for future research:

To examine the existence of a human activity anorexia a prospective
investigation is required. Such an investigation would include following the
progress of individuals who are engaging in exercise programs for
recreational reasons and not for the purpose of a controlled laboratory
investigation.  In this manner the development and incidence of activity
anorexia could be examined. Such an investigation would maximize the
external validity of the activity anorexia construct.

To examine the role of energy balance in the regulation of the
hypothalamic-pituitary-gonadal axis, the direction of future research must lie
in:

a) Confirming the alteration in basal .ictabolism with exercise and training.
b) Identifying the metabolic signal responsible for altering HPG function.

c) Examining peripheral (muscular) uptake and utilization of testostcrone.
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Figure 39: A Hypothetical model of the devcopment of Activity Anorexia
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(Reproduced with permission from "Activity Anorexia: A bio-behavioural
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APPENDIX 1.
RAW DATA: ALL GROUPS

AGE__| PREWT | WMIDWT | POSTWT | PREFAT | MEOFAT |POSTFAT] PRELEM | MEOLBM |POSTLEM] PREVOZ | MIDVOZ | POSTVCR
1] 50.000] 59.100| 60.000] £0.100} 16.100{ 1€.100 | 15.400| 51.400] 51.000] 52.500] 54.700 | £6.300 82,800
2| _40.000{ 09.100| 71.600] 71.000] 12.000] 10.8600| 8.600{ 60.050] 63.500] 65.180] 5¢.500 [ $7.500 53.000
3] 42000] 60.000| 60000 60.5001 12.600] 12800 § 13.300] $2.200]| 53.500] 53.600] 61.000 | 86.800 88.900
4] 500001 71.800] 71.000] 70.000| 24.500] 21.700] 21.500| 58.100] $8.200] £5.800] 56.200 [ 56.700 59.500
s|_3000] &3 62,500 10,100 10000} 0,500] 57.300] 55.060| 56.600 1 62.000 | 52.400 39.900
6] 48,000 70.000] 80.200] 70.800 | 22.800] 26.60C 0] 56.500] 51.800| 52.700] §1.400 | 52.400 57.400
7]_50.000{ es 61,000 22.400] 16.600 | 16.900] 4 49,400 | 51.300] 44.700 | 51.700 50.100
sl 20.000{ 60.000] 60.000] €0.000| 10.200] 7.600] 6.000] 53.500] 55.400] 57.100] 79.300| 78.300 79.200
o S4000] €1.000] 62.000( #1.000] 17.700] 18300 17.500] 52.000) 52.380] 51.100] 44.300 | 48.000 52.800
108 410001 75.400] 75000] "78.400 | 7.000| 108007 8.000]| 72.400] 70.200] 71.100] 62.800] 57.500 64.100
118 _44.000( 55.000] 84.500| 854.000) 20.400] 21.500 | 24.800| 40.200| 42.100] 41.100| 45.360 | 36.400 42.700
12] 27.000{ 50.200] 51200 €1.600] 18.600| 19.060] 19.100] 40.860| 41.070] 41.000] $0.800 | 50.700 51.600
13 23.000{ 52.300 2.800 51.400 17.200 17.200 | 22.800 42.50008 41.800| 40.500 G0.400 | 64.800 81.600
14§ 23.000] 57700 56.200] $8.400| 17.000| 18900 | 18.600| 47.200] 47.100] 40.450| 56.000 | 54.800 49.700
1s{ _23000] 53800 84500 " 636001 11.100| 12:506 [ 13.400| 47.500] 48.000) 48.220] _59.200 | $8.500 66.600
16] 43.000] 48.200| 47.700] 48.400] 21,000 18.700 | 15.200] a7.450] 40.300] 38.800| 6.100 | §7.300 51,300
171 23.000 4 47.300] 48,8001 13200 13.300] 13.900| 30.800| 40.890] 40.0001 58.500 ) 8.500 81,600
16§ 4000071 834007 93.000| 2.800 | 19.200( 10700 ] 12.000] 60.000] 73.400] 72.800]  42.600 | 49.000 47.800
19] 41.000(73.300( 75.500| 71000} 22.300] 22000 20.700| 56.2001 55.900] 52.700]  35.300 | 38.300 46,100
20§ 4v.000] 65.500{ €5.100] ©3.500 | 23.500| 22.000] 21.000| 50.140] 50.400] $0.300] 41.700 ]| 45.200 49.600
21]_ 24.000] 70.600] 70.6 70.600 | 12.900| 11.100 | 12.800] .0.600] 61.800] 50.5001 48.100] £5.000 5K.100
[ 22} 33.000] 03.400] ©01.000| 97.000] 27.200| 13.000 | 12.400] 81.600] 79.040] 77.700] 57.800 | 44.100 45,500
23] 217000] 70.400) ©1.100] 77.200] 18.100]| 13.400{ 14.700] 65.040] 68.400] 65.400{ 40.100 | 50.000 $5.100
24| 300001 96200 90.600] #8.000| 28.900| 18.300 15.700| 79.500| 74.500] 75.200{  37.400 | 50.300 50,900
25] 28.000] 76.800] 70.400] 71.300] 21.200] 14.500 | 13.900] 60.500] 64 S00] 61.800] 44.400] $2.300 55.600
281 33.000| 63.100 | €2.100] 62200 15.000| 14.000 | 16.600] 53.600] 52.800] 50.000] 44.100 | 46.800 £1.100
27§ 25.000] 71.000] 70.000| 71.000) 8200] 12.100| 10.200| 62.400] 61.600| 83.000] 49.500] 55.200 61,400
20 21.000771:500] 72.300( 71600 15:000] 16500 | 16.600| 69.050] #1.200| S56.400| 24.300 | 57.800 $8.000
20| 42.000] 81.000] 80.500] 76.000] 22.000| 10.800| 19.600| 83.2001 64.900]| 81.700]  40.000 | 48.200 45.000
30} 28.000] 81.900 | #0.00 786,400 | 14.400|  15.000 | 14.600 0] 67.800| 86.400] 89.600 [ 51.900 50.700
31§ 45.000{ 60.600] 87.200] €7.700] 10.000]  12.900 | 16.400 700 | 38,000 56.600] 49.700 | 50.900 52,200
32] 32.000] 60.000] 69.400| 64.000] 27.500] 28200 | 24.800)| 80.680] 51.300] 50.680] 31.200 | 35.900 40,400
33| 20.000| 74.800| 75.200( 74.000 3001 27.700] 27.300 | 52.400| 55.100] $4.700 30.400 | 32.900 37.800
34] 27.000] #5.700 | 65.000] €8.000§ 28.800] 28.000 | 27.700| 46.400| 46.800] 49.300] 40.600 | 51.500 48.000
33| 20.000] s8.500| 57.500] 56.400| 19.700( 23.000] 20.000] 44.830] 45.300| 45.500] 39.500 ] 47.800 49.800
38] 41.600] 65.4 63.7001 62.100 | 30.000] 17.500 | 26.700| 45.000] 46.200] 47.600] 32.100 | 3v.100 42.600
37] 23.0007 e1.500| 61600 358600| 20900] 20.2001 19.300| 49.500] 48.300] 48.100] 25.200 | 39.800 39.700
38§ 24.000] 56.000] 53.400] S55.000| 33.000] 28000 ] 20.3001 36.800 | 39.000| 38.800] 33.300 | 41.800 43,700
301 41000] s4sco] sooo0] 53500 32.600( 25000 22.500] 38700 30.000| 39.180| 32.400 | 39.400 46.100
40f 22.0007 650001 88.000] "63.200] 27.000] 26400 25.000] 47.306 | 40.800] 49.300 | 31.800 | 42.300 42.100
41y 29.000] 57.0001 $9.100] 50300 | 26.000] 25300 | 23.2001 43.500| 44.000| 45.500] 44.800 | 46.100 53.900
421 33.000] s6.600| 58.103[ 3600 | 92.500] 31.800| 20.500] 38.100| 38.400] 38.450] 34.600 ] 39.600 43.500
43] 26.000] 57.400| $8.400] 52000 | 26.700] 24.600] 22.700| 41.6001 41.700] 41.700]| 36.900 ] 44.100 45.100
44 20.000] 47.000( 48.500 48000 28.100] 27.000] 28.300] 34.500| 34.700] 34.600] 31.100] 36.700 35.700
45§ 22.000] 83600 63.500] 62.000| 8.000] 6000| 8.600! 58.000| 59.770] 57.540] 49.700] 52600 53.100
46§ 32.000] 69.500; 69.500] 71.200 12.400] 18.400| 19.200] 56.800§ 56.770] 57.500| 43300 | 43.300 45.500
478 23.000| 87.200| 67.200] 83200 12.000| 13400| 12.700] 78.0001 75.500] 72.600]| 44.000] 46.000 50.700
48] 29.000] 50.200| 88.000] 885.600] 15.500) 16.300 ] 12.400| 73.700] 73.040] 74.860] 40600 | 42.600 24.900
48] 310000 62500] 62.400] 68800 13700 13300 15.700{ 52.600| $2.500] 55.830] €6.800 | 51 700 45 700
50 22.000 . . - a - . - . . . . .
S1] 25000 67.800| 67.000] 68.000] 14.730] 10.000| 19.000| 57.60¢C ] 54.300] 55.600| 46.900 | 47.400 46.200
52| 25.000 . - . . - . . . -] 55800 56.800 56.500
[+ ] 36.200 . . . . . . . . . . . .
54] 21.0001 53.700] 53.800] 54200 30.600| 20.100 | 30.200] 7.400] 37.800] 27.600] 35100 41.500 33.700
55] 21.000] 51.000) 53.000] 53500| 16.000] 10.800] 10.600] 42.400| 42,500 43.500] 38.500 | 30.000 41,000
58] 34.000| 49.300] 49.4001 50.200| 16.700| 10.100 | 20.600] 41.000| 40.000] 42.160] 8.300 | 53.300 49.900
57§ 26.000] 50.900] $0.540] 51.850] 24.900] 28.400] 25.200] 38.200| 37.200] 38.700]  39.000 | 39.600 47.400
56| 30.000 . . " " s . " " > s . .
58] 25.000] 60.900] 61.590| &1.470| 30.100] 30.000 | 30.980] 42.500] 43.100] 42.400] 32800 | 32.200 33.200
60§ 24000] 52700] 52.9001 53200 | 27.200| 27.500| 27.000| 36.400| 38.400] 38.300] 36400 | 33.900 34.400
61] 24.000) 56.000] 57 00 54300] 21.400] 21.400] 21.800] 43.160] 42.700]| 42.400| 33.900 | 32 500 34 500
62) 23.000] 59.000] = . | 58800 26700 28.300] 26.000| 43.200] 42.300] 43500 29.300 | 38.700 42.900
83 30.000 . . . . - * . . . - . .
64 . . . . . - . « . . . . B
65 . . . . . . . B . . . . .




PREIXS | #9008 | POSTOS [ PRECAL | MIDCAL | POSTCAL |PREGMSFAT] NIOOMSFAT POSTGMIFAT | PREPROT | MDPROT | POSTPROT
1} oe.0c0{ £2.000| 0.000] 1962.000 1655.000 | 1680.000 £0.000 43.000 84.000{ 7v.030 70.000 62.000
2] 24.000] 37.000| 24.000 | 2604.000] 2801.060] 1991.000 85.C00 59.000 48.000 | 90.000 97.000 94.000
3§122,000{ #9.000] 101.000 | 3627.000 | 2738.000 | 3005.000 | 134.000 113.000 120.000 | 128.000] t10.000| 110.000
A} 56.000| 64.000] 86.000} 2716.000 | 3110.000 | 2074.000] 113.000 120.000 114.000 | 102.000 08.000| 120.000
48.000f 74.000: 64 1034.000 | 2300.600 | 2430.000 80.000 87.000 $8.000 | 78.000 92.000 88.000
94.000] 74.000 | 40.000) 2052.000 | 2372.000 | 2077.000 $0.000 7.000 70.000 { 83.000 80.000 $0.000
70.0u0) 66.000]1 82.0001 2143.000| 1586.000 [ 1805.000( 108,000 71.000 ©0.000 | 78.000 84.000 45.000
8] 75.000| 66.000] 60.000[ 2880.0 3330.000 | 3603.000§ 110.000 100.000 144.000] o4.000] 117000 127000
81163.000]130.000 | 115.000 | 2405.006 | 2783.000 | 2681.000 09.000 80.000 84.000 | 91.000 71.000 72.000
10] 96.000] 86.000) 115.000 | 2023.000 ] 1780.000 | 1724.000 75.000 61.000 58.000 | 85.000 32.000 74.000
111 31.000] 81.000) 48.000[ 2274.000 [2256.000 | 1688.0¢0 62.000 82.000 49.000 | 89.000 84.000 63.000
12§ 30.000] 30.000| 32.000 | 2211.000 | 2340.000 | 25854.000 88.000 112.000 05.000 [ 81.000 88.000 £0.000
13} 56.000{ 69.000| £0.000 | 2022.600 | 2379.000 | 2015.000 €4.000 68.000 70.000 | 116.000 65.000] 105.000
"'17' +2,000{ 37.000] 51.000[ 2180.000( 1027.000 | 1887.000 86.000 68.000 62.000 | 60.000 73.000 75.000
(5§ 56.000] 67.000] 67.000 1971.000 | 1086.000 | 1471,000 57.000 84.00 38.000 | 73.000 67.000 51.000
16% 26.000] 47.000] 45.000[ 2255.000 [ 1080.000 | 2078.000 £4.000 64.000 73.000 | 102.000 00.000 £8.000
171 48.000] 48.000{ 38.000 | 1702.000 [ 1926.000 | 2330.00 54,000 58.000 74.000 | a0.000 76.000 77.000
18 01 23.000| 29.000] 2680.000 2304.000 | 2182.00 53.000 40.000 27.060 ] 110.000 78.000 89.000
19 0] 15.000] 44.000] 2378.000] 1045.000 | 2498.00; 108.000 000 114.000 |  91.000 71.000 £4.000
20 0] 25.0001 20.000] 2484.000 | 2233.000 | 2327.000 78.000 71.000 68.000 | 71.000 88.000 | 101.000
21 0) 210001 21.000} 2385.000 | 3028.000 | 2608.000§ 147.000 128.000 99.000 | 122.000| 108.000 08.000
22 0] 200001 S55.000] 2744.000|22688.000 | 2087.000| 100.000 $9.00¢ 105.000 [ 109.000 £8.000 1 107.000
23 0] 25.000) 27.000] 2383.000]3312.000[ 3062.000] 118000 141.000 113.000f 128.000| 147.000] 122000
24 0] 20.000| 40.000( 3838.000 | 3640.000] 3210.000| 144.000 120.000 88.000 | 139.000| 138.000] 110.000
25 0] 26.000]| 40.000] 2826.000|3048.000] 2798.000 125.000 148.000 95.00. | 93.000 90.000{ 120.000
26 0] 36.000| 43.000] 2832.000 [ 2430.000 | 2464.000 108.000 67.000 72.000{ 110.000| 104.000] 130.000
27 0! 23.000{ 36.000f 2475.000 | 2873.000 | 3384.000 £0.000 81.000 108.000 ] 105.000] 108.000] +13.000
28 0] 26.0001 47.000] 2618.000{ 3194.000 | 3794.000 97.000 117.000 147.000 { 101.000 99.000] 103.000
29 6] 20.000! 44.000f 3086.000 3.000 { 2550.000 91.200 113.000 $3.000 | 145.400 89.000 .000
30 0] 21.000] $0.000| 2077.000 | 2986.000] +300.000] 131.000 $8.000 84903 117.000] 101.000] 100.000
31 0] 206.000] 48.000 | 3038.000 | 2860.000 | 2022.000| 105.240 100.0600 €0.:001 :18.7501 131.000] 132.000
32 01 21.0001 20.000] 2483.000] 1586.000] 1821.000 88.000 58.000 70.000 | 75.000 84.000 .000
33 O] 26.000) 35.000f 2600.000 | 2926.000 | 1489.000] 148,000 118.000 67.000 ] @1.000 68.000 §4.000
34 0] 280001 50.000] 1528.000)] 1791,000 | 2547.000 48.000 88.000 105.000 |  68.000 82,000 80.000
35 0} 25.000! 28.000] 1835.000 | 2208.000 | 2212.000 57.000 79.000 73.000f 80.000 75.000 89.000
) 01 15.000] 32.000] 1718.000 | 1688.000 | 1827.000 30.000 73.000 46.000 | 75.000 £0.000 107.000
37 0] 23.0001 23.000] 2967.000]2224.000 | 2301.000 33.000 1.000 84.000! 87.000 £0.000 76.000
38 0] 23.000! 32.000] 1671.000( 9044.000 | 1468.000 8.000 26.090 42.000 { 70.000 42.00 $4.000
ED) 0] 210001 47.000( 1928.000{2323.000( 2387 9.000 9.000 105.0001 70.000| 108.000 82,000
40 0] 21.000] 26.000] 2289.000] 2022000 | 2205 71.000 80.000 66.000 ] 71.000 85.000 88.000
41 0] 31.000] 498.000] 2074.000] 2022.000 | 2059.. £4.000 67.000 66.000 $.000 9.000 $4 000
42 0] 23.000] 24.000] »357.000 [ 2200.000 | 1038.00. 09.000 09,000 83.000f 21.000 2.000 70.000
43 0] 23.0003 2Z..)1 1840.000] 1988.000 | 1683.000 65.000 91.000 $9.000 [ 83.000 §.000 47.000
a4 0] 27.000] 42.000| 938.000][1035.000 | 1224.000 31.000 28.000 37000 Sa.000 43.000 £8.000
45 . . s1.5 7 5noo ] 2818.n00§ 2500.000( 102.000 102.000 ©5.000 | 109.000 95.000 84 000
46 . . » 12516 050 2414.000 ] 2887.000 1 10%.000 107.000 130.000 | 87.000 87.000 83.000
47 . . > 1 2498 0C0 { 3247.000 | 3401.000 | 129.000 122.000 113.000 | 82.000 90.000 95000
48 . » +1.2843.000 | 2570.000 | 2013.060] 140.000 123.000 110.0001 137000 134.000] 120.000
49 . . * 12174.000{ 2079.000 | 1848.000 §7.000 77.000 710601 92.000 70.000 §9 000
50 . - . L . . - - . . . .
59 . . * 1 2183.000 | 1273.000 | 2372 000 64.000 89.000 $6.000 | €8.000 83.000 | 120 000
52 . . . * ] 4032.000 | 2887.000 . 208.000 121.000 + | 147000] 139000
53 . . +1: 83.000]1813.000] 1812.000 64.000 68.000 82000] $v.000 39.900 34 60O
54 . . + ]2261.000 | 3323.000 | 2443.000 81.000 148.000 111000 62.000 85 000 63.000
55 . . + ] 2185.000 | 2666.000 | 2238.000 99.000 108.000 98.000 | #2000 $4.000 76 000
56 - . + 12270.000 ] 2400 000 | 3523.000| 112000 101.000 158000} 100000] 107000] 180 000
57 . . + | 1227.000] 1343.000 | 170s.000 $1.000 £9.000 $1000| 47 000 57 000 49.000
50 . . + ] 1%47.000 | 1906.000 | 2047.000 §7.000 62.000 90000] e7000] 107 000 88 000
) . . > ] 1563 000 | 1829000 | 1704 000 64 000 85 000 63000] 76 000 71 000 57 000
80 . . - ] 2145.00011566 000 ] 1531 000] 123 000 $2.000 40 000 ] @81 000 £5.000 $8 000
61 . . » ] 1397 000 | 1140 000 { 1245 000 50 000 42.000 48 000 | $2 000 41 000 44 000
62 . - = 120750001778 000 [ 1570 coo 79.000 73.000 58 000 [ 69 000 88 000 75 000
63 . . - ] 1502 000 | 1880 000 | 1627 oo 48 000 44 000 80000 87 000 82 000 61 000
54 . s . . . . . . s s . .
65 . . . . .
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PRECHD MIDCHO POSTOHO | pre by Prabmreaciivity | poat bmr | calonc coat of actvity | poetBMRLACT | predeficit
1 203.000 24%.000 193.000 | 2008.600 2849.000 | 1087.400 871.500 2638.900 -§87.000
2 372.000 39! 0 273.000 | 2281.000 2613.400 ] 2220.700 232.400 2453,100 80.600
3 432.000 287.000 276.000 | 2270.800 3408.700 § 2208.400 942.200 3150.600 218.300
4 247.000 320.000 317.000 { 3302.400 3880.400 | 2307.300 508.000 2005.3001 -1174.400
232.000 302.000 320.000 | 1059.300 2373.600 | 2175.30 750,100 2025.400 -439.600
248.000 234.000 241.000 | 2181.700 2009.900 | 2104.20! 340,200 2832.400 -947.800
232.000 172.000 187.000 § 2043.100 2880.600 | 1987.400 616.750 2r )4.150 -428.600
] 338.000 401.000 392.000 | 2250.200 2082.500 ] 2333.600 500.200 2923.800 -123.500
] 27.00¢ 437.000 411.000 | 2126.000 3314.100 § 2142.80! £30.500 2082.100 -819.100
10 282,00 236.000 241.000 | 2309.300 3297.500 | 2273.40 1160.500 31;3.900 -1274.500
11 37.000 304.000 227.000 | 1508.300 2164.300 | 1825.30 30%.800 2221.100 109.700
12 295.000 282.000 353.000 | 1859.100 2072.000 ] 1915.300 227.200 2142.500 139.000
13 369.000 360.000 388.000 { 1072.500 2485.100 ] 1080.800 701.700 2862.500 466.000
14 201.870 255.510 250.280 | 1043.300 2300.600 ¢ 1902.000 443.900 2345.900 -119.600
18 295.000 267.000 238.000 | 1910.400 2301.500 | 18680.400 540.500 2400.900 -380.500
16 201.000 274.000 260.000 { 1709.600 1804.100 | 1875.800 319,400 1995.200 380.800
17 250.000 200 330.000 { 1727.200 2038.200 { 1702.500 258.400 2048.900 -248.200
18 41%.000 440 435.000 | 2710.580 2710.580 | 2833.130 324.000 2927.130 -21.580
19 226.000 179.000 210.000 | 2440.700 2440.700 § 2410.080 429.000 2848.030 -£5.700
20 342.000 312.000 24.000 | 2337.800 2337.800 | 2254.40/ 278.000 2532.400 146,200
21 431.000 376.000 18.000 | 2605.300 2005.300 | 2828.200 224.000 2850.200 +220.300
22 245.000 239.000 41.000 | 2283.900 2283.800 | 2798.900 831.000 3427.900 480.100
23 213.000 291.000 311.000 _2833.300 2633.300 | 2691.200 296.600 29087.800 -270.300
24 449.000 465.000 458.000 | 2088.100 2088.100 | 2843.300 506.400 3349.700 840.900
25 325.000 350.000 363.000 | 2525.200 2525.200 | 2461.400 429.000 2800.400 300.800
28 270.000 303.000 2:'&001) 2201.730 2201.730f 2191.100 367.000 2558.100 430.270
27 283.000 347.000 420.000 | 253 2535.900 | 2828.700 350.000 2976.700 -80.900
28 384.00C 440.000 518.000 { 2815.500 2815.500 | 2828.000 490.000 3118.000 500
29 409.28 421.000 332.000 | 2652.8¢c0 2052.000 ) 2526.40 488.000 20084.400 415,100
30 247.00C 0 322.000 | 2688.200 2068 2615.00! $55.300 3170.300 308.800
3 331.127 375.000 383.000 | 2388.300 2386.300 2370.40 527.000 2807.400 871.700
32 293.000 214.000 205.000 § 2211.780 2211.780 | 2076.000 283.200 2330.100 251.240
33 310.000 4008.000 167.000 | 2320 2320.000{ 2180.000 358.150 538.150 §70.000
4 213.000 228.000 317.000 | 2083 2083.000 | 21%54.600 382.500 $37.300 -535.000
8 238.000 288.000 282.000 | 1830.70¢ 1930.700 | 1046.660 210.000 158.600 -95.700
35 131.000 145.000 102.000 | 2012.100 2012.100 ] 1970.100 270.000 2240.100 -296.100
37 485.000 275.00 309.000 | 2207.600 2207.600 | 2108.100 155.200 _2-561.300 750.400
as 214.000 128.00 166.000 | 1880.400 1880.401 1855.100 242.000 2097.100 -209.400
39 226.000 232.600 239.000 | 1790.310 1799.31 1832.200 323.000 2155,200 126.690
40 306.000 286.000 307.000 | 22606.600 2280.600{ 2261.300 197.000 2458.300 28.400
41 255.000 230.000 238.000 | 2009.200 2000.200{ 2920.500 383.100 2302.600 64.800
42 283.000 183.000 225.000 § 2012.700 2012.700| 1926.800 187.200 2114.000 354.300
43 1€5.000 223.000 174.000 | 1890.180 1890.180] 1819.200 287.300 2106.500 -242.160
44 116.000 138.000 146.000 | 1704.000 1704.000{ 1727.800 232.000 1959.800 -716.000
45 14.000 390.000 350.000 | 2353.600 2363.600 | 2285.400 0 2269.400 951.400
48 229.000 235.000 267.000 | 2137.000 2137.000 | 2204.400 [] 2204.400 377.000
47 268.000 422.000 402.000 | 2488.200 2498.200 | 2530.300 0 2530.300 1.800
40 03.000 231.000 316.000 | 2490.100 2490.100 | 2495.300 0 2485.300 152.900
49 287.000 257.000 216.000 | 2101.700 2101.700 | 2091.300 -] 2091.300 72.300
50 - - . . . . . ] . .
51 298.000 262.000 341.000 | 2238.100 2238.100 ] 2270.200 0 2270.200 -75.100
52 - 382.000 238.000 . [ . [:] ° .
53 147.000 214.000 300.000 | 1684.800 1684.600 | 1729.500 [+] 1729.500 -321.600
$4 317.000 434.000 308.000 | 1829.800 1828.800 | 1793.000 0 1783.000 451.200
55 271.000 320.000 272.000 | 17900.800 1790.800{ 1811.900 [ 7811.900 404.200
56 205.000 232.000 363.000 | 1664.400 1664.400 ¢ 1802.800 ] 1803.800 605.600
57 138.000 151.000 276.000 | 1654 .900 1654.900 [ 1712 800 0 1712.800 -427 900
$6 178.000 207 000 192.000 | 1701.300 1701.300] 1781.500 ] 1761.500 -154 300
59 180.000 208.000 241.000 | 1806.000 1806.000 | 1828.200 0 1828.200 -223.000
80 188.000 229.000 207.000 | 1781.300 1781.300] 1730.000 (] 1730.000 363.700
61 192.000 113.000 160.000 | 1716.600 1718.600 | 1438 600 0 1438 600 -319.600
62 257.000 214.000 191.000 | 1941.000 1941.000 ] 1891 400 [ 1801 400 134.000
63 226.000 305.000 173.000 | 1773.080 1773.080 1775 500 0 1775 500 -271.080
54 . . . . . . N . .
65 .
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predeiratio | post deficit one2 | SHBA2 | cortisnl2 | prolacting PSH POSTT2 POMISHBG2
1 .889 -1258.900 857 683.000| 28.130 7.020 10.870 5.870 433.000 28.390
2 1,092 -4862.100 012 04.000f 13.500 4.350 6.860] 10,340 302,000 32.100
3 1.084 -14%.600 G4 $3.000] 37.340 6.420 8.8301 21.800 $70.000 38.020
4 608 88.700 1.024 30.000 | 48.000 3.880 24.080 1 12,760 798.000 47.400
L] 815 -495.400 831 45.000 ) 45.200 $.230 8.840 9,180 228.900 43,330
& .604 -485.400 020 3983.000] 15.200 68.800 7.580 4,990 731.000 23,500
7 834 -709.150 603 887.c00( 53.130 7.340 13.690) 17.190 573.000 49.217
8 950 789.200 1.263 700.000 | 63.400 8.720 4.520{ 15.000 795.000 32,130
9 753 +321.100 892 402.000] 44.400 4.990 10.650| 10.700 447.000 36.508
10 613 -1739.000 .408 406.000] 31.080 7.G80 10.480 | 20.880 494,000 34.980
11 1,051 -585.100 748 . . . . . . .
12 1,067 411.500 1.192 . . . . N . .
13 1.190 253.500 1.095 . . . . . . .
14 048 -458.000 .804 . . . . . - .
15 843 -829.000 813 . . . . . . .
16 1,191 80.800 1,040 . . . . . . .
17 879 281.100 1.137 . . . . . . .
18 992 -745.130 745 1038.000 | 32.220 8.030 15.020 7.140 545.000 30.100
19 973 -350.080 877 983.000 ] 38.300 6.280 17.010 7.230 463,000 36.700
20 1.083 -205.400 019 863.000 ] 29.600 ©.940 11.8551 10.310 473.000 490.580
21 915 -254.200 911 946.000( 28.020 10.740 10.505 5.230 958.000 23.700
22 1.201 -480.900 .868 1213.000 | 20.830 6.970 10.560 5.060 941.000 20.350
23 .807 74.200 1.02% 833.000] 11.860 8.750 13.970 6.160 847.000 11.900
24 1.284 -139.700 058 560.000| 14.850 8.006 15.020 3.830 439.000 11.030
25 1.119 -94.400 967 1086.000 ] 25.9%0 8.010 11.350] 11030 439 000 37.970
26 1.19% -94.100 963 783.000] $2.400 7.080 $.890 8.800 840.200 29.200
27 976 407.300 1.137 1140.000{ 32.000 6.100 8.0101 11,700 1015 000 20.560
28 1.000 676.000 1.217 867.000 | 41.900 7710 6.870 9.880 798.000 308.460
29 1.150 -444 400 .052 $38.000{ 33.820 3.250 11.320 5.480 $71.900 43.700
30 1,118 -370.300 .883 1057.000( 23.000 5.050 11.200] 13.990 782.000 20.280
31 1.170 24 800 1.008 §21.000] 61.600 5,120 7.510] 4.080 485 000 $2.900
32 1.114 -500.100 .782 . . . . . . .
33 1.246 -1047.150 507 . . . . . . .
34 741 9.700 1.004 . . . B . . .
35 950 55 400 1.026 . . . . . . .
] .853 -413.100 818 . . . . . - .
37 1.344 37.700 1.017 . . . . . . N
a8 889 -829.100 .700 . . . . . . 3
39 1.072 207.800 1.096 . . . . . . .
40 1.013 -163.300 034 . . . . . . .
41 1.032 -333.600 .881 . . . . . -
42 1.176 -178.000 917 . . « . . . .
43 .872 -443.500 .709 - . . . . B .
44 .580 -735.600 625 . . . . . . .
45 1.403 320.600 1.148 - - . . « . .
46 1.176 682.600 1.301 . . . . . . .
47 1.001 870.700 1.344 . - . . . . .
48 1.061 417.700 1.167 . . . . - . .
49 1.034 -243.300 884 - . . . - . .
50 . . . . . . . . o .
51 966 101.800 1.045 . . B . . . .
52 . . . . o . . . . .
53 .809 82.500 1048 . . . . - - .
54 1.247 650.000 1363 . . . . . . o
55 1.226 426 100 1.235 - . . > . . .
£6 1.364 1719 200 1953 . . . B . . .
57 741 -6.800 908 . . . . . . .
58 $09 285.500 1.182 . . . . . . .
59 877 -124 200 932 . . . B . B .
60 1204 -199.000 888 . . . . . . .
61 814 -193 600 865 - . . . - . .
62 1 060 312 200 35 . . . . . . .
63 847 148 500 916 . . . . N B .
64 . . . .
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Postcortisol2 | poat prolacrn2 | poet FEM Name Group | Ganoer | Height | FY1Pre | FTI Poot PREEAL POSTEAT

1 8.400 4.080 9.820 { overton 1 { male 1680.500 84.308 52.058 3.00 3.00
2 4.280 3.350 10.140 | canpbed 1 ]| male 168.600 | 1290.630 42.402 2.00 1.G60
3 7.2Q0 0.000 32.280 { whittinger 3 | male 163.200 08.619 09.317 0 0
4 .28 20.840 14.769 | aarto 1 | maie 176.400 52 907 58.310 5.00 3.00
35 5 .58 3.770 12.190 | germaine 1 | maio 171.800 28.503 18.102 5.00 3.00
[] 6.83 7.570 980 | muidowney 1§ male 161.700 88.778 109.008 1.00 1.00
14 7.340 5.530 .040 | ochotshy 1| mals 161.700 42.807 40,425 3.00 2.00
8 5.830 7,340 23.040 | roge 11 maio 106.600 38.337 85.914 L .
9 3.420 12.080 13.6680 | sadgrove 1 | male 184.150 30.476 42.409 8.00 6.00
10 7.930 10,100 20.570 | emith 1| mals 168.800 54.104 49.038 15.00 4.00
11 L > * | mciariand 1| ternco 181.700 . . 2.00 1.00
12 . . ¢+ | viger 1 | female 159.250 . . 7.00 6.00
13 . . * { livingatone| 1| female 1681.700 . . 17.00 13,00
14 . . * | leinhol 1§ femala 156.800 . . 5.00 5.00
15 - . « | keilal 1 { female 161.700 . . 5.00 6.00
16 . . + | hopztun 1 | tamale 151.200 . . 4,00 2.00
17 . . * | tagyma 1| female 154.300 . . 7.00 7.00
18 3.810 10.280 3.830 | pnie 2 | male 188.300] 111.646 62.869 5.00 5.00
19 9.047 9.728 7.360 | mcainnig 2 | malv 182.000 80.117 4).805 4.00 3.00
20 4.500 7.888 9.600 | marsiand mai> 177.800 | 100.061 33.130 4.00 2.00
21 68.380 8.270 6.820 | cooper male 182.500| 117.228 140.354 5.00 2.00
22 7.790 10.080 7.730 | codic male 180.500 | 205.154 180.558 2.00 1.00
a3 4.760 9.580 $.290 { fisher 2 | maio 177.500| 243.875 247.141 9.00 3.00
24 3.460 13,680 1.960 | graham 2 | male 187.500{ 133.043 138.108 3.00 1.00
25 4.950 £.331 8.150 | hanssyck 2 | male 173.700 [ 141,207 40.145 $.00 6.00
28 5.160 8.770 12.780 { meClure 2 | male 162.500 51.885 99.910 7.00 10.00
27 £.760 10.010 11.460 | hirdy 2§ Vulrie 181.000 | 123.608 119,225 1.00 4 00
28 65.850 10.410 8.900 | wait 2 | maie 188.500 71.848 72.045 9.00 6.00
29 4.080 .180 5.930 { Barten 2 { male 185.500 58.219 45 441 1.00 0
30 4.110 .330 12.400 | chaibom 2 | mala 180.2001 1%9.571 133.880 3.00 2.00
31 4.420 5.200 2.020 { schuitz 2 | male 174.700 20.387 30.521 25.00 22.00
32 - - ® | veno 2 | temale 169.400 . . . .
33 . d * | shaver 2 | temaie 171.100 3 . 25.00 18.00
4 . . » | reimer 2 { temnie 167.400 M - 22.00 28.00
35 . - . ) 2 | female 160.800 3 . 33.00 16.00
38 . - +_] moginng 2 | temale 185.800 . - 30.00 12.00
37 . . * } murphy 2 | female 173.100 » . 13.00 7.00
38 . . + | dey 2 | famale 160.020 . . 5.00 4.00
39 - . * | biseser femaie 154.000 . . 13.00 11.00
40 o M * | barry fomale 182.300 . . 6.00 14.00
41 . o * | askn 2 | temale 164.700 o . 8.00 4.00
42 . M = | grant 2 | lemaie 168.000 . . 3.00 3.00
43 . - + | hicon 2 | temale 155.500 - . 6.00 5.00
a4 . . « | meclure 2 | temale 162.000 . . 28.00 -24 00
45 . . * | woudstra 3 | male 169.050 - - 4.00 4.00
46 - . ~ | weiycochy 3 | msto 184.150 . . 0] 1.00
47 . b * | wreimer 3 | maie 170.275 - . 3.00 1.00
48 - d * | ngham 3 [ male 171.500 . . . .
49 . - * | albright 3 | male 171.500 . . 1.00 -5.00
50 . . «_| modonaid 3 | male 169.100 * - N .
51 . . + § homnford J | male 170.250 . . 0 0
$2 d . - | kenneagy 3 | male 173.950 - - . .
53 . - somachy. .. 3 | female 156.800 . - 8.00 5.00
54 . - * | soholuk 3 { lemeais 159.250 . . 0 2.00
55 . . * | semrle 3 | lemaie 161.700 . . 1.00 2.00
56 . . < | samuels 3 | female 149.450 . . 6.00 5.00
57 . i * | nchardson 3 | female 160.000 3 . 1.00 1.00
58 4 . + | olson 3 | temele 156 800 . . 2.00 2.00
59 > . * | mish J | temaie 159 400 . . 3.00 7.00
6C . - ¢+ | harbin 3 | temale 157.800 - - 8.00 4.00
61 . - + | gaunt 3 { temale 155.300 . . 1.00 1 00
62 - . - | hagen 3 | temaie 164 150 . - 1 00 4 00
63 - e * ] cooper 3 | temaie 166.000 . - 400 23 00
64 . . . . .
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PREEDI POSTEN TRAINING INTEN PRE TRAN NT MO TRAN INT POST SEX
1 . . . . . 1
2 8 00 5.00 0 hd . 1
3 . . ) . . 1
Py . . - . . 1
-] 8.00 3.00 - . . 1
[] 10.00 5.00 d > : 1
7 . . - . . 1
] - L) * 4 . 1
] 8.00 8.00 . . . 1
10 9.00 2.00 - * . 1
11 15,00 13.00 . . . 2
12 14,00 8.00 . - . 2
13 2.00 2.00 M . . 2
14 . . . . . 2
15 10.00 9.00 . . . 2
16 3.00 3.00 4 . * 2
17 7.00 7.00 . . M 2
10 8.00 6.00 15.500 18.800 16.500 1
19 8.00 8.00 11.280 12.250 13.250 1
20 2.00 $.00 14.000 14,750 15.250 1
21 17.00 68.00 14.000 16.000 18.000 1
22 3.00 3.00 12.000 13.000 14.280 1
23 32.00 21.00 13.500 13.750 14.280 1
24 10.00 8.00 12,250 14.750 18,250 1
25 29.00 27.00 13.250 15.000 15.750 1
26 1.00 8.00 14.000 14.250 15.500 1
27 8.00 8.00 15.000 17.250 18.000 1
28 34.00 28.00 12.500 18.000 16.500 1
20 9.00 12.00 14.750 14.750 14.750 1
30 9.00 8.00 13.500 14.000 18,500 1
31 3.00 .00 13.5C0 13.800 13.500 1
2 . » 10.800 11.000 11.000 2
33 38.00 31.00 11.000 11.250 11.280 2
34 36.00 3.00 14.250 14.750 15.000 2
kL] 39.00 7.00 12.500 13.250 13.750
36 72.00 14.00 10.500 12.800 12.600
37 10.00 32.00 11.250 11.000 12.000
38 24.00 22.00 10.750 11.500 11.500 2
k1] 18.00 $.00 12.000 13.000 13.500 2
40 30.00 51.00 12.000 13.000 13.000 2
41 19.00 28.20 12.750 13.500 14.000 2
42 4.00 2.00 10.800 11.000 12.000 2
43 37.00 13.00 10.000 11.000 12,750 2
44 20.00 44.00 11.000 11.500 12.050 2
45 4.00 10.00 . . . 1
48 1.00 0 - . . 1
47 5.00 5.00 - . . 1
48 . . . . . t
40 9.90 9.00 . - . [
50 . . . . . 1
51 2.00 8.00 - . . )
52 . 3 . 3 . [
53 9.00 9.00 . . - 2
54 8.00 7.00 . . . 2
55 8.00 8.00 0 . . 2
56 8.00 18.00 - . . F
57 4 00 3.00 . . . ?
58 3.00 2.00 D . . 2
59 25.00 33.00 . . . ?
60 7.00 12 00 . . . 2
61 2.00 2 00 . . . 2
62 3 co 3.00 B . . F)
63 38 00 82 00 . . . F1
64 . . B
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APPENDIX

HIGH MILEAGE RUNNERS.

MEANS, STANDARD DEVIATIONS AND STANDARD ERROR
FOR ALL VARIABLES BY GROUP
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APPENDIX 2¢
MEAN DATA BY GROUP
CONTROLS
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APPENDIX

MEAN DATA BY GROUP

TRAINING GROUP
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APPENDIX 3
RAW DATA: CALORIC INTAKE
MEN AND WOMEN

to

S8



APPENDIX

RAW DATA: NUTRIENT INTAKE:

3.

RELATIVE
ALL GROUPS

TO BODY WEIGHT:

AGE Namme Group Charwioe BER precaling midcadMmg pustcalig va2iabs o22ebs vo2iabe
1] 50.000 | overton 1 | maie 1 33,108 27.633 28.734 3.233 3,379 3.1
2] 49.000 | compbe 1 | maie 1 37.540 38.011 26,042 3.768 4128 4473
3] 42.000 | whitingar 1 | meve 1 50.687 48.633 49.040 3.770 4.008 4.047
4] 50.000] sarta 1 | mele 1 37.827 43.003 41,048 4.038 4.028 4219
S| 53.000 | germaine 1 | meiw 1 30.400 38.044 39.001 3.307 3.278 3.648
8] 48.000 | muidowney) 1 | male [ 20.314 34.780 290.285 3.508 3.574 4.070
7] 56.000 | ochowky 1 | mele 1 33.858 26.000 30.043 2.830 3.154 3.546
8] 290.000] ross 1 | mede 1 47.8%0 55.500 81.550 4.600 4.608 4.752
84.000 | andgrove 1 | male ) 40902 44.087 43.023 2.702 2.882 3.221
41.000 | smimy 1 | meis 1 26.030 29.452 22548 4.738 4.384 4897
44.000 | mctariand 1 | female 2 40.650 41.304 30,687 2.588 2.003 2.308
27.000 ] viger 1 | femate 2 44.044 45.703 49.408 2558 2.500 2,683
23.000 { livingsicne 1§ femunie 2 5870 45 402 58.732 3.1390 3.204 3.168
23.000 { einnot! 1 | tarmuta 2 37.988 33.110 33.467 3.731 3,189 2.803
23.000 | neitad 1 { emeia 2 38.772 38.073 27.444 3173 3.079 3.570
43.000 } hopchin 1 { female 2 48,784 41,698 44741 2.704 2.733 2.380
23.000 | tedyma 1 | femaie 2 38.021 40.718 49.788 2.714 2.767 2.892
40.000 { gee 2 | male [ 32.242 20.449 28.353 3.583 4.108 3.058
41.000 | moginnie 2| maie 1 32.401 28.463 38,183 2.587 2.818 3.273
49.000 | marsiang 2 | mue 1 37.924 34.301 36.846 2.731 2.943 3.150
24.000 | cooper 2 [ maie 1 33.782 42.890 38.771 3.396 3.883 3.800
33.000 | dodic 2 | muie 1 29.379 24.901 34.103 3.531 4.013 4.048
21.000 | fisher 2| nate 1 29.761 40.838 39.683 3.184 4.085 4.254
30.000 | greham 2 | nwie 1 30.698 40.27¢ 36.477 3.508 4,557 4479
26.000 2 | maie 1 38.797 40.419 30.215 3.410 3.006 3.079
33.000 | meCiure 2 | mele 1 41.712 39.130 39.614 2.783 2.906 3.178
25.000 | nirby 2 | male 1 34.850 41.043 47.682 3.518 4151 4.359
21.000 | waii 2 [ mae 1 36.587 44.177 52.980 3.167 4.179 4.183
42.000 | Basmn 2 | male 1 37.877 36.007 33.553 3.240 3.880 3.420
20.000 | chaibom 2 | maie 1 36,340 37.328 36.049 3.243 4.152 3.873
48.000 | schuix 2 | male 1 43.649 43.008 43.161 3.450 3.420 3.534
32.000 | veno 2 | femaio 2 35.236 23.333 20.059 2.181 2.458 2.622
28.000 | shaver 2 | temaie 2 38.638 38.036 19.680 2.274 2.474 2.831
27.000 | reimer 2 | femaie 2 23.257 27.884 39.185 2.687 3.354 3.120
28.000 | paradmen 2 | temale 2 31.388 39.068 30.220 2.311 2.748 2.808
41.000 { meginnie 2 | fomaie 2 230 26.108 29.420 2.009 2.491 2.648
23.000 { murphy 2 [ tomale 2 48.244 36.104 38.288 2.188 2.458 2.328
24.000 | dey 2 | temate 2 29.030 17.678 26.801 1.088 2.232 2.403
41.000 | blsaser 2 | femaie 2 35.182 45.639 44.168 1.778 2,008 2.488
22.000 | barry 2 | lemaie 2 38.218 30.727 34.660 2.067 2.702 2.787
20.000 | sekin 2 | female 2 38.002 34.213 14.722 2.578 2.725 3.493
33.000 | grunt 2 | temale 2 41.820 40.842 3¢.187 1.958 2.222 2.332
26.000 | hiron 2 | temate 2 28.711 35.213 31.081 2.118 2.487 2,345
28.000 | meclure 2 | femele 2 21.021 21.340 25.200 1.482 1.780 1.714
22.000 | woudswra 3 | mue 1 52,123 44.378 41.320 3.161 3.340 3.340
32.000 | wetycochy 3 | male 1 38.173 24.734 40.267 3.000 3.009 3.281
23.000 | wraimer 3 | maie 1 28.847 37.238 40.877 3.837 4.011 4.218
29.000 | ingham 3 | mele 1 29.302 29.208 33.637 3.682 3.749 3.888
31.000 | aidright 3 | mate 1 34.784 33.317 27.685 2.928 3.226 3.053
22.000 | madonesd 3 | maie 1 . 3 . " y !
23.000 [ homiora 3 | maie 1 31.097 20.448 34.427 3.170 3.176 3.183
23.000 | kemeay 3 | maie Y . . . " N .
36.000 { somacty... 3 | female 2 . B - . . .
21.000 | sokoiok 3 | lemale 2 42.477 81.760 45.074 1.805 2.233 1,827
21.000 | searle 3 | fomaie 2 43.030 50.217 41.832 1.963 2.017 2.103
34.000 female 2 48,048 48.503 70.179 2.391 2.633 2.508
26.000 | richardaun female 2 24.108 26.573 32.934 1.685 2.607 2.145
30.000 { olson female 2 - . . . B
25.000 | mish 3 | female 2 25.903 20.606 27.723 1.983 2.041
24.000 { harbin 3 [ temaie 2 40.702 29.603 28.778 1916 1.793 1.830
24.000 | gaunt 3 | emale 2 25.400 21.180 22.928 1.864 1.765 1.673
23.000 3 | temaie 2 35,169 30,138 26854 2.319 2.283 2.523
30.000 | cooper 3 { taomale 2 . . . . . .




kesimibm pre kealedbm mid kcalsibmpost favhg pro ot kg mud ‘et kg poat PrO4 kg pre prot ky rud
1 38,171 32.810 30.088 1.384 717 914 1,288 vies
2 42,560 44.110 30 848 41 822 878 1.302 1,381
3 60.483 $1.178 56.083 2.200 1,389 2.132 2.102 1.983
4 48,414 58.338 53 489 1874 1.503 1.608 1421 1,380
s 33,782 40.409 42.933 1,258 1.382 1.609 1.179 1472
0 36.310 45.960 39.412 (843 1120 087 1.100 1.290
? 43.824 32.108 38.188 1.708 1.184 1.500 1.201 1377
[ 83.439 80.108 64.478 1,033 1. 647 2.400 1.587 1.080
9 47.981 13.181 52.074 1.450 1,290 1.841 1.492 1,148
10 27 042 28.358 24,248 008 804 733 1127 1.080
11 58867 83.507 40.202 1.108 1.80% 207 1.892 1541
12 54.112 35.087 62.203 1,783 2188 1,849 1.814 1.880
13 648,753 38014 72.000 1.874 242 1382 2288 1083
1 409,308 43.013 40 624 1.480 1148 1.080 1.188 1284
19 41,498 40.958 31.028 1.083 1.174 672 1.382 1229
18 80.214 49.355 53.702 1,743 Y.342 1.873 2.118 ) 88?7
17 45.023 47.102 $8.250 1,104 1.163 1,881 1.724 1097
18 39.844 32.480 20.073 898 477 3268 1.310 031
19 41.740 34.704 47.400 1.432 1.347 1.608 1.241 088
20 40.541 44.308 46.262 1.208 1.091 1.071 1,084 ) 382
21 39.356 48.997 43 630 2.082 1.771 1,402 1.728 1.801
22 33.627 20.689 30.188 1.074 873 1.207 1.167 1.077
23 36.331 48.421 46.820 1,448 1,739 1,484 1812 1813
24 4 y 48.980 42.088 1.407 1328 1.1148 1.444 1.501%
25 £7.078 «%.243 1,628 1.837 1.332 1.211 1.178
26 ar 46 .023 49.080 1. 684 1.079 1,158 1.743 1,878
FX2 I 48.040 $4.714 1,127 1.187 1.479 1.479 1.5C0
28 <. §2.189 [ 1.217 1.818 2.083 1.413 1.389
29 ) 48 434 41.320 1,128 1.404 1.092 1 788 1.108
30 44.041 42.180 1,600 1.188 1,009 1.420 1.263
31 49.928 51.628 1.822 1.400 1.462 1.721 1.949
32 ~ 31111 $.931 1.250 848 1.079 1.073 789
33 58.183 $3.140 27.221 1.079 1.829 898 1.083 1,170
34 32.931 38.260 £1.663 .700 1.048 1.818 1.038 1282
as 41.143 50.728 46.030 074 1.374 1.204 1.368 1.304
38 37.467 38.104 38.362 917 1.224 741 1.147 788
37 61.175 48.048 47.838 1,812 1477 1.433 1.080 1.290
38 45.408 24.208 38.702 1,038 487 784 1.280 787
39 52 834 £8.221 81.001 1.256 1.582 1983 1.277 2.122
40 48.383 40.723 46.852 1.092 209 $97 1.092 1.208
41 47.878 45.055 . 1.107 1.134 1.113 1.471 1.508
42 02.128 $0.378 50.403 1,749 1.78 1 r49 1.431 1.482
43 39.428 47828 36.080 1.132 1.81 1138 1.098 1 330
44 28.838 29.827 35.376 .680 $77 771 1.140 040
45 57.158 47.147 45.169 1.604 1.808 1810 1.714 1.408
48 44.281 42.822 40.081 1,483 1.840 1,810 1.282 1.282
47 32.888 43.007 48.048 1.479 1.308 1.388 540 1032
49 35.862 38.188 38913 1 552 1.308 1.374 1.519 1.823
49 41.30 39.600 33.012 1.392 1.234 1 083 1312 1284
30 . 3 3 . n v 3 5
$1 37.582 36.338 42.662 947 1.030 [3F] 1.272 1.230
52 . . 3 . N . . -]
53 . . - . . . . .
54 60.989 87.010 87.078 1,508 2.7%1 2.048 1.188 1.580 |
58 $1.760 82.729 $1.448 1.748 2.034 1.794 1.608 1.771
[ $3.248 60.000 $3.523 2.272 2.048 3.147 2.028 2.188
57 32920 38.102 44.083 1.002 1167 983 923 1.128
S8 B 3 . . " N . .
[T} 37.247 42.438 40.189 Y 051 1.380 1 028 1.248 Y 183
60 $5.850 40.78% 39.974 7234 o83 902 1.837 1 040
61 32.353 26 909 29.363 =) 773 884 943 753
82 48 032 42.033 38 200 YV 339 1 237 984 1,169 1,183
[ 3] . - . . . . . .
64 B . 3 . 5 . 3 .
rY3 . . . " T N - .




fal b post ot Ibm pro prot ien mid prot Im past oho E3en pre cho fom mid O iR poet deficivkg  pre
1 1.020 1.479 1.373 1.181 1.049 4.804 3.733 -15.008
2 .738 1.477 1.528 1.200 6.103 6.220 4.188 1.166
3 2.407 2.452 2.224 2.082 8.278 4.004 5.140 3.585
4 2.080 1.810 1,744 2.158 4.403 5.604 5.701 -18.357
8 1.791 1.309 1818 1.51 4,049 $.311 5.654 -8.812
[: 1.928 1.480 1.708 1.51 4.338 4.53% 4.573 -13.541
7 1.754 1.884 1.700 1.85 4.744 3.482 3.845 -6.739
[] 2.822 1.787 2112 2.224 8.318 7.230 6.885 -2.058
[ 1.040 1.750 1.358 1,409 6200 0.54a §.043 -13.420
10 .788 1.174 1.188 1.041 3810 3,982 2300 -16.903
11 1.192 2.214 1.065 1.533 83831 7.221 £Les 1.662
12 2.317 . 982 2.084 2.171 7.22¢ | 6.257 8610 2.789
13 1.728 2.778 2.108 2.593 8.632 4.020 [XEX] 8.927
14 1.338 1.482 1.550 1.6815 59772 5425 S -2.073
15 779 1.837 1.308 1.163 8.211 6 5.084 -7.285
18 1.691 2.724 2.283 2.407 .78 £ 6.96¢ 7.488
17 1.850 2.01C 1.859 1.925 £.781 5 340 | 8.250 -5.306
18 .37 1.613 1.063 1.22% 5.103 5.095 5078 -.259
19 2.163 1.560 1.270 1.504 3.972 3.202 2.08% -.406
20 1.352 1.416 1.7468 2.008 £.521 £.ron 6441 2.232
21 1.684 2.013 1.718% 1.847 7.112 5.0, 3361 -3.120
22 1.351 1.338 1.240 1.377 3.002 3.024 4.200 4.926
23 1.728 1.968 2.149 1.885 3.275 4.254 4.755 -3.404
24 1.303 1.748 1.828 1.463 848 6.242 6.054 8.035 |
28 1.537 1.537 1.398 1.942 372 5426 5.874 3.917
28 1.440 2.052 1.970 2.600 .037 5.739 5.980 6.819
27 1.687 1.683 1.708 1.794 4.538 5833 6.607 -.058
28 2.817 1.885 1618 1.784 8.072 7.337 9.070 .007
29 1.345 2.361 1.971 1.507 8.478 8.487 5.381 5.128
30 1.205 1.70% 1.490 1.508 3.590 3.841 4.840 3.770
31 1.749 2.112 2.250 2.332 840 8.468 8.714 9.651
32 1.381 1,486 1,083 1.128 .701 4172 4.048 3.504
33 1.225 1.548 1.507 1.170 018 7.408 3.053 7.620
34 2.130 1.468 1.752 1.023 4.501 4.020 6.430 -8.143
38 1.811 1.78¢ 1.65¢ 1.043 $.338 6.358 8.228 -1.638
38 068 1.633 1.08 2.2¢0 2.860 .139 2.143 -4.320
37 1.746 1.381 1.6548 1.622 10.000 .804 8.424 12.348
38 1,08 1.002 1.077 1.353 5,018 ,262 4.180 -3.739
a9 2.756 1.907 2.707 2.148 6.158 5.818 6.280 2.4
40 1.339 1.501 1.707 1.788 6.469 5.803 6.227 437
41 1.481 1.954 2.023 2.086 $.082 5.227 5253 121
42 2.159 2.128 2.138 1.821 7.420 4.248 5.852 6.260
43 1.415 1.507 1.709 2.0€8 4.885 5.343 4.173 -2.210
44 1.089 1.585 1.928 1.678 3.188 4.008 4.220 -15.234
45 1.651 1.87% 1.589 1.460 8.862 6.528 6.053 14.050
46 2.385 1.532 1.522 1.443 4.032 4.140 4.643 5.424
47 1.858 1.07¢ 1.192 31.300 3.500 5.580 6.699 .021
48 1.560 1.859 1.03S 1.723 2.754 3.163 4.221 1.608
49 1.288 1.559 1.505 1.580 5.458 4.085 3.850 1.187
50 - . . . . . . .
S5t 1.607 1.493 1.529 2.302 5.130 4.828 6.133 -1.111
52 . < . . . . . .
53 - - - . - . - .
54 3.903 1858 2.249 2.265 8.476 11.481 11.070 8.402
55 2.207 1.934 2.212 1.747 8.392 7529 6.253 7 925
[ 3.748 2.434 2.678 3.856 4.649 $.£30 5.608 2,284
7 1.318 1.230 1.532 1.266 3.613 4,059 7.132 -8.407
8 . . . . . . . .
59 1.486 1.788 1.847 1.344 £.424 828 5.684 -3.662
60 1.253 2.109 1.432 1.482 4.008 5.064 5.405 5.501
61 $.132 1.204 .960 1.030 4.447 2.548 3.774 LY 1K
62 1.333 1597 1.508 1.724 5.049 5.059 4.391 2.2
62 . . . . » . . .
64 ' . . . B . . .
65 . . . . ] . N .
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prot kg post cho kg pre cho kg m' cho kg post cal Ibm pre cal Bm mit cal thm post fat (bm pre fat tbm mid
1 1.044 2.438 4.083 3.318 36.171 32.510 30.005 1.556 843
2 1.183 $.984 8.501 3.848 42,559 44.110 30.548 1.068 .02
3 1.818 7.004 4.283 4.562 80.48) 51,178 $8.063 2.567 2.1t
4 1.693 3.440 4.507 3.471 48414 55,338 §3.489 2.014 2.278
5 1.41 3.648 4.832 5.253 33.782 40.809 42.033 1.398 1.530
6 1,12 3.560 431 3.300 36.319 45.060 39.412 1.044 1.492
7 1.41 3.605 2,820 3.117 43.824 32.105 35,168 2.209 1.437
[ 2.117 5.033 .683 8.533 53.430 80.108 64.878 2.058 1.805
9 1.180 5.5681 7.048 8.733 47.981 53.181 52.074 1.712 1.528
10 880 3.478 3.100 3.134 27.842 25.350 24.248 1.038 .88e
11 1.187 5.020 5.570 4.204 50.867 53.587 40.292 1.542 1.940
12 1.728 5.876 5117 8.841 84.112 55.807 62.283 2.154 2.878
13 2.043 7.058 7.055 7.179 68.753 58.014 72.000 2.308 1.579
14 1,330 4.08S 4.390 4.580 46.308 40.013 40.624 1822 1.444
15 951 5.504 4.009 4.384 41.408 40.958 31.826 1.200 1.333
16 2.069 6.037 5.744 5.707 60.214 40.358 53.782 2.243 1.583
17 1.645 5.300 5.920 7.081 45.028 47.102 £8.250 1.357 1.348
18 1.078 4.978 5.251 5.254 30.544 32.480 29.973 853 545
19 1.183 3.083 2.438 2.958 41.740 34.704 47.400 1.945 1771
20 1.501 _5.221 4.793 5.102 49.541 44.308 48.282 1.576 1.409
21 1.308 6.108 5.241 4.518 30.358 48.907 43.630 2.426 2.023
22 1.230 2.823 2.628 3.920 33.627 26.680 38.185 1.228 1.128
23 1.500 2.683 3.588 4.028 38.331 48.421 46.820 1.760 2.081
24 1.250 4.087 5.132 5.182 48.277 48.980 42.680 1.811 1.611
28 1.683 4.232 4.881 5.091 46.711 47.878 45.243 2.068 2.208
26 2.090 4.279 4.079 4.807 49.104 48.023 49.200 1,956 1.280
27 1.502 3.908 4.987 5.918 36.663 48.840 53.714 1.282 1.318
28 1.430 8.001 8.210 7.235 43.838 52.190 64.968 1.481 1.912
28 1.224 5.083 8.230 4.380 49.544 43.835 41.32 1,443 1.741
30 1.300 3.018 4.108 4.215 43.270 44.081 42.16 1,904 1.401
31 1.980 4.758 5.580 5.613 $3.58 49.828 $1.82 1.808 1.724
32 878 4.102 3.120 3.159 48.59! FXREE] 35.031 1.736 1.131
33 634 4.144 8428 2.239 55.°S 53.140 27.221 2.924 2.087
34 1.231 3.242 3.477 4.877 32.931 38.269 $1.083 .81 1.483
35 1.580 4.083 5.009 5.600 41.143 50.728 48.63 1.278 1.744
38 1.723 2.003 2.276 1.843 37.467 38.104 38.38 1.310 1.088
37 1.331 7.888 4.464 5.273 61.175 48.048 47.038 1.918 1.084
38 082 3.821 2.397 3.018 45.408 24.205 3¢.702 1.578 687
30 1.533 4.126 4.558 4.467 §2.534 £8.221 61.801 1.880 1.960
40 1.32¢ 4.70 4.379 4.837 48.363 40.723 46.552 1.501 1.208
41 1.588% 4.41 3.892 4.030 47.678 44.985 45.283 1.471 1.523
42 1,388 5000 2.908 4.193 82.120 £9.375 £0.403 2.503 2.578
43 1.673 3.30 3.054 3.348 39.428 47.826 39.880 1.858 2.182
44 1.208 2.34 2.088 3.042 28.638 20.827 35.37¢ 809 807
45 1.338 .08 6.142 5.584 $7.188 47.147 45.169 1.788 1.707
48 1.18 .29 3.331 3.750 44.281 42.522 49.881 1.778 1088
a7 1.14 .08 4.830 5.703 32.668 43.007 48.648 1.607 1.618
48 1.49 2.251 2.828 3.649 35.062 35.188 38.013 1.000 1.684
49 1.232 4.502 4.119 3.234 41.331 30.600 33.012 1.854 1 487
50 . - . . . . . . .
$1 1.088 4.379 3.910 4.949 37.382 36.338 42.862 1,911 1.271
$2 3 " 3 3 . . . . .
53 . . ) 3 . . 3 . 5
54 1.162 5.903 §.087 2.683 60.930 87.910 87.678 2.168 3.918
55 1.421 5.314 8.028 3.084 £1.789 82.720 51,440 2.009 2.841
Sé 2940 4,158 4.608 7.231 $5.246 £0.000 83.523 2728 2528
57 .048 2.7 2.900 5.328 32.120 36.102 44 083 1.338 1588
58 . . . . . . - . .
59 927 3.087 3377 3.921 37.247 §2.438 40.100 1.508 1.972
60 1,053 3.587 4.329 3.601 85.059 40.781 30.074 3 203 1354
61 810 3.491 2.001 2.947 32.383 265 909 29 363 1158 884
62 1.276 4.358 3.027 3.248 48.032 42 033 38.299 1820 1728
63 . . . . N . T . .
64 . . -
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poat

1 .21.301
2 -8.600
3 -2.407
4 .060
8 -8.138
B -8.423
7 -13.316
12.820

-5.264

] -22.774
11 10,405
12 7.875
13 4,032
14 .8.137
15 .17.349
18 1.741
17 6.006
18 -8.999
19 -4.931
20 -3.235
21 -3.801 |
[ 22 -5.2¢8
23 961
24 1.587
25 1,324
28 -1.513
27 $.737
28 9.441
29 -5.847
3o -4.847
3t .383
32 -7.844
33 -13.981
34 149
] TH
38 -6.852
37 643
8 -17.428
39 3.884
40 2.467
41 -5.826
42 -3.284
43 -8.529
a4 -15.325
45 $.240
48 9.306
47 10.465
48 4.823
48 -3.642
50 .
51 1.478
82 .
$3 .
54 11.003
$S 7.984
S6 368.247
57 -.131
58 -
50 =% 920
60" 3,741
81 -3.585
62 -5 313
63 .
64 s

2317



Appendix 4. Dietary Intake in ]O HMR.

DIARY NUMBER | BARTON | SCHULTZ | MCCLURE | HANASYCK
1 1} 3068.000| 3038.000| 3337.000 3346.000
3 2| 3668.000| 3038.000| 4274.000 2304.000
3 3 3231.000| 2465.000| 10634.000 2871.000
a 4] 3005.000| 2375.000| 2310.000 2245.000
5 - 5| 2755.000 | 2146.000| 2092.000 2603.000
i"‘u‘-f"‘”"‘ B 6| 2616.000| 2326.000| 2140.0C0 3284.000
. 7| 2561.000| 2932.006| 2280.000 2928.000
I 8| 2441.000| 2846.000| 2969.000 3270.000
9 9] 3189.000| 2258.000| 3005.000 2717.000
10 10| 2774.000] 2363.000| 2871.000 2605.000
K 11| 2817.000| 3422.000| 2455.000 3884.000
12 12| 2356.000| 3156.000| 2552.00¢ 3855.000
13 13| 2443.000| 2601.000]| 2454.000 1736.000
14 14| 2656.000| 3241.00G| 2139.000 2228.000
I~ GRANAM ponic CHALBORN | FISHER WALL KIRBY
1] 4164.000| 2272.000 2498.000[3581.,000| 2591.000 2463.000
2| 3510.000| 2272.000 3455.000[3289.000| 2641.000 2502.600
3| 3283.000| 3222.000 2842.000(2254.000| 2790.000 2605.000
4| 3271.000| 2892.000 2707.000[2472.000| 2647.000 2688.000
5| 2966.000| 2837.000 2422.000(2238.000| 3207.000 3010.000
6] 3181.000| 3244.000 3118.000[2686.000| 3557.000 3043.000
71 4123.000| 2171.000 2853.0003253.000| 2830.000 2706.600
8] 4049.000| 2361.000 2529.000[3310.060| 3531.000 34727.000
9l 3684.000| 2265.000 3022.000([3313.000]| 2674.000 2207.000
16| 3945.000| 2464.000 3147.000(4142.000| 3430.000 2593.000
11| 3402.000| 2249.000 2802.000]/4084.000| 3500.000 3712.000
12| 3030.0600| 3149.000 2855.000(33635.000| 4289.000 2684.500 |
13| 4526.000| 3303.000 2744.000)2813.000| 3097.000 4084.000
14| 3711.000] 2631.000 2535.000[3310.000| 2708.000 3874.000




bartondis schultzdis mccluredis hanasyckdis grahamdis
1 0 0 0 0 0
2 0 0 0 0 0
3 7.260 19.2C0 18.080 8.100 10.400
4 8.080 24.000 12.2060 12.100 10.750
5 11.000 25.160 26.500 10.300 14.300
6 18.200 33.000 25.500 13.500 16.300
? 26.800 22.800 38.680 ~1.900 12.100
8 22.200 35.200 35.800 20.400 28.500
9 53.800 43.200 42.000 16.450 22.250
10 33.250 48.000 50.800 29.600 33.500
il 34.900 48.000 56.000 39.200 36.100 |
12 40.800 43.000 60.080 34.000 33.150
13 36.800 48.000 60.600 36.400 35.?750
14 42.000 48.000 54.800 39.200 23.500
dodicdis chnlborndls\ ¢ fisherdis walldis kKirbydis

1 ) 0 0 & 0

2 0 0 0 0 0

3 8.400 9.200 7.200 7.600 7.600

4 8.000 9.200 9.800 9.280 $.600

5 11.600 12.400 13.800 11.120 11.800

6 12.600 14.600 13.300 14.560 12.250

? 15.000 17.000 16.400 15.200 18.200

8 17.500 17.650 22.400 206.800 22.300

9 22.500 5.600 12.400 23.360 18.150

10 20.800 18.400 28.800 18.000 22.400

11 35.000 30.150 12.800 28.400 38.550

12 32.650 23.500 12.800 28.800 32.000

13 41.200 41.000 24.400 27.600 40.000

14 50.800 48.500 24.600 13.200 39.600
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APPENDIX 5A.

LUTEINIZING HORMONE DATA
SIX HOUR SAMPLING PROFILES: HIGH MILEAGE RUNNERS



Individual ID

Finished

subil

subj1

J

50

LI | B
100 150

Calibration file : HMRCAL

LI L
200

Algorithm :

ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares

Between replicates sum of squares
9.74

Signal to noise ratio

F =

(dr = 24, 25)

number of peaks

mean pulse

mean pulse

mean
mean

mean

Time

45,
135.
225.
330.

pulse
nadir

interval
amplitude
area

measured level

Amplitude Nadir

o O O O

1.45 11.60
.51 10.81
e. .2 9.11
1 8.25

2.95

95.00
2.46
-29.23
9.94
11.18

Area

106.45

-121.37
-83.62

I I e
250

ti

il

8.66
1.56
99.96
1.53

300

96.57
10.31

n u u u
o pp o

Regional CV

LI B )
35¢



Individual ID subj2

Finished subj2

0
3

I T

T T Ty T[T qr I T
0 50 100 15 200 250 300 350
Calibration file : HMRCAL Algorithm : Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 113.35
Between revlicates sum of squares = 20.20
F = 5.84 (dF = 24, 25)
Signal to noise ratio = 2,20
ruaocs of peaks 4
mean pulse interval 90.00 15.00 s.d.
mean pulse ampiitude 2.04 2.01 s.d.
mean pulse area 79.45 15.46 s.d.
mean nadir 10.03 1.93 s.d.
mean measured level 10.75
Time Amplitude Nadir Area
30.0 0.09 12.47 101.01
120.0 1.57 9.17 64.46
225.0 4.87 7.95% 77.93
300.0 1.63 10.52 74.39



Individual ID subj3
Finished subjd
o
—
5 | \\ /
IR L N L Y N BN 0 NN O I M S S D B B} |
0 50 100 150 200 250 klols 350
Calibration file : HMRCAL Algorithm : Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 195.32
Between replicates sum of squares = 18.32
F = 11.10 (dF = 24, 25)
Signal to noise ratio = 3.17
number of peaks 4
mean pulse interval 105.00 65.38 s.d.
mean pulse amplitude 3.97 3.92 s.d.
mean pulse area 190.04 159.20 s.d.
mean nadir 6.67 1.89 s.d.
mean measured level 8.04
Time Amplitude Nadir Area
30.0 1.15 8.77 208.27
105.0 9.30 6.50 403.81
285.0 4.53 4.21 113.44
345.0 0.89 7.22 34.65




Individual ID subi4d

Finished subj4

12

9 -

8

,

6

lllllll]llI[lll]Tllllllllll'

0 50 100 150 200 250 300 350
Calibration file : HMRCAL Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 76.04
Between replicates sum of squares = 18.13

F = 4.36 (dF = 24, 25)

Signal to noise ratio = 1.83

number of peaks 3

mean pulse interval 120.00 42.42 s.d.
mean pulse amplitude 3.20 3.01 s.d.
mean pulse area 86.74 21.06 s.d.
mean nadir 8.52 2.36 s.d.
mean measured level 10.54

Time Amplitude Nadir Area
45.0 1.35 10.26 89.89
135.0 1.57 9.48 64.28
285.0 6.68 5.83 106.04



Individual ID sub3j5

Finished

subj5

245

19
18 ]
17
16
15
14
13
12
1 N W B
lll|lll|lll]l lllllllllllll]
0 50 100 150 200 250 300 ac
Calibration file : HMRCAL Algorithm : Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 176.64
Between replicates sum of squares = 32.46
F = 5.66 (dF = 24, 25)
Signal to noise ratio = 2.16
rumber of peaks 3
mean pulse interval 127.50 95.45 s.d.
rean puise amplitude 4.60 2.68 s.d.
mean pulse area 197.99 98.53 s.d.
mean nadir 12,27 0.30 s.d.
mean measured level 13.87
Time Amplitude Nadir Area
30.0 4.00 12.48 105.91
90.0 2.27 12.42 186.15
285.0 7.54 11.92 301.90



17

16

15

14

13

~ID 4ubj6

Finished subj6

Illllllllll]l1||ll'|lll]lll]
0 50 100 150 200 250 300 350

Calibration file : HMRCAL Algorithm :  Regional CV

ONE WAY ANALYSTS OF VARIANCE

Between samples sum of s = 89.30
Between replicates sum of Lres = 34.45
F = 2.70 (dF = 24, 25)
€ignal to noise ratio = 1.30
number of peaks 2
mean pulse interval 255.00
mean pulse amplitude 3.08 0.39 s.d.
mean pulse area 197.21 82.81 s.d.
mean nadir 12.81 0.34 s.d.
mean ncasured level 14.11
Time Amplitude Nadir Area

45.0 2.80 12.57 255.77

300.0 3.36 13.06 138.65



APPENDIX 5B.

LUTEINIZING HORMONE DATA.
SIX HOUR SMPLING PROFILES: TRAINEE PRE AND POST



Individual ID subja 248

Finishec subja

LI B I N M ) O N | I A I S St e e e £
50 100 150 200 250 300 350

Calibration filc : HMRCAL Algorithm : Regional CV

0

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 161.50
Between replicates sum of squares = 13.38

F = 12.56 (dF = 24, 25)

Signal to noise ratio = 3.40

number of peaks 4

mean pulse interval 80.00 8.66 s.d.
mean pulse amplitude 3.81 1.43 s.d.
mean pulse area 84.63 101.61 s.d.
mean nadir 8.77 1.38 s.d.
mean measured level 10.47

Time Amplitude Nadir Area

15.0 1.27 10.56 106.77
80.0 3.98 9.05 203.39
165.0 4.16 7.37 71.04
255.0 5.83 8.10 ~42.64



Individual ID

Finished

subjaZ2

]

0

BRI BRI

50

T T 1T

150 200

Calibration file : HMRCAL

LLIN LU D D A N B £ |
250 300 350

Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares

Between replicates sum of squares

F =

4.55 (dF =

24, 2

Signal to noise ratio

number

of peaks

mean pulse interval

mean pulse amplitude

mean pulse area

mean nadir

mean measured level

Time
90.0
165.0
225.0
330.0

5)

1.88

80.00
2.76
118.55
8.66
89.79

Amplitude Nadir Area

3.16
3.35
2.70
1.84

7.76
8.64
10.25
7.98

126.48
107.51
183.82

60.39

= 81.19

= 18.58
22.91 s.d.
0.67 s.d.
51.06 s.d.
1.12 s.d.
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Individual ID subic

Finished . ic

| I B 1 T I RN Bt | T
: 50 190 150 200

Calibration file : HMRCAL Aigorithm :

ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares
Between replicates sum of squares
F= 17.85 (dF = 24, 25)

5ignal to noise ratio = 4.10
number of peaks 3

mean pulse interval 142.50
mean pulse amplitude 4.46
mean pulse area 190.30
mean nadir 9.57
mean measured level 10.31

Time Amplitude Nadir Area
15.0 0.00 11.08 29.01
105.0 2.42 10.08 176.36
300.0 10.97 7.57 365.53

1]

250
Regional

268.80
15.68

74.24
5.76
168.69
1.80

]
300
Cv

s.d.
5.d.
s.d.
s.d.



Individual ID subjc2 251

Finished subjc2

e

LI SR L LI L L L) DL LI O L L L A L LR I |
z 50 100 150 200 250 300 350
Calibration file : HMRCAL Algorithm : Regionai CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 164.50
Between replicates sum of squares = 26.44

F = 18.29 (dF = 24, 295)

Signal to noise ratio = 4.15

number of peaks 4

mean pulse .nterval 95.00 17.32 s.d.
mean pulse amplitude 6.49 4.63 s.d.
mean pulse area 227.81 191.44 s.d.
mean nadir 9.35 1.01 s.d.
mean measured level 11.25

Time Amplitude Nadir Area
15.0 1.82 8.81 69.05
120.0 3.20 9.07 74.74
225.0 10.58 8.68 463.40
300.0 10.36 10.85 304.05



Individual ID

15

14

13

Finishad

subid

subjd

y

0

N I St 1 S

50

100

150

Calibration file : HMRCAL

LI |

200
Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares
Between replicates sum of squares
11.55 (dF = 24, 25)

F =

Signal to noise ratio

number of peaks

mean
mean
mean
meari

mean

Time

30.
105.
180.
255.
345.

pulse
pulse
pulse
nadir

interval
amplitude

area

measured level

Amplitude Nadir

o O O o O

0.55
1.71
5.53
4,33
2.33

12.08
8.87
7.71

10.96
9.12

3.24

78.75
2.90
131.64
9.75
10.94

Area

lel.
123.
154.
162.

(=S
~

62
39
86
22

.10

LB L L L]
250 300 350

143.48
12.94

~3
U
o
n

45.1

w
nw n
D oo

o
h
|88



Individual ID subic2

Finished subje2

.
w

LI J L L L DN N T N B T N o S et Bt 1
Z 50 100 150 200 250 300 350
Calibration file : HMRCAL Algorithm : Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 464.50
Between replicates sum of squares = 26.44
F= 18.295 (dF = 24, 25)
Signal to noise ratio = 4.15
number of peaks 4
mean pulse interval 95.00 17.32 s.d.
mean pulse amplitude 6.49 4.63 s.G.
mean pulse area 227.81 191.44 s.d.
mean nadir 9.35 1.01 s.d.
mean measured level 11.25
Time Amplitude Nadir Area
15.0 1.82 8.81 69.05
120.0 3.20 9.07 74.74
225.0 10.58 8.68 463.40
300.0 10.36 10.85 304.05



Individual ID subjd2

Finished subjd2

T

) DL LILINNL IS LU DL 2L U LN B B N s a1
0 50 100 150 200 250 300 350

Calibration file : HMRCAL Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 221.30
Between replicates sum of squares = 16.44
F= 14.01 (dF = 24, 25)

Signal to noise ratio = 3.60

numker of peaks 3

mean pulse interval 67.50 10.60 s.d.
mean pulse amplitude 4.93 1.30 s.d.
mean pulse area 169.15 87.84 s.d.
mean nadir 9.67 1.63 s.d,
mean measured level 11.18

Time Amplitude Nadir Area
75.0 6.34 7.78 269.94
150.0 3.75 10.66 108.92
210.0 4.71 10.56 128.60



Individual ID suble

Finished suble

T rqrr T tir T T T
0 50 100 150 200 250 360 350
Calibration file : HMRCAL Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 53.89
Between replicates sum of squares = 13.16

F = 4.26 (dr = 24, 25)

Signal to noise ratio = 1.80

number of peaks 4

mean pulse interval 105.00 45.00 s.d.
mean pulse amplitude 2.56 1.45 s.d.
mean pulse area 85.14 18.21 s.d.
mean nadir 7.96 1.05 s.d.
mean measured level 9.10

Time Amplitude Nadir Area

30.0 1.15 9.34 92.13
180.0 4.20 8.10 107.49%
285.0 1.53 7.56 73.35
345.0 3.35 6.84 67.58
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Individual ID subiji

Finished aubji

T [T
0 50 100 150 200
Calibration file : HMRCAL Algorithm : Regional CV

ONE WAY ANALYSIS OF VARIANCE

Between samples sum of squares = 218.59
Between replicates sum of squares = 22.34
F= 10.39 (dF = 16, 17)

Signal to noise ratio = 3.06

number of peaks 2

mean pulse interwval 105.00

mean pulse amplitude 7.71 4.35 s.d.
mean pulse area 177.32 3.26 s.d.
mean nadir 8.13 0.63 s.d.
mean measured level 10.16

Time Amplitude Nadir Area
60.0 10.79 7.69 175.01
165.0 4.63 8.58 179.63



Individual ID subje?

Finished subje2
9 -
8.5 ]
8 -
1Sl
7 - s
6.5
& -
€5
LU BLENL RN L DN ) L N B I A M N A B A 1
b 50 100 150 200 250 300 350
Calibration file : HMRCAL Algorithm : Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 26.95
Between replicates sum of squares = 10.87
F = 2.58 (dF = 24, 295)
Signal to noise ratio = 1.25
number of peaks 4
mean pulse interval 80.00 34.64 s.d.
mean pulse amplitude 1.30 0.69 s.d.
mean pulse area 27.14 30.90 s.d.
mean nadir 6.97 1.10 s.d.
mean measured level 7.40

Time Amplitude Nadir Area

45.0 0.61 7.80 43.31
105.0 .91 7.19 33.61
225.0 1.50 7.54 49.78
285.0 2.19 5.36 -18.12




Individual ID subiji2

13

12

11

Finished subji2

S N | | L LA N I T B L | LR §
0 50 100 150 200 250 300 350
Calibration file : HMRCAL Algorithm :  Regional CV
ONE WAY ANALYSIS OF VARIANCE
Between samples sum of squares = 214.57
Between replicates sum of squares = 21.29
F= 10.49 (d¢F = 24, 25)
Signal to noise ratio = 3.08
number of peaks 5
mean pulse interval 71.25 22.50 s.d.
mean pulse amplitude 5.26 0.93 s.d.
mean pulse area 152.83 41.30 s.d.
mean nadir 7.41 0.56 s.d.
mean measured level 9.68
Time Amplitude Nadir Area
30.0 6.18 7.10 123.41
30.0 5.53 8.21 173.50
150.0 5.50 6.72 209,89
255.0 3.67 7.36 152.21
315.0 5.40 7.64 105.13
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APPENDIX 7B.

:GROUP DAYA POST
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APPENDIX 8.

Nutrient composition (by percentage) of the diet of HMR, TR and
CON before, duering and after the six month study period.

19.29%

CARBOHYDRATES
PROTEINS
7 FATS

19.35% |
61.36%

Figure 54: Diciary composition HMRM Prc
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Figure 55: Dietary composition HMRM Mid
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Appendix 9,

Diet diary
The Personal Daily Menu Diary
of

(Month) (Day) (Year) (Month)  (Day) to (Oay)
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APPENDIX 10.
STATISTICS SUMMARY TABLES
ALL ANALYSES.



PART OF MODEL MSH MSE F OF1 | DF2 PROB
GROUP 1195.10 159.15 7.5 2 52 0.0013
GENDER 10602.61 159.15 66.6 1 52 0.7X10-10

GROUP X GENDER 85.93 159.15 0.54| 2 52 0.58602
TIME 18.76 1.65 11.3 1.6 84.3 0.00014

GROUP X TIME 9.36 1.65 5.64 3.2 843 0.00105
GENDER X TIME 1.88 1.65 1.14 1.6 843 0.31649
GROUP X GENDER
X TIME 117 1.65 0.7q 3.2 84.3 0.56221
Statistics Summary Table 1: 3 Way Anova: Body Weight.
PART OF MODEL MSH MSE F DF1 |DF2 PROB
GROUP 43195 55.01 785) 2 52 0.00105
GENDER 2581.86 55.01 469 1 52 0.85X10-8
GROUP X GENDER 210.07 55.01 382 2 52 0.02836
TIME 36.57 5.15 7111 1.6 81 0.00319
GROUP X TIME 19.76 5.15 3.84] 3.1 81 0.01169
GENDER X TIME 282 5.15 0.55] 1.6 81 0.53635
GROUP X GENDER 221 5.15 043} 3.1 81 0.73997
X TIME

Statistics Summary Table 2: 3 Way Anova: Percent Body Fat.

204



PART OF MODEL MSH MSE F DF1 | DF2 PROB
GROUP 354.95 132.50 268 2 52 0.07811
GENDER 13954.78 132,50 10531 1 52 0.4X10-13

GROUP X GENDER 191.64 132.50 145 2 52 0.2447%
TIME 3.14 2.1 1.49] 1.8 | 94.6| 0.23078

GROUP X TIME 1.95 2.1 093] 37| 946 | 0.44412

GENDER X TIME 1.77 2.1 0.84 1.8 94.6{ 0.42525

GROUP X GENDER 6.17 2.1 29| 3.7 | 946| 0.02816

X TIME
Statistics Summary Table 3: 3 Way Anova: Lean Body Mass.

PART OF MODEL MSH MSE F DF1 | DF2 PROB
GROUP 67441.57 667.66 99.52 1 40 | 0.2X10-11
GENDER 5386.78 667.66 7.95 1 40 0.00745

GROUP X GENDER|}| 6425.15 667.66 9.48 1 40 0.00374
TIME 613548 108.41 56.6 2 R0 0.18X10-14

GROUP X TIME 3641.35 108.41 33.6 2 80 | 0.95X10-7

GENDER X TIME 121.58 108.41 1.1 2 80 0.329

GROUP X GENDER

X TIME 389.53 108.41 3.6 2 80 | 0.03409
Statistics Summary Table 4: 3 Way Anova: Training Distance.
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PART OF MODEL MSH MSE F | DFl | DF2 | PROB
GROUP 3479.0 97127 3581 2 52 0.17X10-9
GENDER 2111.6 97.27 21.7 2 52 0.00002

GROUP X GENDER 92.0 97.27 0.95 2 52 0.394
TIME 453.3 5.97 75.8 2 | 101.8] 0.9X10-20

GROUP X TIME 95.2 597 15.9 4 | 103.0| 0.19X10-7

GENDER X TIME 31.0 5.97 52 2 101.8] 0.00734

GROUP X GENDER

X TIME 11.0 5.97 1.8 4 101.8] 0.127
Statistics Summary Table 5: 3 Way Anova: VO2 Max.

PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 367.2 15.55 236 | 2 52 0.5X10-
GENDER 143.22 15.55 921 2 52 0.0038

GROUP X GENDER 28.6 15.55 1.8] 2 52 0.169
TIME 86.6 7.33 11.8] 1 52 | 0.00116

GROUP X TIME 14.3 7.33 1.9 2 52 0.15259

GENDER X TIME 9.8 7.33 1.3 1 52 10.253

GROUP X GENDER

X TIME 17.96 7.19 247 2 52 0.09602

Statistics Summary Table 6: 3 Way Ancova: VO2 Max.
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' PART OF MODEL MSH MSE F | DF1 |DF2 | PROB
GROUP 618.76 15.68 95| 2 53 0.3X10-10
GENDER 121.09 15.68 7721 2 53 0.00753

GROUP X GENDER 42.07 15.68 2.68 2 33 0.00764
TIME 86.63 7.19 1205} 1 53 0.00104
GROUP X TIME 14.28 7.19 1991 2 53 0.1478
GENDER X TIME 9.79 7.19 1.36] 1 53 0.24852
GROUP X GENDER
X TIME 17.96 7.19 2501 2 53 0.09179

Statistics Summarv Table 70 3 Way Ancova: VO2 Max. residuals,

PART OF MODEL

MSH

MSE F DF1 |DF2 PROB
GROUP 2046.35 96.42 212 2 51 0.34x10-6
GENDER 1739.3 96.42 18.0f 1 51 0.00009
GROUP X GENDER| 110.05 96.42 114 2 51 | 03274
TIME 247.13 6.28 39.36] 1.9 103] 0.15x10-6
GROUP X TIME 84.08 6.28 13391 39 103] 0.51x10-7
GENDER X TIME 22.78 6.28 363 19 103 | 0.03133
GROUP X GENDER
X TIME 17.3 6.28 2751 39 103 0.03343

Statistics Summary Table 8: 3 Way

Ancova: VO2 Max.
with changes in body wecight.

297



PART OF MODEL MSH MSE F |DFl | DF2 | PROB
GROUP 696904.23 | 561870.09 | 1.24 2 56 0.29711
GENDER 0.195X10-8] 561870.09 | 34.7 1 56 0.23X10-6

GROUP X GENDER 0.129X10-71 561870.09 23 2 56 0.11010
TIME 16543.88 11557581 | 0.14 | 1.9 | 102.7| 0.85132

GROUP X TIME 88398.84 115575.81 | 0.76 | 3.7 | 102.7{ 0.54131

GENDER X TIME 44315.33 115575.81 | 0.38 1.9 | 102.7| 0.66635

GROUP X GENDER

X TIME 13881.58 | 115575.81 | .12 3.7 102.7] 0.96908
Statistics Summary Table 9: 3 Way Anova: Caloric Intake.

PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 185336.24 555474.65 | 0.33 2 51 0.71785
GENDER 0.324X10-7 | 555474.65 584 ] 1 51 0.01930

GROUP X GENDER| 0.11X10-7 555474.65 193} 2 51 0.15502
TIME 37131.70 112759.63 033} 1.8 95.1 | 0.70299

GROUP X TIME 32070.39 112759.63 0.281 3.7 95.1 | 0.87419

GENDER X TIME 60169.04 112759.63 053] 1.8 95.1 | 0.57411

GROUP X GENDER

X TIME 34164.44 | 112759.63 03§ 3.7 ] 95.1| 0.86163

Statistics Summary Table 10: 3 Way Ancova: Caloric Intake
with Body Weight.
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PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 61915.47 548853.72 01l 2 51 0.89354
GENDER 0.11X10-7 548853.72 208 | 1 51 0.15558

GROUP X GENDER| 896433.49 548853.72 | 1.63 2 51 0.20534
TIME 12876.61 11511031 | 0.11 1.8 9421 0.87958

GROUP X TIME 39937.95 115110.31 0.35 :7 94.21 0.83115

GENDER X TIME 26716.42 1151 10.’3‘1‘-‘;23 18 9421 0.77584

GROUP X GENDER
X TIME 44589.36 11511031 | 039 | 3.7 94.2| 0.80245

Statistics Summary Table 11: 3 Way Ancova:

with Lcan Body Mass.

Caloric Intake

99



variable

MSH MSE F PROB.
GROUP 70.77 0.993
LINEAR 391662.0 | 300454.9 1.3 0.273
QUAD 196704.1 | 168817.9 1.16 0.299
cusiC 425633.9 | 510992.7 0.83 0.377
QUARTIC | 14403.8 | 233760.6 061 0.808
SEX 7.78 0.275
LINEAR 123371.8| 300454.9 0.41 0.532
QUAD 1969.6 | 168817.9 0.018 0.916
cuBiC 1364838.5| 510992.7 2.67 0.124
QUARTIC 1949.1 | 233760.6 0.083 0.929

Statistics Summary Table 12: Profile Analysis: Six Month

Caloric Intake.
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PART OF MODEL MSH MSE F DF! |DF2 PROB
GrROuUP 18173.07 12187.70 1,49 b1 56 0.2339)
GENDER 22579444 | 12187.70 18.53 1 56 0.00007

GROUP X GENDER 4973297 | 12187.70 4,08 2 56 0.02216
TIME 1117.43 2735.08 041 1.8 100.8 0.64508

GROUP X TIME 1541.01 2735.08 0561 3.6 | 1004 067320

GENDER X TIME 3080.14 2735.08 1.13 1.8 | 100.8 032415

GROUP X GENDER

X TIME 2675.38] 2735.08 098| 3.6 1008 041755
Statistics Summary Table 13: 3 Way Anova: Carbohydrate Intake.

PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 9026.59 13024.82 0.69 2 51 0.50471
GENDER 46349.55 13024.82 3.56 1 51 0.06494

GROUP X GENDER| 46646.29 13024.82 3.58 2 51 0.03504
TIME 785.37 2620.48 0.30 1.8 9341 0.71823

GROUP X TIME 1390.27 2642.89 053 | 36 92.5| 0.69779

GENDER X TIME 4072.30 2642.89 1.54 1.8 | 925 0.22097

GROUP X GENDER

X TIME 2251.81 2642.89 085 36 | 925 0.48597

Statistics Summary Table 14:

3 Way Ancova: Carbohy drate intake with

Body Wecight.
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PART OF MODEL

MSH MSE B DF1 | DF2 | PROB
GROUP 6481.17 1266245 0.51 2 31| 0.60244
GENDER 6600.40 12662 45 0.52 ! 31 | 047360

GROUP X GENDER|  39876.04 12662.45 3.1s 2 31 1 008513
TIME 1183.70 2644.73 045 | 18 91.6] 0.61949
GROUP X TIME 1740.95 2644.73 066 36 91.6} 0.60659
GENDER X TIME 2156.11 2644.73 082] 18 91.6] 043414

GROUP X GENDER

X TIME 2742.83 2644.73 1.04 1 3.6 | 91.6 | 0.38810

Statistics Summary Table 15: 3 Way Ancova; Carbohydrate intake
with Lean Body Mass.

PART OF MODEL MSH MSE F | DF1 | DF2 PROB
GROUP 702.07 1684.69 042 2 56 | 0.66122
GENDER 29362.76 1684.69 | 17.43 1 56 | 0.00011

GROUP X GENDER| 760.88 1684.69 045 1 56 | 0.6388
TIME 367.77 322.96 .14} 181 102.1] 0.3284

GROUP X TIME 243.08 322.96 0.75] 3.7 | 102.1] 0.54823

GENDER X TIME 26.65 322.96 008 18 102.11 0.90717

GROUP X GENDER

X TIME 240.12 322.96 0.74] 3.7 | 102.1] 0.55405

Statistics Summary Table 16: 3 Way Anova: Dietary Fat Intake.
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PART OF MODEL MSH MSE [F Dl?l DF2  PROR
GROUP 73591 1593.56 0461 2 51 0,63278
GENDER 3697.32 1593.56 2321 1 5t 0.13348

GROUP X GENDER 596.40 1593.56 0.37 2 st 0.68967
TIME 93.03 295,37 031] 18 98 071299

GROUP X TIME 78.93 29537 0271 37 9s 0.88841

GENDER X TIME 79.81 295.37 0271 1.8 9s 0.73601

GROUP X GENDER

X TIME 74.21 295.37 025 ] 3.7 | 9s 0.89578

Statistics Summary Table 17. 3 Way Ancova: Dictary Fat

with Body Weight.

PART OF MODEL MSH MSE F DF1}| DF2 PROB
GROUP 1254.42 1612.58 0.78 2 St 0.46475
GENDER 2251.75 1612.58 1.4 1 51 0.24281

GROUP X GENDER 501.98 1612.58 0.31 2 51 0.73388
TIME 415.09 312.12 1.33 18] 94.1 | 026851

GROUP X TIME 53.06 312.12 0.17 371 941 | 094419

GENDER X TIME 96.61 312.12 0.31 18] 9411 071698

GROUP X GENDER

X TIME 94.36 312.12 0301 3.7 9411 0RK6I9

Statistics Summary Table 18: 3 Way Ancova: Dictary Fat
with Lean Body Mass.



PART OF MODEL MSH MSE F | DF1 |DF2 | PROB
GROUP 1326.95 845.67 1.57 2 56 0.21725
GENDER 29978.24 845.67 3545| 1 56 0.18X10

GROUP X GENDER 2664.87 845.67 3151 2 56 0.05048
TIME 18.14 153.37 0.12] 1.9 | 106.5] 0.88084

GROUP X TIME 122.66 153.37 0.8 38 | 1065] 0.5234

. GENDER X TIME 28.04 153.37 0.18] 19 | 106.5| 0.82442

GROUP X GENDER

X TIME 208.88 153.37 1.36) 3.8 | 106.5] 0.25323

Statistics Summary Table 19: 3 Way Anova: Dietary Protein Intake.

PART OF MODEL MSH MSE F |DF1l | DF2 | PROB
GROUP 656.64 766.41 0.86 2 31 0.43054
GENDER 7264.22 766.41 9.48 1 31 0.00334

GROUP X GENDER 2220.25 766.41 290) 2 31 0.06432
TIME 98.56 157.85 0.62] 1.9 97.5] 0.52916

GROUP X TIME 59.22 157.85 0.38] 3.8 | 975 | 0.81569

GENDER X TIME 28.63 157.85 0.18] 19 | 975 0.82272

GROUP X GENDER

X TIME 154.5 157.85 098] 3.8 97.5] 0.41973

Statistics Summary Table 20: 3 Way Ancova: Dietary Protein
with Body Weight.
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PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 323.04 746.11 0.43 2 51 | 0.65094
GENDER 20023.36 746.11 3.86 1 31 | 0.05489

GROUP X GENDER 2444.04 746.11 2.63 2 51 | 0.08178
TIME 89.56 157.97 0571 1.9 96.5] 0.55980

GROUP X TIME 64.37 157.97 0411 3.8 96.5] 0.79261

GENDER X TIME 21.90 157.97 0.14] 19 96.5{ 0.85982

GROUP X GENDER

X TIME 129.76 157.-" .82 38| 96.5| 0.50897

Statistics Summary Table 21: 3 Way Ancova:

with Lean Body Mass.

Dietary Protein

PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 0.124X10-7 59003.74 21.114 2 55 | 0.23X10-6
GENDER 0.73X10-7 59003.74 1233} 1 55 | 0.1X10-14

GROUP X GENDER| 78253.72 59003.74 1.33 2 55 | 0.27383
TIME 15400.38 13621.49 1.13 1 55 | 0.29230

GROUP X TIME 8352.39 13621.49 0.61 2 55 | 0.54529

GENDER X TIME 7.78 13621.49 0 1 55 | 0.98101

GROUP X GENDER

X TIME 8703.13 13621.49 0.64 2 S5 ] 0.53173

Statistics Summary Table 22: 3 Way Anova: Basal Metabolic Rate.
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PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 0.22X10 +7 263809.69 | 8.34 2 55 0.00069
GENDER 73.82 263809.69 [0.0002] 1 55 0.98671

GROUP X GENDER| 0.14X10+7 263809.69 52 2 55 0.00856
TIME 381270.42 138383.51 | 2.76 1 55 0.10263

GROUP X TIME 680474.74 138383.51 | 4.92 2 55 0.01085

GENDER X TIME 15614.57 138383.51 | 0.11 1 55 0.73822

GROUP X GENDER

X TIME 74855.15 138383.51 | 0.54 2 S5 0.58527
Statistics Summary Table 23: 3 Way Anova: Dietary Deficit.

PART OF MODEL MSH MSE F DF1 | DF2 | PROB
GROUP 0.23 0.05 4.4 2 47 0.01766
GENDER 0.70X10-2 0.05 013] 1 47 0.71707

GROUP X GENDER 0.21 0.05 3.97 2 47 0.02557
TIME 0.05 0.02 2.19 1 47 0.14537

GROUP X TIME 0.10 0.02 4.09 2 47 0.0231

GENDER X TIME 0.71X10-3 0.02 0.03 1 47 0.86318

GROUP X GENDER

X TIME 0.62X10-2 0.02 0.26 2 47 0.76933

Statistics Summary Table 24: 3 Way Anova: Dietary Deficit Ratio.
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PART OF MODEL MSH MSE F DLI DF ROB
GROUP 357.88 66.93 5.35 2 47 0.0081
GENDER 725.57 66.93 10.8 1 87 0.00189

GROUP X GENDER 132,22 66.93 1.98 2 47 0.15006
TIME 29.58 12.94 2.29 1 47 0.13722

GROUP X TIME 3747 1294 29 2 47 0.06517

GENDER X TIME 0.86 12.94 0.07 1 47 0.79825

GROUP X GENDER

X TIME 12.22 12,94 0.94 2 47 0.39631
Statistics Summary Table 25: 3 Way Anova: EAT.

PART OF MODEL MSH MSE F DF1 | DF2 PROB
GROUP 1477.12 261.07 5.66 2 47 0.00628
GENDER 3187.37 261.07 12.21 1 47 0.00105

GROUP X GENDER 501.93 261.07 1.92 2 47 0.15755
TIME 4.16 78.94 0.05 1 47 0.81942

GRGOUP X TIME 127.09 78.94 1.61 2 47 0.21071

GENDER X TIME 0.78 78.94 0.009 1 47 0.92102
GROUP X GENDER
X TIME 22.70 78.94 0.29 2 47 0.7541

Statistics Summary Table 26: 3 Way Anova: EDI
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PART OF MODElL MSH MSE F | DF1 |DF2 |PROB
GROUP 3.27 3.51 093 1 22 | 0.344
TIME 21.99 2.01 10.9 1 21 | 0.0034
GROUPXTIME 4.44 2.01 221 1 21 | 0.1522

Statistics Summary Table 27: 2 Way Anova: Cortisol

PART OF MODELL MSH MSE F | DF1 | DF2 |PROB
GROUP 406.01 45.0 9.0 1 22| 0.006
TIME 1.6 7.14 0.22 1 21| 0.641
GROUPXTIME 11.76 714 1.65 1 21| 0.213

Statistics Summary Table 28: 2 Way Anova: FSH

PART OF MODEL  MSH MSE F | DF1 | DF2 |PROB
GROUP 2.16 22.72 0.1d 1 22 | 0.7605
TIME 74.22 4.10 18.1 1 21 | 0.0003
GROUPXTIME 0.08 410 0.03 1 21 | 0.888

Statistics Summary Table 29: 2 Way Anova: Prolactin



PART OF MODElL  MSH MSE F | DF1 |DF2 [PROB
GROUP 405624.8 71920.7 | 5.64] 1 22 | 0.0267
TIME 116231.1] 21188.46 | 7.85( 1 21 | 0.0107
GROUPXTIME 117391.5| 21188.46 | 5,54 1 21 | 0.0284

Statistics Summary Table 30: 2 Way Anova: Testosterone.

PART OF MODEL MSH MSE F | DF1 [DF2 |PROB
GROUP 393.14 279.0 141 1| 22 | 0.2478
TIME 10.33 65.49 0.16f 1| 21 | 0.6953
GROUPXTIME 0.55 65.49 0 1 21( 0.9281

Statistics Summary Table 31: 2 Way Anova: SHBG.

PART OF MODEL MSH MSE F | DF1 | DF2 |PROB
GROUP 24185.7| 4418.79 |5.47| 1 22 | 0.0287
TIME 2192.73| 698.50 |3.14| 1 22 | 0.0902
GROUPXTIME 501.93| 698.50 072 1 22 | 0.4057

Statistics Summary Table 32: 2 Way Anova: Free Androgen Index.
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