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ABSTRACT \

This study investigated the anthbeOme \ic and the hormona)

i

~

changes following short and long-tern prograﬁs;of
heavy-resistance weight-training

i

The experimental group (age‘18:25 yearq) consisted of
previously untrai;ed university students (N=10) that trained fé?
2 months (4 times/week, 1 hour/session). Endocrine data from two
menstrual cycles obtained prior.to training was used to establish
baseline values. The e;fect of short-term weight-trainifg was;
analyzed by cdmparinq baseline values with those obtained during
the second cycfe of training. Body weight aﬁh the relative body
fgt wereﬁﬁ;changed following training. Girth measurements were i
unchanged except for a significant increase in thigh and arm
girths {p = 0.0128 and p = .0016 respectively). Both increases’
reached statistical significance despite the fact that they were
rather modest;‘averaging 1 to 1.5 cm in both cases. Despite
these small changes in body composition, strength incéeases (asf
measured bv the total of 4 1ifts) were rather rapid w%th an
average 35.6% increase (from 135.4 to '185.0 kg). lThe leg press
score increased by 55.7% in comparison to the 17.3% - 25.4%‘
increases seen for measures of upper bodv strength. 'Such
findings agree with previous studies reporting small Ehanges of
body cémposition in females following trainina and a greater -
stréngth potential in Tower body versus upper body. Furthermore,
strength increases occurred despite very 1ittT§ hypertrophy,

suggestingﬂfhat an increased neuromuscular recruitment was the

primary mechanism for strength increase. Hormonal values



, - i
collected huﬁing‘the second.pycje of training were comﬁéreq to
b&ﬁe]ine values. Tﬁare were no significant differences in

'hqnmonelievels at any point of fhe menstrual cycie. Thus, it was
concluded that shoft-term heavy-resistance weight-training had‘no
effects oh the ba5a1'1eye1s of estradio]; progesterone,
free-testosterone énd aﬁdr&stenediﬁne. Furthermore, no subject
from the experimenta1,group reported menstrual probiems before, -
anc¢ as a resu]tlof training. .

“The long-term effects ef heavy-resistance weight-training
were.dete;mined by comparing bodybuilders (4=9) and the referencé
group {N=15) consisting of the prefexeréise values of the ”
experimental group and an addi;ioﬁél 5 control subjects. Prior
statistical analysis revealed that experimental and control
subjects Qere not statistically different and could be thérefore
pooled together to form the reference group. Bodyﬁui]ﬁers weré,

-~

on average, 6 kg iighter and 35.4% leaner (both significant at™~

p < .05)-Ehan the -reference gfoup. However, the reférencé group
haé siénificant]y increased waist, thigh énd arm girths over
bodybuilders. When the coﬁﬁined.tota1 was‘used as strength

index, bodybuilders were, on average, two times strd;ger than the
reference group (significant at p < .0001). Individual strength e
scores showed the same results with the leg strength score being

2.5 times higher in the latter group: However, upper body

stfendth scores‘disp1ayed less difference between both groupé.

The incidence of amenorrhea defined as the cessation of menses

for at least 3 months, was very high in bodybuilders, aﬁfecting 7

out of ¢ (78%) of the athietes. This is much higher thap the
. \-‘\



obtained in this study would suggest a need for progesterone

Al

1ncidén¢g of amenorrhea reported in competitive runners (30~50% .

Empirical observations on the group tend to SHow'that they |
. ] - . ! . -

possess most of the main predispdsing factors to amenorrhea

(exercise, altered diet and Tow body fa%). This data should be

ith caution Since the sample size' is rather smali and it
is-concei able that the experimént design (i&é. having volunteer
subjects) may have biased the results-toward a higher incidence.
Endocrine_data.weré avefaged 2ver 4 samp]e; (i.e. 28 daysl for

comparisons between both groups as done in other studies. Data

. of amenorrheic bodybuilders only were utilized for comparisons

since they were more numerous than normally-cycling athletes.

The 17 siestradiol concentration was not dqcreased in amenorrheic
bodvbuilders despite amenorrhea. This is rather surpﬁjsing since
a decréase in estroggn status isnoften seen in highly trained
athletes. Progesterone levels wére drastically reduced in
bodybuilders when compared—to 1h;“§é$erence group; strongly
suggesting anovulation in these athletes. In fact, the data
indicated that most athlgtes have ﬁroqesterone values
characteristic of the fd}ﬁﬁcu1ar phase (i.e. around 1 né/m]) for
all the periods of sampling (4-8 weeks). Such decreased proges-
terone'va1ues are gf concern for endoﬁetria] hyperp]asié
especially in view of ﬁﬁchanged estradiol levels. Thus, it is
assumed that these athletes are at high risk for endometrial
hyperpla§ia due to the.EEEjoq;of "unopposed estrogens". The data
supplementation in these athletes as suggested by recent clinical

reviews. The mean free-testosterone values of bodybuilders were

—r—



increased by 27.2% over the reference group values, without

reaching, however, stétigtica1 signi?ﬁcance. ﬁevertheless,

bodybuilder values congregate around the upper limits of normal ¥
fema]e;. 1t i; tempting to Specu\ate that this difference may be
of physi;?égical significance especially since anly the
bio]oéical1y active fragtion was measured, Finally,
androstenedione-va1ues were increased by 17.6% in bodybuilders
without however reaching statistical significance. It is T~
‘doubtful that this difference is of any physiological

significance, especially in the view of the low biological

potency of androstened?ﬁne.‘ The results of this study strongly

suggest that only the long-term heavy-resistance weight-training

can trigger menstrual and hormonal changes.



Chapter One
THE PROBLEM

A1

1.1) INTRODUCTION:

Weight training is now widely utilized by various athletic
groups, including women, in order to increase athfétic ’
performance. However, the physiological effects of this type ofs
training, particularly on the reproductive system of women are
relatively unknaown,

Neight-training’exerts several positive effects on-the body,
i.e., strengthening of most functions of the body such as the
muscular system. It is only recently that fﬁe effects of aerobic
exercises on the reproductive system of women have been studied
rather extensively, Two major findings have come out from.these
studies: athletes expgﬁifncg a later menarche than inactive
women and the incidence of oligo/amenorrhea is higher in athletes
that inactive controls. A 1ate‘onset of menarche has heen
demonstrated repeatedly in various groups of ath1&fes (Warren
1980, Frisch_et al. 1981). Also associated with this late
development of puberty in dancers was a depressed breast develop-
ment with periods of rapiqxggi?10pment occurring during periods
of relative inactivity (Warren 1980). Surprisingly however, the
development of pubig hair was not affected by training. In
runners, the effects of prepubertal training in delaving menarche
vas demonstggted by ?r{sch et al. 1981. Every year of prepu-
bertal training dglayed menarche by 5 months. Segggﬁary tp a

late menarche is an increased-incidence of secondary amenorrhea
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among-ath1etes. For instance, the incidence of exercise-iﬁduced
secondary amenorrhea. is already high among dancers and Abraham
(i982) has shown a constant deterioration of the menstrual
fgnction j.e., an increased incidence of amenorrhea throughout 12
months of intense ba1fet training. Among joagers, the incidence
4bf amenorrhea is higher than the'inactive population and intense
training also triggers an jncreased incidence of menstrua1.
abnormalities (Baker et al, 1981, a). It appears that the
incf%ence of amenorrhea is proportional to the amount of energy
expended as demonstrated by a significant correlation befwee} the
incidence of amenorrhea and the humber of—miles run per‘weék.
When menses are normal despite training, one can still observe a o
significant {p < .05) decrease in the number of menses/year in
well trained joggers versus controls, with r&crédtional joggers
showing somewhat intermediatéAVa1ues (Dale et al. 1979).

" Competitive runners (more than 50 miles/week} can have an
incidence of amenorrhea somewhere between 30-50% (see: Baker
1981b, Hale 1983, Jacobs 1982, Wall 1983). .

Amenorrhea is considered to be thé end point of a series of
events occurring ip thg_[éprodu;Live cycle, which in;ludes a
short Tuteal phase. Exercise-induced changes in basal hormonal
concentrations are probably responsible for such abnormalities.
The effects of regular exercise on the_hypofha1amo-pituita-
rian axis have been proposed as possibly being the first step
leading to secondary amenorrhea. - When exercise levels are

intense enough to trigger oligomenorrhea, LH levels are reduced

to low-normal or to low levels (Nale et al. 1979, Russell et al.

- - ——



1984a, Russell et ai. 1984b, Weicker et al. 1984) with a

concomittant decrease in FSH (Dale et al. 1979, Russell 1984b,

‘Weicker 1984, Bonen 1981). Tt appears that the concentration of

e

both, gonadotropins is decreased proportionally to the training

volume (Weicker et al, 1984). .The low levels of both
gonadotropins in addition to the impaired cyclic paﬁtern strongly
suggest an impaired follicular arowth (Bonen et al. 1981). This
impaired follicular growth would suggest that estradiol and
progesterone concentrations may be altered. In fact, a very
significantly reduced estradiol concentration (Boyden et al.
1983,NDa1e et al. 1979, Russell et al. 1984a, Ronkainen et al,
1985, Bonen et al. 1981f is universal in athletes involved in
intense and prolonged training. When the menstrual cjc]e is
ctill present, despite low estradiol 1evé1s, blood loss during
menses can be decreased quite significantly (Bovden et al. 1983)
and the frequency of menstrual cycles/vear is also reduced fDale
et al. 1979). As a result of a low estradiol concentration,
folliculogenesis is impaired reducing in turn the progesterone
concentration (Ronkainenxex“aigsl985). The popular belief of an
important role for androgen for successful sports participation
have lead to sevéra] unwarranted conclusions about the role of
androgens. Furthermore, the striking paucity of information
concerning the long~term effects of exercise on androgen
concentration in females suggest the need for research in tha{
particular area. Studies show opposing results w;th either an

increased (Dale et al. 1979), decreased (Ronkainen et al. 1985)

or unchanged (Boyden et al. 1983) basal testosterone concentra-

/TN
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tion in female a£h1etes.\ Furthermore, Qery little informatidn is
available concerning the effects of weight-tréining on the basal
concentration of androgens-in females.

From this review, one can appreciate that‘a'number of
studies have evaluated the endocrine effects of aerobic | )
exercises. On the other hand, there is a striking.paucity of
information concerning the endocrine effects of high-resistance
weight-training in women.. ATso, no studies have attempted to
qualify the exercise-related endocrine changes and their effects
on the ovarian function. As such, the effects of high-resistance

weight-training programs on the endocrine and ovarian functions
of females are ;j;)ca11y unknown,

1.2) STATEMENT OF THE PROBLEM:

; . . . P
This study was undertaken to evaluate the anthropometric,

strength, and hormonal -profiles of previously untrained

university students (18-25 years) following a two month

" high-resistance weight-training program. In addition, a group of

bodybuilders (18-30 years) was compared to the pre-training

values of the university students in an attempt to generate data

about the possible long-term effect of such typg of trainino.

1.3) NEED OF THE STUDY:

Qur current knowledge of exercise-related endocrine changes
and menstrual disorders is for practical reasons, confired to
studies involving aerobically-trained subjectsf Since high-
resistance weight-training is a relatively new sport for women,
no extensive research has been performed on the endocrine ‘changes

related to this sport.

Dale (1981) found elevated baseline values for testosterone
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in runners {0.41 ng/ml)} when compdred to controls (0.33 ng/ml).

5. «
The physiological repercussions of this effect are unknbwn_but
one may suggest that the same phenomenon could occur in
well-trained females involved in weight-training since androgens
'are thought to be the major hormones responsible for muséular
hypertrophy. |

The research that has been performed in males has been
direc@ed toward the acute horhéﬁéi effects of high-resistance
weight-training. MNo.research has analyzed the Tong-term effects
of this activity on the ovarian cycle. Also, the multihormonal
analysis of these athletes may give us more information about
exercise-ﬁnducéd amengrrhea. .~ B

Finally, éxefcise-assqciated amenorrhea is probably due to
an inter-relationships between predisposinq factors such &s: Tow
body fat, stress of training, intensit} of exercise... Sincé
weight-training is typically -anaerobic, the impact of these
weight—training-exercises may be quite different frem those
caused by aerobic exerc%ses. No studies have looked at the
effect of reguiar weidhtatréining on exercise-associated

amenorrhea.

1.4) HYPOTHESES:

There are no significant d%fferences in all hormoﬁa] values
(testosterone,‘androstenediohe; estradiol, progesterone) and in-
ovarian cycle parameters before and after an 8 week weight-
training program. _

" There are no significant dif%erences in all hormoﬁaf values
between a group of well-trained bodybuilders anq a group of

non-training controls.
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1.5) SCOPE OF THE STUDY: Y

This study was undertaken to evaluate the effects of a
weight-training program on the estrogen, progesterone,
tesquterone and androstenedione concentrations in females and to

evaluate at the same time any exercise-related effects on the -

'mensprua1 cycle. In total, 24 women (18-25 years) volunteered

.for the study. A1l of them were in good health and a prior

——

history of menstrual pattern was obtained at the beginning'of the
sfudy. Subjects were assigned to one of the three groups:

I} Experimental (N = 10): T

This group trained for a peéiod of time equal in length to

two of their menstrual cycles. Training was 4 times/week, 1

hour/session with high-resistance exercises (80% of one's 1-RM,

3-4 sets/exercise, 6-8 repetitions/exercise). Each workout
stressed all the major muscle groups of.the body. The subjects .
were uhiversity students—and most of them had no or very little
experience with weight-training priorn to the study.

Ill' Bodybuilders (N = 9):

These were bodybuilders from the Ottawa regipn with some of
them competing in regional bodybuilding contests. They had
trained regularly 8-12‘months before their entry in the study.
Two menstrual cycles were studied and a diary of thgir training
was also obtained. . \i
Illﬁﬁtontro1s (N = 5): . N

These were non-training students of the same age group as

the experimental group. Two menstrual cycles were also studied.

A1l subjects provided biood samples once every week, using



>o\,_'/'

_ _ .
the first day of menstruation as the reference day throughout the
experiment. Each subject took her basal Boay—temperature every
morning, before getting out of b;d. A1l endocrine assays were
performed in the laboratories of the Physioloay Department,

University of.Ottawa. ' | *

1.6) LIMITATIONS:- )

1) Basal body temperature was measured orally -instead of

rectally which is a more éccurate method. We had no c&ntrol over
the temperature measurements and they were left to the subject's
voluntary compliance. .

I1) The group of bodybuilders recorded all the data related to

their training in a diary. Again, we wdependent on the

subject's cooperation for reliable data recording
training.

I1I} When one coﬁpares heavy resistance exercises with aerobic
exercises, it is. difficult to ouantify ﬁ}ecisely the workload
1ifted during training other than multipiying the sets and the
repétitions. The relative intensity was estab1ishéd by
calculating the percentage of one's 1-RM,

IV) The personal history of menstrual pattern is related to the )
subject's memory, perception and level of understanding of their
own menstrual cycle,

V) Due to ethical and financial restrictions, blood sampling
was restricted to one sample weekly. While this procedure
provides an adequaté overview of the subject's endocrine pattern,
it is appreciated that it was not as complete as would have been

desired to give a thorouch analysis of the temporal variations of

L



the menstrual cycle durihg,training.

VI) The androstenedione assay required an extractién of the
Elpod samples prior to standard analysis. No calculations were
made to measure the recovery from such extraction. The |
manufacturer obtained an efficiency of 97% for that manipulation,
suggestigé that only minima1'amodnt5 of é%é hérmone could be iost
during extraction. It was reaTized, however, that this figure
may be different from what we could have obtained.

VIT) The possible repercussions of Tong-term weight-training were
evaluated by comparing bodybuilders and the‘group of Eeference
subjects. This cross-sectional comparisonlmakes conp]usions.
aboﬁf_the possible effects of long-term training difficult due to
confounding variables that are inherent to such design. .
Bodybuilders were a self-selected group of shbjects and prior
predisposition to amenorrhea may have affected the incidence of

menstrual disorders. -~



CHAPTER TIT1 REVIEW OF LITERATURE

SECTION I1: PHYSIOLOGICAL COMPONENTS OF STRENGTH TRAINING

2.1.1) TRAINING PROGRAMS, THE VARIABLES:

HeaVy_resisfance weight-training programs increased in
popularity at the end of World War II. This was the resuilt of a
reqhirement for an expedient and optimal rehabilitation system to
assist soldiers injured during the war. Heavy resistance weight
Tifting programslinvo1ve an infinite combination of sets and
repéiitioné of specific exercises.. It is therefore imﬁortant to
‘ana1yzé these parameters in order to determine the importance of
each one in developing an optimal training program. The” numbers
of series and repetitions, the workloads and the frequency of ¢
trainiﬁg.w111 be described. An analysis of these contributing w4
factors to the development of training programs follows,

'Berger (1962,a) assigned 199 male subjects to 6 groups
performing one set of either 2, 4, 6, 8, 10 or 12 RM, The
notation {IRM) represents the maximal weight that can be .handled
for one repetition. A1l subjects trained 3 times/week on the
bench press. Subjects were f;;ted using the 1-RM 1ift on the
bench press as the strength index. The best gains were
registered in programs utjlizind 4, 6 or 8 repetitions. However,
there were no statistical differences among the three programs
that showed the best results, Berger (1962,b) then utilized 177
male subjects in a study which cqmpared nine groups of either 1,
2, 3 sets of 2, 6 or 10 repetitions. Strength teéﬁﬁng consisted

of a 1RM 1ift on the bench press. All groups trained for nine
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consecufive weeks, 3 times/week. The combination.invo1 ing 3
sets of 6 repetitions wa; found to be statistica11y£hev:i:;§>
efficient. 0'Shea (1966) randomly assigned 30 subjects to three
groups: - '
I) ,3 x9-10RM
II) 3'x5-6 RM

- T IT1) 3 x 2-3 RM s

Subjects were tested with dynamometeys mggsuring static leg and

|

back strength. Dynamic strength was asséssed using the 1-RM
technique for squat. €Each group performed only one exercise
(full squat), 3 times a week. A1l groups increased significantly
their dynamic and static strengthi1eQe1s but there were no
statistical differences between the groups. However, the
greatest percentage of-ingre;se in dynamic strength was seen in
group II.(26.7% average increase) when compared to group II1
21.8% and to group I (20.4%). One might speculate that a longer
pfogram would have proddced significant results. (Howéver, phis
remains to be demonstrated). w1ther5_(1970) divided 55 subjects
into 3 groups: l |

1) 3 x7RM

II) 4 x5RM
ITI) 5 x 3 RM

The training program consisted of 3 exercises {squat, curl, bench
press) repeated 2 times/week for 9 weeks. Subjects were tested
using éhe 1-RM technique for the 3 lifts. No statistical -
differences were seen among the groups but group 1T had %he

greatest gains averaging a 22.9% increase compared to 19.3%
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increases observed if the two other groups. Withers concludéd
that: - "It would appear that performing 3-4 sets with 5-6 RM-is
‘the besf‘strength development program for beginners", ¢
Recently; Anderson {1982) 3n his study,~confirme? Berger's
expgriment. A total of 43'subjects were assigﬁed to 3 groups:
I) 3 x 6-8 RM
II). 2 x 30-40 RM
T11) 1 x 100-150 RM
In terms of strength gains, group-f had statistically better
results when compared to the other groups. However, the proqrams
utilized were'tqo different in terms of thgﬁnumber‘of }epetjmions
performed and it is difficult to generate some conclusions. Two
programs (1 and III) had more than 30 repetitions per series, a
number well abovéfﬁhat is considered Tor optimal strength
development (8-12 repetitions).

Nevertheless, it would appear that training programs
involving 3-4 sets of 6 to 8 repetitions are the most efficient
mode for stré%gth development according to the Titerature -
reviewed (Eerger 1862a, Eerger 1962b, Anderson 1982).

Variations in workloaas js another important variable in a
strength training program. Experiments using Tight and heayy
loads have been tested ip order to see which one will produce the

§

' best strength gains. Barney (1961) hgd 80 subjects randomly
allocated to 3 gfodps: '
1)  DelLorme - Watkins program (N = 47):
1 x 10 (50% of a weight that could be
handled for no more than 10

repetitions) (10 RM)
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1 x 10 (75% of 10 RM)
1 x 10 (100% of 10 RM)
- ' " _I1) 3 x 10 RM (N = 15) '
[11) T'x 10RM (N = 18)
1 x max. number of repetitions {previous
. weight + 5-10 pounds)
| 1 x max. number of repetitions (pre-
vious weight + andther 5-10 pounds)

Traﬁning involved only one exercise {leg extension) and was

repeated 3 days/week using the Friday as a testing day. Strength

was measured using the 1-RM techniqueffor the leg extension.
Group I had significantly greater results in terms of strength
gains and hypertroph{;//fgi:Lfore, Barney concluded: .

The DelLorme-Watkins is superior to the tradi-

tional program when both increased strength

and hypertrophy are desired. (Rarney 1961, -

- p. 146).
_ In order to analyze more thoroughly the optimal percentages
of workloads needé@ to gain strength, Berger {1965) randomly
-assigned 79 subjects to cne of the 7 following groups:
1) (N =11) 1 x 66% of 1-RM twice/week )
" determine new RM once/week had
I} (N =12) 1 x 80% of 1-RM twice/week
determine new RM once/week
1) (N = 12) 1 x 90% of 1-RM twice/week )
— ‘%
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.
determine new 1-RM once/week
Iv) (N=10) 1 x 1-RM
v) (N = 13) 1 x-66% of 1/RM 3 times/week
detexmine new 1-RM once every 3 weeks
VI) (N =12) 1 x 1-RM once/week

VII) (N = 9) tontrol group

Subjects were tested using the 1-RM for the squat, Signi-
ficant strenath improvements were found in groups I, IT, IV, and
V1. *However,ithere were no statistical differenceé.between'the
four groups. It would appear that the best—proarams are the ones
involving at least one maximal effort (1-RM) in combination with
various workloads. Bergar (1967) also compared two different
training programs utilizing two different percentégéé‘of the
maximal 165d:

- 1) (N

1) (N

24 1 x 10 RM
26) 10 x 1 RM

\

The subiects were randomly aséigned to the training aroups and
the prooram lasted 8 weeks, 3 times/week. Subjects were tested
using the 1-RM’brqcegure on the bench press. Both groups
increased in strength but a higher increase (p < .058) was
obtained in group I1. From the studies reviewed, it would appear
that the use of maximal work]oads~§1qp% of 1-RM} along with the
use of increasing loads (i.e. a conventional strength training
program) is the optimal way to develop strength. The program
must therefore involve few attempts at a maximal 1ift.

Each training session imposes a stress on the organism and
]

recuperation from a work-out is most effective when the organism —
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\\,~ is resting. This induced_supercompensation involves the
,\ﬁ;Lplenishment of high-energy phosphate stores, and protein
synthesis for contractile purposes. Workouts should therefore be
spaced withran optimal interval of time between training sessions
in order to give time for that important physiological mechanism
|%6 gecur. These will be discussed'iq greater detail in the
ollowing sections. Caﬁéﬁ (1956) noted that his subjects using
he 3 x 5 RM program had better results wheﬁ it was 3 times/week
nstead of 5. RecentlygDarden (1977) claimed that the best
ins in strength were achieved when training sessions were
\Ei\_i aced 48 hours apart. This prinﬁip1e was theh applied to his
Mautilus program which utilizes only 3-4 workouts per week.
Greater recuperation was thought to be the major reason for
better'fesu1ts (Capen 1956, Darden 1877). Hoﬁever,
Gi]1am—MacKenzii (1981) had &ifferent results. He compared. 5

groups training either 1, 2, 3, 4 or 5 times/week. A sample of

68 males was randomly assigned to one of the following:

I) 18 x 1-RM once/week
I1) 18 x 1-RM twice/week
IIT) 18 x 1-RM three times./week .
IV} 18 x 1-RM four times/week
ofﬁl V) _ 18 x 1-RM five times/week

A1 groups trained for 9 weeks. Only the bench press was used
during training and subjects were tested using the 1-RM
technique. Group V had significantly greater results {p < L0013
'with a pre-and post-training dif%erence\of 42 pounds compared to

31 pounds or less for the other groups. However, the use of only
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one exercise performed 18 times produces a rather low workload
during a workout. In turn, this might lead to a decreased need
for refuperation. A frequency of 5 times/week may be optimal in
those conditions.

Nevertheleﬁs, it seems that a trainiﬁg frequency of 3 to 4
times/week interspersed by a day of rest betﬁeen is recommended
by most of the authors reviewed. ' \

In summary, one should perform 3-4 sets of 6-8 repetitions
for optimal 1mprov;;Ents in strength. weighis used should be
near-maximal to maxjma1 and at least one attempt of 1-RM should

be made each training week. It is advisable to use this training

_program only 3-4 times/week in order to give the body a better

ghance to recuperate.

2.1.2) STRENGTH GAINS DUE TO DIFFERENT PROGRAMS:

The constant increase in the participation of women in
L=-%

athletic activities has now spread to the weight training room,

. It becomes important to quantifv the average strength gains that

can be made by females along with the increases in hypertrophy
which could also occur as a result of training. This wayv, one has
an idea of what changes can be expeéted from females training
regularly with weights, In reviewing the literature, one will

find great variations in the gains achieved due to: the type of

subjects involved in the study (trained vs untrained), the

-training programfand/or the duratiBn of the training.

wilmoée (1974) compared the training response of 47 women

and 26 men. A171 subjects were volunteers with a mean age of 20.3

1

years old. The two groups trained for 10 weﬁks with an average

bl re/e——
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of two 40 minute sessTens/week. Subjects performed two sets of
;19 regg%itions/exercise. _The weight waatincreased when the

| subjects Eou]d perform 14-16 repetitions.__Leé and grip strength
were measured with a dynamometer. Bench press and the curl were
measured with the 1-RM technique. Body composition was deter-l
mined by hydrostatic weighing, Women demonstrated better
strenath gains than men, gains averaging 29.5% and 28,6% of
impfovement for leg and bench press respectively. For men,
values were 26% and 16.5% respectively. Thg women's post-test on
leg strength was equal to the men's pre-test. when,fhe,WQmen‘s
scores on leg press were expressed by unit of body wéight; they
were almost equal to the men's scores. When expressed by unit of
1e§n‘body mass‘(‘}3 thg womgp's_scores were better. In terms of
upper body strength however, the men'éFscores fs( bench press,
handgrip and arm curl were superior no matter how they were ~
expressed. - The table below gives, the values for the body
composition changes:

men wamen

increase in lean body mass 2.4%
decrease in absolute body fat
A surprising finding was the sté%istica11y significant increase
~— in girth measurements. However, in practical terms, these
’ changes were very minimal with the greatest being only 0.6
centimeter. From these results, Wilmore suggested that the
"quality" of muscle is the same for men and women since both
sexes have similar scores when expressed per unit of lean body
mass. Therefore, both sexes have the same leg training potential

but women are much weaker in upper body strenath. Finally, the
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results show that an jncreasg in strength is pogsib1e without a
concomittant gain-in hypertrophy:

In their experiment, Qrown.ana Wilmore (1974) studied 7 |
women {16-23 years old) of national caliber specializing in
throwing events. “fuwring the first two months, the athletes used
a\ptﬁgram designed to prepare them %o handle heavy weights:

\\_ 1x 10 50% of 1-RM
| 1x 8 60% of 1-RM ~
1x 7 65% of 1-RM
_1x 6 70% of 1-RM
1 x5 ° 75% of 1-RM
1 x 4 75% of 1-RM
This very progressive program decrea;ed the risk of injuries due
éo heavy-squatting or bench pressing. The subjects were tra{hed
and tested on the bench press and half-sauat (1-RM). Body.
composition was determined by the skinfold and densitometryv
techniques. The strength increases ranged from 15 té 44% and
from 16 to 53% for the bench press and leg press respectively. _. _
This resulted in a combined strength increase ranging from 15 to
44% after 6 months of training. The program was suppiemented
with 3-4 sessions/week of physical conditioning. Each session
lasted approximately 90 minutes. Because some subjects had
superior body weight (75 te 111 kg) at the beginning 6f the
program and because™i11 the subjects participated in the fitness
classes, it is rather difficult to dgterminn how much of the
changes in body composition are due to the weight training

program. Increases in gqirth (1.6% for thigh, 3.8% for upper arm,
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5.4% for deltoid) are father smal]l after a G‘ﬁonth program. The
inc%ease in 1ean body mass accompanying these changes is rather
insignificant (1 kgéﬁ average). In men, this magnifude of
increase is seen after only a few weeks of training. These
findings would tend to support the role of androgens in muscle
hypertrophy‘since'males sé%¥ete‘greater amounts of androgens, j&

-

‘ Finally, the use of elite subjects along with their greater- f,
than-normal body weights made the findings of this research
rather inapplicable to the general population.

0'Shea and Wegner {1981) compared the training responses of
13 women and 13 men. A1l subjects had followed a previous
beginner's class in weight trainﬁng and they undertook another 2
weeks of familiarization with the eyperimental procedure. After
this familiarization, 7 weeks of training were given (3 times/
week } usiné 4 sets of 3 to 5 rebetitions with the intensity set
at 70% of 1-RM. Wednesday served for‘active recuperation using 3
sets of 6-8 repetitions (50% 6f‘1—RM). Training consisted of two
exercises (squat, bench press) and testing was perfqrmed using
the 1-RM technique for these two 1ifts. Increases of 5 and 10
pounds were ad@ed weekly to the bench press and leg press
'respective1y. This procedufe was stopped at the fourth week for
the bench press due to incapacity of the subjects to 1ift the .
increasing weights. Both sexes had significant strength
increases on the twd 1ifts (p < .01) and, a;dghown previously,

women had better scores on the squat-when it was expressed by '

units of body weight. Women also had greater relative increases



(p < .05) in both 1ifts:

bench press sauat

. N A
women 13.25% _24.31%
men ¥ | 7.54% 15. 66%

There was a significant. increase in the body weight of the
females {p < .05) but it was mostly due to increased body fat.
Again, this study showed that significant increases in women's
strength cannot be correlated to increases in lean body mass.

Gettmé% (1982) assigned 36 women and 41 men to a cjrcuit
weight-trainina program or to a combined running and circuit

weight-training program. Training was three times/week for 12

weeks. Subjects performed 12 to 15 repetitions on 10 excercise

stations using ;éights set at 40% of 1-RM. Strength was measured
usipg fhe,l-RM technique for leg press and bench press. For
women, strength increases from both groups avefagéd 22% and 19%
for bench press and leg press respectively compared to 21% and
15% for men.
Jette et al. (CJASS, in pfess} compared the training
response of a group of female university students (N = 122},
From these, a group of 80 completed the experiment with a
;omp1ian;e of 80% in phe training sessions and 10 others’ served
as contrﬁ%s. After an accomodation pefiod of one week (é
sessjons, 60% of 1RM), the subjects wefe randomly assigned to one
of thfee protocols:
1) 3 sets x 8-12 reps (70-80% of 1-RM) for 6 weeks
I1}) 3 sets x 8-12 reps (70-80% of 1-RM} for 4 weeks
3 sets x 4-8 reps (80-90% of 1-RM) for 2 weeks
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@
111) as for-group I1 but with a change in the grip used -
to 1fft the weight. . . >
. The tréining was conducted three days/week, thirty minutes/

e st

session, Fougéfxercises were performed: bench press, upright
row, shoulder press arm curls and strength was measured using'thé
1-RM technique for each of these. Statistical analyses showed a
significant improvement in strength and there was an overall 18%
strength increase for the four exercises combinéd. However,
the;e were no statistical differences between the thrée training
protocols. Changes in body wéight; body, composition as measured
with fat calipers and girth measurements did not change
signjficantly following traiﬁing except for a 0.5 cm {ncrease in
forearm girth. 1In general, these results also indicaée that
women possess 60% of the upper bod& strength of ma1es.r

In summary, one can conclude that women possess the same ieg L\
training po;entia1 for strength, espécia11y wﬁzn the results are
expreséed relative to their lean body mass. However,'hpper body
strength is always greater in men than in women irrespective of
how the results are expressed. On the average, upper body
strength of females is apbroximate]y 60% éf that of males. No or
only skight changes in lean body mass or percentage of body fat
are seen after wé%ﬁht training of short duration unless it is
supplemented with dietary changes~3¥~aerobic activities.
Significant anthropometric changes are seen following long-term
training (1-2 years or more). They will be_éiscussed in further

details in the following section.

2.1.3) INTERSEXUAL' DIFFERENCES: , n

Up to a certain point, women seem to be able to increase
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their strength levels in the ﬁéme proportions .than men especially
in lower body strength. Sex differences in strength are reduced
when rgsu1ts are expressed relative to lean body'mass. Changes
in lean body mass_foilbwing a short term training progrém ar;, on'
the average, very modest in women. This conclusion/has been
substantiated by several authors (Brown & N%]mofe ﬁ£74, Kowal et
al. 1977, Mayhew & Gross 1974),

Brown and Wilmore (1974) found a statigsica11y significant
increase in lean body mass but it Qas, in practical ter%s, very
11mited since themean increase was less than 1'kg. In hig’
experiment, Mayhew & Gross (1974) used body potassium to evaluate
the possible changes in body composition. A significant increase

in lean body mass was found and it was accompanied by slight
increases iﬁ‘upper body girths as reflected by enlarged biceps,
fdrearms and shoulder circumferences. However, the magnitude of
these changes was rather minimal. Kowal et al. (1977) also
reported.a slight increase in lean body mass following a strength
training program of 11 exercises on the Néuti]us and Jniversal
equipment. One might conclude that body composition changes
following a short-term (8 weeks or so) program are rather
limited. However, the use of longer or more intense training
programs may give different results.

In that respéct, Freedson et al. (1983) compared 10 female
bodybuilders with the reférence woman described by Rehnke and
Wilmore (1674). A11 bodvbuilders were competitive athletes

placing in the top eight positions in various regional, national

and international competitions. 1In general, they had been
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4

training three to four hours/day; 5 to 6 days/week, from 4 to 30

months. Bodi\composition was determined by the underwater

weighing techniquy and skinfold measurements were taken with a
fat caliper. Thirteen girths and nine diameters using the Behnke
and wi1moée procedurés were also measured. Bodybuilders had an
average'of 13.2% body fat compared to 26% for the reference
woman. They were also 4 cm shorter and 4.8 kg lighter. However
the female bodybuilder's mean lean-to-fat ratio was 6.9 which is
2.5 t{mes larger than the reference woman (2.8) and at least 15%
higher than other competitive f*émale ath]etes,_. The bodybuilder's
upper trunk (shoulders, chest, biceps and forearm) was larger
than the reference woman suggesting muscular hypertrophy. Using
Behnke's procedure,'thé e#cess muscTleor the female bgdybuilders
is 8.3 kg. When this excess of muscles is divided by body weight
in order to normalize for sex differenceé, the calculated excess
of muscle is 0.19 kg for the male bodybuilders,compared to 0.15
kg for the females. This way, sex difference§ are reduced to
21%. -This 7% higher lean body mass occurred without the use of
anabolic steroids. In summary, women appear to be Timited in
terms of lean body mass following a short-term weight-training
program. Howeigr, the use of longer programs show that women may
exhibit hypertrophy to a certain extent. Physiological
differences such as: fiber type population, enzyme
concentrations and hormone levels could explain pgrtly this
different adap;afﬁon response to training.

The analysis of muscle samples in sedentary men and women

reveal no differences in fiber type percentaées (Ready et al.
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1981, Wells & Plowman 1983). Also, the ratio strength/cross-
sectional-area is also the same for both'pexés (Rrown & Wi TRore
1974, Witmore 1974, Komi & Karlsson 1978, Readv 1981, Wells &
Plowman 1983); Therefore, both sexes possess the same "muscle
guality" since the tension developed per unit of surface is the
same. The difference in absolute strength could then be
explained by the greater cross-sectional area of the male muscles
(Ready et al. 1981, Wells E Plowman 1983), Men and women
therefore possess the same muscle quality dug to equal
distribution of fibers and to equal tension/cross-sectional area.,
Greater absolute strength in men is probably only a function of
the male's greater muscie mass. . &>

More in-depth studigs were attempted to quantify the possible

biochemical di?fgrence between male and female muscle. These
studies were made mostly with biopsies, a metﬁod sdﬁewhat
contested as is the1resu1t emanating from them. Thorstensson et
al. (1976) found no sex-r&lated differences in concentrations of
' Mg_++ stimulated ATPase, CPK and PFK. Lg}er, Komi & K;:1sson
(1978) also found no significant differences in HK,, LDH (forward
reaction) and MK concentrations. Interestingly however,
concentrations of Mg++ stimulated ATPase, Ca++ stimulated ATPase,
CPK and phosphorylase were 15 to 67% higher in men. In her
review, Ready et a1. (1981) could only report sex-related
d1fferences in phosphorylase, PFK and LDH (backward reaction)
while no differences were found in MK and HK)concentrat1ons
Nevertheless, she.concluded that men see;;;o possess higher

giycolytic capacities. One hay suppnse that these higher

'
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glycolytic capacities would give men an advantage in anaerobic
sports such as strength trainings However, more studies are
needed before we can dr§w significant conclusions.

4 In summary, one can conclude that even with great increases
in strength following training, women do not respond to the same
extent ﬁpan men do in terms of increase in lean body mass. Fiber
type population and muscle quality appear to be the same in both
sexes. However, the areater muscle mass of males, their higher
glycolytic potential and the hormonal concentrations of androgens
maf contribute to greater body composition changes. The latter

factor will be objects of a section of its own.

2.1.4) MECHANISMS OF MUSCLE HYPERTROPHY & ULTRASTRUCTURAL CHANGES .

[y

RELATED TO TRAINING:

Mﬁscu1ar hypertrophx\ﬁs the phenomenon by which lean body
mass will increase fo]]oﬁ?ng sf}ength training. It is one
phenomenon céusing strength improvements although not the only
one, Few studies were made in order to elucidate the underlying
mechanisms causing hypertrophy. Upfnrtunafe]y, most of them deal
with experimentally-induced hypertropﬁy which may not be quite
comparable to exercise-induced Aypértrophy.

At the ce11u1af.1eve1, hypertrophy results in an increased
fiber area (Hettinger 1961). It has been found to occur mostiy
in FT fibers as a result of weight-training {Thorstensson et al.
19?6, Gonyea & Sale 1982, MacDougall et al. 1982). The increased
total muscle -proteins (Hettinger, (1961, Edgerton 1976, Booth 1982,
lMacDouga]] et al. 1982) along with the increased myosin synthesis
(Clarke 1973, MacDouga11.1982) are probably the two main factors

) | (
—
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__~ contributing to this increased fiber area. Booth {1982)

suggested also that greater protein reutilization following some
types of exercise may also occur, HoweQer, this increased
protein synthesis is not necessarily followed by changes jn
mitocﬁdndria1 volume within the muscie fiber {MacDougall é& al.
1982). Theoretically, this ﬁéans that the decreased ratio %f
mitochondria/myofibrils would suggest lower aerobic capabi1%ties
in strength-trained th]étes.

A limited number of studies dealt with the histological
changes occurring durinétthe hypertrophy process. Penman (1970) —
Tooked at ultrastructural changes of human muscle following
strength training in 3 college males. The subjects trained 10
weeks, 5 times/week on the following program:

Teg extensions: 5 x 66% of 1-RM

5 isometric contractions

20 round trips on stairs
There was a mean 38% strength increase at the end of the program
But no changes occyrred in Ieg.girtﬁ. Interestingly, there were

- 3 statistically sﬁgnificant changes occurring at the ultrastruc- ‘

tural level: changes in myosin filaments concentration, in the
'd1stancJ\between myosin and act1n filaments and an increase in
the number of actin filaments around the myocgin. Th1s is the
only known'study to report such changes. Therefore, they should
be intérprgted with caution especially since the physiological
meaning of such changes are unknown. However, the hypothesis of
such ultrastructura] changes without hypgrtrophy is interesting

since it may explain strength gains of females without the al
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increase in muscle girth. More studies are requifed Before any
definite conclusions can be made.

An attempt was also'made to study and quantify the bioche-
‘mical changes occurring with weight training (MacDougall et al.
1977). A group of 9 healthy male subjects were trained for §
months ﬁsing 4 triceps exercises (3-4 sets/gxercise x 8-10

refetitions). Therewas a 28% strength increase following

training. Siénifi}qht increases (p < .05) in creatine, CP and
ATP concentrations were found. Glycogen concentration was
significantly increased {66%). High-energy phosphate sources and
the glycogen reserves would therefore be the two energy sources
used during weight training.

In another study, MacDougall et al. (1979) Tooked at the
mitochondrial changes occurring in weight training in a groupwof
6 healthy males. Their training was 3 tfges/week for a duration
of 6 months& Following training, there was a significant |
decrease-(ZB%, p < .05) in the mitochondrial volume/myofibrillar
volume ratio. It would therefore appear thatﬁ}hgre is a loss in
the muscle's capacity for aérobic metabp}ism.  This méy have
important applications for the ;trength training programs
desighed.for aerobically trained athletes since that interference
could have a detrimental effect on performance.

MacDougall et al. (1982) conducted another study to compare
chronic histological changes following weight training. '
Cémpafisons were made between the experimental group (5 elite
bodybuilders and 2 elite powerlifters) and the control aroup (5

"normal" subjects trained regularly for 6 months). The
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experimental group had trained for an average of 7.1 years
compared to 0.5 year for the controls. A rather surprising
finding was that there were ﬁo significant différenQ?ébetween

the two groups in fiber area of both fiber types. There was a]sd

2 high incidence of pathological findings in the experimental

group such as: centrally located nuciei, fatty pigments
pro]ifé;ation wjthin the muscle fiber, enlarged cytoplasm spaceg,
However, since 6 out of.é subjeéts had .used or were still using
anabolic steroids, so that conclusions about these pathé1ogica1
changes were difficult to make.

Recently, Friden et al. (1983) analyzed the u1tras%ructura1
changes occurring following intense eccentric exercise. TQelve
male physical education studeﬁfs (25 to 27 years of age) pedalled
for 20 minutes on a modified ergometer designed to allow .
eccentric muscle contractions only. The exercise ranged from 80
- 100% of max V02. Biogpsies from the vastus Tateralis were
obtained 1 hour after exercise as well as 3 and 6 days after,
Histologically, frequent focal disturbances of cgoss-striafed
muscle were observed in 32% of specimens withdrawn 1 hour aféer
exercise, in 52% of specimen withdrawn 3 days after the exercise
and in 12% 6f samples obtained 6 after days. Electron
microscopic eva}uation revealed a marked streaming and broading
of the Z band and, at some places, therg was a total disruption
of some fibers. Accumuiation of polyribosome complexes adjacent
to disrupt{bn sites was also seen in sampies obtained 3 Qays

after the exercise bout. It appears that Z disks are subjected

to repeated stretching during eccentric work. Friden et al.
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(1983a) concluded that thiS'stretching may have induced éxcessive
jlevels of intracellular calcium which in turn, have weakened the
Z band. It is a1sb possible that lysosomal enzymes liberated in !
~ damaged fibers maylhave ini;iated the degradation of myofibri11ar.
material. Following these findings, Friden et al. (1983b)

L7
trained ecceqtrical]y 15 male students (24 + 4 years of age) in

.(f_;t\\‘ﬂ/””/”::>order to see if muscular discomfort caused by eccentric exercises
- could be reduced by training. Training was performed 2-3
times/week for 4 and 8 weeks on a modified eccentric ergocycle.
Biopsies were made within one hour after.exergise and also 3 days
later. This was repeated after 4 and 8 éggigﬁof.training. AN
éubjecté suffered from pronounced soreness in the first 2 weeks
of training. The training program was sufficient tp cause an
increase of 375% in the eccentric work performed during training.
Again, Z-band streaming wasroccasiona11y found iﬁ tissues sampled
after trainfng.w However, the frequency of Z-band damage was
clearly reduced after 4 and 8 weeks of training. Thereforé, it
appears that the Z-band adapts to repeated tensions although the
Z-band width was not affected by training. The authors
hypothesizedlthat synthesis of a stronget,pfﬁkein chain may have
occur}ed bugdthis remains to be demonstrated.
Studies dealing with hypertrophy often use an animal model.
However, these:were not reviewed for the following reasons:
1) tenotomy is a drastic stress constantly applied on the
muscle and this does not mimic the intermittent

stress of weight-training routines (Gonyea & Sale 1982).
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2) tenotomy causes a type of hypertrophy that does not
" result-from yoluntary exercises. We do not know to
which extent the two kinds of hypertrophies are the
.same (Gonyea & Sale 1982). ‘
3) biochemical and histological changes resulting from
tenotomy-induced manipulations are precipitated and
they might not be exactly the same as the ones
resuiting from intermittent workouts repeated over a
fong period of time. .

In conclusion, it would appear fhat hypertrophy is one of &
the mechanisms responsib]e for strenath incre&sgs. It is the
result of an increase in fiber area, mostly in the FT fibers
resu]fing from an increase "in myosin aﬁd total protein content."
Concom{ttant with protein increase, there is also an increase in
the content of high energy phosphates and glycogen. Féw
ultrastructural changes are thought to occur. However, this will
require further investigation.

2.1.5) SUMMARY:

In summary, this review of 1itera£ure would indicate'that:

1) For bes£ strength gains, the use of 3-4 sets of 6-8
repetiggghs is recomme;ded for beginners. Loads used
should be near-maximal although an atfempt to 1ift

. maximal loads (I—RM)_shou1d also be made on a regular

basis, i;e. monthly. The best training frequency was
reportedﬁﬁg-be 3-4 times/week, a11ow1ng'norma11y a day
of rest gefwegn workouts.

2) "Women possess the same potential as men for stréngth

~
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development: of the lower body, especially when results

are corrected for the lean body mass in females.

However, the'potentia1 for upper body strength

development in the female is rather limited.

_Even with great strength increases, women do not

npnma11y show significant changes in lean body mass,

at 1éést in programs of short duration. However,
female bodybuilders experience significant changes in
lean body mass and this may be due to heavy training
carried for expended periods of time {at least a year).
Alternatively, physiological differences between the
sexes ﬁay partly explain these results.

The phenoménon of hypertrophy is one of the mechanisms
for strength increases. It occurs mostly in FT fibers,
and is generally accompanied by increases in high-

energy phosphates and glycogen stores. It has also

been shown that adaptation of the neuromugcular

component also occurs with strength training, making

the individual more efficient whpn T1ifting.



SECTION II: BASIC PHYSIOLOGY
2.2.1) PHYSIOLOGY QF ANDROGENS

I) Synthgsis/Production:
Cholesterol esters gerve as the major reserve for choles-
tefo] conversion into androgens (Tepperman 1980, Gandng 1983).
In turn, cholesterol is also synthesized from glucose and fatty
acids in steroiddgenic cells (Bardin & Paulsen 1981). The
cohversion of cholesterol molecules to steroid hprmbnes occurs in
the‘hitoch;ndria and it fequires 3 desmolase enzyme complex and
cyfochrome P450 (White et al. 1978). The enzyme machinery
necessarQ for that conversion is found in all tissues produ;ing
steroids (White et al. 1978). In females,.most of the andrngen
synthesis occurs in theca cells of the ovaries f{Ross et al. 1981,
Berne & Levy 19835.‘ The conversion of cholesterol to androgens
involve several steps each catalyzed by an enzyme. Gonadotropins
have a stimulatory action on steroid synthesis via activation’of '
certain enzymatic steps {Berne & Levy 1983). Luteinizing hormone
(LH) stimulates androgen synthesis by:
i) binding to the plasma membrane receptor
2) the/g;mp1ex formed increases adenvlate cvclase activity-
which will in turn increase the cyclié AMP |
concentration
3)  this leads to activaticn of the protein kinase and the
subsequent steps for steroid synthesis {Berne & Levy
1983). a

Recently, prostaglandins have been implicated as interme-

dfates in LH actions (Berné & Levy 1983). The major action is
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on the mitochondriajd conversion of cholesterol to pregneno]oné
where it stimulates the removal of isocaproic aldehyde from.the
cholesterol molecule (Orten & Newhauss 1975, Berne & Levy 1983),
Luteinizing hormone might also faci1jtgfg the movement of
cholesterol from its esterified storage into the mitochondrial
matrix and it may activate the 20, 22 desmolase reaction (Berne &
Levy 1983). Follicule-stimulating hormone (FSH) acts in
granulosa cells via membrane receptors to activete steroidogene-
sis involving aromatase (i.e. conversionjgf andrdgen to estrogen)
and 3g-hydroxysteroid dehydrogenase-isoﬁérase sys;ems (Berde &
Levy 1983, Hsueh et al. 1984). _} -

In the female, it is estimated é;at/40-50% of the testos-
terone production is synthesized by the ovaries and adrenals and
the remaining 50-60% is derived from conversion Qf adrenal pre-
cursoré (Killinger 1970: Tagartz & Gurpido 1973, Vermeulen 197é,
Tepperman 1980), Androstenedione is the major précursbr for
éxtrag1andu1ar production of testosterone (Tagartz & Gurpido
1973, Bardin & Paulsen 1981).. The normal concentrations and pro-
duction rates for females are listed’below (Berne & Levy 1983)5

concentration (ng/d1) productionate (ug/day)

" androstenedione 150 3000

testosterone . 40 T 250

I1} Transport:

Similar to other steroids, androgehs are transported in the

plasma mainly attached to different proteins. Normally, in

-. males, 2-3% of testosterone in circulation is unbound or free

(Vermeulen 1979, Tepperman 1980, Ganong 1983)}. In females only

1-2% is unbound in the plasma (Vermeulen 1979). Of the remaining
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- 97%, 40% is bound to a special carrier: the sex-hormone binding
globulin (SHBG),.anofher 40% is bound to albuming, and the
remaining 17% is bound to globulins (Ganong 1983). The latter
category include the corticosteroid binding globulin which also
exhibit a low affin{ty for testosterone (Vermeulen 1973}, The
SHBG cﬁncéntration is higher in females and this expléins the
lower free-fraction of testosterone (Vé}aé;{én et al. 1969,
Vermeu]eq 1979). The méchaniSms affecting the SHBG concentration
might therefore be important- in the expression of th rmore's
androgenic activity. It has been shown that éstrogen secretion
will increase that concentration wheréas the androgen secretion .
wil{ decrease it (Bardin & Paulsen 1981, Berne & Levy 1983).
Therefore,'the ratio of androgen/estrogen might be the most
important factor determining the SHBG level (Vermeulen et al. °
1969). This ﬁ%qtein binds testostero;e and estrogens but it does
not bind androstenedione and DHEA (Bardin & Paulsen 1981, Ross et
al. 1981). The hormone bound to the protein (SHBG) is not

available for cataboliism (Vermeulen 1969, Bardin & Paulsen 1981).

111} Metabolism/degradationi

There are 3 pathways for and#ﬁgen metabolism:

1)  some androgens are converted to a more potent androgen,
mostly DHT (KiTiinger 1970, Wilson 1972, Minguell
& Sierralta 1975, White et al. 1978, Bardin & Paulsen
1983). This reaction is catalyzed by an eﬁzyme, the
5 a reductase (Miqgue11 & Sierralta 1975, White et al.
1978, Bardin & Paulsen 1981, Ganong 1983). This

reaction takes place in certain tissues but not in the



Y 34,
ske]eta].musc?e or in the ‘bone (Tepperman 1980; Ganong
- 1983). Also, conversion of androstenedione to |
testosterone accounts for 50-60% of the female
testosterone concentration {Killinger 1970, Vermeu]en‘
1979). This occurs by the removal of the 2 carbon-side
chain 6f‘circu1ating ad;ena1 steroids (White'et al. |
1978).
2) some androgens are conjugate& to form a less active one
that will be excrefed in the urine‘(Vaﬁde Wiele et al.
1963, KiI]ingef 1670, Orten & Newhauss 1975, White et
al. 1978, Vermeulen 1979). These compounds are
conjugated as glucoronides or sulfates in order to be
excreted (Orten & Newhauss 1975). The major
metabolites of testosterone are androsterone and
aetiocholanolone after they undergo these transforma-
tions (Orteﬁ & Newhauss 1975, White et al. 1978).
3) some androgens are converted into steroids that possess
a different biological activity than its precursor
(Bardin & Paulsen 1981). ' The peripheral conversion of
androstenedione to estrogen occurs by aromatizat%on of
the A Ring by the actions of the aromatase-enzyme
complexes and the cytochrome P450 (Berne & Levy 1983).
The Tiver is the major site de_EHEFEQen metabolism
(Vermeulen 1973, White et al. 1978). Therefore, the factors
influencing the hebatic metabolic clearance rate will have a

great effect on androgen concentration. Among these factors, the

hepatfc blood fL&r is important (Vermeulen 1973), especially
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QUring exercise where;blood f]ow can be drastically reduced. The
Eepatic extraction of the hormone 1is anofher factor influencing
the MCR (Vermellen 1973). For example, 82-100% of the
androstenedione in the plasma is metabolized in one passage
through the 11ver compared to lower values for testosterone
(Vermeulen 1973, Vefheu]en 1979). The latter has more time to
exert its biological activity. Finally, the binding of hormones
to their proteins will also affect the hepatic MCR (Vermeulen

1979).

IV) Mechanisms of action/physinlogical effects:

Like all steroids, androgens enter passively into the cell.
by diffusion (Orten & Newhauss 1975, Vermeulen 1979, Tepperman
1980, Berne & Levy 1983, Ganon@ 1983). Inside\.;che cell, it
interacts with cytosol receptor and the complex formed moves into
the nucleus (Vermeulen 1979, Tepperman 1980, Berne & Levy 1983,
Ganon;.1983). The complex will act on the nucleus to stimulate
the transcription and the effective translation of the stored
genetic information (Wilson 1972, White et al. 1978). This
process takes place via an interaction at the DNA and RNA
polymerase levels {Minguell & Sierralta 1975). The resulting
stimulation of RNA synthesis will produce the increased
production of specific ribosemal ptoteins (Wilson 1972, White
et al. 1978, Tepperman 1980, Berne & Levy 1983, Ganong 1983},

Androgens have androgenic and anabolic propertiés and
different steroids exert these properties to a diﬁfeng&}rgegree.
Interestingly, the same biochemical mechanisms are responsible

for the two ppoperties (Bardin & Paulsen 1981, Berne & Levy
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19335. The most noticeable anabolic property is an incfease in
protein sxpthesis in accessory sex t{ssues tMingue11 & Sié%%a]ta
1975, Oréen & Newhauss 1975, Ganong 1983) with a concomittant
decrease in protein breakdown (Ganong 1983). .Testosterone s
also known for its moderate mineralocorticoid activities on

*, catt {Ganong 1983). The retention

several electrolytes: Na+, K
in proteo-nitrogen caused by androgens will produce ‘the increase
in muscle mass {White et al. 1978, Berne & Levy 1983).

w(
2.2.2) PHYSTOLOGY OF ESTROGENS AND PROGESTERONE

1) Synthesis/Production:

Estrogenic steroids are svnthesized from cholesterols or
acetyl coA (Turner 1966, Guvton 1976). Pregnenolone is the
common precursor to estrogen and progesterone synfhesis (Turner
1966, Guytén 1976). The biosynthetic pathways are simiiar to the
ones for androgen production (Orten &\ﬁewhauss 1975). ‘Estrogens
are c]ésses of steroids formed with an 18:carbon atom skeleton
compared to 19 for androgens (White et al. 1978). Estrogeﬁs are
secreted by the ovaries (theca cells) and minGte amounts are
produced By the adrenals (Turner 1966, Guyton 1976, White et al.
1978). Of the relatively few estrogen molecules biosynthesized,
17-8 estradiol is considered to be the one of major biological
importance (Tagartz & Gurpido 1973, Orten & Newhauss 1975, Guyton
1976). The bulk of progesterone in the non-pregnant female is
secreted by the corpus luteum during the latter half of the
ovarian cycle (Guyton 1976, Meyer 1977, Vhite et al. 1978).

The normal concentrations and production rates for females

are listed below (Berne & Levy 1983):
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concentration (ng/d1) production rate (,g9/day)

. estradiol: .
early follicular b ‘ 80
late follicular 50 700

1iddle luteal . 20 300

estrone: , '

early follicular 5 100 . ’

late follicular 20 500

middle luteal 10 250 Y
progesterone: o g :

follicular 100 2000

Tuteal | 1000 25000 .

11} Trgnsport:

o~

Plasma estrogens are largely bound to carrier préteins,
namely SHBG and albumins (Turner 1966). Progesterone is bound to
several proteins: albumin, orosomucoid proteins and transcortin
(Meyer 1977, White et a].F1978). The latter binds more strongly
to progesterone than cortisol (Meyer 1977).

111) Metabolism/degradation:

The metabolites of 17-g estradiol are estrone and estriol
(White et al. 1978). From the two, estriol is the predominant
" urinary end-product ﬂTurner 1966). As for androgens, the liver
is the major site of metabolic transformation {White et al.
1978). There is an hepatic conjugation of the hormone to form
glucoronides and sulfate compounds (Orteﬁ & Newhauss 1975, Guyton
1976, Meyer 1977). Other metabolic transformations occur in
other tissues (White et al. 1978). Pa}t of the metabolites are
excreted into thé bile and the remainder is eliminated through
the urine (Guy%on 1976). It is estimated that 33-50% of

estrogens are eliminated in the biie (Meyer 1977). Progesterone

is degradated to other steroids with no progesterone effects,

Ty
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mainly pregnanediol which is eliminated by way of the urine

(Guyton 1976, Meyer 1977).

|

IV) Mechanisms of action/physiclogical effects: -

The cellular mechanisms of action of estradiol is similar to
that of androgen in promoting the anabolic effects (Guyton 1976).
However, the effects of estrogens are almost exclusively on the
reproductive target organs (uterus, breast) whereas testosterone
has a more generalized effect {Guyton 1976). In general,
estrogens are responsible fOﬁ:

1) thé growth of the genital tract (Tagartz & Gurpido
1973, Meyer 1977, White et al. 1978) and the
.préTiferatiPn of glandular tissue of the mucosal Tining
of the fallopian tubes (Guyton 1976).

v 2) the deposition of fatty tissue {Lloyd 1968, Guyton
1976, Meyer 1977).

3) an increased osteoblastic activity of bones via an
increased cs]cium fixation and the early uniting of the
epiphyses (t10yd 1968, Guyton 1976, Meyer 1977).

4)  an increased retention of ¢alcium and phosphates but
to a lesser extent than human testosterone {(Guyton

kl 1976). N
'kS) an increased water retention (Meyer 1977, White et al.
1978).

6) suﬁ slight increase in body proteins as evidenced by a
positive nitrogen balance (Lloyd 1968, Guyton 1976,
Meyer 1977).

Specific receptors for estrogens have been identified in the
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uterus, the vagina, the mammary glaﬁds. the adenohypophysis and
the hypothalamus (White et al. 1978).

Prdgesterone acts synergistica11y with eStfogéns on cert;in
tissues {Turner 1966, Meyer 1977). By far, the most important
acgions of progesterone is to develop secretory changes in the
endometrium (Lloyd 1968, Guyton 1976, White et al. 1978).
Progesterone also exerts a mild catabolic effect an the body's

proteins (Lloyd 1968, Guyton 1976, Meyer 1977).

2.2.3) THE OVARIAN CYCLE

The ovarian cyclie is a ;qmp]ex mechanism reqgulated by
changing -hormonal concentration. The length of a normal cycle
varies depending upon the writers i.e..25-35 days (Shaﬁgo]d
1984a).0r 21-35 days depending mostly on the length of the
follicular phase (Berne & Levy 1983). However, an average of 28
days is the genera]iy accepted value. The menstrual b1ood.f10w .
normally lasts 5 days (Ganong 1983), )
The compiete ovarian cycle can be described in terms of & jJ'
major features: |
1) There is an 1ncpease in the FSH concentration during
the first part of the follicular phase (Tepperman 1980,
Berne & Levy 1983). During the beginning of the
fo111chlar phase, the LH/FSH ratio is approximately -;
equal to 1 (Berne & Levy 1983).
2)  This increasing FSH concentration in turn stimulates
several f011ic1es to develop but only one js normally

destined -for compiete maturity (Tepperman 1980). The
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"chosen" follicle produces its own estrogen thereby
increasing its sensitivity to gonadotropins stimu-
lation through the generation of FSH receptofs
(Tepperman 1980). During the second half of the
follicular phase, FSH decreases modestly but LH
gradually rises giving a LH/FSH ‘ratio of approxi-
mately 2 {Berne & Levy 1983)., The maturing follicle
concurrently prodﬁges_increasing amounts of estrogens.
Ovulation is preceeded by a very sharp and transient
rise in gonadotropins with LH increasing much more than
FSH so that the LH/FSH becomes approximately 5 (Berne &

Levy, 1983). «The peak in LH is elicited by estrogen é

. stimulation and it induces rupture of the follicle i.e.

ovulation (Tepperman 1980). This increase in LH is
also responsible for the increased androgen synthesis
that will be converted to estrogen (Shangold 19843).
During the immediate post ovulatory peribd (i.e. the
luteal phase), the ruptured follicle is transformed
into the corpus Tuteum with cells producing large and
increasing amounts of progesterone and estrogens
(Tepperman 1980). . L

The high concentration of these two hormones inhibit
the reiease of gonadotropins therefore both decrease
progressively (Tepperman 1980). The most distinctive -
feature of the luteal phase is a 9-fold rige in
progesterone emanating from the corpus luteum {Berne &

&
J

Levy 1983), |
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6) When the corpus luteum degenerates, there is a sharp
decrease in estrogen and progesterone causing a
selective increase in serum FSH to initiate a new wave

of follicle development and maturation (Berne & Levy

“1983). o

-

L z
The cyclic pattern of hormones depends on cyclic changes in

gonadotropins which are in turn regulated by positive and
negative feedback from gonadal steroids (Berne & Levy 1983}, It

appears that gonadotropins secretioné are requiated by a tonic

center responsible for continuous secretion of these hormones and’

a cyclic center for periodic ovulatory surge of hormones

(Tepperman 1980).
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SECTION T11: EFFECTS OF EXERCISE ON THE MENSTRUAL CHARACTERIS-
"TICS AND ON THE ENDOCRINE PHYSIOLOGY OF THE FEMALE REPRODUCTIVE
SYSTEM. | - ”
2.3.1) Menstrual Abnormaiities Associated with Rigourous Physical

Training:

Two types of menstrual -abnormalities are often associated
with regular and rigorous training:

i) delayed age of menarche

i) increased incidence of secondary amenorrhea
Investigations of these abnormalities have centered upon ballet
dangers, runners and athletes-participating in various sports.

Until recently, ballet dancing was not recognized as an R
intense athletic activity. Today, the rigoﬁrous training- and ther
-dedication of dancers is we1ﬁ-recoghizeq. Warren (1980) studied
~the pubertal deveiopment of 15 dancers (12-15 years) over a
h'period of 4 years. The dancers were compared to an age-matched
control group (N=20). In addition, 20 music students with
similar goal-oriented lifestyles, and patients (N=20) with a
history of secondary amenorrhea were emploved to compare ages of
menarche. A1l groups were assessed for height and weight, breast '
development, and pubic hair growth. There was a striking delay
in the onset of menarche in dancers (15.4 = 1.9 years), coﬁpareq
to controls (12.5 + 1.2 years), or to music students (12.9 = 1.9
years, p < .001). Iﬁterestingly, the music students as a group
had a high psychological stress profile compafab]e to déncers

without the energy drain associated with dancing. Pubertal
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progressi&n measured by breast deve]opment‘using the Tahner scale
was.also markedly influenced by exercise. Most of the dancers-
showed delayed. breast develépment interspersed with periods of
rapid_de0e1bpment associated with periods of relative inactivity:
By age 13, all of the dancers showed little or no breast
development (stage 1 or 2) while 75% of them were still at stage
3 at the time of menarghe. Control girls took an average of 1.96
+ 0,93 years to proaress from a-stage 2 to staae 4 in breast
development; dancers took only 8;6 + 2.8 wmonths. This
accelerated development occurred during periods of relative
inactivity without any significant change§ in pody weight or
percentage of body fat. The development of pubic hair was normal
‘despite the delayed breast development. Pubarche arrived at a -

normal age ﬁ:ydanceré since 50% of dancers were at a stage 4 by
age 13 and 70

scale). Values were similar in the control group. Therefore,

% were at this stage when menarche occurred (Tanner

delayed breast development apég&red to be'a550c1§§ed_w{th a
sign%ficant delay in menarche. In another stu&; o%maanéers,
Abraham et al, {1982) analyzed the menstrual charac;eristics of
29 dancers (méan age 16.8 * 0.8 vears) before and after their - -
first year in a professional ballet school. These dgncers

practiced 25-40 hours per week during the scheol years as opposed
to‘7-1é’hours/week during their vacations (approximately 3

months). A re1ative1§“1ate age of menarche (14.8 * 1.2 years)

was observed for 25 dancers (86%) while the remainder suffered

from primary amenorrhea at ages of 15.8 to 18.0 years.

In a questionnaire study of 89 professional ballet dancers
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(Frish_et al, 1983}, 97% of the\postmenarchea] dancers had a

significantly later age of menarche when compared tp the average '

age for the American popu1atioﬁ (13.7 + 0.1 years'vs 12.8 + .05
vears, p < .001). "The authors concluded that hard training and
the low caloric intake typicaT of these danters were contributing
factors to the ﬁe1ay of puberty.

In essence, the results of these studies show a consistently
older age of menarche for dancers comﬁared;to the normal
sedentary population.

In recent years, studies into the effects of Tong-distance
running on the onset of puberty, have been undertaken._ Frisch et

al. (1981) compared a group of intercollegiate athletes (21
swimmeﬁs and 17 runners) to a>group of lb'ﬁﬁiiiziive women, The
averagé age of menarche was 13.9 + 0.3 years versus 12:7 yrs for
the confro]’group {(p < .001). A comparison was then made between
athletes who started training before the onset of menarche (N=18)
and those who started after (N=20}. Premgparchea]Ty trained
athtetes—had—amean age of menarche significantly higher than .
that of other athletes (15.1 *+ 0.5 years vs 15.8, p < .ooi). It

was estimated that‘every'year of training before menarche

retarded it by 5 months. This finding might explain the signifi-

- cant delay in menarche found in ballet dancers, since most

dancers train from an early age. Indeed, there is now consider-

able evidence to support the proposal that premenarcheal training

- delays menarche (see Erdelyi 1965, seb Baker 1981b, see Editorial
‘1982, see Jacobs 1982, see Shade 1983). MWackat et al. (1982)

surveyed long-distance runners for their menstrual pattern.

o

|
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Runners were divided into two groups according to the{r menstrual
pattern: normal-cycling runners (N=19) and oligo/amenorrheic
athletes (N=19). The onset of menarche was significantly later
in the latter groups (12.9 vs 14.3 yéars,lp < ,05), and this
‘cou1d be re]ated to the fact thaf'the oligo/amenorrheic athlietes
started training around the time of menarche as opposed to 1.8
years later for norma]-cyc]ing.runners {p < .10). In contrast,
Schwartz et al. {1981} did not see any significant differences in
the age of menarche for middle (N=25, 5-30 miles/week) and
long-distance ruﬁﬁers (N=41, more than 30 mileé/week) compared to
" controls (N=10). From these studies, it appears that the age of
menarche in-runners is significantly later than sedentary
controls. In the case of ballet dancers, the onset of training
prior to menarche, appears to be of prime importéﬁce 1n‘the delay
of puberty. ’

Erdelyi (1965) studied athletes from various sports and
‘detected no differences in the mean memarcheal age of Hungarian
“athletes (13.6 years) compared to the Hungarian popuiation. .
Malina ét al. (1978) interviewed non-athietes (N=110)
participating in physical instruction classes, highschodT -
athletes (M=59), collegiate athletes (N=53), members of their
respective intercollegiate teamé and candidates of the U.S.
0lympic volleyball team (N=i8). Highschool and co1fege athletes
had a significantly later age of menarche when compared to the
control population (12.5 to 13.7 vs 12.3 years respectively,

'p < ,001). The authors proposed that exercise is responsible in

part for delayed menarche and/or that early maturers may be

-
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socialized away from sﬁorts. Ma1ini et al. (1979) also
intgrviewed 145 women, (ﬁostly f;om Canada, the United States and

_Great Britain), who.participated at the Montreal Olympic Games. P
The mean age of menarche (15.7 years) was significantly lgter '
than the population of their respective countries. The study

also derived some interesting comparisons between sports:

Sport age at menarche (#SE) .
swimmers ' 13.1 + .23
jumhers/hurdlers 13.4 + 64
rowers . 13.7 £ .15

“‘runners 14.3 + .39
gymnasts . : 14.5 £ .25
others 13,1 + .20
Total ' 13,7 =

.12

Gymnasts, runners and rowers attained men;rche significant1y'
later than swimmérs. No explanations were given for these
differences. However, one can speculate that these d{fferences
may be due in part to a particular phjsique or to a particular
training program associated with certain-sperts. Reéent studies
carried out with different grdups of athletes (Malina et al.
1978, Ma1{na et al. -1979) agajn confirmed the éffects of exercise
in dé]aying menarche. Furthermore, specific sports appear to
cause a higher incidence of late ﬁgnarche than others.

Therefore, one can‘c;nc1ude that the -later age of menérche
is ‘characteristic of most groups of athletes. In most studigs
reviewed, the test subjects appeared to train regularly anQ/
i?;ensely as judged by their level of performance or trqjﬁihg
schedule. It is possible that a certain training threshold must_
be obtained before there is any deléy on ﬁenarche. di

particular

interest is the impact of strenuous premenarcheal trainin@ on the
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onset of puberty. It is interesting to note that breést |
development as well as menarche arg most affected b} severe
training, while pubarche remains generally unaffected.‘ This
would suggest ihat different mechanisms are involved in the
development of different sex characteristics (Narre'n 1980).

| Vigorous physical training after menarche is associated with
other menstrual disorders, |
The incidence of secondary amenorrhea, characterized by
menstrual absence for 3 consecutive months, is a common problem
bassohiated with strenuous training in women. The incidence of
secondary amenorrhea in ballet dancing was described in a few
studies. Abraham et al. (1982) studied the incidence of
meﬁstnua] disorders in 29 dancers, before and after fheir first

year in a professional school. The table below shows the changes

. in menstrual status over time:

status & months first 12 months
before 6 months f
school : ’
Regular (25-34 days) 6 3 5
Irregular but frequent
(14-24 or 35-45 days) 2 0 1
01igoamenorrhea (7-11" weeks) 6 5 0
Secondary amenorrhea L
(no menses for 3 months) 11 17 20
Primary amenorrhea 4 4 3

[ 4]

The incidence of secondary amenorrhea was initially high
(38%) but a clear trend toward a greater incidence pf amenorrhea
(69%) after 12 months of professional ballet dancing is evident.
From the group, 23 dancers could have shown an improvement in the
reqularity of their cycle but only 3 did so. The menstrual

pattern of 14 students could have deteriorated (i.e. a reduced



i

48.

frequency of menses) during the 12 months and 10 subjects did so.

In this study, the high incidence of secondary amenorrhea (38%)
was further augmented by an even more rigorou; dancing program
thqn the one f0119wed previously. The data also shows a constant
wqrsening of the menstrual status over time. The data of Frisch
et al. (1983) was not so clear-cut. Incidence of secondary
ameno;rhea was 15% while 30% and 33% of the dancers had irregular
and regular cycies respectively. Calabresse et al, (1983)
studied a professicnal ballet company (N=29) .and advanced ballet
déncers (N=5). The professional dancers trained 40 hours/week as
compared to'30 hours/week for the students., }he incidence of
secondary amenorrhea (defined, in this study, as absence of
menses for 90 days or more and irregular cycles. were defined as

one menses every 35-90 days in duration) is given in the table

below:

present absent
secondary amenorrhea - . 15 19 -
menstrual irregularities 17 16

Amenorrhea waﬁ strikingly high among dancers: When Lo
amenorrhea does not occur,uthe menstrual status seems to worsen
(more infrequent and irregular menses) in most cases as
demonstrated in the study described by Abraham et al. (1982)
described earlier,

Scientific interest in the incidence of amenorrhea among
runners is fairly intense. Baker et al. (1981b) analyzed the
incidence of secondary amenorrhea (18-42 years old) with normal
menses prior tolthe Seginning of heavy training. Subjects were

between 10 to 70 miles per week. Six runners became amenorrheic

+
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-:2\H~ - ‘following the initiation of heavy training and 3 others became

p(f\*\\ amenorrheic during the study for a total incidence of amenorrhea
| of 39% amongst runners from that study. In a study of 83 runners
—-éttendiﬁg various running clinics and competing in local races,

Schwartz et al. (1980) observed an incidence .of amenorrhea of
only 15%. However, in this instancé, the experimental group
consisted mostly of recreational joggers which do not meet the
criteria of being intensive trainers. 1In order to establish
sports-related differences in the incidence of amenorrhea,
Feicht-Sanborn et al. (1982)'5tud1ed‘swimmers (N=197} and runnefé
(N=237). In addition, cyclists {N=33) competing in a world-class
event were also surv _gd. The incidence of amenorrhea was; 12.1%
for cyclists, 12:3% for swimmers and 25.7% for runners. Aged
matched controls displayed a 2% inciderce. In runners, there was
a positive correlation (p < .001) beﬁween the frequency of
amenorrhea and the number of miles run per week. No explanation
is available regérding these differences between groups of
athletes. In a study of marathon runners, Dale et al. (1979)

obtained the following results:

contrals runners~(>30 (jdggers(5~30
miles/week) miles/week)
Average # of
menses/year 11.8 + ,92 9.16 + 4.04 10.32 + 3,23
Current oligo/

amenorrhea 2/54 (4%) 30/89 (34%) 6/22 (23%)
' As shown, physical exertion appears to result in aménorrhea
as demonstrated by a higher incidence (p < .05) of oligo/
lamenorrhea in runners, They also had significantly less number

of periods/year (p < .05) when compared‘to controls. Joggers
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showed an intermediate:pattern between both groups. .The author§
concluded that the sevgrity of phyéica1 exertion is proporfionaﬁ
to the degree of physical effort as illustrated commonly by the
n&ﬁﬁer of miles run per week {see Baker 1981b, see Editorial
1982, See Erdelyi 1965, seerHa1e 1983). Therefore, one would
assume that incidence of amenorrhea is even higher amongst actual
competitive runners, Indeed the incidenée in competitive runners
(more than 50 miles/week) is increased to 30-50% (see Baker
1981b, Hale 1983, Jacobs 1982,.wa11 et al, 1983). Nevefthe1ess,
there are reports of a failure to observe changes in the
incidence of amenarrhea fo]]ow}ng strenuous training programs.
For instancé,‘Boyden et al. 11982} studied 14 women {mean age 29
years) who were enrolled in a 14-15 month training program to
complete a marathon. In an attempt to minimize d%op-outs;

 subjects were initially running 15 miles/week. Subjects were

tested when the weekly mileage was increased by 30 and 50 miles

(A30 and A50). Surprisingly, no subject developed secondary
amenorrhea during the course of this training p;ogram. However,
93% subjectively reported minor menstfua1 changes wWith an averaqe
decreased blood loss of 80%. The authors suggested that this is
a reflection of a decreased estrogen status.

In summary, it would appear that most_ga%egories of female
runners are at an increased risk of suffering exerc{se-induced
amenorrhea. Furthermore, the incidence is higher in competitive
runners compared to joggers, and it ingreased with f%e degree of
effort such as.the number of miles completed per week.

Other groups of athlétes have been studied in relation to
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the incidence of'secondar¥ amenorrhea. Zanarieva (1965) was
among the first to look gt'the incidence aﬁong athletes (N=66)
competing at the Tokyo Olympics. Subjects included those from
track and field, swimming and gymnastic competition, with the
majoriiy of subjects being close to 25 years of age, Of those
tes;ed, 53% had reguﬁar cycles, and 6% had irregular cycles with
most of the subjects being under 16 years of age. ﬂ%he menstrual
profile as determined by the length of menses and time between
cycles was normal in mogt athletes. Interestingly, Malina et al.
(1978) (see precedihg text) found no differences between control,
highschool, collegiate and olympic athletes regarding the
incidence of amenorrhea. More recent studies did show, on the
averadé,‘a higher incidence of amenorrhea amongst female
athietes. Carlberg & Riedesel (1979) surveyed varsity athletes
(N=81), dance sfudents {N=72) and biology students (210) who
served as éontrois. Athletes showed a higher {p < .002)
incidence of amenerrhea compared to dancers (3%\. or biology
students (2%5. Interestingly, amenorrhea was more frequent in
the best‘ath1etes of this group (5 Wit of 8 amenorrheic athletes
were among the top 25% performers, p < .OILNH_Ihe study of top
German authors also reported a higher incidence of amenorrhea in
athletes (Weicker et al. 1984). Athletes (N=97) randomiy
selected from 300 german top athletes were studied in relation to
various menstrual disorders. Primary amenorrhea affected 8% of
the group while secondary amenorrhea and anovulatory cycles
accounted for'23% and 21% respectively, of the athletic popula-

tion. The incidence of secondary amenorrhea was higher in
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athletes with high training volumes. A very similar group of
' athletes was studied in Noryay. @ian et al. (1984) found that
the incidence of aﬁenorrﬁea was 10% with another 21% of the
athletes on various gorwegian teams suffering from irregular
cycles.. From the studies reviewed, it apbears that varsity or
nationally-ranked ath]etes are at a slightly higher risk for
-amenorrhea than sedentary controls. The.jncidence of amenorrhea
amongst players from'earious sports is intermediate between
sedentary controls and ballet dancers/competitive runners.

From the literature, two problems appear to be particularly
associaﬁed with rigourous participation in sports: '
.‘ i)e‘ a delayed onsgt of menarche

11) ‘a h1gher incidence of secondary amenorrhea
An 1ncrea5ed incidence of these two d1sorders is a relatively
consistent feature of various groups of very active women (eg.
ballet dancere;-runners, varsity athletes). However, even
amongst these groups, dancers and runners show normally a later
age of menarche and a higher incidence of amenorrhea than other
athletes. Irrespective of the physical activity, premenarcheal
training appears to be particulariy important in the delay of
menarche as well as in increasing the Tikelihood of amenorrhea
(see Baker 198la, see Erdelyi 1965, Baker 1981b).

One should realize that exercise-induced amenorrhea
represents only the end of the continuum of menstrual d1so#gers.
However, more subtle physiological changes may occur before

amenorrhea sets in. It is therefore possible for an athlete to

experience various abnormalities before the cessation of menses.
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Shangold {1984b) identifies 3 steps leading to(exercise-induced

amenorrhea: T
Condition A - . Clinical Status
-resting conditions - -normal follicular &
: luteal phases .-
-as exercise begins ‘ -prolonged follicGlar
: - phase & short luteal
phase
-with increasing exercise intensity -estrogenic anoviylatory
. oligofenorrhea
-with prolonged intense training ~-hypoestrogenic
¢ amenorrhea

The short luteal phase is a common phenomenon- that accompanies.
sport participation. An example of alterations in the luteal
phase is‘presented'in the table below from the study by Bonen et

al. (1981):

R
teenage swimmers teenage controls adult
(15-19 (16-18) (N=4) women
yrs)(N=4) : :
—
Menstrual
cvcle 20.0 = 1.8 days 28.3 + 6.4 5+ 3.4
Follicular
phase unspecified but no difference fetween groups
Luteal .
‘phase 4.5 + .6 7.8 + 3.0 '13.4 + 1.7

Sﬁimmers showed a significantly shorter {p < .05} menstrual
cycle when compared to both controi groups. As shown, the
follicular phase was unchanged by exercise while swimmers showed
a very short luteal phase-{p < .05) when compared to adult women,
In turn, teenage controls had a shorter luteal phase (p < .05)
than adult women. Physiologically, it remains unclear as to what
causes a shortening of the luteal phase. Hormonal data from this
study';ill be discussed Tater in an attempt to explain such
findings. In a case study, Shangold et al. (i979) reported

basically the same finding with regard to the luteal phase. One



':. ' | (\\ _££u. |

54,
woman‘(30 years old) was)studied during a control cycle, i.e. she
ran 26 miles/week during the f0111cufar phase of her cycle only.
A total of 18 "training.cycles" {20 miles/week-in both phases)
were then compared to theKEontro1 cyclq.' Duri;; t}aining, the
length of the luteal phase was inversely related to the weekly
miiebge (r= -0.70, p < .005). The luteal phase was 13-14 days in
cycles in which running averaged less than 5 miles/week while it
Jasted 9 days or less in cycles of 35 miles/week or more.‘
Furthe%more, an inverse relationship between the 1ength of the
Juteal phase and the distance ran.during the first week of the
follicular phase was obsgrved (r= -0.81, p < .001). It is
~however difficult to extrapolate any definite conc]psions froh a
case study. However, a shortened luteal phase was also reported
in othér studies (see Cumming & Rebar 1983). @

Therefore, a shortened luteal phase occurs ih a certain
portion of the female athiete popuiation. Although no known
physiological mechanisms can presently explain such shé}tened
Juteal phase in ath1etes, one may assume that such imbalance in
J_phaée Tength could eventually lead to euestrogenic anoviulatory
oligomenorrhea and, finally, to hypoestrogenic aménorrhea.

It appears that in athletes, several steps may lead
eventua]1y to amenorrhea. Furthermore, c¢linical evaluations of
patients suffering fron{exercise—induced gmeporrhea has yie1qed
two types of amenorrhea {Shangold 1980). Ho ever, this
classification should be considered as. preliminary since no

studies can presently confirm such hypotheses.

1. hypoestrogenic amenorrhea: Apparently, this would be
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‘the most common type of aménorrhea associated with
‘exercise. It occurs in women of very low body weight
‘and[or Tow body fat. The low estrogen found probably
results from inadequate gonadotropin stimulation or
from inadequate ovary responsiveness,

2. euestrogenic anovuﬁétioﬁ: This 2ype of amenorrhea
would originate from exCES;ive androgen production by
either the ovaries or the adrenals. Elevated androgen

riéve]s would in turﬁ lead to anovulation. In this .
situation, LH 1eve1§ are normally slightly elevated

and the norma1_estfogen-concentration could probably

result from aromatization of androgens to estrogens in

the adipose tissue.

2.3.2) ACUTE ENDOCRINE CHANGES TN RESPONSE TO EXERCISE:

Exercise is a "stress" which leads to hormonal changes.
Endocrine responses to exercise are controversial because they
- . ’
are difficult to control. Furthermore, irherent 1nterindividpa1
variations in endocrine response to exercise further complicates

the picture from a statistical standpoint. A review of the

gonédotropins, estrogen and progesterone, prolactin and androgens

- will be presented in response to acute exercise.

A)  Gonadotrophic response to short-term exercise:

The conadotrophin response tc exercise i§ of importance
since LH and FSH have of course, marked efﬁeé%s on the steroid
secretion at the level of the oQaries and the corpus luteum.
Baker et al. (1982) studied the hormonal response of women {N=6)

with regular menstrual cycle immediately after {within 20
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minutes)'their participatign in a 1Q-m116}réce. These samples
were‘tompared‘with samples cobtained 12-24 hours after.the race,
The acute exercise induced a significan$ {p < .05) increase in LH
concentration {pre: 10.2 * 0.7 mlu/ml vs 18.9 = 3.2 mlu/ml after
exercise). However, FSH was not changed by acute exercise
therefore leading to a decréase& FSH/LH ratio (0.44 vs 0.91
post-exercise, p < .05);;_The authors suggested that this. shift
in the FSH/LH ratio along with the increased pro1actié
' cdnﬁentration may predispose athletes partly to amenorrhea. A
) comparison bef&een ? untrained subjects, Ejrunners {regular -

_menses) aqg_gugmenorrheic runners reveal also significant
; increases in gonadotrophin concentration (Cumming et al. 1981).
The -exercise bout consisted of 12 to 18 minutes of incremental
exercise on a bicyc1e;érgomgté}. Seria]_sa@p]es were obtaiqed
-every 5 to 15 minute ihterva}é From 30 minutes before to 90
minutes after.fhe exercise. There was a significant increase in
LH concent}ation during the anticipatory phase and exercise
further auamented that’ rise. FSH also increased following the
exercise bout (p < .01). Bonen et al. (1979) utilized an
exercise pfotocol of 51igh€1y longer duration and found different
results.  Ten voung women eferﬁi§ed on an ergometer for 30
minutes at a mean exercise intensity of 74% V02 max. Blood
samples were obféined 15 minutes before,“at mid, and following
exercise. Significant increaées iﬁ“estradio1 and progesterone
occured but no significant .changes in gonadotrophins were
obse;ved. -If this is the case, one would wonder about the

mechanisms causing an increased sterdid concentration without
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concomittant stimulation of the gonadotrophins. Keizer & Bonen
(1984) submitted 7 healthy and méderate1y.traine& woemen (mean
age: 22 years) to a péb]onged exercise on-a bicycle ergometer
until exhaustion (15 minutes of exercise at 60%, 70%, 80% of V02
max . and 90% of V02 méx until exh@ust%on). A1l subjects had

normal menstrual cycles and they were tested between the 7th and

(]
t

- 10th day of. their cycTé. Values were correcteﬁ for
- hemoconcentration. Individual variations were too great to

permit definite statistical comparisopsr__During and shortly
after exercise, the pulse amplitude and increments of LH wére
increased, but not in FSH. No clear picture therefore emerged
from that—;;;dy. Ohe can also appreciate théxinterindividual
variations in endocrine stétus that exist between individuals.
Finally, Jurkowski et al. (1978) also studied the gonadotrophin
response following: an exhaustive‘éxercise (Zb minutes at 30-35%
V02 max, 60-66% V02 max and 85-90% V02 max until exhaustion).
AT subjects were in éood health and fairly active (N=9). -Each
of them were tested during the follicular (6-9 da}s‘after the
onsét of menses) and during the luteal bhése (6-9 days after
ovu1§tion). Biood samples were obtéinéd before, during and 5 to

“~.10 minutes following exercise. VNo significant changes were seen
in LH concentration in either phase of the cycle. There was a
significant increase'inLFSH only when the restinglstate and the
exhaustive state ﬁébe.gompared.

In summary,-gonadotrophin response to acute exercise remain

unclear. Half of the studies reviewed showing a significant

increase in either LH or FSH with the remainder showing no

- increase. It is possible however,that gonadotrophin changes are”

]
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related to the estrogenic status ofrthé_éubjects as suggested by Y

Keizer & Bonen (1984). Therefore, more attention should be given
by .
to Qonadotrophin_changes.

| B)' Estradiol and progesterone responses to short-term exercise:

Estradiol and progesterone are of prime importance;to nérma1‘
menstrual cycle. Change in-gonadotrophin following exercise
undoubtediy affects the concentration of both steroids. Cumming
et al. (1981) reported a signif%cant {p < .01) rise in"estradiol
congentratﬁon following 12 to 18 minutes of progressive exercise
on an ergometer. Significant inéreases {(p < .05) in both
steroids were also reported by.Bonen et al. (1979) following 30
minutes of exeréise on the bicycle ergometer. In this study,
most of the subjects were tested during the luteal phase (2-6
days before onset of menées) while others were also tested during
menses. On average, there was an increase of 38% for |
progesteroné and 14% for estradiol, ‘Increases in estradiol occur

when the exercise intensitv approached 60% of V02 max or higher.

For progesterone, increases were significant at intensities of

o
70% V02 max or higher. Thus, there appears to be a threshold

.above which significant increases in steroid concentration occur.

Wurster et a].»(lgaﬁ) reported significant progesterone increases

-in German track anq field athletes (N=52) and marathon'runners

(n=5) exercising on a treadmill. Pre-ovulatory progesterone
increases ranged from 32 to 77% while post-ovulatory increases

ranged from 14 to 79%. The authors claimed similar increases

in estradiol. The table below gives the magnitude of increases

A
H

!
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for progesterone according to the exercise mode:

n Basic value increase % increase

Follicular:

short-distance 12 0.31 .24 77
middle-distance 9 .48 .37 77
Tong-distance 8 - .84 .28 33
untrained 15 1.04 .33 .32
Luteal: -

Short-distance 4 14..5 2.0 . 14
middie-distance 2 13.0 3.4 76
untrained 6 . 10,2 8.1 79

It is however difficult to explaih such prerovulétory
pfbgesterone increase: One may speculate that a reduced hepatic
clearance of progggterone is a possible mechanism cauéing the
increase. .

In contrast to Wurster's findings, Jurkowski et al., (1978)
found that the ovérién steroids changes during-exercise are
“Fe1at19e1y dependent on the phase of the cycle. Most of the
subjects (N=9) were physical education students and were quite
active. Each subject was tested during the follicular phase (6-9

-~

days after onset of menses) and during the/futea1 phase (6-9 days
after ovulation). Subjects wer; tested':% the ergoéeter with a
progressive exercise to exhaustion (20 Tjnutes aﬁ 30-35% V02 max,
20 minutes at 60-66% V02 max and to exhbustion at 85-90% V02
'max). As opposed to previous findings, progesterone showed no
recordable changes during the follicular phase while the increase
during the luteal phase is significant at all exercise
intensities (p < .05 at 30-35%, p < .02 at 60-66%, p < .01 at
exhaustion). Furthermo}e, the incre@?b of progesterone du?ing

thefexhaustive bout is significantly higher .(p < .05) than the

one observed during the mild exercise (30-35% V02 max), a finding
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th;t corroborates the importance of a reduced hepatic MCR in thé
1ncrea§ed steroid concentration. Furthermore, estradiol valugs ‘e
were also slightiy influenced by the menstrua] phase. During. the
follicular phase, a signi%icantﬂestradiOW increase was only
. significant at exhaustion while significant increqséslduring the
Tuteal phase were seen at 60-66% V02 max {p < .02) and at
exhaustion {p < .01). '

Keizer et al. (1980) tried to determine what was the course
for the estradiol increase during acute éxercise. A group of 6
women (mean age 21 vears) with regular menstrual cycles were |
tested on a bic}cTe ergometer (70% of VbZ max for 10 minutes
followed by 30 minutes at 25%). Half of the subjectg were fairly /f

active physical education students while the other half were

s

highly trained runners. Injection of 8 uCi of tritiated
astradiol was followed by baseline infusion measurements in an“.‘
attempt to determineé the changes in metabo]?c clearance rate
(MCR) during exercise. As expected, there was a sharp and
consistent decrease in the MCR of éstradio1 ﬁn all subjects
following 10 minutes of exercise.at 70% V02 max. The average
decline was 37% (range 18-67%). The authors concluded that the
increased estradiol concentratidn during exercise was mostly due
to a decreased metabolic clearance rate. Furthermoée, the MCR
remains depressed for at least 30 minutes upon cessation of
éxeréise (see Bonen 1984), Therefore, a reduced MCR appears to
be the main contributing factor for the increased concentration

of estradiol and probably of progesterone especially following

acute exercise. Acute rises in estradiol were also reported in
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other reviews (see Bonen 1984, see Shangold 1984a). These
findin;é are however, not universal. ,Baker et al. {1982) in an

>exper1menta1,design described previoysiy did not report
significant increase in estradiol in the samples of 6 runners ‘
obtained within 20 minutes after éxercise. Furthermore, no acute
and significant increase in estradiol was reported following a
lTong and strenuous exercise'(Loucks & Horvatﬁ 1984). In their
study, amenorrheic (N=7) and eumenorrheic (N=8)'runng?s funning
more than 35 miles/week and with a mean percentage of body fat
lower than 27% were studied. The exercise consisted of 40
minutes of running (80% V02 max) on a treadmill during the 3rd to
the 8th day of the follicular phase. The Tack «of increase in
estradiol concentrat&on is rather surprising especially when one
cons{ders that the intensity and duration of this exercise should
decrease the estradiol's metabolic clearance rate auite ‘
significantly, thereby increasing its concentration. '

In conclusion, most (Bonen et al, 1979, Cumming et al. 1981,
Keizer et al. 1980, Jurkowski et al. 1978, Wurster et al. 1984,
see Ronen 1979, see Shangold 1984) but not all the.studies {Raker
et al. 1982, Loucks and Horvath 1984) has shown estradiol
increases following acute exercise. Prangesterone increased in
all studies reviewed (Jurkbwéki et al. 1978,.wurster et al, |
1984). It may be reasonable to assume that the magnitude of the
increase is dependent on the phase of the menstrual cyvcle asl
demonstrated by Jurkowski et al. 1978, Finally, it appears that
most of the steroids increase following acute and intense exer-

. . -

cise would be secondary to a reduction in MCR (Keizer et al.

1980).
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) ANDROGENIC CHANGES DURING EXERCISE:

Androgens might be of importance in the etiology of
exercise-indpced amenorrhea {see previous section). Their
impoitance may bépiinked to the capacity 6f adipose and muscular
tissue to aromatize androgens to estrogens (Longcope et al. 1969,
Longcope et al. 1978). .

Shangold & Levine {1982) reported a 37% increase in testos;
terone following é 30 minute run. However, all post-exercise
values rémained well within the nérma1 range for adult females.
Baker et al. (1982) similarly found a significant increase in 6
runners when post-exercise samples {within 20 minutes) are
compared to samples obtained 12 to 24 hours’after the race.
Testosterone, androstenedione and dehydroandrosterone were all
significantly increased. Cumming et al. (1981) studied the
androgenic response of "regular-cyclic" subjects (N=5) to an
incremental workload on the ergometer (12-18 Rinutes).
Surprisingly, testosterone was increased before the onset of
exercise and was further augmented by it {p < .01l)}. Furthermore,
_androgens of less biological potency {(i.e. androstenedione and
dehydroepiandrosterone) were also significantly e1ev%§gd {p <
.Oi) following exercise. However, such findings are ﬁot
universal. For instance, Loucks & Horvath (1984) reported no
significant increase in testosterone in amenorrheic and
eumenorrheic runners after 40 minutes of eﬁercise on a treadmill,
The androgen of adrenal origin, dehydroepiandrosterone, was

however increased in both groups of runrers while androstenedione

only increased in eumenorrheic runners. The authors sugaested
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that the increased production of androgens were due to adrenal

“w%rather than ovarian hyperfunction. Sutton et al. (1973) found

the intensity of exercise to be very jmportant i% the magnitude
of androgen increase. Female 5wimmer§ {N=4, mean age 14,7 years)
were submitted to exercise bouts of various intensities. Only
the maximal intensity workout produced a significant increase

(p < .05) in testosterone (82 = 5§ ng/ldo (SEM) ml pre vs 98 = 5
ng/100 m!1 post).

Very few studies have been pursued to determine the hormonal

-

response to weight training. Even fewer studies utilized women .
as subjects. Furthermore, the effect of an anaerabic and 4
intermittent activity such as weight training may trigger a ¢
slightly diff;rent hormonal response than aerobic traihing
previously reviewed. The pre- and post-exercise testosﬁerone
concentration was determined in 3 groups of subjects {Fahey
et al. 1976) who underwent weight training:

1)  (N=10) university male students (mean age: 20 years):

5 were experienced weightlifters and 5 wWere physical

vears) (l\

An acute and significant increase in testosterone was seen

education students
11) (N=13) male teenagers (mean age: 16 years

I11) (N=5) university female students (mean age: 2

only in group I. However, the use of different training routines
for group 1 vs group 11 and II1 includes another variable and
-therefore warrants any definite conclusions about the lack of
hormonal respoﬁse in .females.

Hetrick and Wilmore (1979) analyzed the hormonal response of

a male group (N=19) and a female group (N=35). Both groups were
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folldwing an 8 week program not specified .in terms ‘of exercises,
‘.infenéity, étc. Again, there were no differences in pre-,
‘intérmediate— and post-traini%g androgen levels in either groups.

Weiss et al. {1983) measured the concentration of .
testosterone and androstenedione in both groups of_ma]es (N=20}
and females (N=20). A1l tests were performed durigg the early
follicular phase since it is a pé?iod of minimal variability in

blood androgen levels. The results are shown below:

~ testosterone (ng.m1'1)
pre post-exercise % increase- P value .«
‘ increase .
men 3.51 = 0.24 0.76 22% p < .01
women 0.36

0.04 0.06 17% NS

" androstenedione (ng.m1-1y

pre post
men 0.88 increase of 8% (NS)
women . L.26 : ~ increase of 11% (NS)

There was only a significant increase in testosterone levels in
the males. The magnitude of the absolute response wds 12.7 times
greater in males compared to females. However,rexpressed in
terms of percentage increase above resting Tevel, the results are
quite similar‘with 21.6% and 16.7% for males and females
respectively. He concluded:

"Whether or not the greater absolute testosterone

response by men, as found in the present investiga-

tidn, contributes to a difference in the potential

of men and women for work-induced skeletal muscie

hypertrophy is unclear." (Weiss et al. 1983, p.417).
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Therefore, most studies {Baker et al. 1982, Cumming et al.
o
1981, Shangoid et al. 1981, see Shangold 1984} reported

significant increases in androgens following acute aerobic

exercise., The physiclogical basis for such increases is unclear,

Sympatﬂetic actzyation of the adéena] cortex and a reduced
hepatic metabolic clearance rate abpear-to be important,
However, in spite of a significant increase following exercise,
most values remain within the normal raﬁbe for females (Shanaold
et al. 1981). Androgens do not appear to be increased by
weight-training exercises {Fahey et al. 1976, Hetrick & Wilmore
1979, Weiss et al. 1983) 1in females.

SUMMARY :

A number of conclusions c;n be drawn from the literature
reviewed herein.‘ These are summarized below. Acute exercise
could be considered a powerful stimulus for specific hormoneg.

-The aonadotrophin response fto exercise remairs
controversial, ﬁSome studies showing increased either LH or FSH
whereas others did not report changes. fne possibility remains
that gonadotrophin changes are related to the estrogenic status
of the individual (Keizer & Bonen 1984). Since there are great
interindividual variations in estrogen status (especially in
athletes), one could theoretically expect wide variatioﬁs in
gonadotrophin respbhse to exercise. More studieslmonitoring the
cyclic nature of gonadotrophins over longer periods of time are
needed to furtherlelucidate LH and FSH behaviours. .

Ovarian steroids (i.e. estradiol and progesterone) show

normally increasing values with exercise. A number of studies

{
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have shown a significant estradiol increase during an acute bout

of exercise. It appears that this increase is mostly due to a

substantia11y reduced metabolic clearance rate rather than an
increased secretion (Keizer et.a1. 1980). Progesterone showed
siﬁnificant increased in all the 'studies reviewed. Jurkowski et
al. {1978) found that both steroids are affected by the phase of

the menstrual cycle.

Androgéns are, in most ;ﬁxtggggg},;ugmented by acute aerobic

exercise. However, the statistically significant post-exercise

increases reported in the studies reviewed are well within the
normal female range (Shangold 1981). Furthermore, andfoéens of
Tewer biological potency (i.e. androstenedione and -
dehydroepiandrosterone) are alsq increased following exercise.

Tt is possible that the increased androgen production is due to

adrenal rather than ovarian activation {Loucks & Horvath 1980).

2.3.3) BASAL ENDOCRINE ADAPTATIONS TO EXERCISE:

In general, exercise induces acute changes in hormonal
levels. However, it is difficult to make any significant
conc1usioni regarding long-term endocrine changes related to
acute exercise regimens, i.e. that acute hormonal response to
exercise doés not necessari1§ mimick the long-term effects of
exercise. Furthermore, it is important to establish the basal
hormonal values in Tong-term trained athletes in order to assess
the possib1e repercussions on the reproductive system. The
effects of chronic and intense exercise cn the basal hormonal
levels will be reviewed in relation to the c]inical«repercuésions

resulting for such changes.
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A) Basal gonadotrophin levels in’fdﬁa—term trained subjects:

There is a growing interest in the‘impa;t of high-intensity
exercises on the hypotha]amus-p%tuitarién axis. Some authors
propose that a part of exercise-induced amenorrhea may be due to
changes in this particular axis.

Since the level of competition and the demand of training
far exceeded those‘of several years ago, Dale et al. (1979)
undertook a study to. define the characferistics of Tong-term
trained runners as well as to define their endocrine profile. In
their study, womea competing in a marathon (N=168, age range &
18-48 years) were divided into 3 groups:

1)  runners (those running more than 30 miles/week at a

good paée and”daing also speed training)

2) joggers (those running 5 to 30 miles/week at a slow

and easy pace)
3) controls from hospital personnel

J Endocrine -data comprising 1 sample every 7th day for 4 weeks
were obtained from 18 controls, 14 runners and 6 joggers, and
questionnaires together with other measurements were performed on
the remainder of the subjects. Their results indicatéd that the
3 groups were quite similar with respect to age, he%ght,
education and occupation.

Runners were defined as anovulatory Qhen progesterone levels
remained below 2.0 ng/ml in the 4 consecutive sampies. Ovulatory
cycles were characteristic of 85%, 67% and 50% of controls,
joggers, and runners respectively. 1In both groups of athletes

anovulatory runners showed consistently Tow to low-normal
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gonadotrophin levels for both FSH and LH. 'In addition, both
Qonaéotrophins did not show a'cyc1ic pattern, characteristic of a
normal menstrdal’éycle. The authors concluded that the
‘gonadotrophic pattern was 1ndicative of primary or secondary
hypotha]amié;pitqitar1an dysfunction, When relatively young
athletes are studied, the effects of exercise become even more

apparent. Weicker et al. (1984) looked at 97 athletes (17 = 7
years) randomly selected fromg% group of 300 German top athletes.
In this group, 8% of the ath]efés sufferred from primary -
amenorrhea, 23% from_secondary amenorrhea, 21% were anovulatory
while the remainder of the group had normal cycle. When training
- exceeded 10 hours per week, hormone levels were significﬁnt]y
Tower. The authors concluded:
"The results of the hormonal investigation indicated
clearly that the coacentrations of gonadotrophins
and ovarian hormones depend‘on intensity and duration
of ihe training as wé11 as on the onset of competitive '
sﬁorts." (p.202) : |
Swimmers represented a good study group due to their rigorous
training schedulies, especially at a young age. Russell et al.
(1984a) studied 6 young swimmers {mean age 14.8 vears}, adult
runners (30:? years, N=7) and controls (25 years, Nf?) selected
to match the other aroups with regard to height, weight and
percentage of body fat. Swimmers became oligomenorrheic (no
menges for the last 2 months) when training was vé}y intense (5
days/week, up to 5 hours/day). Runners had normal cycles and
* they ran 6 days/week for 25-30 miles. The LH surge, &

prerequisite for successful ovulation, was present in 1 swimmer,
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L4

and in all runners and controls. Furthermore, basal LH levels
were significantly lower in swimmers when compared to controls.
However, no changes were seen. in_FSH values between the 3 groups.

The table below summarizes the gonadotrop1n values for all

groups:

swimmers runners ’ controls
FSH 6.8 +7.0 .. 6,11 1.8 7.6 £+ 2.0
LH 32.3 + B.8 39,0 £ 29.9 ‘ 79 O + 88.0

. The authors suggested that the low LH levels in
oligomenorrheic swimmers could be related to ifsreased levels of
B-endorphins and catecho]esgrogens. This suggestion will be
discussed in more detail further on.  In a-second study, Russell
et al. (1984b) studied 13 swimmers during peak training .(100,000 .
~ yards 6f swimming per week) and during "moderate" training
(30,000 yards/week). Heavy training induced oligomenorrhea in 5
athletes and normal mepses resﬁmed following a reduction in
training. Endocrine data of swimmers (mean age 14.4 years) were
compared to that of a control group (19.0 years, p < .01).
Despite the lack of signifiZant changes in body fat between both
training regimens, there were significant reductions in
édnadotrophin values during periods of heavy-training, The table

below summarizes the median gonadotrophin changes:

N
changes swimmers 1s
intense training moderate tra1n1na

tH(mIU/m1) *10.9 + 2.8 22.9 £ 5.7 (/, 23.1 = gO,S
FSH(mIU/m1) 6.54 = 2.1 **20.2 + 5.1 ***10,9 + 3,5 °
*different from moderate swimming and from control (p = .02)
**different. from intense swimming (p = .001)
***different from intense swimming (p = .04)
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Thus, déépite the fact that young age per se could affect
gonadotrophin secretion it appears in this study that variation
in exercise intensity can have a substaptial effeét on
gonadotrophin release. 'Bonén et al. (1981) obtained different
'find%ngs. In this study,.4 teenage swimmers (15 to 19 vears)
were ﬁompafed to a'fegnage contro1'group {N=4, 16 to 18 years of
age) and to an adult control gfoup (nﬁmber of subjects and age is
undefined). The first striking‘finding was that.training and age

markedly altered the menstrual cycle.

sw1mmers adults teenage
%?tle 1enqth(days) ***20 0+«£1.8 28,5 £ 3.4 28.3 £ 6.4
follicular phase _ . :
(days) ' ©mmmmm—eee- ———-- no differgnce---=wu-mmoomo-
luteal phase(days) 4.5 % .6* 13.4 = 1.+ . 7.8 £ 3.0*%

*s1gn1f1cant]y d1fferent from teenage confro1 (p < .05)
**significantly different from adult controls (p < .05)
***s1gn1f1cant1y d1fferent from both control aroups
Before the LH peak (1 e. dur1ng f0111cu1ar phase) LH
patterns were re]at1ve1y similar with LH Tevels beTng higher in
the swimmers when compared to both contrd1 grbups (p < .05).
During the 1pfea1 phase, differeﬁces betWeeh 17 groupg were not -
significant. The characteristic FSH peak was not observed in any
of the swimmers and it showed 1ittle changes throughout the .
cycle. Levels.of FSH in swimﬁer§‘were therefore significantly
debressed,{n both phases when compared to both control groupEQ
Changés in both gonadotrophins'lead‘ﬁo a siqnificanl1y-reduced
(p < 05)\FSH/LH rat1o throuchout the cycle when compared to both \
. cbntro] groups. The authors suggested thatk de;reased-FSH and

~

' ’fimbalances in bH may account for the improper follicular growth

Fy

Al
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» . . 1 -
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and maturation in swimmers.

;n symmary, it would appear that when exercise is intense
enough to'cause minor menstrual abnormalities (in this case,
mostly 01igﬁmenorrhea), 1ow“to Tow-normal levels of LH are almost
always seen (Dale et al. 1979, Russell et al. 1984a, Russell et
al. 1984b, Weicker et al. 1984, Bonen et al. 1981). Furthermore,
FSH is most often decreased as a ‘result of heavy training (Dale
et al. 1979, Russell 1984b, Bonen 1981, Weicker 1984, Russell
1984a). Indeea, both gonadotrophins are decreased propbrtiona]ly
to the volume of training (Weicker et al. 1984%. However, the
use of teenaged athletes in most ;tudies is of concern since *

gonadotrophin changes could be partly due to young age alone. In

this regard Bonen et al. (1981) demonstrated that teenage and

~adult controls are relatively similar from-a gonadotrophin

~standpoint and exercise caused a decrease in hormone values

greater than wha£.c0u1d he due to_;he young age of the subjects
alone. These low bésa] values for both.gonadotrophins suggest a
mild hypothalamic-pituitarian dxsfpnction (Dd]e et al. 1979) dnd
this'}mpairment could be due to increésed levels of g-endorphins
or catécho]estrogens (ﬁusse]] et al. 1984b). This hypothesis
will be discussed in greater details 1é?er on.

B) Basal estradio] and progesterone Thvels in long-term trained

subjects:

That. regular and high-intensity training decrease

. gonadotrophin levels raises the possibility that there could be

some repercussions at the level of the ovaries.

In their study of estrogen concent%aﬁﬂpns in women training

&

g
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for a marathon, Boyden et al. (1983) studied a group of runners

‘(initially running 15 miles/week) who trained 14 to 15 months in

order to complete a marathon. Blood samples were obtained when
their weekly mileage was increased by 30 and by 50 miles/week.

Estrone and estradiol are shown below:

Baseline 30 50
Eé(pg/ml) : 70.6 + 13.9 3.6 + 8.7 33,6 + 4.8%
El(pg/ml) 52.6 = 3.2 . 48.8 £ 2.9 44.7 + 3.4

*significantly different from baseline (p = 0.03)
Estradiol, the main esfrogen showed therefore a gradual decrease
as  training load increased. Ciinically, 18 out bf 19 runners
reported.aﬁsubéeetive4ééereésé in menstrual blood loss as a
result o% the decline in estrogen status. Surprisingly however,

no one became amenorrheic during training despite a rather heavy

training program. The same kind of results were reported by Da]é
&

et al. {1979). Their analysis of runners, joggers and controls

showed significant differences in the menstrual pattern of the 3

groups:

Controls Runners - Joggers

# menses/year 11.8 + ,92 9.16 + 4.04 10.33 = 3.23

. oligo/amenorrhea  (2/54) 4% ~ (30/89) 34% (5/22) 23%

Runners had less (p < .05) menstrual period per vear and they
reported a 1igHter blood flow during menses (p < .009). 1In
addition, the estrogen concentration was in the low-normal range
for runners. bThe-study of young éwimmers and éunners vielded
bas1ca11y comparabie results tp- those reported previously

—~——

(Russe]l et al. 1984a). Six swimmers (tra1n1na 5 davs/week,
1
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up to 5 hours/day) were compared-to 7 runners (6 days/week, 25-30
miles/week) and to controls {N=7). As shown in the table, basal

values are reduced (p < .1) in both groups of athletes:

Swimmers Runners Controls

Estradiol (pg/ml) 74 = 56 108 + 40 286 + 232

On average, swimmers trained harder than the group of runners and
they showed the lowest estradiol values, suggegt{ng that the
increased gntensity and duration of training is of importandé‘in
the reduction of estradiol. In another study, 13 swimmers were
compared during two phaseé of their training program (Russell et
al. 1984bi. Median estradio] 1ebeis during strenuous exercise
(52 pg/ml) were not different from those obtained during moderate
exercise (65 pg/ml}. However, both levels were significantly
Tower than controls. As suggested by the authors, the Tow*levels
of estradiol during moderate exefcise may have preventea a
further decrease during heavy training. Therefore, estradiol
concentratibn may-not decrease further once a re1ative1§ 1ow
concentration is already attained.
. ¢ =

0f interest are studies investigating the changes in
estradiol and progesterone concentrations. Ronkainen et al,
(1985)‘c6mpared 18 endurance runners {amongst the top 10 in their
respective category in Fin]and) and 13 non-competitive joggers
Ctrained for 3-10 years, 2-5 timeg/week, 15-70 km) with their
respective control groups (12 and 11 subjects respectively}.
. Both groups of athletes were evaluated during periods of light

(fal1) and heavy (spring) training. Blood samples were obtained



74,
twice ddfing the follicular and Tuteal phase in addition to one
sample withdrawn 5£ ovulation time. Ultrasonographic
examinations of the ovaries were performed to assess
folliculogenesis. Surprisingly. seriously disturbed fo111cquge-

nesis was more frequent during the light training phase with

runners showing consistently higher incideqce§ of disturbed

_ ~ . ;
folliculogenesis: - T
Light Tra1n1€g Heavy Training
Runners/controls 61% vs 17% (p-< .02)  36% vs 0% (p < .05)
Joggers/controls 8% vs 18% (NS) 8% vs 11% (NS)

W
At various points during their cycles, runners showed

significantly lowered estradiol and proge;terone concentrations:
fhe authors concluded that lowered E2 and P concentrations along
with-diéturbed folliculogenesis are good indicators of a
depreased ovarian activity. Furthermore, the data suggests that
the di;‘Urbed follicular development begins in the follicular
phase; Therefore, the decreased progesterone concentration seen
in the luteal phase would be a direct coneequence of impaired
follicular deve1epment during the follicular phase rather then
being a direct consequence of exercise. In a study reported &
previbusTy, Bonen et al, (1981) analyzed the chronic estradiol
and progesterone adaptation to a heavy swimming program. These
teenage swimmers (N=4) were compared to teenage (N=4) and adult
controls. Estradiol was similar between swimmers and both
contfo] groups during the mid-follicular phase but it was
significantly (e < ,05) lower in swimmers.during the Tuteal

phase. The progesterone secretion pattern was also altered as a

r
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result of training. Progesterone concentration was increased
during the follicular phése in 3 out of 4 ;wimmers. In fact,
values were almqst double the adult values. During the luteal
phase, significantly lowered progesterone values wer% found in
swimmers; an indication that the corpus luteum failed to
function. This is the ffrst study- showing an "inverse"
progesterone pattern following long-term exercise. As shown
previgusly mid-luteal progesterone 1§ve15 are also reduced in
menstrual cycles where training was intense'(Shangold et al.
1979, see Sh;m'golq 1985).

A universal finding is‘that basal estradiol concentration
are significantly lowered in different groups of ath1ete; -
undertaking heavy training programs (Boyden et al. 1983, Dale et
al. 1979, Russell et al. 1984a, Ronkainen et al. 1985, Bonen et
al. 1981). However, when low estradiol levels are reached (50-60
pg/ml), it appears that an increase in training intensity w0u1d
not decrease_further‘the estradiol concentration (Russell et.al.
1984b). This lowered estradiol concentration results in reduced
biood 1oss_during menses.(Boyden et al. 1983) or in less
menstrual cycles per vear (Dale et al. 1979). The impaired
folliculogenesis as a result of low estrad%o] concentration could’
in turn reduce progesterone concentration (Ronkainer et al.
1985). Progesterone has been shown to decrgase following
training (Bonen et al. 1981). It has been suggested that this
wouid be a consequence 6f a reduced ovarian activity.

) Basal androgen levels in long-term trained -subjects:

Popular beliefs have always given a lot of credit to

)
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androgens for their role in successful athletic performance (i.e.
muscular hypertrophy of the female's body, agressive behaviour
necessary for successful participation in sports, etc.) .
However, there is a_striking paucity of information dealing with
the long-term effects of exercise on androgen concentrations,
especially in females. Furthermore, controversial results have
.heen obtained which make any conclusians very speculative,
at least at this point in time. Dale et é]. (1979) compared the
basal testosterone va1qés of controls (N=18), joggers (N=6) and
runners {N=14). A highly significant difference (p < .001) was
observed between the runners and the controls {.41 ng/m} vs .33
ng/ml respectively) with joggers exhjbiting somewhat intermediate
values (0.38 pg/ml). One may however question the physiological
significance of such small difiference {0.08 ng/ml) especially
when one considers ¥ha£ interassay variations are subject to an
average of 10% in variation. In their experjenée reported
brevious1y, Boyden et al. }1983) trained 19 runners for a

marathon. Basal values are presented when weekly mileage 1is

‘increased by 30 and by 50 miles/week.

Baseline 30 50
T (pg/mi 242.0 + 29.2 206.3 + 20.8  222.5 = 32.6
Free. % (%) 1.1 £ 0.1 1.2 2 0.1 1.2 £ 0.1

No significant variations were seen for either values during the
training program. In a study, basal testostérone values have
even been shown to decrease when training of high and low
intensity were compared (Ronkainen et al. 1985}. When highly |

trained endurance runners {N=18) were compared to a control

~

)
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group, a significant decrease only in the basal testosterone was
observed during the high-intensity training. However, non-
competitive joggers (N=13) showed no differeﬁce with their
respective control group in basal testosterone values, 2 result
which would support the necessity of e high intensity threshold
in triggering endocrine -changes.

In summary, no definite conclusions can be made at this
point with regard to'basal androgen values. It is unfortunate
that androstenedione was not analyzed in conjunction with
testosterone in any of the studies reviewed here. Despite its
lTow biological potency, androstenedione is secreted to a greater
extenf in the female body and on this basis could have an
important biolcgical effect. The unehanged testosterone free~-
fraction reported by Boyden et al. (1983) is of interest since
free-testosterone is the only fraction exerting a biological
action at the tissular Tevel. Therefore, studies lcoking at the
androgenic changes following exercise should measure the freee

form due-to its biological importance.
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SECTION IV: POSSIBLE MECHANISMS TO EXPLAIN THE ETIOLOGY OF

EXERCISE INDUCED AMENORRHEA:

The exact mechan1sms by which exeréqse 1nd9ced changes in
‘basal hormonal levels anJ\taQsequent1y amenorrhea is unknown.
Several mechanisms have been proposed. The evidence presented at
this pqint'is however inconclusive. Thus, the preliminarv facts
presented should be viewed as tentative until they have been

subjected to well-controlled studies.

2.4.1) ENDORPHINS:

Endorphins are neuropeptides secreted in the brainﬁgn
response to various stimuli. Their involvement in many
.physiologica1 processes has been proposed, notably in
gonadotropin release. %\

In response to exercise, B-endorphins are secreted in
substantial amounts (Carr et al. 1981, Colt et al. 1981, Gambert
et al. 1981, Farrell et al. 1982, Fraioli et al. 1980, i yn
1984). However, wide Vﬂr1at1ons in endorphin response o
exercise have been reported'(Farrel1 et al. 1982), mak1ng
statistical analysis difficult. In a review of the effects of
exercise on endorphins, McArthur {1985) reported significant
increases of endorphin concentration over basal values in all
studies utilizing women as subjects. A1l studies reported
increases of at‘;east 100% over basal values with most of them
ranaing from 200% to 300%. There:was also a tendency for the

more intense exercise to cause a greater increase in endorphins
s

~a1though this was not universal. Furthermore, training per se
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seems to facilitate endorphin release-(Carr et al. 1981);
suggesting higher absolute levels following exercise in
well-trained athletes.

Interest in endorﬁhins_in the etiology of exercise-induced
amenorrhea stems froﬁ recent research in neuroebdocrino1ogy
depicting the inhibitory effect of exercise on the hypothalamo-
pituitary'axis. In rats, the injection pf endorphin inhibit LH
release {Akil et al. 1976) and the same phenomenon has been
reported in males (see McArthur 1985, Reid et al. 1981). .
Naloxone, an inhibitor of endorphin actijon, has been shown to
increase basal LH and FSH levels in rats (Akil et al. 1976, Bruni
et al. 1977, Blank et ai. 1979, Cicero 1980, Meites 1980). In
‘women, naloxone affects LH 1eve1s bn1y in ceffain phases of the
mé%strdal cycle: MNaloxone had no effects during the early
follicular phase whereas LH levels of the late follicular and
mid-luteal phase were increased suggesting that the role of
endorphin is relatively dependent on high levels of estradiol and
progesterone (sea\McArthur 1985, Quigley & Yen 1980, Yen et al.
1985}, It is generally accepted that the inhibitory action of
endorphin on LH occurs ét the hypothalamic Tevel, probably by
decreasing LH-RH release (Akil et al. 1976, Biank et al. 1979,
Bruni et al. 1977, Cicero 1980, Cox & Baizman 1982, Moriey et al.
1980, Quigley et al. 1980, Quigley & Yen 1980).

Several researchers have postulated a role for the exercise-
induced increase in endorphin concentration in exercise-induced
'amenorrhea (see: Cumming & Rebar 1983, Drinkwater et al. 1981,

Speroff 1981, Wall et al. 1983, Ziporyn 1984). The assumption
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was based on the fact that an increase in endogenous endorphins
would inhibit gonadotropin release, in turn affecting the steroid
bidsynthesis and the follicular development. Howevetr, no
controlled studies can present]y.substantiatg ;his hypothesis.

In %act, preliminary results tend to disprove this‘hypotheéis.
Cumming & Rebar (1983) claim the effects of Na1pxqﬁe on LH
secretion., None of the 4 amenorrheic runners tested showed an
increased LH secretion following Naloxone infusion. Furthermore,
apenorrheic athletes do not show‘an increased basa{ production of
- endorphin (see Wall et a%, 1983). Finally, it appears that the
inhibitory action of endorphin is dependent'og‘high Tevels of
gstradio1 and progesterone (see McArthur 1985, Quigley & Yen
1980, Yen et-al. 1985) whereaéﬁath]etes normally show decreased
basal values of both hormones as reported ﬁrévibus]y. " Thus,
there is presently Tittle evidence to supportAthe role of
endorphins in the etiology of exercise-induced amenorrhea.

)

2,4.2) CATECHOLESTROGENS

Most studies clearly show decreased levels of estrogen in
athletes when compared to the sedentary population. Recent
evidence suggests that in addition to Tow estrogen levels,
athletes have increased levels of catecholestrogens.

Catecholestrogens are by-produces of estrogen metabolism and
have been suggested to play a role in exercise-induced
amenorrhea.‘ Martucci & Fishman (%P76) suagested that they act as
antiestrogens-since they have a high affinity for uterine

cytosolic receptors despite their-lack of uterotrophic activity.
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The antiestrogenic properties of catecholestrogens were also
suggested by Pa}Qizi & Ellendorf (1980). Furthermore, Davies et
al. (1975) showed their appreciable affinity for receptors of the

“hypothalamus and the pituitary, maﬁing them possjb1e competitors
for estrgdjol. Thus, it is thought that highq1eve1s of
catecholestrogens may inhibit the action of estrogens at the
level of the uterus and at the hypotha1amo-pituitéry level.

Studies were undertaken to evaluate the effects of exercise
an the endogenous production of'catecho1estrogens. Russell et
al. (1984a) compared swimmers (N=6, very strenuous training
prﬁgram) to runners (N=7, moderate by intense training) and toi
coptrols (N=7). Swimmers trained 5 days per Qeek, up to 5
hojrs/day, averaging 60,000 to 100,000 yards/week.whi1e runners

an 6 days/week for a total of 25-30 miles. A1l swimmers had
reqgular cycles before oligomenorrhea was induced'by training
while runners and controls had regular cycles. Basal levels of

_estradiol and 2-hydroxyestrone (a catecholestrogen) were measured
L}

for each group:

Shimmers (N=6) Runners(N=7)  Controls{N=7)

£2 (pg/m1)i _ 74 + 56 108 = 40 276 + 237

2-hydroxyestrone ‘ 4
(pg/ml)’ 90 + 13 83 13 - 44 4+ 6

LH {1V/m1) 32.3 + 8.8 39.0 = 29.9  79.0 = 88.0

Basal values of 2-hydroestrone were sig*ificaﬁt1y efevated
{p < .01) in both groupé of athletes whi;gxéstradiol was
significantly reduced (p < .05) in both‘grouﬁs of athletes.
ATthough not-reported, the acute post-exercise values 6f

catecholestrpgen were algo sigrificantly elevated when compared

L]
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to pfe-exercise values in both athletic groups. The authors

concluded that exercise did indeed shift the estrogen metabolism

from the 16-hydroxy1ati6n to 2-hydroxylation, producing increased
amount of catecholestrogens. Furthermore, tﬁey suggested that

the decreased LH Tevels seen in the“oligémenofrheic groups

(swimmers) can be related to the increased endorphin and

catecholestrogen levels. ' Another study ﬁiifuﬂﬁgafaken to compare ]
two exercise intensities in relation to the catecholestrogen
production (Russell et al. 1984b), Heavy training consisting of

100,000 yards/week of swimming induced oTﬁgomenorrhea in all 5

restored normal ménses. In addition, 6 sedentary women with
normal cycles served as controls. Variations in training
intensities did not change the relative adiposity of athietes.

The endocrine values are summarized below:

¢

Hormones Controls - . Swimmers
Moderate Strenuous
QéGO,OOO yards) (100,000 yards) -
LH (MIU/m1) 23.1 % 10.5  22.9 + 5.7 10.9 = 2.8
FSH (MIU/m1) 10.9 + 3.5 20.2 £ 5.1 6.5 £.2.0
PRL (ng/m1l) 10.8 + 15.0 10.6 + 3.6 1.36 + 0.9 *
E2 {pg/ml) 264 + 253 61.8 + 16.8 76.8 + 61.9 °
Catecholestrogens
(pg/m1) 35.3 = 7.5 28.0 £ 1.2 92.4 +12.8

T

Heavy tra}n{gg induced very significant changes in hormonal
pattern. Catecholestrogens were significantly (p < .001)

1ncrea§ed during the strehuous exéﬁ?eégﬁprogram while moderate l?
intensity had no significant effect. |

On the contrary, estradiol levels during both exercise
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intensities were significantly reduced when compéred-to contrO}s.{_
Thus, increased levels of catecholestrogens were seen during
intense exercise, a periéd during which all swimmers were
oligomenorrheiq. . %

In summary, exercise appears to exert a rather significant

effect on the endogenous catecholestrogen concentration. ~Since

‘menstrual irregularities developed during perigds of

heavy-training, i.e. when catecholestrogén are increased (Russell

et al. 1984a, 1984b) it is tempting to_;hg st a role for these

metabolites in the etiology of exercise-inducdd amenorrhea:

Their possible interaction with cytoso]i; rechtors_}n the uterus
or iﬁffhe hypothalamic-pituitarian axis are th .DFODOSedeathw;;S% i
by which they could reduce the b{ologicai activity of éstrogens

and consequently affect the mens%rual'cyc]e.h

2.4.3) BODY FAT:

The possible influence of body weight a&ﬁ/or body5
compo;ition in the etiology of exercise-induced amenorrhea has
received a lot of attention in recent years. 1t became a‘popu1ar
risk factor for athletic amenorrhea since athletes and anorexic

subjects both demonstrate a high incidence of amenorrheéﬂthat is

~ thought to result from a decreased peripheral conversion of

andfogens to estrogens due to low body fat.

.The eaf1y'w6fk of Frisch & MEArthur (1974) supported this
theory. Two major conclusinns s@ém’from their 3 iongitudina]
studies performed with 181 ado1escent.gir1§:

1)  a minimum of 17% body fat was necessary for onset of
o . .




—cycles. It is presently difficult to estimate the exact role of
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menarche
h]

2)*"}a.min%mum of 22% body*fat was necessary for maintenance

or restoration ofiiorma1 menses.
From this study, a nomogram was calculated and ‘critical weight
for height va1ues\const1tuted a threshoid for a normal menstrual
pattern. Thus athletes or other subjects falling belowﬂthe

calculated threshold were expected to have abnormal menstrual

body composition in the etiology of ath1étic amenorrhea, If an
association exists, it is probably much more complex than first
thought.

Most of the recent endocrine studies of amenorrheic athletes
included body compasition measurements. In numerous studies, a
subgroﬁp of oligo/amenorrheic athietes were compared to their
reqularly cycling counterparts. QOligo/amenorrheic athletes were
showri repeatedly to have significantly lower écores in ‘several
anthropometric-ﬁeasurements such as relative adiposity,
percéentage of ideal wéfght, and fat weight (Carlberg & Riedese]
1975, Carlberg et al. 1983, Feicht-Sanborn et al. 1982, Frisch et.
al. i983, Galle et al. 1983, Schwartz et al. 1980) whereas other
studies failed to report significant differences (Baker et al,
1981a, Abraham et al. 1982, @ian et al. 1984). Despite such
findings, recent reviews concluded that body fat was not
important in the etjo]ogy-of this disorder {see: Bonen 1984,
Drinkwater et al. 19811. ‘Iﬁ fact, the recent trend in the

.1iterature favors the exercise intensity and thg energy drain ég

being more important factors than body composition (Abraham et

il
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al. 1982, Pian et 31, 198%; Russell et al. 1984b). :

The relative importanée of body fat in the etioloay of
exercise-amenorrhea is thought to be” 1inked to the abiiity of fat
tissue to-convert andrggens to estrogens. Thus, it was

hypothesized that athletes with low body fat have a decreased -

ability to obtain estrogen from peripheral conversion, It has

"been suggested that this metabolic conversion is of importance

during ado]escenc(é (see -Editorial 1982) but, during adu1f 1ife,

peripheral converéion is a negligible source of estrogen in
comparison to the gvarian production of estradiol {Shangold 1985,
see Bonen & Keizer 1984, Longcope et al. 1969). Furthermore, it

has been shown at least in males, that the musculam tissue can

. convert androgens to estrogens (Longcope et al. 1978). Thus, it

may be hypqthesized that in athletes, an increased muscle mass
may compensate for the decreésed bodv fat, keeping the rate of
peripheral cdnversion constants

In summary, the importance of body fat and/or body weight in™
the etiology of exercise-induced amenorr(;a is rather puzzling.

Although some studies {@ian et al. 1984, Baker et al. 198la,

Abraham 1982, see Bonen 1984, see Roundtable 1981} could not
demonstrate a significant relation between the two variabies, the
majority of studies-(Frisch & McArthur 1974, Feicht-Sanborn et
al, 1982, Car]berg et al. 1979{ Carlberg et al. ¥83, Schwartz et
al. 1980, Galle et al. 1983, Frisch 1983) still demonstrate an
association between the two variables. The amount of adipose

tissue is, according to this theory, too low in.athletes to

provide an adequate extragonadal ‘source of estradiok. However,

4
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the results from Longcope et al. (1969} (see also Bonen & Keizer

1984) suagest that the arcmatization of.testosterone to egtradiol
is insignificant in comparison to estradiol synthesis by the
normal ovaries. In-addition, the ability of the muscle tissue to
aromatize androgens to estrogens (Longcope et al. 1978, see Bonen
& Keizer 1984) would probably balance the low adiposity of
athletes. If the relationship betwéen bodv fat and amenorrhea
exists, a possible e-xp1anat1'on may be that the increased »
catecholestrogen production in Jeanaindividuals (Fishman et al.

1975) may impair the biological effects of estradiol.

2.4.4) DIET: T

With increasing standards in all competitive disciplines,
athletes have to mq}ntain an optimal percentage of body fat
almost all year 10ﬁ§$ﬁ For this reason, medical authorities are
now concerned ﬁith foqd aversion and excessive yeight loss, that
are increasing in popu]ari%}rémong the athletic population (see
Jacobs 1982, see Smith 1980}. The.same behaviar is found in
anorexic patients, a group with a particularly high risk for
amenhorrhea. Furtherm;re, some have speculated Phat nutritional
deficiencies may at least have a secondary role in amenorrhea.
In addition, vegetarien diet is relatively popular among athletes
and it has been linked to an increased incidence of amenorrhea,

- 0f all athletic activities, ballet dancing is definitely one
of the activities with the hﬁst stringent requirements for a low

\
body fat. An analysis of thi dietary habits of 25 dancers

(dancing 40 hours/week) was ﬁndertaken {Calabresse et al. 1982},
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* The average caloric intake was 71.6% of the recommended daily

allowancé (RDA) for the reference woman of similar height and

weight with some dancers with some dancers eating even less:

76% of dancers ate less than 85% RDA
40% of dancers ate less than 60% RDA

20% of dancers ate less than 50% RDA

Protein intake was low especially in the face of caloric deficit

and the vitamin intake was also reduced:

n .

Percent of dancers . Percent of dancers with
eating less than . deficit EVEN AFTER
85% RDA supplementation

812 84% 52%

A : 52% 40%

D ' 92% 80%

Iron = - = 96% 76%

Calcium 68% 60% ®

Phosphorus 36% 36%

Folic Acid 96% 80%

From this study, it appears that ballet dancers are at an
increased risk of developing dietary deficiencies.

Most endurance athietes who require increased\epergy intake
normally favor high intakes of complex cérbohydrates at the
expense of‘meat consumption. Recent studies have shown a
relation between vegetarian diets and an increased incidence of
amenorrhea. In their study, Brooks et al. (1984) found that 82%
of their amenorrheic athletes were vegetarians in comparison to
only 13% for the regu]quy Tgfstruating athletes, They suggested
that végetarian diet ﬁéy be dgTﬁcient in hqrmona] precursors and
in minerals due to the absence of meat\;onsumption. Furthermore,
the evaluation of 172 active women yjelded a similar association®

(Slavin et al. 1984)., A1l subjects participated in vigorous
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physical activity dt least twice/week and were classified-
according to their dietary habits{

1) vegetarians

2} high intake of carbohydrates, low intake of fats

3) balanced diet (four grqups of food)
The incidence of amenorrhea were 31%,\l4% and 4% respectively.
‘The effects of diet may be linked to changes in hormonal
concentrations, Goldin et al. (1982) compared 10 vegetariaﬁs
{milk & eggs) to 10 omnivorous women. The fecal excretion of
estrogens (estrone, estradio],‘estriol)'were 2-3 fold higher in
vegetarian women due to increased fecal exc}étion. Plasma
concentration of estrone and estfadio1 were reduced unsignifi-'
cantly however by 15% and 19% respectively. ' .

Iﬁ summary, it is tempting to éssociate diet as a

contributing factor in the etiolpgy of exercise-induced
amenorrhea especially when one considers that some groups of
athleteg are. prime candidates for severe nutritional deficiencies
(Calabresse et al., 1983). FurtHermore, some athletes experience
food aversion {see: Jacobs 1982, Smitﬁ 1980}, a behavjor known to
result in anorexia, a disorder assaciated with an inéreased risk
for amenorrhea. In addition, an increased 1ncidencé}of athletic
amenorrhea was shown in vegetarian athletes (Brooks éf al, 1924,
Slavin et al. 1982). Increased fecal excrétion of hor@ones and
the slightly reduced plasmatic levels of estrogens in‘vegetarjans
(Goldin et al. 1982) may contribute to the etiology of

exercise-induced amenorrhea. However, the lack of conclusive

evidence warrants any definite conclusions at this point.
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2 4.5) EXERCISE-INDUCED CHANGES IN THE BASAL LEVELS OF

VARIQUS HORMONES: =

Exercise-induced changes in the basal levels of various
hormones (in particular estradiol and progesterone) could al$o{be

related to changes in the metabolism of, such compounds. For

metabolic clearance rate (Keizer et al. 1980}. It has been
hypothesized that changes in the basal metabolic clearance rate
of certain hormones ﬁay be related to amenorrhea.

" To investigate the effects of a basal increase i; renal and
hepatic blood flow on’steroid levels, Casper et al. (1984)
1njeqtéd a beta adrenergic agonist (iéoprotereno1) to 6 healthy
women. Following injection, estradiol and progesterone were
substantiallv reduced by 70% and.50% of basal values respectively
(p < .OOf-for both) whereas LH was unchanged. The authors
postulated that a chronic increase in the metaboliic clearance

rate of both steroids could lead to reduced basal hormonal Tevels

——n

" which would in turn alter the positive and neaative feedback of

these hormones on gonadotropin secretion, resulting in a possible
altered follicular developmen;. They reportéd results.from
Kejzer et al. {1980) in which the basal MCR of estradiol was
doub]edhin trained subjects when compared to unt;;?ned controls
{1439 vs €45 litres/day respectively, p < .05). Frenkl et al.
(1980) aliso reported markedly faster metabolic clearance rates
for various drugs {aTdactone, antipyrine) in athletes when

compared to untrained subjects.  Furthermore, the antipyrine was

proportional to the fitness level of 3 groups of subjects {Fre (l\_’

-
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et al. 1980). 1In addition, the.role of an increésed‘méprolic

norrhea has

also been suggested in'a recint réView‘(Bonén i984).
In'summary, a greater iﬁadtivatipn of various drugs in,
trained athletes suggest some biocﬁemical changes‘in the
efizymatic activity of the liver (Frankl et al. 1280). Athletes
have been shown to have increased basal MCR (Keizer et al. 1980)
that would be the result of increased renal and hepatic blood
flow {Casper et al. 1984}, 1Increased MCR would result in reduced
steroid concentrations (estradiol and progesterone), predisposing
to aménorrhea. 0f interest is the possible 1mpéirment of the
steroid feedback, a factor explaining increased gonadotropin
levels found in somé—;th1etes (Casper et al. 1984), Hoﬁever, the
paucify of information warrants against any d&finite cqnc1usion§

at this point.

e
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SECTION V: THE POSSIBLE SIDE-EFFECTS OF EXERCISE-INDUCED

AMENORRHEA : ‘ -

Until receﬁt1y, studies related to exercise-induced
amedorrhea focused on the possible epgoérine causes of such
disorder, Since this area is relatively new, almost no studies
-h;;e been des%gned to follow Tongitidinally amenorrheic athletes.

Since amenogrhea constitutes a disrupfion of the normal endocrine
functions, one ma¥ wonder if there co\1d e, in the long run,
side-effects on the health of “amenorrheic athletes. Thus, the-
paucity éf Tongitudinal studies make'cqnclusions about the
possible side-effecés rather difficult. Nevertheless, the
effects oF amenorrhea on bone density have been recently

investigafed.

.

2.5.1) DECREASED BONE DENSITY:

Besides the development and maintenance of ﬁormaf
reproduct{ve functions, estrogens are involved in metabolic
prbcesses, notablyv {n the fixation of ga]cium on bones. One of
the most significant effects of chronic and intense training is a
significant reductéon in the estrogenic status of the athletes.
Therefore, one may assume that decreaséd estrogen levels coﬁ1d
result in an impairmgnt of. calcium fixation, However, exercise
has been shown-td increase bone density via increased stimuli at
the bone ievel, Thus, it is rather difficult‘to predict which'
effects may overr@de the other. _

Several studies weré’therefore undertaken to study the

effects of exercise and amenorrhea of the calcium content of

-

)
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bones. 'In their experiment, Drinkwater et al. (1984) compared -
bone mass_o% 14 severely amenorrheic athletes (not more than- 1
ﬁenses in the last jear) wiEh 14 eumenorﬁﬁeﬁ% athletes selected
to match in height, weight, sport, participation, age, etc.
Subjects reported to the laboratory on 4 occasions atﬁ?-day
~intervals for endocrine determinamionlby«RIA and for_‘
determination o¥ bone mass by photon absorptiomefry using_? sites
on the forearmland on the Spiia1 cqyd. No differences were seen
between amenorrheié and eumenorrheic athletes 1n.a11 physical
character:stics except for the weekly mileage (42 for amenofrheic
runners vs 25 for éumenorrhéic).' Tﬁe endocrine analvsis of both
groups suggests anovufation (values < .65 ng/ml for progesterone)
in 13 of 14 amenorrheic athletes whereas 11 of 14 of
gumenorrheic athletes had ovulatory cycles. Furthermore,

estradiol values were significantly reduced in amenorrheic

athletes (39 pg/ml vs 107 pg/ml,p < .01) as shown-in the table:

& . AM E- P
Estradiol (pg/ml) T

Mean 38.58 = 7.03 106,99 =+ 9.80 01

Peak 67.75 + 13.77 205.39 = 70.6 - 01
Progesterone (ng/ml) .

Peak 1.2 + 1,00 12,75 = 2.4 01
Testosterone-{ng/ml) 0.47 + 0.04 n.42 + .04 NS
Prolactin (ng/ml)

Peak value 23.73 £ 3.74 44,74 + 7,34 . .02

Mean 17.04 £ 2.28 33.96 * 6.80 .02
Bone measurements

AM E P
Radius (S1) / _
mineral content(g/cm) .89 '+ .03 B85 + .03 NS
mineral density(g/cm2) .54 £ .02 .54 + .01 NS
Radius (52) \\ e
mineral content{g/cm) .91 £ .02 .88 £ .03 NS
mineral density(g/cm2) .67 = .02 67 = .02 NS
Vertebrae {g/cm?) 1.12 + .04 1.30 + .03 .01
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THus, bo;h—siteé on the radius showed no significant differences
in térmglof boée mineral content or bone density but the mineral
density at the lumbar vertebrae was significantly reduced in
amenorrheic athletes. Nheﬁ the values for vertebral miner§1
density were compared to those reported in another study (N=120),
the vaﬁues from the eumenorrheic athletes were similar to what
‘could be predicted by an age-based regressioni In contrast, the

average bone mineral density of amenorrheic athletes was

equivalent to that of women 51 years of age. Difference in

.

vertebral bone mineral density occurred despite similar diets in

both groups notably in terms of intake of ?alcium. The authors
concluded that exercise did not pfotect amenorrheic athletes from
an apparent loss of vertebral bone despite unchanged values for
the radius. The effects of a more strenuous training program on |
Pone composition were investigated in !1 marathon runners (Marcus
igt al. 1985), These subjects were severely amenorrheic. i.e., no
ngfes for the last 1 to 7 years. They were compared to 6
regular women runners-and to sedentary controls (N=20). Both
groups of runners ran an average of 93 km/week (range: 56-160} in
addition to sevéral hours of bicycle riding, swimming and weight
training. Mineral density of-tﬁé'fir t and second lumbar

vertabrae (trabecular Qpne) and of the rakius {cortical -bone)

n absorptiometry

were measured by computed tomography and pho
respectivé?y: Blood samples were obtained for endocrine
analysis. Amgnorrheic runners were vounger {p < .01), 1ighter
(p < .01) but height, mean VO,, percentage of body fat and age of

menarche were similar among both groups. The table below
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summarizes thé results for mineral densj

. Runners
Amenorrheic \\Segular Controls
spine density mg/cm® 151 + 8 182 % § 166 + 4
forearm density g/cm?  .694 =

0.1 720 % 0.1 .71 £ 0.1 NS

*  significant from controls at p < .05 and from regular

runners (p < .02)
Thus, forearm density (cortical bone) Qas similar in all three
groups whereas spine density {trabecular bone) is siénificant]y
‘reduced in amenorrheic athletes wﬁen compared to controls (p <
.0%) or_;g regular runners (p-< .02). Interestingly, one out of
6 regular runners experienced a running-related fracture while
6/11 amenorrheic runners reported it (p < .05). Endocrine
analysis€§;veaked lowered (p < .01) estradio)] values in
amenorrheic runners with the sedentary subjects having the
highest values (36.3 + 3.5 pg/ml vs 92.5 = 27.4 respectively).
The analysis of the diet revealed unexpectedly low-calorie
intakes in athletes (1300 - 1700 kcal) despite running 96 km/week
with 40% and 50% of the reqular and amenorrheic group eatiqg
respectively 66% or less of the RDA of calcium. As shown by
Drinkwater et al. (1984), spinal bone density in this study was
also significantly reduced in amenorrheic runrers whereas
cortical bone mass was unaffected. The incidence of cértiéﬁl
bone stress fracture in amenorrheic athletes is striking but it
is ratﬁer difficult to 1ink it with the bone density status since
runﬁing mechanics and other characteristics may also influénée
it. Of particular interest is the drast%ca11y Towered caloric

and calcium intake, two factors that may act synergically with
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the- lowered estradiol value to reduce vertebral bone densityf}n
amenorrheic athletes. - However, vertebral dénsity values
predious1y reported for amenorrheic subjects (amenorrhea was not
induced by exercise) is significantly lowered than for
amenorrheic athletes (121 + 6.9 vs 151 + 8 ma/cm3 respective1y,l
p < .05), a finding suggesting that weight-bearing exercise may
partially overcome a low estrogen status. Finally, the authors
suggesteqquat'amenorrheic athletes showing low estfogen values
should increase their intake of calcium to 1500.mg, a value
recommended for postmenopausal women. The strikingly high
incidence of running-related injuries (stres§ fractures) among
amenorrheic runners was also reported by other investigators
{Lindberg et al. 1984). Five grouﬁg of ‘women were compared for
peripheral bone content {radius) by single photon absorpticmetry:
1) 11 amenorrheic rumners {no menses for the~Tast 6

months)

[ )
—r

5 oligomenorrheic runners (menses every b weeks to
6 monEDs)'

3} 15 eumenorrheic runners

4) 14 eumenorrheic controls

5) 10 postmenopausal women

Spinal bone measurements ﬁere also performed jn 9
amenorrheic runners using a dual photon absorptiometer. In the
vear preceding the study, 49% of amenorrheic runners expefienced
stress fractures compared to nore for regu]ér rJnners. However,

amenorrheic runners ran greater distances than regular runners, &

factor that could be of importance in the decreased bone

N
N

..
N
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density. In addition to vertebral bone density, peripheral bone

density (radjus) was also reduced in amenorrheic runners in. .
comparison to runners with reqular cycle or te sedentary
controls. The authors concluded that the'QEmﬁbs;Fation of
reduced bone mineral content at two sites using two différent.
metﬁod may be representative of a substantial bone loss,

'Mgomp risons of various groups of subjects yielded more

conservative results at Jeast in two studies. Parker-Jones et

al. {1985) sel

ted 39-women (18-43 years) with a dfagnosis of

secondary amenorrhea (no menses in the last year) to participate

in the study. The groups were distributed as follows: .

1} 8 runners {rinning more than 30 miles/week) with onset
of amenorrhea corresponding to the beginning of intense
training .
2 20 women-éuffering from hypogonadoivophic hvpogonadism
-associated with simple weight loss
3) 11 women with premature ovarian failure
&) 25 nonathletic women with regular menses served as
controls ' ol

In the first three groups, the diagnosis regarding amenorrhea was .

-confirmed by hormonal analysis. Bone density was determined by

direct photon absgrptiometry. The results sudgested that
exercise-induced amenorrhea Jid rot influence bone den;ity when
compared to contreols whereas both other types of amenorrhea
decrease bone density. .The authors concluded that exercise mav

therefore protect from bone loss even when Ehe estrogenic status

is decreased. However, the linear regression analysis showed a
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B fsignificantkbut modest correlation (r = 0,56, p < .001) between
the furation of amenorrhea and the!decrease in bone density
suggesting éhat, in the long run, athletes may be at risk.
Finally\ the study of Linﬁe11 et al. (1984) did not demonstrate
significant differenceé between amenorrheic runners and their
regularly cycling counteréart. Women were divided into
amenorrheic runners (0 to 3 menses per year, N=10), regular
runners {N=12) and 15 non-athletic controls. Body composition
was determined by hydrostatic weighing and bone mineral density
was measured by direct photon afsorptiometry at 2 sites along the
raa?as (wrist; forearm). A dietary history was also obtained
over a 4-day ﬁeriod to evaloate intakes of calcium anq

phosphorus. The table below illustrates the results obtained:

R

g/cm?) forearm(g/cm?)
.044 .707 046
.082 707 .069
040 . L,700 = 061

mrist
Controls .644
Am. Runners .508
Regular Runners 529

I
RSN TORES

Calcium Phosphours Ca/P
Controls 1038 + 877 1488 + 8.18 67 + .18 &
Am. Runners " 870 + 428 1260 + 459 .69 + .19
Regular Runners 884 + 417 1428 + 675. .62 = .10

g e b

I+

oIt 1+
I+ 1+

No differences were seen in bone mineral content (BMC) expressed
rQTative to body weight {BMC/BW) in all three\;;ahps, despite
similar diet and similar intake of calcium and phosphorus. Thus,
the authors concluded that the bone mineral content was
independent of the menstrual cycie. However, in amenorrheic
runners, a-positive correlation between relative fatness and

BMC/BW and between body weight and BMC/RW is of interest. The

authors concluded that amenorrhea dees not predispose to a lower

N
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BMC/BW but the combination of amenorrhea and -low body fat/Bodf
weight (coffmon in runners, see sect%on on bodv composition)} méy
result in a decreased bone denskiy. The interaction of the two
appeared to be oflimp?rténce at least in this study. By

Most studies (Drinkwafer'et al. 1984, Lindberg‘et al. 19é&:
Marcus et al. 1985) have shown a significant decrease in
vertebral bone density in exercise-induced amenorrhea whereas,
other studies could not demonstrate significant decrease in bone
mjneral density {Linnell et al., 1984, Parker-Jones et al. 1985),
Mevertheless, regression anéiyses in the latter studies showed
thét lenath of aménorrhea is related to a decreased bone density
(Parker-Jones et al. 1985) and that amenorrheic athletes of 1ow
body weight may also be ét an increased risk (Linnell et al.
1984).- Thus, the relatively thin and small athlete that had
suffered from amenorrhea is at a particular risk. 1In addition,
Lindberg et al. {1984) and Marcus et al. (1985) have shown that
stress fractures are strikingly more common in amenorrheic
athletes (50% incidence approximafe]y vs 0 to ké? in reqular
runners). This data is however difficult to interpret—since
amenorrheic athletes have been shown to run greater distances at
least in two studies {Lindberg et al. 1984, Drinkwater et al.
1984).- Interestingly however, cortical-bone density (measured at
the forearm) appeared to be unchanged in amenorrheic athletes

(Drinkwater et al. 1984, Marcus et al. 1985) whereas Lindberg et

al. (198{% found a significant reJuclion. It is tempting to

involve the estrogen levels found in most studies {Drinkwater et

al. 1984, Marcus et al. 1985, Lindberg et al. 1984) in the

o

/
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decreased bone density values but the low caloric and ca];%um
content of the diet of athletes (Margﬁs‘et al, 1985} is aﬁother
confounding variable. More studies are geeded to further
elucidate this possibie side-effect of ameno;rﬁea. Nevertheless,
the recent literature reviewed suggest that the possibility of a
aecréased bone mineral density should not be overlooked. ‘
Yertebral density of amenbrrheic athletes is however highef than
for other amenorrheic subjects (151 mg/cm? vs 121 mg/cm?®, p <
,05), a finding suggesting that weight-bearing exercises may -

partially overcome low-estrogen status.

2.5.2) REVERSIBILITY OF EXERCISE-INDUCED AMENORRHEA

Exercise-induced amenorrhea raises important questions
concerning the possible deleterious effects of exercise on the
menstrual function, especia11y if such disorder extends for long
periods of time. Since this is a relatively new area, no
lonaitudinal studies have examined the Tong-temf effects of

———

amenqrrhea on fertility.
N Fo%tunate]y for the athlete, preliminary data consistently
indicate that exercise-induced amenorrhea is reversible,
decreasing the probabi11t§ of deleterious effects cn the
menstrual function. In questionnaires given to women (N=168,
18-48 years of age), Dale et al. (1979) noted the reversibility
of amenorrhea in runners following a reduction iﬁ training.
Furthermore, the Jongitudinal study of ballet dancers (N=15)
showed that episodes of very rapid progression in puberty, onsef

of ‘menarche or reversion of secondary amenorrhea were all related

to periods of relative inactivity despite no changes in body
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composition (Warren®1980). Thus, reduced physical activity also
favor the development of the reproductive system. The
reversibi1jty of exercise-induced amenorrhea has bheen-
demonstrdted by Stager et al. (1984), -Questionnaires Qere sent
to collegiate runners (N=45), former collegiate runners (N=26)
and sedentary controls {N=78). As expected, current ath]etés had
fewer menses/year than controls (7:1 VS ld.O respectively, p <

.05) whereas ex-athletes were not different from controls (9.5 vs

10.0). Most of the ex-athletes (83%) indicated that their menses.

wére affected by training and that they resumed an average of 1.7
montH after discontinuatich of training. Interestingly, no
re1at{on wa; observed between the length of ameﬁo?fhea and its
persistence following training. In her review, Baker (1981b)
gives 4 reasons supporting the reversibility of amenorrhea:
1)  when training resume, runners and.ballet dancers
recover nonmg] menses despite changes in weight
2)  when training decreases below a certain threshold,
amenorrhea frequently resolves -
3)  resolution of 5m636?§%ea in rowers occurs after the
rowing season
4) normal- reproductive functions are found in young
swimmers 10 years after discontinuing strenuous
training
Thus, in the majority of athletes, normal menses resume following
a significant reduction or complete cessaticn of training.
d-;s expected when normal menses resume, hormonal levels tend

to revert back to "normal" values {Russell et al. 1984b). In

/TN
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their experiment, 5 swimmers became o1igoﬁenorrheic.fol1owing
iﬁfenge training, (100,000 yérds/week). A reduction in training
to 30,000 yards/week jncreased significantly both gonadotropips
values (p < .01), Ihterestingly however, estradiol values rémain
depressed (65 pg/ml) despite a redugtion in traiﬁ{ng. It is
however dif%icu1t to explain the latter finding.

In summary, studies have shown consistently that menses
resume following a significant decrea;e or complete cessation of
training (Dale et al. 1979, Warren 1980, Stager et al. 1984,°
Baker 1981b, Russell et al, 1984b). Surprisingly, it appears
that the duration of amenorrhea is of little importance in the
persistence of amenorrhea following training (Stager et al.

1984),

a -
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CHAPTER IIl: METHODOLOGY e

INTRODUCTION:

3.2)

~

This study was undertaG%n.to evaluate the effects of,a heavyﬁ
resistance weight 1ifting programme on the reproductive
hormone and their influence on the ovarian cycle of healthy
young'women. This chapter describes the methodology and the

statistical analysis employed in this study.

SUBJECTS:

A total of 24 healthy volunteers participated in the study.
Groupsll and 3 were students (18 to 25 years old) registered
at the University of Ottawa. Group 2 consisted of subjects
from the Ottawa region, between the ages of 18 to 30 vears.
The subjects were assianed to one of the following fhree
groups: “

v

10) These subjects participated in a training
{ .
programme for a duration ok two complete

u

Group 1: (N

ovggian cycles.
"’;'IA"‘

The training sessions were approximately
one hour long and were held four times
weekly. The training pregramme is
described in detail in a further section,
Prior to the trainine prbgramme, two
cycles were monitored to obtain basal

values. [Twe.cycles were again monitored

during the training programme.
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Group 2: (N.=9) This group consisted of 9 experienced

‘ bodybui]dé;s who had been training on
| their own for at least one ;;ar. They
“were also monitored during two full
cyc]eﬁ. The nature and intensity’of

their training were analyzed as well.

Group 3: (N = 3) These subjects were age-matched controls

who were not engaging in any regular form
of exercise during the period of the

study.

2,3) MEASUREMENTS:

The following measurements were recorded for all subjects:

1) -

2)

Basal temperature: This was recorded {in degrees

Celsius) daily throughout the experiment in a booklet
provided for this purpose. Each subject was given 2
thermometer and jns+ructed on how to measure her
temperature. This'was taken orally, every morning
-before getting cut of bed.

Anthropometric characteristics: Height, weight and

skinfolds were measured according to the Standard{zed

Test of Fitness {STF). -

a) Girths: Girth measurements were made in order to
assess any hvpertrophic changes. Chest,
'waist, g1utea1s and thigh weijia11 made
according to the STF procedures. Other

measures added were:

1°) arm: This was taken at mideicep with
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the arm fully contracted.
2°) forearm: with the hand in a flexed
positién, this was taken at the largest
. portion 0} the ;B}earm.
“"b) Blood samples: Approximately 10 cc. of blood was
- taken antecubitally evéry 7th day staréing
with the first d;y of menstruations
recorded as davy 0. 1In order to decrease
diurnal variations, all samp1e§ were taken :
between Bh(0 and 11h00 AM. A total of 160 *\\\
to 200 cc. of blood was withdrawn for each
experimental subject. For the 2 other ,
groupﬁ, a total of 80-100 cc. of blood was
- withdrawn. Serum was separated by |
centrifugation at QAC during 15 minutes
at 2000 RPM, 'A11‘samp1es were centrifu-
gated within 3 hours after collection. It
‘ was frozen (-20°C) for further radioimmuno-
| assay analzﬁisj h
Blood samples were.classified retrospectively from the
last day before the onset of menstruations wifﬂwfhis
i)ast day counted as day 28, Thus, the cycle was
counted backward {(i.e. from the end to the beginning) (::,J\
end each day was given a number. Acco:ding tn-this
method, 4 categories were obtained:

early follicular : all velues until day 7

" late follicular : days 8 to'l2
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ear1y_f011icu1ar~: days 15. to 21
late luteal : days 22 until the end of
the cycle

This method of classification is a common procedure in
c11nicé1 endocrinology. [t allows comparisons of _
hormonal values between blood/samples despite the

-

inter-individual variability in the length of the .
meﬁ;trual cycle. Thus accordjng to this method, ovula-
tion occurs 14 days before the onset of menses whereas

—the follicular phase varies from one subject to

me\r (Barber et al. 1979, Chamberlain et al. 1977, |
Judd & Meldrum 1981, Proust et al. 1982). Thus, the
cycle is classified according to the 6nset of the
following menstruations: |
"It should bé remembered that the cycle being biopsied

~_ ‘ "is a new cvcle, unrelaté@ To the last menstrual fiow,
\\BQQ whereas the 1utea1;phase is constant, the length of
the proliferative phase may var}. Therefore, the dura-

tion of the menstrual cycle must ultimately be

determined from the day of onset of the next cycle.

For exampie, if a biopsy is taken on day 17 %nd the —
next menstrual period occurs on day 35, ovulation would
have taken place on day 20 or 21, and the day 17 \
endometrium would then be expected to have the |
'gppearance of a late proliferative phase rather than

that of a day 17 endometrium from a normal 28 day

cycle." {Judd & Meldrum 1981, p. 886).

) -
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c) Questionnaires: Two questionnaires were gdminﬁs-
| tered to the subjects. The first one
evaluated their menstruallpatterﬁs before
and after the study and any problems
related to amenorrhea, dysmenorrhea; or
oligomengrrhea. . Age of menarche was
col1ecte§?hﬁ}he second questionnaire
dealt with general- lifestyle, past
participation in sports and nutritional
habits. A personal interview with each
participant supplemented the ques-
tipnnaires related to menstrual pattern.
This was to ensure a good comprehension

of the menstrual disorder that may have

been encountered by each participant,

3.4) TRAINING PROGRAMME:

The following programme was administered to the experimental

-subjects

1°)

2°)

(group 1).

Adaptation period (2 weeks): Weights corresponded to
60% of one's 1-RM and subjectsstried to perform 3 sets
of 8-10 repetitions. A rest of 1 minute was given
between every set.

Training period I (6 weeks): The maximal weight that
can be 1ifted for 3 sets of 8-10 repetitions was used.

Again, a 1 minute rest Spaced each set.

The sequence of exercisg‘performance'was as follows:
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2°)

4°)

6°)

8°)

107.
Leg press: .The exercise was perfo}med on the new
Universal machine with the stack of weight at 45
degrees from the subject. Each repetition was carried
almost to full range-of-motion except that the legs
were kept slightly bent at the end of each repetition.
Squats: “This was performed with an Okympic barbell'and
subjects stopped at a parallel position before going up
again.
Leg curl: This exercise was performed on a "Universal"
leg curl with dynamic varjable resistance. Each
repetition was carried to full range-of-motion and the
weights were not allowed to touch the weight stack
until completion of exercise.
Latissimus pull-down: Pull-downs were made using a
"Universal" lat puliey. Subjects had to pull down
the bar to their neck and a complete extension was
performed before the'next repetition.
Bench press: Bench press was not performed with aé_
olympic barbell. The bar was not allowed to bounce on
the chest. |
Seated dumbbell press: This exercise was performed on
an "Erilom" seated.press. The back pad enables the
subjects to have theirhback secured against it.
Seated dumbbell curls: Subjects curled both weights at
the same time and they were not allowed to “cheat"
using their back. T

Curl ups: Subjects performed a modified sit up to
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strengthen the abdeminal, a muscle important in

stabilizing the spine during various 1ifting movements.
Every subject was instructed on how to perform each of these
exercises. All training sessions were supervised in order

to reduce any risk of injury.

Strength measurements: In total, 4 dynamic strength
gmasurements were made prior to, and at 3-week intervals,
for the duration o% the training program. All tests were
performed after a warm-up consisting of 4-5 repetitjons.

" The maximal weight 1ifted was attained normally within & to
5 trtals.

Subjects were tested for:

Teg strength with a "Universal" leg press sliding at

45° angle

—

I

upper hody strength with a bench press 1ift

back strength with a "Universal" lat pulley apparatus
L

p

shoulder strength with 2 dumbbell press 1ift
Subjects were told to avoid any jerking movements during the

1ifts and the maximal weight was recorded to the nearest §.

£
pounds.

3.5) SPECTAL CONSIDERATIONS:

" Bn information session was held to instruct the subiects on
how to 1ift weights properly. \Ibe physiological basis of
this sport were explained in order to give the subjects a
basic knowledge of this kind of training. At the same time,

all subjects were informed to eat a well-balanced diet with

vitamin and iron supplements. The importance of an

1
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appropriate fluid -intake especially during training was also

emphasized.

3.6) HORMONAL ANALYSES:

A11 hormonal analyses were performed using commercig]]y
-ﬂ-;vai]able radioimmunoassay procedures (Coat-a-count products

from Diagnostic products, Californial.

1°  Estradiol: . )

‘.

Standards provided in the kit gave a 'logit-log

Vﬁalibration curve with the percent bound plotted
against the concentration. Non-sﬁecific-binding INSB)
of estradiol and the total counts (T) were obtained
using polypropy]ene'tubes. Seven ca]ibratoré (in

duplicate) weré utilized to establish the standard

curves
Concentration(pg/ml)

A (maximum binding) 100% : 0
B (binding expressed relative to A) - 20
C (binding expressed relative to A) - 100
D {(binding expressed relative to A) 300
E (binding expressed relative to A) 900
F (binding expressed relative to A) 1800
G (binding expressed relative to A) 3600

Thus, the average counts/minute (CPM) of all calibra-
tors were expressed relative to A and each value {in
percentage) was in turn b1ntted against their respec-
tive concentration. A1l subject results were 1nfrapo-
lated from this curve. -

Eaéh subject's result was computed according to these

formulae:
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1°) the net counts were cbtained; substracting
the non—spécific binding from the average counts/
minute binding-

Net counts =/§EB}E§E'S sample CPM - NSB{CPM)

o i\r L mpl
Percent bound~zNet count in CPM (Subject's sample x 100
¥ Net count in CPM (Calibrator A)-

In turn the percent bound was plotted ;gainst concen-
tration for standards te yield the calibration curve
from which thé unknown concentration was obtained for
every sample. The average was taken since all samples:
were done in duplicate. A1l chemicals were brought to
rSOm temperature prior to use. Coated tubes containing
the estradiol antibody were labelled and then filled.
with 100 w1 of the subject's plasma. Gne ml of the
bu%feréd so]ufion (containing 1125 estradiol) was
added to each tube. . All tgbes were ﬁixed gently
(Vortex) and were then incubated for 3 hours at room
temperature. Tubes were then decanted thoroughly and
bound steroid counted in the gamma counter {LKB Wallac.
model 1282), for.10 minutes.

Specificity: The antiserum is highly specific for
estradiol with a low crossreactivity to other

raturally occurring steroids or therapeutic drugs.“ The
17 #-estradiol-3 -D glucuronide had the highest
crossreactivity (6.1%) with the serum. This assay had
a detection limit (sensitivity) of_approx%mate]y 20

pg/ml. Intrassav and interassay values were both Tower
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tha6-15% over a broad range of estradiol Tevels making
the immunoassay relatively precﬂsé and reliable.
Progesterone:

Standards'provided gave a 1ogit-1og‘calibfation curve
with the percent bound plotted against the
concentration,

Standards ’ Concentration{ng/d1)

A{maximum binding)
B(binding expressed relative to A)
C{bindina expressed relative to

rROoOoo

A
D{binding expressed relative to A
E(binding expressed relative to A) 10
F(binding expressed relative to A) 20
G{binding expressed relative to A} 40

A11 calculations were identical to the ones used for

estradiol.

Specificity: The coat-a-count progesterone method is

‘highly specific with a very low cross-reactivity (less
1

3)

than 3%) .to other steroids present in subject sampies.

Intra and Interassay variations were both below 10%.

The detection Timit (sensitivity)} was approximate1y
0.5 ng/mi.

Free-Testosterone

The calibraticon cﬁrve to measure the free testosterone

concentration was plotted utilizing 6 standards:

s Concentration{pg/ml)
Almaximum binding) 0
B(binding expressed relative to A) 1.5
C(binding expressed relative to A) 5.0
D{binding expressed relative to A) 15.0
E(binding expressed relative to A) 32.5
F(binding expressed relative to A) 50.0
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previous methods.

‘ 112,
A1l calculations were identical to the ones used for

The free testosterone method involved the same steps as

for previous

sample was pipetted 1ntp’the tube. .

methods. Howeyér, only 50 41 of patiént

In addition, the

incubation period was extended to 4 hours at 37°C

using a low-

Specificity:

speed shaking.

L

1

The free tes#@sterone was highly specific with an

extremely low cross-reactivity (0.16% at the most} to

pther naturally occurring steroids or therapeutic

drugs. 1Intra and interassay variations were both below

10%. The low-end sensitivity was approximately 1.50
- pg/mi.

Androstenedione

The cBibration curve obtained to measure androstene-

dione consis

A(max1mum bi
B(binding ex
C(binding ex
D(binding ex
E(binding ex
F(binding ex
G(binding ex

An extraction step was necessary before the standard

ted of 7 standards:

nding)

pressed relative
pressed relative
pressed relative

pressed relative

pressed relative
pressed relative

to A}
to A)
to A)
to A)
to A)
to A)

Concentration ng/ml

= OO O
P )
OO O NN

steps-reported for all other methods. The recovery

following extraction was not measured independently to

>

see which fraction of androstenedione was lost in this

procedure.

However, this was measured by the

manufacturer {Diagnostic Produq;s) and recovery

ave?aged 97%.

re——
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1°) 0.5 m)l of the subject sample was pipeted into high

oW quality borosilicate glass tubes
2°). for the exfraction, 5.0 ml of ethylacetate was
added to the tubes. Thg tubes were capped . )
securely using té;;;;:}ined Caps.
3°) the tubes were then shaken vigorously by hand for
1 minute,
~ 4°) they were then'centrifuged for 5 minutes at
v _ approximately 1500 x g (4°C),
5°} finé]]y; 3.0 ml of the upper phase (ethylacetate)
was evaporated under a gentle stream of nitrogen
“ at 37°C.
L/) ’ 6°B%the extract was resuspended'with‘O.G mi of.

. . androstenedione buffer {calibrater A). This
extract was then ready for assa;‘}sing the standard

procedures reportéd previously. For each sample,

<

- 200 1 were pipetted and incubation was for 3
hours at room temperdture. The low-end sensitivity

was approximately 0,1 ng/ml.

3.7) THE EXPERIMENTAL DESIGN:

Prior to training, experimental subjeété were studied
’ .duriné two menstrual cycles in order to establish endocrine
"and anthropometric baseline values. Anthropometric measure-
ments were repeated at the end of the training program. Iﬁ

terms of hormonal values, only the second menstrual cycle

was analyzed statistically in comparison tc baseline -values.
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This was to ensure a minimal period of time for the possibie
exercise-induced hormonal changes to occur. Pre- and during
training comparisons were made using the experimental
sUbjects as their own controls.
Hormonéﬂb¥§1ues for the control group could only be

measured over 1 menstrual cycle due to major problems,

mS&&]y subjects desisting after the first cycle. However,

the anthropometric measurements were repeated twice and the
data is compared to the pre- and post-training values
obtained in the experimental group. Since the endocrine
data are available over only one cycle for this group, they
were pooled with the pre-training data of the experimental

qroup. Thus, a larger group of untrained university

.students were available enabling us to estabiish hormonal

reference values for comparisons with bodybuilders. Before
pooling with grouﬁs together, detailed statistical analysis
were performed to analyze their degree of similarity.
Bodybuilders were studied longitudinally. Anthropohetric,
strength, and endocrine data were available only at cne
point in time. From our original aroup of bodybuilders
(N=9), seven were amenorrheic (no menses in the last 3
months) at the time of the study. The fact that amenorrhea
was induced by exercise was supported by a gvnecological
questionnaire where other causes of amenorrhea (primary
amgnorrhea, post-pill amenorrhea, anorexia, etc.) were
ruled out. Since there were no menstruations for 7

bodybuilders, there was no reference point to classify the
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blood samples obtained as being part of the follicular or
the 1utea1'phase. In order to compafe with our reference
group, hormonal values of 4 consecutive blood sampies were
averaged. Thiéﬁrepres;nted a length of time (ie. 28 days)
typical of a normal menstrual cycle and, in our opinion,
took into accounf théjpossible hormonal fluctuations of thﬁ
amenorrheic athletes. Such method has been utilized in/tﬁé
past (Dale et al. 1979) to compare amenorrheic ath1eteJ.with
regularly cycling controls. Thus, hormonal data of the two
cycling bodvbuilders were omitted fer that ané1ysis. The
number of cycling athletes was tco small to compare with the
other groups. However, the anthropometric data of all body-
builders excepf one were sfudied due to the loss of one
subject.

Statjstical analysis:

The similarity between the experimental group (pre-
exercise values) and the control group was analyzed using
repeated t tests. Normally, repetition cf t test ié not
recommended since it increases the chance of finding
significant differences just by chance alone, -In this case
however, it represents a more conservative approach since
the chance of finding significant differences is increased
artificially. Thus, if no major differences occur despite
this repetitive approach, it strongly suggests that both
groups were similar enough tc be pooled together as a unique
reference group. On the other hand, en@ocrine values were

compared using an analysis of variance with repeated
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measures, using a separate anélysis for?éach hormone,
"Before doing the analysis of variance, the equality of
variance between groups was calculated since'equality of -
variance is the major requirement for a valid analysis. |
Possib]g clinical differences jn hotmonal values were
‘discuésed even though they did not reach statistical
significance. |
The effectiveness -of the strength training program was

partly analyzed using repeated t tests. Hotelling t? was
also computed in an attempt to protect the alpha level.
There were too many variables to analyze in comparison to
the rumber of.subjects. Thus, a correlation matri# was
first computed and when a group of variables were highly

| correlated, only one was chosen for further stati;}ica1
analysis using the repetition of t tests. Few variables
were included in this first analysis to protect the alpha
Tevel. When significant differences weré established, the
Jother variab{es that were highly correlated to the one
analyzed were studied in a descriptive fashion. Repeated t
tests were also utilized. Comparisons between hodybuilders
and the reference group {control and experimertal before.

exercise) were made using the same method.



Chapter Four
THE RESULTS

The purpose of this study was to evaluate the anthropometric
and strength'é%bnges in addition to the short and long-term
effects of a weight-tr%ining program on the menstrual function of
the subjects: Specifically, statiSt%ca1 analyses were undertaken
to answer the following questions:

1) Did the heavy-resistance weight-training program of
.short duration (2 months) induce endocrine changes in

a group of previously untrained women?

2)  Did the long-term trained (at least a year) body-

builders differ in endocrine paramete%s from a T

h reférence group?
Three steps were followed to better answer these questions:-

1) Comparisons between the experimenta} (pre-training) and
the control group were performed in an attempt to
establish the degree of similarity between grbups.
Assuming that both groups were not statistically
different, they could then be utilized together as a
unique reference group for comparisons with the

--bodybuilders.

2}  The efficiency,of the strength training in inducing
hypertrophy apd in increasing strength was anaiyzed
by comparing the pre- and post-training scores. The
possible repercussions of the training program on the
endocrine parameters were also analyzed.

3) Comparisons between established bodybuilders and the

»
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refeFence group were undertaken te eQaluéte the o Ce -
effeqts of long-term tréining on the endocrine -

functioﬁ.

£
*

4,1) SIMILARITIES BETWEEN THE EXPERIMENTAL AND CONTROL GROUP:

Both grdups were compared on the basis of the(}
anthropometric, strength and endocrine profiles. Repeatkd
t-tests were performed on the anthropometric and on the strength
characteristics. As mentioned previously, this ﬁrocedure
repreéents a conservative approach since the chance of finding
significant differences isrincreased.artiiicial]y. Significant
differences were observed only for the gluteal girth (p = 0.0315)
and for the suprailiac skinfold (p = 0.0170). It should be noted
that ai] girth measurements were greater in the cqptro] group
whereas all their strength measurements were lower. The higher
skinfold values in the control group possibly explains their i”rﬁ
16.3% difference in percent adiposity {not significant). The
initial anthropometric and strength characteristics of both

groups are summarized in Table 1.
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TABLE 1

nthropometric and strength characteristics of ~the
erimental {N=10) and the control group (N=5)

Experimental Control P-value
(£50) (£SD)
age{yrs). 21.2(2.20) 20.8(1.64) .7268
height(cm) 166.0(3.94) ~167.7(4.68) L4733
weight{kg) 61.5(6.41) 66.2(3.54) .16542
Girths(cm):
chest 75.2(3.74) 77.9(3.13) L1975
waist 66.4(3.35) 70.7(4.87) .0639
gluteal 92.1(3.60) 96.9(3.64) .0315*
thigh 59.5(3.10) 59.5(3.19) .1068
arm 27.0{1.69) 28.1(1.30) .2380
forearm 24.6(1.42) 25.3(1.45) .3937
— =
: N

Skinfolds (mm): . .
biceps 3 7.0(2.21) 7.7(2.26) L5815 -
triceps . 17.0(5.50) 19.2(4.94) 8
subscapular 11.6(3.28) 12.6(3.56) .557
suprailiac 12.2(4.23) 20.0(6.92) .0170
Percent

~adiposity(%) 25.1(4.28) 29.2(3.52) .0863
Strength(1bs):
Teq press 132.6(33.16) 113,0{9.75) .1108+
bench press . 63.0(7.53) 61.0(6.52) .6221
lat pull 82.5(11.88) 72.6(6.03) .1069
dumbbell press 20.5(2.84) 20.0{(0.0) .7053
combined score 298.6(46.21) 266.6(15.01) .1613

* significant at @ = 0,05

+ when the variance of each sample is significantly different,
the t-test using the separate variances was utilized.
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Thé’endocﬁine profile of both groups was compare& using an
analysis of variance with repeated measures for each ho%ﬁoﬁe
studied (Table 2). A1l the results were within the normal female
range as will be discussed later.” Free-testosteraone and
androstenedione values were quite similar in both groups and no
significaht differehce was observed at any point of the menstrual
cycle, Estradiol and progesterone values were not statistically
different .despite some relatively great differences in certain
phases of the menstrual cycle. Thus, early follicular and late
Tuteal values for estradiol were relatively simi1$r for both
T : —

\_—""groups whereas 1ate_f011icu1ar and early Juteal phase values were
7%.1% and 20.3% respectively higher in the reference group. In
aqdition, luteal phase progesterone values were 56.1% and 129.8%
16wer in the referencé group. However, such differences did not
reach significance suggesting that they may be due to sampling .

variations.

4,2) THE EFFECTIVENESS OF THE STRENGTH TRAINING PRNGRAM:

The strength training program was analyzed to establish its
effecfiveéess in increasing strength as well as in inducing
anthropometric changes. The first concern was to reduce the
number of variables to analyze since the number of subjects is ¢
rather small. Thus, a cprrelation mat;ix was computed and only
one of a group of highly correlated variables was kept for
further statistical analysis. The corre1gtion matrix is listed
in Appendix A. As such, the gluteal gjnth was ommitted due to

its high correlation‘(r = 0.88) with the thigh girth especially.



TABLE 2

Hormonal data of the experimental group

{prior to training) and of the control group

Experimental (2SD)
n=10

Eétradio1(PQIml)

early follicular 147.4(135.1)
late follicular 153.5(142.5)

early luteal 189.4(164.3)
late luteal 158.5(1

Progesterone{ng/ml)

early follicular 0.99(.66)
late follicular 0.87(.75)
_early luteal 9.01(5.09)
late luteal 12.02(8.53)

Free-testosterone(pq/mi)

early follicular - 2.42(.92)
late follicular 3.}2(1.92)
) ~ vy

early luteal 3.00(1.53)
late Tuteal - 2.82(1.67)
Androstenedione{ng/ml)

early follicular 3.09(.86)
late follicular 3.77(1.13}
early luteal 3.29(1.65)
late luteal : 4.13(1.42)

n=15

156,
271,

227.
139.

(22 &) ] [ N
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Control(SD)

.90)
.86) NS
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“ .

A1l strength parameters were highly correlated (0.74 or above) to
the combined total representing the sum of the 4 1ifts. Thus,
only the combined score was utilized. Repeated t-tests using the

2

Hotelling T to protect the alpha level were computed on a

restricted number of variables. The results are }1sted in Table

3.
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Anthropometrié and strength changes in experimental subjects

(n=10) following the 8-week training program

Pre(+SD)  Post(+SD)
weight(kg) 61.5(6.41) 62.1(6.40)
percent
adiposity(%) 25.1(4.28) 25.8(3.8)

irths(cm) i '
chest 75.2(8:74) 74.9(2.80)
ist 66.46R%.35) 65.8(3.61)
thigh 56.5(3.10) 57.7(3.15)
arm 27.0(1.69) 28.2(1.88)
Strength{kg)
combined .
total 135.4(21.0) 185.0(29.0)

Mahalanobis a square 128.5376
Hotelling T square 1385.381]
F values 61,2089

Degrees of freedom 7,

\

* significant at 4 = 0.05

3.0

Change.of % Change P value

.61
.78

L

.29
.65
1.14
1.18

49.6

0.1%
3.1%

0.4%
1.0%
2.0%

4.4%

36.6%

—~

P value 0.0031

L3

/

.0842
L1077

1
.6673
.0893
.0128*
.0016*

.0000*

When additional analyses are applied tc the strength measurements
the following results are obtained.

-
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Body weight and the relative adiposity were unchanged
following the 8 week program., Chest and waist girths were

unchanged but arm and thigh were significantly increased {p =

.0.0016 and .0128 respectively) squest1ng a modest degree of

hyﬁertrophy. The combined total score for strenqézﬂaas increased
very significantly (p = 0.0000) with a 36.6% increase over the
pre-training value.

Notwithstanding, a second stat%ética] analysis was performed
on the individual 1ifts in an attempt to establish the relatiJ;
increase in stréngth for various muscle groups. These results
should be considered as being most]y‘descriptive since the
relatively small sample size do not enable the analysis of so

many variables.

TABLE 4

Strength changes in experimental subjects following
an 8-week training program

Exercise(kg) Pre(#SD) Post{SD) Change of % Change P value

leg press 60.1
bench press 28.6

(15, 04) 93.7(15.68) 33. 55.7% ,0000

(
lat pull 37.4(

.3

1 3.5 .

3.4 ) 35.8(5.74) 7.3 25.4%  ,0009
5.3 43,9(8.08) 6.5 17.3%  ,0063
dumbbell :

press 3(1.29)  11.6{1.67) 2.3 24.4%  .0011

The high correlation of each 1ift with—the combined score and the
high significagce of each éuggest that the possibility of a type
I error is rathe# miniﬁal despite the repetitive analysis of the
data. Furthermore, when the alpha level is protected (i.e.
a/number of observations), thé results are still sionificant.

Therefore, it seems that training had no significant effect_
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on weight, relative fatness, and on chest and waist dirths.
S¥gnificant increases in thigh and arm girth suggest a modest
deqgree of hypertrophy.” Strength scores were all increased
significantly suggesting that the program was intense enough to

elicit the desirabie effects.
@,

' Short-term training may have induced hormonal changes in the
(,—él\\\_’;”t,,;;:kerimehta1 group. To further investigate this hypothesis, an

analysis of variance wjth repeated measure was ﬁerformed foé gach
hormone. A1l endocrine data are listed in'Table 5. No
significant differences were seen for‘estrédiol ~progesterone,
androstenedione and free-testosterone. If is cohceivab1e that

the program may have not been Tong enough to elicit endocrine

changes.

4.3) COMPARISONS QETNEEN THE BODYBUILDING AND THE REFERENCE GROUP
Aerobic exercﬁses have been shown repeatedly to induce
changes in the basal concentrations of several hormones.
However, nothing is known of the effect .of intense and chronic
weight-training on the endocrine function. Thus, the e%fects of
intense and 1qﬂg-term (at Teast a year) weigﬁi-train{ng were
determinad by ﬁomparing bodybuilders and a grouwp of untrained
universit1 students (reference group). The same statistical

analysis than for the experimental group were applied in an

attempt to protect the alpha level. Comparisons were therefore

. undertaken between- the bodybuilders (N=9) and the reference group

{N=15). The results obtained are summarized in Table 6.



TABLE 5

Endocrine variations in the experimental group
following an 8 week training program

Estradiol (pg/ml)

early follicular
late follicular

early luteal
Tate luteal

Progesterone (ng/ml)

garly follicular
late follicular

early luteal
late luteal

Free-Testosterone (pg/m1)™

early follicular
late follicular

earlv luteal
Tate Juteal

Androstenedione (ng/ml}

early follicular
late follicular

early luteal’
late luteal

*An analysis of variance for

each hormone.
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TABLE 6

Strength and anthropometric profile of bodybuilders (N=9)
and of reference subjects (N=15)

Bodybuilders{£SD) Reference Group(tSD) P value

age (yrs) 22.9_{4.45) 21.1 (1.98) .1884
height {cm) 163.5 (4.43) 166.6 {4.11) 1124
weight (kg) 57.0/(5.09) 63.0 (5.94) .0237
percent /A _ )

adiposity "(%). 19j5 (3.16) 26.4 (4:40) .0008
Girths {cm)

chest 78.0 (4.90) 76.1 (.95) .2962
waist 63.5 (3.82) 67.9 (4.28) .0244
thigh 53.1 (3.83) 57.5 (1.61) 0094
arm 29.6 (3.16) 26.4 (4.40) .0039

Strength(kg) -
combined total 252.9 (42.4) 130.9 (18.6) .0000

hotelling T2: 201.6846 p = 0.0000
The bodybuilders weée slightly older and smaller than the
reference group although both values were not.statistically
significant. They were significantly lighter (10.5% less than
the reference group) and their relative adiposity was also
““decreased by 35.4% in comparison to the reference group. Waist
and thigh girth were significantly enlarged in the reference
group probably as a reflect of the 1ncre( ed body fdt.
Bodybuilders were much stronger with a combined streng;h score
93.2% higher than the reference group. Individual strength

scores are summarized in Table 7.

. —
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TABLE 7

Comparisons between individual strength scores in
bodybuilders and reference subjects

Exercise(kq) Bodybui]ders(+SD) ' Referéhce Group(+SD) P value -

leg press 7 149.5

(37. 90) 57.3 (13.10) . 08002
bench press 47.2 (3.38) 28.3 (3.2) .0000
lat pull 44.3 (5.83) 36.0 (5.07) 018
dumbbell press  12.0 (1.05) 9.2 (1.31) .0000

As mentioned previously, the high correlation between the
individual 1ifts and the combined séore and the Qery significant
alpﬁa Tevel strongly suggests that the possibility of a type 1
error is practically non-existant. Furthermore, the differences
between both groups are still highly sianificant when the alpha
tevel is prot@cted'(u/number of observations).

The endocrine variations induced by long-term training were
studied using an ané]ysis of variance with repeated measures
{(Table 8). It should be noted, however, that only the
amenorrheic body builders (N=7) were-utilized in this analysis
since they were far more numerous than their regularly cycling
counterparts. As utilized by Dale et.al. (1979), the mean of 4
conseeutive blood samples (i.e. 28 days)} was obtained for each
group in an attempt to obtain values that would be more

representative of a menstrual cycle.
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TABLE 8

Mean endoc£§ne profile of amenorrheic bodybuilders
(N=7) and of reference subjects {N=15)

Amenorrheic : ) Refere?ce \ :
bodybuilders (+SD group (*SD P value e
Mean estradiol “//ii/’
(pg/m1) . 161.6 (64.8) 174.4 (107.0) 0.77
Mean progesterone
(ng/ml) 0.42 (0.06) 4,81 (0.77) 001
Mean free-testosterone
(pg/ml) 3.74 (0.64) 2.94 (0,39} .28
Mean androstenedione
{ng/ml) 4,07 (0.35) 3.46 {0.33) .28

£ . .
The mean concentrations of estradiol, testosterone and

androstenedione were not statistica]lylgifferent in both groups,
suggesting that exercise may not haié_gj&effectAon these
hormones. However, the mean progesterone level was 91.3% lower
in bodybuilders strongly suggest anovulatory cycles in

amenorrheic bodybuilders.
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CHAPTER V
DISCUSSION

Part A: Similarities between the experimental and control

groups: T

Baseline values of the experimental and control groups were

examined for possible differences before the pooling of both
groups in a single reférence one. They were found to be similar
in age, an imporfant feature since the variability in menstrual
status 60u1d be yelated to age alone (Patterson et al. 1973).
Similarly, differences.in hormonal levels could also have been
affected by age. Yurthermore, weight, height and the relative
adiposity were not statistically different although the latter |
approached significance {p = 0.0863) with a 16.3% difference
between both groups (25.1% and 29.2% of Body %at for experimental
and referencq&group respectively). Girth measurements were not
statistically different in both groups except for the gluteal
‘which was significantly larger (52%, p = 0.0315) in the reference
group. A1l other girth measurements were consistently higher in
the reference group without reaching, however, statistical
significance. Comparisons gf skinfolds yie1deﬂ basically the
same pattern. Biceps, triceps, ::h subscapular values were not
statistically di%ferent but they were.consistently higher in the
controls. However, the suprailiac was markedly different with a
higher value (64%, p = 0,0170) in the controls. Increased girth
and gkinf01d measurements‘in the reference group suggest a higher

fat content in controls as shown by their higher relative

adiposity.
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Statistical analysis of the stren score did not reveal
any significant diffenences?‘\HQfsE;f, strength scores were
‘consistently lower in the controls, especially on the leg press
and lat pull scores where mean differenceé of 17.3% and 13.8%
respectively were seen. On the opposite, the bench pfess and the
dumbbell press scores were qu{te comparable. Therefore,
differences in the former two exercises e¥p1ain almost entirely
the 13.6 kg difference observed on the combined score that serve
as.an index of overall bodyv strength.

In-summary, most of the antﬁropometric data were not
statistically different between both groups. In fact, only two
parameters reached significance. In terms of strength, no values -
reached significance despite differences of 13.8% and 17.3% on
two 1ifts. On the basis of these results it appears that both
the experimental and control groups were sufficiently similar to
be pocled as a reference group.

The endocrine patterns of both groups were compared together
.and also to the normal values published in theliterature to
establish their similarity with the values of the normail
population. Before analyzing th; data, it is important at this
point to rationalize the choice of our reference standards since
they vary from author tc author, Thersfore, several sets of
endocrine values were cémpared and arellisted in Appendix B. In
this study, the standard values given with the radioimmunoassay
procedures currently utilized (Diagnostic Products, California)
were chosen as reference for the following reasons:

- A significant source of variation when dealing

with hormonal analyses is the assay methods utilized
. C

A
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especially from the percent crosé-reactivity and the
Jsensitivity standpoint. The variabj11ty related to the
assay method ﬁer se is therefore eliminated by using
the same assay procedures.

- The standard values reported by Diagnostic Products
also included a range of acceptable values as opposed
to means only as reported in certain textbooks. It is
more appropriate to utilize rangeslof normal values
especially when great variability is expected.

- Finally, the standard values reported by Diagnostic
Products are comparable to the well established and
widely accepted standards reported'by Yen & Jaffe
(1986). Y o

Estradiol:

Estradiol values obtained for both groups fall well-within
the normal range reported for'hea1thy femaleés (Diagnostic
Products). This is especially appap%nt for all measurements o
except for those of the early follicular phase where values

measured (145-155 pg/mi) may seem high in view of the 10-50 pa/m1

reported as being normal. However, such variation may be
explained by our method of classification of the samples. We
have classified as being répresentative of the early follicular
phase all samples taken hetween the onset of menses. and the
subsequent 7 days. These values are found to be higher than the
values reported (Diagnostic Products) since they were measured
only 2 days after the onset of menses. Thus, such values wou1dr

be represenf%tive of a very early proliferativeTphase, a time
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when estradiol levels are low.

Variability between groups:

Comparisons between groups indicate that both groups are
re}ativé]y similar since the analysis of variance did not reveal
any significant differences (p = .3096). Of concern, however, is
the 43.5% difference between late follicular values despfte the
fact that it did not reach significance. It is difficult to.
exﬁ1ain such differences especially when consigsring that otheft

values are relatively similar. However, since both values are

well within normal range (120-375 pg/ml), one may assume that

" such difference is at least partly due to a sampling error

especially when dealing with small samples. This also suggests

an appreciable variability between subjects.

Progesterone: o

Progesterane values obtained during the follicular phase
fall below 1 ng/ml {range 0.1 - 1.5 ng/ml. Diagnostic Products),
a characteristic of a normal progesteroné pattern (Greenspan &
Forsham 1983, Hall et al. 1980, Israel et al. 1972, Reeves &
DicFaluszy 1971, Yoshimi & Lipsett 1968). However, values
obtained during the luteal phase for the contro] group are more
subject to controversies. Sincefprogesterone reflects the
ovulation process, one may wonder to which extent reduced
concentrations {approximately 5 ng/ml) in the luteal phase still
feflects normal ovulatory cycles. The critical threshold above

which ovulation is thought to occur is still a poorly defined
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area. From the literature, it appears that progesterone levels
of 5 ng/ml or above are considered an Ecceptable indicator of
- ovulation (Cargili et al. 1969, Israel et al. 1972, Greenspan &
Forsham 1983). In fact, it has been demonstrated that the
majority of women with progesterone levels of 5 ng/ml also show a
tﬁermogenic shift characteristic of ovulation. Furthermore,
results froé the same study show that levels of 3-5 ng/ml werev
always accompanied by a secretorv endoﬁﬁtriﬁm {Cargill et al.
1969). 1In his study, Israel et al. (1972) also concluded:

"In this stﬁdy, a single serum sample obtained in the

mid-Tuteal phase between 11 and 4 days priorvto

sqbsequent menses, with a progesterone concentration

greater thén 3 ng/ml was always accompanied by a

secretory endometrium. Therefore, the finding of

progesterone levels areater than 3 ng/mi in thié

time period provides the clinician with presumptive

evidence that ovulation has occurred in that cycle."
In addikion, other studies have also used a luteal phasgf
concentration of at least 5 ng/ml as an indicator of a normal
ovulation process (Abraham et al. 1972, Abraham et al. 1974a).
However, others have suggested values of at Teast 10 ng/ml as
being representative of the normal ovulation process {Hall et al.
1980, Reeves 1971). There is ﬁo doubt that the latter répresents
a much more consefvative approach. hevertheless, we can still
conclude with a certain degree of certainty that our controls had

A

normal ovulation despite the relatively low progesterone levels.
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Variability between grougg:'

A1l sampies were consistently lower in the control group
without however reaching statistical significancel(p = ,2973).
As mentioned prev%nus]y, there is more c0ncere with fhe'36.0 and
56.5% lowered values of the luteal phase than for those'dﬁﬁthe |
follicular phase. It may seem appropriate to use our combined
control group as well as pfogesterone Tevels reported by the
1iterature“fqufurther comparisons with the bodybuilders. This
way, the latter group could be compared to a group of women of
the same age in whom progesterone assays were made using the same
technique, thus eliminating age and the radioimmunoassay
technique as sources of variability,. In addition, comparisons
with the published values will determine to which extent both
groups are either deviant or representative of the population as

a whole.

Free-testosterone:

Ve have measufed free testosterone concentration, i.e. the
form that is b101og;ca11y active, to determine the effects of
exercise on circulating androgen levels. However, most studies
reported in the literature deal with/total testosterone _
concentration. For this reason, values are compared with those
given by Diagnostic Products. Values around ovulaticn time (i.e.
late follicular and early luteal) are slightly elevated when
compared with both ends of the cycle. This pattern is

particularly apparent in group 1. Such findings agree with

Abraham et al. (1974a) and Judd & Yen (1972) who reported
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increased androgen_concentration in the middle third of the
cycle. The LH peak seen at ovulation is thought to be
responsible for such' increase (Judd & Yen 19}). ‘Adrenal
contributions.to the testosterone pool is raf er constant
throughout the cyc]e'whereés thg ovarian contribut%on fluctuates,

s

giving rise to the variations in plasmatic concentrations

{Abraham et al. 1974b). In this study, the free testosterone-—---——r

values obtained range from 2.5 to 3.75 ﬁg}m1 as compared to the
0.7-3.6.p9/m1 reported (Diagnostic Products). The results
suggest that our subjecté, despite normal values, tend to
congregate in the‘high-normal range. Values were‘%ot different
(p = .4437) 1in both groups of subjects.

Androstenedione:

The androstenedione concentration also exhibit minor
fluctuations Ehroughout the cycle with an increased toncentration
around ovulation (Abraham et al. 1974b, Judd & Yen 1972).' This
typical pattern is noticeable in the controls but values from
group 1 do not show such variations. Increased levels at
ovulation are also related £o the LH peak (Judd & Yen 1973) that
affects mostly the ovarian secretion, with the adrenal secretion
remaining rather constant thrdﬁghout the cycle {Abraham et al.
19?4b). In women, 50-60% of the circulating testosterone arises
from the peripheral conversion of androstenedione, explaining #he
inter-relationship between the two (Judd & Yen 1973).

No significant differences (p = .3120) were observed between
both groups. Most.va1ues are essentially identical with only a

37.2% difference in the Jate luteal phase.
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Part é: The effectiveness of the strength training program

Extept for occasional muscu1df discomforts, there were no
injuries due to the weight-training programme indicating that the
women adapted well to the nature and intensity of the routine.
.The motivation of the subjects was exceptionally High and there
were no dropouts. This mav be due to the fact that the suﬁjects
were personally supervised and that their progressions were
closely monitored, particularly with respect to technique.

’ We analyzed the effecté of khe training program in an
attempt to determine to which extent it was effective. A1l data
relating to anthropometry and strength are summarized in Table 3.

No significant changes in body weight and in percent body . _.
fat were found following the program. The former finding agree
with most other studies utilizing young females as subjects for
weight training of similar duration {Gettman et al. 1982, Jette
et al- In press, Mayhew & Gross 1974, Wilimore 1974). In general,
the percentage of body fat is not significantly altered following
weight trainiﬁg {Brown & Wilmore 1974, Jette et al. In press,
0'Shea 1981) although some authors reported statistically |
significant but rather minimal decrease in relative fatness
following training (Gettman 1982, Wilmore 1974, Mayhew & Gross
1974).

For purpose of comparisons, we have reported studies of
Wilmore (1974) and Jette et al. {In press) to further explore‘;%e

anthropometric changes following training:
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Wilmore et al. Jette et al. Present Study
(1974) (N=47) {In press)(N=80) - (N=10)
age . 20.3 _ 21,2, 21.2
height ‘ :
(cm? 164.8 - 164.22 166.0
weight - -
(kg? 59,95 59,90 NS - 57,7 58.0 NS 61.5
body fat _ : .
(%) 25.8 .26.0 NS 25.1
chest(cm) 73.8 74.3?#fNS 74.2 74.8 NS 75.2 74.9 NS
waist 67.5 67,37 NS 67.2 67.8 NS ~-66.4 65.8 NS
gluteals 94.9 94.5 NS 91.4 91.0 NS 82.1 92.4 NS
thigh -~ 54.0 53.8 NS 53.4 53.7 NS 56.5 57.7 SIGN
biceps 27,3 . 27.9. SIGN - - - 27.0 28,2 SIGN
forearm 23.5 23.6 SIGN 23,1 23,6 SIGN 24.6 24.8 NS

bench press{kg) 62.4 73.8 SIGN  63.0 79.0 SIGN

Thus, our results agree with previous studies in
demonstrating very few signﬁficént anthrdpometric changes
following weight-training of approiimate1y 2 months duration. In
this stﬁdy, we found significant changes fh thigh and arm qirths
of 1.2 c¢cm as opposed to a 0.6 cm increase in a:m girth in
Wilmore's study and a 0.5 cm increase in forearm qirth in Jette's
study. Despite statistical significance, they all representt}
minor changes from a practical standpoint (0.5 to 1.2 cm):

- Nevertheless, such increases in the present study probably
reflect a certain degree of hypertrophy. The relative importance
accorded to leg training in this study probably explains such
increase in thigh girth. Although we did not particularly
emphasize arm t}aining to the same extent,-the workload imposed
was high enough to induce hvpertrophy especially when considering
the low intensity of arm work in everyday activity of previously
untrained subjects. In summary, the present study confirms that

short-term weight training is generally ineffective in altering
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body composition of females as well as most antﬁropométric
parameters as reported previously by Mayhew & Gross (1974),

In terms of strength increases, we have used mostly the 1-RM
technique to assess the magnitude of the increment. The leg
press, bench press, lat pﬁ11, dumbbé11 press were used in an
attempt to obtain a good idea of overall strength. When
considered individually, all exercises were significantly
imbroved. When the four éxercises'are considered together'as.an
index of overall strength, we found a 36.5% increase. One can
appreciate the importance of the leg strength increase (55.7%)
as compared o other measures of- upper body strength (25.4% for
bench press, 17.3% for lat pull, 24.4% for dumbbell press). The
increase in leg press is relatively similar to the 48% increase
reported by Mayhew & Gross (19?4). However, Jower improvements
were reported in otﬁer studies. Gettman et al. (1982) réported
an increase of only 19% in leg press following 12 weeks of
training. However, this can be due to the relatively Tow
training load utilized in that study (40% of 1-RM). Furthermore,
" a 79.5% increase was reported by Wilmore (1974) but the average

training frequency of 2 sessions/week may not have been enough to
elicit maximal changes. Finally, Brown & Wilmore (1974) reported
only a 16.5% increase on the sauat but they utilized hiah ca]gber
athletes who probably had achieved a good part of their strength
;pntentiél prior to onset of training, making further gains more

. difficu]t. It is not possible to compare absolute scores between
studies since different testing EOdes were used (squat, leg.

press, tensiometer}. In addition, the range of motion was rathe;i}
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Timited in Some studies {ex. half squat in 0'Shea & NegnerflgBl),
making it.easier for the subjects to 1ift more weight due to. a
more efficient leverage. Ip phis study, gubjects were asked to
perform the exercises using the greatest-range of‘moiion possible -
thus, making the exercise more difficult. It is easier to
compare scores obtained on the bench press with results from
other studies since the testing procedure is more standardizeci.
In this stﬁdy, the 25.4% increase .in bench press is somewhat
intermediary to the 18-29% increases reported utilizing programs
of similar duration {Gettman et al. 1982, Jette et al. In press,
Mayhew & Gross 1974, Wilmore 1974). In fact, our mean increase

is 38.8% higher than the one reported for another university

~ population:
_ \\\ Bﬁg(kg)-"— Post(kg) % Increase
Jette et al.(Impress) 28.3 33.5 - 18.3%
This study . 28.6 35.9 25.4%

The use of 1onger'tfaining sessions (60 insiead of 30 minutes)
and a more frequent training program (4 vs 3 times/week) could
probably explain such differences. However, results from this

* .
study despite béinq 38.8% higher only represents a mean

“difference of 2.4 kg. Finally, when all 3 exercises of upper

body strength are pocled together we obtain a ?1.3% inc}ease in
upper body strength which is relatively similar to the 18%
increase reported'by Jette et al. (in press).

In summary, it appears from this study fhat the program was
quite effective in enﬁﬁncing‘strength in women as judged by the

relative increases obtained. In addition, two major conclusions

5
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stem from this study: - ' .

- the significant increases in strength occurred despite
very little increases in girth. Thisﬂfindiné
co}robérates'that increases in strength'in women occur
mostly via an increased neuromuscular coordination
instead of hypertrophy (Moritani & DeVries 1979).

- %he leg potential for strength training in females is
much higher than-the poteﬁtial;for upper pody strength

“¥s suggested by Wilmore 1974,

Part C Endocrine_cﬁanges following the 8 week program

This study probably rgpresents one of the first attempts to
ana1¥ie the effects of a shbrt-term weight fraining on the
female's endocrine function. Two baseline cycles were compared
with the'hormpna1 values of thé second training cycle. An
analysis of variance with repeated measures was performed on each

of the four hormones to evaluate the potential changes.

Estradiol:

No significant differences were observed between the.ﬁij;,P“‘
and post-training values (p = .2725). Interestingly, all
post-training va]ues were consistently higher throughout the
menstrual cyc]é. This is especially apparent when one considers
the follicular phase values. In fact, eﬁr]y and late follicular
values were increased by 26.9 and 2?.8% respectively. However,
the variability as measured by the standard error is too high t6

permit any conclusions at least from a statistical andpoint.

A

%
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It is difficult to establish cieaﬂy the bip'hagic ﬁattern of -
estradiol with only four samples but it appears that tﬁe values
obtained during training show even 1ess_variations throuchout the
éycle. This remains purely specu1ative'but it is temptiﬁg o
suggest a decreased biphasic pattern following training. This

will have to be shown more conclusively in further studies.

Progesterone:

The significant statistical (p = .0002) time interaction
reflects clearlv the characteristic increase in progesterone
during the latter part of the cycle in the pre- and post;training
data. In addition, all values of the luteal phase are close to
or above 10 ng/ml, a conservative threshold for normal ovulatory
cvcle. Furthermore, the exercise did not alter’significantly the

progesterone concentration (p = .9081).

Free-testosterone:

It appears that short-term weight-training did not have a
significant effect on the free-testosteroﬁe concentration (p =
.4304). These results agree with the findirgs of Hetrick &
Witmore (1979) who did not obsérve a sighifiqant increase in
androgen value following an 8-week weight training in females (N

= 35).

Androstenedione:

In this study, we have included measurements of

androstenedione since this androgen is known to be secreted in

-
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qreater amount than téstosterone in females. However, its
bid1ogica1 potency is only 20% of testosterone (McKerns 1969).
No significant changes in androstenedione were observed at any
points of the menstru§1 cycle (p = .5726), As far as we, know,
this is the first study measuring basal androstenedione
concentration following weight training. However, Weiss et al..
(1983) studied the pre and post-exercise androstenedione
‘behaviour of 20 females following 30 minutes:of weight training.
The androstenedione levels did not increase and even dropped
siqnificant]y (p < .01) below pre-exercise values 2 hours |
following training. This pattern of response differs from the
ore reported by Kuoppasalmi et al. (1976) for well-trained male
runners., In théir study, androstenedione levels increased
signifiéantly following sprint training and it did not decrease
to pre-exercise levels until 6 hours post-exercise. However,
differences in conditioning status of the subjects és'we11 as
different modes and 1ntensity of exercise make comparisons rather
difficult. |

It is quite conceivable that our small sample size and the
great interindividual variations'ﬁn basal levels prevented some
of the data to reach statistical significance. Therefore,
cdmparison of the data on an individual basis, i.e. using e?ch
subject as her own control, could yield interesting trenq;{
Thus, subjects were classified according to the magnitgdé'and to
the difference between pre- and post-exercise vaTuesf/ In this
study, values were considered clinically different J;en they

differed by at least 20%, i.e. appro%imate1y two timgé\gﬁe
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interassay vari;bi]ity for most hormones. The following
classifications werg:established: -

PRE-EXERCISE :when pre-exercise values. are higher than
the e§ercise values by at least 20U

NO CHANGES: when pre- and exercise values did not
differ by at least 20%

EXERCISE: when exercise values are higher than the pre-.
exercise values by 20%, '

Using this classification, we obtained the following results:

" TABLE 6

Endocrine changes following the B-week training program
Estradiol Phases of the cycle-
Categories of early foll. late foll. early lut. late lut.
chanaes (N=10) (N=9) (N=10) - (N=9)
PRE-EXERCISE ? 1 3 3
NO CHANGES 2 2 4 1
EXERCISE 6 6 . _ 3 h

(mean increase (mean increase

of 55%) of 44%
Progesterone (N=9) (N=9) {N=10) (N=9)
PRE-EXERCISE 7 3 4 3

{mean increase

of 49%)
N0 CHANGES ) 2 4 1 3
EXERCISE 1 2 5 3
Testosterone (N=9) (N=10) (N=10) (N=10)
PRE-EXERCISE 3 7 3 1

(mean increase
of 36%)

NO CHANGES 2 1 4 5
EXERCISE 4 ? 3 4
Androstenedione {N=10) (N=10) (N=10) (N=10
PRE-EXERCISE | 2 2 ' 2 2
NO CHANGES -4 5 6 7
EXERCISE 4 3 2 1

It is clear to us that such results, because of their nature,

]
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remain purely descriptive and_they remain observations that could
be verified in further studies. Neverthéﬁess, a few observations .
. are worth mentioning: T
- The training program seems to have induced an incréasé

in the estradiol concentrations by'BS% and 44% for the
early follicular and late fo}]icu1§r phases respec-
tively in the majority of subjects. It is unclear
however as to why exercise seem to exert an effect only
in this phase.

- Exercise seems to decrease progesterone levels (mean
decrease of 49% in 7 out of 9 subjects). Such change
also occurs during the early follicular phase.

-é& While it is clear that androstenédione was unchanged
on an individual basis, it appears that free
testosterone was also altered during the late
follicular phase. Iﬁ fact, a mean 36% decrease was
observed during the late follicular phase of the
exercise cycle.

While any conclusions at-this point would be premature, it is

interesting to note that all changes that could be of importance

occurred in the follicular phase of the cvcle. From a purely
statistical standpoint however, no significant changes were

observed following an 8-week weight-training program.

Part D Comparisons of bodybuilders with reference subjects
In this studj; weight-training exercises induced only

significant increases in strength but no appreciable changes in
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anthropometry or 1q the endocrine pattern of th? subjects were
'“\\\‘Jseen. One may wonder, however, to which extent a more sérious'
and rigd}ous training programme could induce significant changes.
As far as we know, this study represents the first attempt to
analyzing the endocrihe response of long-term weight-training. A
group of 9 bodvbuilders was studieg. |
Results of the present study are listed with those of
_ Freedson et al. (1983) who studied 10 high-caliber bodybuilders.

Freedson et al. Bodybuilders Controls P value

(1983)

age - . 27 22.9 21.1 .1884
height{cm) 160.8 163.5 166.6 .1124
weight{kg} 53.8 57.0 83.0 L0237
percent _ f

adiposity(%) *\\\&3.2 19.5 26.4  .0008
circumferences(cm)

chest 90.6 78.0 76.1 .2962
waist 64.5 67.9 0244
hips/gqluteals 87.0 . B8.6 93.7 .0103
thigh 53.0 53.1 57 .5 .0094
arm/biceps 28.9 29.6 27.3 .0039
forearm 24.0 A 24.8 .3393

In this study, bodybuilders were on average 6 kg lighter and 3 cm
shorter with a mean percentage of body fat 35.4% lower than
controls. In addition, most anthropometric characteristics were )
significantly different. Areas-of increased fat deposition in
women {i.e. waist, thigh and buttocks) are significantly reduced
in bodybuilders explaining the reduced percentage of bndy fat.
Conversely, athletes showed an increased (p = .0039) arm girth
suggesting hypertrophy in thié group. Results from Freedson et

al. (1983) give the same pattern. Height and weight were also

significantly reduced in comparison to the “reference woman"
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deﬁcribed by Benkhe & Wilmore (1974). This suggests a smaller
stature in this group of athletes when compared to the normal
population. In addition, body fat obtained in this study was
markedly reduced by 47.7% when compared to what we obtained with
our group of atﬁletes. Two reasons may explain such differences:

- Bodybuilders from this study had not started their
“cut£ing" phase at the time of measurements. This
particular ﬁhase is characterized by a significant
weight loss in the_last weeks preceeding competition.
Although not specified, one can assume that the low
values in Freedson's study were characteristic of this
particular pre—gompetition phase.

- The presence of national and international caliber
athletes in.Freedson's study would suggest better
trained athletes.

In comparison with the reference woman, Freedson et al,
(1983} also found an increased'biceps girth as a result of
hypertrophy. Comparisons of_thigh.and—arm measurements show
comparable results in both qroups of athletes. These results
suggest that hypertrophy %end to plateau in femalés despite
different levels of training and of competition. Thus, it is
tempting to conc1ﬁde that females have a rther limited potential
for hypertrophy and once.it is attained no more gains seem to
occur.,

In this study, comparisons 6f strength $cores between
the reference group and bodybuilders gave interesting results

(Table 6). There is a striking mean difference of approximately

7
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91 kg (151%) on the leg press (149.4 vs 57.3 for bodybuilders and
controls respectively). Differences of 66.7%, 23.1% and 24.6%
are observed for the bench press, 1at pu11 and dumbbell press
respect1ve1y However, compar1§’Ps between bodybuilders and

' post- exercise strength score show quite clear1y that strength

-

differences are reduced s1gn1f1cant1y following even a short

training progrém. ’ o ' T
Exercises Group 1 Group 1 .?hodybu11ders
(ka) (pre-exercise) (post-exercise)
leg press 60.1° 93.7 149.4
bench press 28.6 ' 35.8 47,2
lat puil 37.4 43.9 44 .3
dumbbell press 9.3 11.6 11.9
combined 135.9 185.5 252.9

Thegetrgsﬁlts suggest fhat rapid strength increases occur withiﬁ
the fiést 8 weeks of training probably as a result of increased
neuromuscular recruitment {Moritani & Dévrfes 1979}, Thus, if
the combined exercises are utilized, bodybuilders are on average
86.1% stronger than untrained females but this difference is
reduced to 36.3% following 2 months of training. However, one
should keep in mind that our university females are, oﬁ average,

/ !
6 kg heavier than bodvbuilders making absolute scones-less

-~

reliable for comparisons. Thus, when results of both groups are

expressed relative to their body weight the following results are

obtained: N

Group 1{pre)  Group 2(post)  Podybuilders
leg press 0.98 | 1,52 2,62
‘bench press - 0.46 1 0.58 0.83
lat pull 0.61 0.71 0.78
dumbbell press v 0.15 0.20 0.21
cgmbined 2.21 3.01 4.43

esults obtained on the leg and bench press are gquite different
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in both groups while the lat pull aad the dumbbell press are

S

The high prop%rtion of amenorrﬁkic bodybuilders presents a

relatively comparable.

Hormonal values: T

real probiem for endocrine analysis. Since many female athletes
jnvolved in rigorous training lack menses, it is difficult to-
classify the blood samples with respect to the phase of the
menstrual cycle. * Therefore, the hormonal levels obtained-during
four consecutive blood sampies (i.e. 28 days, a length of time
theoretically equal to a normal menstrual cycle) were averaged,
Such technique had also been utilized w{fh runners {Dale et a1:
1979). This procedurq may depict more realistically the '
endocrine pattern of amenorrheic athletes,

As seen on Table 7, estradiol concentration was not
different between the bodybuilders and the “reference group
despite the high incidence of amenorrhea in the former group.
One would expect reduced-estradiol levels in bodybuilders since
the absence of menses is a clinical sign of a depressed
estrogenic status (Boyden et al. 1983). This rather normal
estradiol concentration is particularly unexpected especially
when consideryng that reduced estradiol levels in athletes is the
most univé;gé /%1nding associated with exercise~-induced
aﬁenorrhea (Boyden et al. 1983, Bonen et al. 1981, Dale et al.

1979, Russell et al. 19843, Ronkainen et al, 1985). Comparisons
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with the results from Dale et al. (1979) }re made below:

Pro?esterone- Estradio(

ng/ml) (pg/ml)

Dale et al.(1979): ’ :

controls (N=1/) ~ 9.3 187,

joggers {N=6) 9.0 180 . .
runners (N=14) 5.1 129 o~
Present study: '

controls (N=19) 4.81 174.4

amenovrrheic -

bodybuilders 0.42 161.6

Tﬁus in the present study, estradiol levels were not depressed in
bodybuilders when cémpéred to controls whereas runners from |
Dale's study had gpproximate1y a 60 pg/ml decrease when compared
to controls. Furthérmore, progesterone levels in amenorrheic
bodybuilders were drastically reduced in amenorrheic bodybuilders
with values 91% lower than our reference group. In fact,
progesterone levels in all 7.amen6rrheic bodybuilders Qere below
1 ng/ml for the 4 consecutive samples, strongly suggesting
anovulation, This finding agrees with Ronkainen et al. (1985)
who also reported lowered progesterone concentrations during
periods of intensive training. As reported previously, the
ultrasonographic examinations performed in that study reveal that
exercise could impair folliculogenesis. Therefore, the-authors
coicluded that the lowered progesterone concentration seen during
the luteal phase was a result of the impaired follicular
development during the follicular phase of thg cycle. Other
studies also reported suppressed progesterone%%éve1s during the

luteal phase of athletes (Shangold et al. 1979, Bonen et al.

1981, Shangold et al. 1983). In fact, it has been shown that
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training during the luteal phase had a direct effect on that
portion of the cycle by reducing the length of thislphase as well
as the progesterone concentration {Shangold et al. 1979). |
However, the redqced progesterone level during traiﬁing { from
30.é ng/ml as peak during control cycle to 9 ng/ml during

| training, p < .01) in this jogger were by no meéns comparable to
outrs (0.42 ng/mi). Tt is tempting to speculate that ’

weight-training has, for some reasons, a rather potent effect in

reducing progesterone concentration. Furthermore, this decrease .

in.pfogesterone is of concern especially in view of a rather

unaltered estradiol concentration. Some authors have suggested

that this particular condition could eventually lead to

, ‘.endometrial hyperp1asi; due to "unopposed estrogens" (Shade 1983,
Shangald 1980, Shangold 1984b, Shangold 1985).

To our knowledge, this study represents one of the first
attempts at studying the basal testosterone 1n‘bodybuilders.
There was no significant difference between all bodybuilders

~(N=9) aﬁd the reference group in their free-testoste?nne
concentration (3:74 pg/ml vs 2.94 pg/ml re;pective]y, p = 0.28).
This agrees with-the results of Boyden et al. (1983) who did not
see significant changes in the basal free-testosterone levels of
}e1ative1y unfrained runners following 15 months of serious
training. However, Dale et al. (1979) reported a highly
significant {p < .001) increasé.in totqﬂ testosterone levels in

. runners when compared to cqntréis. Nevertheless, one may Qonder
\¥3thich extent a difference of 27.2% (0.8 pg/ml) may be of

- physiological significance especially when dealing with the
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biological active form, i.e. the free-testosterone, Furthermore,
the mean valiue of 3.74 pg/ml'reported for bodybuilders, represents
the upper end of the continuum (0.7 - 3.7 pg/ml, Diagnostic
Productg) of normal female values.

As for free-testosterone, the basal androstenedione

m~concentrat10n was not sdignificantly increased in bodybuilders
when compared to the reference aroup (p?=.28) despite a 17.6%
increase. Studies have shown acute increases in androstenedione
concentration f011nQing exercise {Chaikovski et al. 1985) but
very few of them if any, have studied the effects of exercise on
its bdsal concentration. As mentioned preVAfusly,
androstened1one has only 20% of the biological potency of
testosterone (McKerns 1969) and it is doubtful that the 17.6%
difference between both groups could be of any physiological
significance. Weiss et al. (1983) demonstrated that th;~

" androstenedione response to a single bout of exercise was similar
in ‘men and women. Surprisingly however, the concentration
decreased for two hours following exercise. In other studies,
andrS;tenedione Jevels were similar in runners and controls

(Baker et al. 1981b) and no differences were seen between

reqularly cycling and amenorrheic athletes.
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Incidence of amenorrhea:sy

In this study, -the incidence of secondéry amenarrhea as
défined by absence of menses over the\1ast.3 months was
strikingly high among bodybuilders (77.8%). This is markedly
higher than what was found with most other groups of athletes.

The highest incidence of amenorrhea reported so far was the

© 30-50% incidence reported among real competitive lTong-distance

runners (see Baker 1981b, Hale 1983, Jacobs 1982, Wall 1983).

While numerous studies have reported the incidence of secondary

amenorrhea. in aerobic ath]e%gf, there has been so far onlyv one

study reporting the 1ncidencéﬁof amenorrhea in bodybuilding.
P W < :

Elliot &'Go1dberg_(1985)'surveyéd the menstrual history of the

participants at the Pacific Northwest Body Building Competitipn. .

'They reported a 33% jﬁcidegce among parxiéipants; a figure much

lower than our results. Unlike runners (Dale et al. 1979),
Eiliot & Go]dBerq {1983) found that prior pregnancies did not
protect Boﬁybui1ders from exercise-induced amenorrhea. In fact,
the only parous athléte from the present study, a 31 year old
fema1e with 2 children, also suffered the loncest episode éf
secondaryramenorrhea; i.e. 12 consecutive mon{hs.
'In,contrast,_the refetence"and'the experimental groups did

not report any significant episodes of amenorrhea. In one study

.of college students (N=900) attending t%e university clinic for

gynecologic disorders, the inciden;e of oligomenorrhea and
secondary amenorrhea were 5.6% and 5% respectively (Singh 1981).
Togéther,‘both prleems ac;ountéd for 72.5% of the minor
disorders reported at the gyneco1og?¥ clinic. .In a subgroup of |

RN
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amenorrheic patients, the mean duratfon of the disorder was 6.3
months (range 3 to 16 months). When examined eﬁidemio1ogica1ly,-
the frequency of secondary amenorrheaﬁpppeared to be |
quantitatively related to the separation from home and friends
and to the severity of stress associated with such separation,
Thus, the incidence of aﬁenorrhea among tﬁe student population
(5% in Singh 1981) % slightly higher than the 3.3% reported for
a sample of the overall population {Petterson et al, 1973). _ ‘
According to Braunstein (1980) the embt{ona1 stress caused by
“exams is one of ,the factors that may lead tortemporary or ‘
_ prolonged amenorrhea. In addition, irregularities and
anovulatory cyc1es-are more common during adb1escent and young
" adult years than in mid-years menstruating women (Eskin 1970).

It §h0u1d'be péinted out that the design of this study may
have exaggerated the résu]ts'obtained espec%a]ly with respect to

the 1ncﬁdgqce of seEondary amenorrhea. Since all groups = °
consisted of vo1unte;rs, it is quite conceivable that
bodybui1ders who had menstrual problems were.moré interested in
thé study. On the other hand, the-contfo1 and the experimental
subjects may .represent a seIf—se1eéted group of regularly cyc1%ng
women. From the subject standpoint, a regular menstrual cycle

may have been seen.as a pre-requisite before entering the study.
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\ |
S CONCLUSION

The results from the study indicate that short-term hea&y

. resistance weight-training had no effects on the basal levels.of

estradiol, progesterone, free-testosterone and androstenedione.

Furthermore, training did not induce any menstrual diébrdefs
since all of the experimental subjects éontinued to menstruate
regu1ariy during the program. There were no changes in body
weight and in body fat fo11ow%ng training. However, a relatively
mbdest but statistically significant degree of hypertrophy was
osserved for arm and thigh. Thus, anthropometric changes seen in

this study agree with those of previous studies indicating that

only small changes in body composition are to be expected from

programs of 8 to weeks duration. A 36.6% overall strength
increase occufred as a result of intensive training. The
magnitude of the increase in strength‘despite the rather modest
degree of.hypé?ffophy achieved, suggest that in femaies,
increased neuromuscular recruitment may be the primary mechanism
responsible for increases in strength.” Leg strength pétentia]-
appea?s to be much-higher than upper body strength poteﬁfia] as
determined by the relative increases on the 4 different
exercises.

In this stuqy, long-term heavy-resistance weight—training in
the form of bodybuilding produced significant changes in the
endocrine and menstrual pattern of athletes. A very high
incidence of amenorrhea.was observed. This was higher than that
reported in the literature. It should noted, however, that the
obserQéd incideﬁcé of this study, may be biased by-the.sma1i

|

“gdf
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sample size and by the non-randomized experimental design,
‘Endocrine data of amenorrheic bodybuilders was averaged over a
28-day period. Iﬁ coptrast to other studies u;ing aerob%ca]ly-
trained ath]eteg, estradiol levels were not significantly reduced
in athletes. However, progesterone levels were drastically
reduced when compared to reference values. For amenorrheic
atheltes, values were always cparacteristics of the early
follicular phase, strong1yfsuggestjng anovu]atigﬁ. Theréfore, it
. was concluded that bodybuikeerslseem to be at high risk for
endometrial hypeip1aéia-due ;S the action of "unépposed
estrogen”, especially since progesterone values were drastically
reduced whereas estradiol was practically unchanged.

Furtherﬁore, free-testosterone and androstenedione levels were
~ increased in bodybuilders, not reaching however, statistical
-significance. It was hypothesized that the increase in
free-testosterone in bodybuilders may be physiolgically
jmportant, especially since only the biolecgically active form was
measured. Bodybuilders had levels of ?ree—te;tosterone neaf the
upper Timit of the normal female range reported by Diagnostic
Products Corporation (Los Angeles). From the data of this stddy,
it is not possible to deterpine whether this slightly increased

concentration is a result of training, or if it is an inherent

characteristic of female athletes. Finally, the small difference

in androstenedione concentration between bodvbuilders and G

_reference subjects is‘most probably pot significant especially in’

v?ew of its very low biologic pntenéy:._
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A) Anthropometry:

-~

-+

ANTHROPOMETRIC PARAMETERS

vins

Girths Chest- Waist Gluteal Thigh Arm Forearm Bﬁceps'Triceps-Subdcapular Suprailijac
Chest ---- 5177 .2658 .1856 .7021 .4029 .2488 .3953 .3727 L2705
Waist .5177 ---- 7812 ,7341 .1866 .3424  .6620 .8387  .6265 .8381 P
. Gluteal .2658 .7812 ---- ~,8785 .0247 .2229  .6471 .6986  ,4589 7207 7
Thigh. .185 .7341 .8785 ---- 0189 .1117 .6146 -.6798  .4951 .6257///
Arm: .7021 .1866 .0247 .0189 ---- 5007 .0273 -.1192 .0838 .003§
Skinfolds
: s
.Biceps .2488 .6620 .6471 .6146 .0273 .0935 ---- ,8468  .5844 .7610
Triceps .3953 .8387 .6986  .6798,.1192 .1754  .8468  ---- 3237 . .8228\
subsca- .
‘pular  .3727 ° .6265 ,4588  .4951 .(0838 .3237  .6317 .5844 ———— 6277
subprai- ) . S A y
liac .~ .2705 .8381 .7207 .6257 .0031 .3762 .8228 .7610 .6277 ——--
B) Strength: -~ ~
- . ) -
—0g-Prass Bench Press Lat Pull Dumbbe11 Press Combined Total
leq press ce-s .8957 . 7052 .6885 .9929
bench press .8957 m——— .7091 L7748 .9303
lat, pull .7052 7091 -———- .6847 L7671
dumbbell press 68865 7748 .6847 a——- .7402
combined total .9929 .9303 7671 L7402 ————
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TABLE OF HORMONAL VALUES (DIAGNOSTIC PRODUCTS, CALIFORNIA{
ESTRADIOL: Values in pg/ml for ovulating females by_day'in-éyclé

~

relative to LH peak (day 0}

A
Follicular ﬁhége: -12 - 16— 50 pg/ml
,]* -4 -— . fN-200 pg/ml_
Mid-cycle -1 L 126—375 pg/m1
Luteal phase * 2 g §0-155 pg/m1
+ 6 | 60-260 pg/m1
+12 - 15-115 pg/m] )

PROGESTERONE: Values in ng/ml for ovulating females -

median absolute range
Follicular phase ' 0.4 0.1- 1.5 ng/ml
Luteal phase 8.5 2.5-28.1 ng/mi
Mid luteal phase 23.2 5.7-26.1 ng/ml

FREE-TESTOSTERONE: Values in pg/ml °

Absolute range
Serum 0.7-3.6 pg/mi
Hepariﬁ | 0.9-3.8 pg/ml
ANDROSTENEDINE: Values in ng/m]

Percentiles
age qroup P 50 95

20-29 1.50 2.80 5.80

*VYalues were nrot different from those reported by Yen & Jaffe

1986. -





