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ABSTRACT e -

%

This project consists of analysis and model fitting,l?of a

data set including menstrual cycle,hormonal, morphbmetric;7

fitness, and endurance training variables. The objective was to
determine whether intense endurance training 1in sedentary

"ovulatory women is associated with hormonal and menstrual ‘cycle

chanées: The forwardi selection 4;procedure was employedr to’

investigate the existence of an association. Confidence regions

for the regression surfaces are also provided.




 DEDICATION

To my pérents, for their unfailirng love & support.& |

. - P
’ [ -

" The teacher who walks in (he shadow ofﬁthe Jemp/e,f
among his followers, gives not of his wi s dom but ralhéi&

of;his faith and his-/ovingnefé.

*

“If he is indeed wise he does not bid you enter the
house of  his wisdom, but rather leads you to 1 he

threshold of your own mind." B . L K

The Prophet. o
& _ . BY / o

= -~ Kahil Gibran

iv




ACKNOWLEDGEMENTS . . ¢ .
- ' |

K1

I wish to thank all the staff, faculty, and fellow
graduate ~ students in the  Mathematics . & Stafisticsj
ngartment.

In particular, 1 wish to .express my gratituderto,my

*

— T

Senior Supervisor Dr. David Eaves for his availability,

 guidance, and willingness to\hélp.

.1 wish also to acknowledge Dr. M.vA. Stephens who, in-
" addition to serving on my graduate committee, alsor“’
recommended me into the M. Sc. proé?émT which has changed my

future. ' - : -

I would also like to thank Dr. Jerilynn C. Prior and
Miss Yvette Vigna for helping me to understand the medical

and the biological aspects of this project.

LN



vi

. TABLE OF CONTENTS  ~. ' = . -
B ' . ' S a : NS
Approval .....ce0iieenn, et et it ca e R R §
ABSETACE 4t eh e ne e et et e e et et et . iii
Dedicatioh .;.,u.........,?li. e lei" ............... . i& —
Acknowledgements .....veeeeveeevienns. U ceaaii v
 List of Tabieé G .t ..... U vii
List of Figﬁre& e e e ee et e a s e h e viii
1. The‘P;ogigm R LR teeeceertaaaaannn e s e s e s
Tt Intrpduction Ceheeie e . . ;............: ....... 1
B 1.2 Biological Ihtefﬁretation I P Ve 2-
1.3 Scientific Belief ....... L ettt e e e 4
2 Thg'Qéta et ee et ceena T T 5 .
2.1 The Goal Of the AN2lySisS .. vereernnneeeeins . 12
3. Regression Analysis ......... \.;.. et it e et a e 15v %
3.1 Model Fitting ...... e et s et e e P e 15
3.2 Regression Analysis f;ém'Phase A to B‘;Q ........... 20 - -
3.3 Regression Anal&sis ffom Phase A to € ....... ,...Lg 44
3.4 Statistical Critigue .......c.eeivinninunineeennnnn.. 627
3.5 Scientific CONClUSION ...t ereernnranennses . 64
, .
Appendix A ........ ittt e e R R R I . 66
Appendix E ettt e, R 68
Appendix C ..... St et ettt et e e et it 69
BIBLIOGRAPHY .......c.ovn. et e e . B5
CINAEX siveiaaan. e A S 87



, ) LIST OF TABLES -
. - . : : . v ' - . ) 7.
Table 3 : - Page
B yi - . - o - : - e—
] A Subset ’ of the Raw' Datar * ® . . . ® o o & & & . L I .7/. s s o » l. e o o 9 . - & 9 0 ’ 1 3
S
. o
[ s
EN - - )
i [4
/
: )
¢ .\
vii <
\.



“ -

< oviii

LIST OF FIGURES -
Figure i . Page
3.28 — . 5" . } -
AMorhpometric and Fitness:variables vs. Running ......... 21
3.2b o \ S
Hormone Changes vs. Running ............. e es e et 24
3.2¢ o . : .
Scatter plots of ACYCL .......civriierinncans Ce ot e 30
302d B .\ A -p- 4
© Scatter Plots Of AFOLL & ittt vinnemonoseesosonnesans PUNN 34
3.2e . , ‘
- Scatter plots of AFOLL ............. Chee e e . 32
3,20 \ C | |
Scatter plots 0of ALUTL ... iiiiiitnnereneieennannns eessaes 33
3.2 | ., : -
Scatter Plots of AFLWL ........... e e e et i ce e 34
3.3a | s |
AMorphometric and Fitness variables vs. Running ......... 45
3.3b A o -
Scatter Plots of AHOrmones ..........ciiviivinrennnnennens 47
3.3c ’ : . ) . ,
Scatter Plots of ACYCL ...... et [ e 52
3.3d o . .
Scatter Plots of AFOLL ...... e e cheee. Ceee e e 53
3. 3e . } ~ é)
Scatter Plots Of ALUTH . ... .. iiittiinernnnnoenonsonnsnans 54
3.3f ‘ | . ‘ o
- Scatter Plots of AFLWL ....... Ceetatecisecairr e s e 55
4~ Scatterplot Source file from Phase A tO B ..vueevrennnnn. 70
5 Minitab Regression Run from Phase A tO B v.uuveerenneennn. 70
e -
6 Scatterplot Source file from Phase A to C ............... 70
7. Minitab Regression Run from Phase A to C ....... e 70
.




CHAPTER 1

THE PROBLEM

- . »

I

1.1 Introdﬁctiod ,h- )
" i - I
Vi

With 'inc;>asing numbers  of women becoming involved in
Lk 4 & : ’ . N

‘?‘L £ e ' . v
intense sportaf guestions are being asked about the effects
. " , -
® . : . o
of this ac%&vi%y_on the reproductive function and pregnancy.
- ; S : ‘ AN ' " ' )

¢

—— -

Thq\normél.menstfgal ¢ycie Seems straigHtférward!enoﬁgh:
vaginal bleeding for a few days each month. In feality,-
'though, the "period" 1is a ver&' precisely regulated - and
complex: sequence of carefullf timed éventé.'Mdfe than seven

hormones act in the brain, to prepare. the . female for " the -

fertilization of an ovum.(Ref. 1, 2, and. 3).
g

‘There are, however, phases éf lif§ when reproductian‘ﬁay
be decreased bf;temporéfily stopped. Energiés are sometimes
needed for even more basic functions, sﬁcﬁ as when inéense
-laboﬁr is required'lfo{rrespOna to a natural aisaster.
Anthropologists, for example, ﬁ;vevdécumented the wofk~ and
birth spacing . of the'Kuné San women of KalaKari Desert in
Africa. These wo&en use no birth- contrél, ‘yet thgy have
their children thrée to five years apart. Tﬁe4womeqfére~food
gatherers, walking twenty to thirty. kilometer; a day
car;ying heavy loadé; it appears that the energyyreQUifed'by'

these women in food gathering decréases their fertility.

Lo
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After settling in villages, a fact which offers a change in -
. . E2EEN : - ‘ 3 - e - ™ —— T

| agricultural food supplies and a more sedentary life;styie, :
~ the Kalahari women give birth every eighteen months to' two °

-

s o R

1.2 Biological,Inteqpretatibn

"years, (Ref.. 1 page 36).

[ ‘. - T$

‘Changes . in the menstrual cycle associated with natural

disasters, bsychological stress, aﬁdfphySicél éegivity aéjwﬁ ;'
pfObabiy‘ caused by alterations - in the hormone; directihg |

'paft' of the brain, bthe hypothalamus. The hypothalémus‘
prodﬁces the‘gonadotroghin,feleaFing hormone (=Gp§H )’wﬂichr

stimulates the pituitary gland to produce and release the .
. - . i

luteinizing hormone ( LH ) and folliclerstimulating hormone’
B . . .y ) . L.
( FSH ). These two pituitary hormones promote production of

the ovarian steroids estrogen and progesterone. (Ref..5).

—

The normal menstrual cyclé is twenty-one to tHirty-six‘_ LT

days in length, ’counting from the first day of flow up to

»

the last déy before the next flow. An egg 1s released
(ovulation) at midcycle. The number of days of flow is from

two to five days. -
. _ - ]

~

The normal menstrual cycle can be divided int¢ two

‘parts. The first part of the cycle, the follicular phase, o

e

begins on the first day of flow énd ends:at‘d%ulgtion, this -

phase is usually fourteen to eighteen 'days, (Ref. - 1 page &
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36) . T o

——

The ‘largéét increase in estrogen is dbsgrved during the

latter  part of' the follicular "phase, Jjust prior to
'oQulation; The high estrogen signal is received by the.-
hypothalamus and pituitagy gland and vleads?<to sﬁdden

pitUitafy release of LH and (Ref. .1 page 36) FSH. This large

—-LH surge preceded. by a smaller FSH surge, triggers

ovulation.'

£

The second half of the pycle; referred to aé the luteal
phase, 1s ten to, sixteen dé?s ih duration. The luteal phase
begins after ovulation and lasts Qﬁtil the next flow starts.—
It 1is the declining production of estrogen and progestefdne
that causes henstruation at the end of thef luteal vphaée.

(Ref. 1 page 37).

s

'"Pituitary gonadotropins are regulated from below as well as
from above. LH and FSH release are under feedback control by the
major gonadal steroids, estrogen, and progesterone. Estrogen,
when at low levels, has a negative feedback effect and increases
the synthesis and storage of FSH and LH. It does not appear to
alter LH secretion but inhibits FSH secretion. During the middle
cf the cycle when the hormonal explosion takes place, estrogen
maintains a high level which stimulates a sustained pulse of FSH
and LH. Estrogen feedback has become positive rather than
negative. Progesterone also controls LH and FSH secretion.
Progesterone-administration in normal and hypogonadal women
pretested with estrogen is necessary for midcycle surge of
normal intensity and duration (Ref. 4 page 68).



1.3'Scienti§ic Belief

{

Many factors besides exercise are hYpOthesiséd to  be

cause of menstrual cycle <changés. These factors include

Qeight loss in 'young women (Ref. 12), psychological stress,

seasonal . light cycle (Ref. 13), previous ' reproductive

history, and physical 1llness (Ref. 5). These factors cause

alterations in.the productionzof the hypothalamic, pituitary

and ovarian hormones leading to menstrual cycle variation.

Biologically' it 1is expected that an increase in the
intensity of exercising decreases percentage body fat ({with
Lo . :
or without weighg loss). Weight or-fat loss and intense

exercise decrease pituitary (LH) and oVvarian {estrogen and

progesterone; hormones; it is;this change 1n pituitary and

=3
ovarian hormones that causes menstrual cycle vaéﬁation}

Other very good medical research looking ét the

menstrual cycle changes with exercise has been confined tc

descriptive’ statistics (see Bullen Ref. 15). The forward

L

selection procedure used here would enable more astute

physiological assessment of the complex changes documented

only categorically.

. -




CHAPTER 2
THE DATA

e

br.Jerilynn C. 'Prior, Aésistant Professor in the
Department of Medicine at the,Universg;y of British Columbia
(U.B:C.),'presentéd data whiﬁh déalt wiﬁh meﬁstruai cycle
adisqrderé from 'strenuous exercise in previOUSlyiinactive
women . o ’

Subjecté \were founa fhroUgh ﬁotices>pn_bulletin‘boards'
on fitness;_ggg;f§§4, hospitals, - universiﬁies, community
centres, newspapgrs etc. It wasqreguifed Fhat the subjects
be between_the ages of 20-40, héalthy, sane, ovdlatory, havg
had no significant ghange in weight for over six months;
have haﬁ_no syn:hetic ho%mone use‘EOr six months, and have
had no regﬁlar aerbbic exercise for six months. Based on
these elements twelve women were chosen among those who were
interviewed. After the selectlon'prdcedure the subjects were
observed dur1ﬁ§=§’ﬁ3ﬁ‘xerc1se (control) phase. This phase’
COﬂSlSEed of two ovulatory menstrual cycIes.'All of the
testing was 1in the midluteal phase (days 18-21) as-

identified through basal temperature records. °\

‘After the initial control .phase, the subjects started on
a caréfu}ly graded running exercise program ' while keeping

records of their exercise (time, disténce), their basal

A gradual increase 1in runnlng elther in distance or 1nten51ty

:s called a graded running exercise program.




pulse’ and wegfly weight. : l P

The phases of_the study were: -
L. - 7 br
1)Time A: . o B o
Control or pre-ekercise phase, consisting of .two mdnths.
9 : o
ii)Time B: N ; - \

Early exercise or after six weeks of exercise.

}

111)Time C:
Late exercise or after six months of exercise.

At the end of each of these three time periods A, B, and

\

C specific hormonal_aﬁd temperature tests were performed to
document percent body fat, fitness, hormonal and temperéture
responées. Eight sets of variables (Morphometric, Fitness;
Mensfruél : Cycle, | Temperature "Testing, Stress,
Hormone-Baseline, Naloxone, GnRH, Hematolbgy) were measured
at eécﬁ Qf the three times. Morphometric, fitness, running,
and horméne varﬁabléé wéré'suépecte& to be associated with

changes in menstrual-cycle variables.

<
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A short summary of - these vériables and their

_definitions is as follows.

Set A)

P —

Morphometric Variables:
. :

Dry weight A

- weight of a subject in shorts and
T-shirt; determined by standing on a

balance beam scale.

7

Sum of skinfolds

- meagurements of the thic&ness of a
double . layer of skin and underlying
adipose (fat) tissue, bﬁt notrjmusclef
The skinfold 1is raisgggpy ‘pinching thé
skin between the thumb éna index finger.
The assessment of subcutaneous fa{/;é
measured at  specific skinfold sites
using caiipers. Measurements from each
of the skinfold sites are added together

to obta.n Sum of Skinfolds (Ref.(6)).

)

biolegical

A

Short Name

e,

DW

'SS



Set B)

’her lungs

. , ‘
Percent Body Fat
- sum of skinfold thickness'is fed
1nto a formula to estlmate body dens1ty

(BD). Percent fat was computed from body

density according to the formula of.

Brozek (Ref.(7)).

$ Fat= ((4.570/BD)- 4.141)X100

‘Underwater weight

- weight of a subject submerged in a

tank of water after expelllng air out of -

Percent Body Fat
- a perSon with more bone and muscle
mass for the same total tody,weight will
weigh more in the water, have a higher
body dengety and a lower percentage body
fat than a—person w1th less muscle mass,
Fitn;s: Variable:
Trimpe - a measure  of general
fitness, involving respiratory
efficiency and pulse rate. Therefore it
ls expected that intense exercise
increases trimps.

&

UWW

UW% BF

TRPS



Mefistrual Cycle and Ruﬁnidé variables; |
Cycle Length f,total number of cycle . - CYCL

days startihg with the first day of flow - ' Bt

: s
and ending- the day before the next

period. begins. Normal cycle length is -

25-32 days.

Follicular Length U . FOLL
- éhe follicular phase extends from . " e

the first day.of flow until the time of

ovulation. A normal follicular length is

10-20 days.

Luteal Phase : 4 LUTL“
- the 1luteal phase extends from
ovulation until the start of the next
menstfual flow. The normal luteal Ieggth , R
is 10-16 days long. Thé luteal phase 1is L
charac;erizéd by higher tempgratufes '
than | those : recorded during -fhe K
Téllicular‘,phase. This thermal shift is
caused by the action of progésteroﬁe, a
gonadal hormone produced‘by the ovary if
ovulation ha%} occurred. 1f ovulation
does not take place there will be no

progesterone produyction, and no increase

in temperature. .



Set D)

Flow Length

- a normal flow length is

Mean Temperature

3-5 days.

- an arithmetic mean of all aaily

temperatures for a given cycle.

Milés per Cycle

- all the miles run during a given

--menstrual cycle are simply added

L together and recdrded as miles/cycle.

5

.%iles per cycle day

- cyclé"length " 1s divided into

miles/cycle to give an average of the

miles run for each cycle day.

Miles per run

- number of days run in a

cycle are

divided into the miles run during that

cycle to give an average run

Miles per week

- self-explanatory
o ,

Number of days run per cycle

- self -exblanatory.

AN

Hormones:

10—

length.

 MEANTP

MIL/RN

MIL/W

NDRUN/CY -



‘endocrine glands (spéc}al cells), which

- (Chemical substances produced by

travel in the bloodstream to a- target

FSH

Ve

organ where their effect is produced.)

Testosterone .
-.produced by the ovary and adrenal

gland in women.

-

fEétrogen

- produced by the \%%ary and fat

cells of the body.

Progesterone
4',; produced by the ovary followingA

ovulation.

- follicle stimulating, hormone

produced by the pituitary gland. L

LH

- luteinizing hormone produced . by

the pituitary giand:

H

TSH
- thyroid stimulating hormone’

producea by the pituitary gland.

11

TEST

ESTR

PROG

FSH'

" LH

TSH



- active thyr01d hormone made by the

fthyr01d gland

8. ~ Prolactin ’ - ' ~ PROL

- produced by the pituitary gland.

,From the’ twelve women who started the program only seven
completed all _three phases of the program (those who dropped
out did not differ from those who contlnued).IA,smallYnumber
of prervations ' misa;pg\"from ‘these seven rwomen wereplb
estimated using descrlptlon and m1551ng data, PAM, frOm,BMDP
Statlstlcal Software ‘ : d +

A porti%n of the raw data is shown in the following page

N

in table 1. = e ~
- 2.1 The Goal of the Analgéi& S R
The objective is to find whether changes in the C(CYCL, R

FOLL, LUTL, and FLWL from A to B, and, from & to C, are | .
associated with the hormonal changes. Hormonal changes are

believed Ee directed from intense exercise training and

or through morphometric factors such as lower percentage

PAM replaces invalid values using means, regression on the
variable most highly correlated with the missing.variable,
regression on a highly correlated set of variables, or ,
regression on all available variables. Regression method on a
selected set of variables was used for thlS data.(for more see,
section 12.2 of Ref.(8)).



A Subset of the Raw Data

1
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body- fat.
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'CHAPTER 3. -

REGRESS ION- ANALYSIS

3.1 Model Fitting . ‘ o R .
Linegf  regréssion modéls ‘weré employed'to {nvestigate
'any’assbciation between the changesmin the menstrual cycle
and hormvnél and other variables. The regression ahalysis of
the éBanges is divided\intp two sections (phase A to B, and -
_A to C). ' In each section the éﬁénges in morphometric and
fitness v;r{ables wifh regard to -running variables, the
changes in hormones with respect to rﬁnning,vmorphometric,.
and'fitnégs'yariables, gnd'at laﬁt'the changés in menstrual
cycle wvariables, are studied. The follow{ng‘gives a generalf
idea of what was done for all of these sections. A more .
detailed explanation vine1uding graphs-and tables, is given

“in the corresponding sections.

T-tests on averages have béennemployed to test whether

3

averages of morphometric, fitness, hormonal, and  menstrual

8

cycle variables have changed over the given time spans. That | \

is to test:

Vs,

———— e - ——— e ———

—.'It is of scientific interest to compare the result ef early
exercise (time B), and late exercise (time C), with control or
pre-exercise phase (time A). The analysis for time B to C.was
not addresssd because there were too few subjects for the
variations to show any patterns.

15
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where u, and gf are thedretiééifpopulationz qverages at ,{
diffefeﬁt,'time levels. The results are shown in Appendix A
@hd are disfussed'in the éqrresponaing‘séctions.b‘ S ‘(b»k
A soprce file on MINI]AB was used to pqoéucebsEattef
plots of ACYCL, AFOLL, ALUTL, AFLWL (A before a variable“
stands " for change) - horménal changes,’ 'morbhometfic
variables, and fitness variéblesover each of \tﬁz tso t ime
spans, against values of candidats_jndependent.variables”
during the‘given t§mebspans, to'get5a visual appraisal of ~

any trends or associations. A few of these‘plots are shown

in the following sections. (In the figures CH before a

»

variable stands for change).

Studying such plots in general may suggest .whether or
not the response variable is associated with the éxplanatory

variable and if .so in what sort of way' (linear, quadratic,

and so on). - _ ) , \ S
| | .
The forward selection procedure was employed for further
‘investigation. The following steps were followed:
Step 1: The first variable to enter the model _is that .

variable that is.most highly correlated with the dependent
variable and then a simple linear regression is fitted:

Y =B *Bx; e, | *

2For more discu551on on the population termlnologyl see
Statistical Critique.
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where the dependent variable Y, is the value of‘the changé.

in a morphometric, fitness, hormonal, or menstrual cycle

vafiable over the given time span in the ith subject, Bo and

ﬁl are’theoretécal population parameters,'xi is the value of.

: ,
the independent variable in the ith subject and ¢;s are

modeled as independent?® error- terms having a normal
distribution with mean 0 and variafice o? where i ranges from

1 to 7.

p_and g, are unknown, so that suitable estimates b and”

bl

i

will be sought to produce 'fitted' values:
A S s
» ;* . | Yi=b0fb1xi

which gives a fitting error

e.=Y.-;.'
i) i v

known as a residual, the discrepancy between observation i
énd the cbrrespOnding outcome fitted by. the model. The
estimates bo' and .bl are - found by the method ofkleast
squares. A brief discussion of the method of 1least squares

and its properties is given in Appendix B.

A source file consisting of MIDAS and MINITAB commands -

was written to run simple regressions of the dependent

. variables (i.e., changes in physiological variables) over
each of the two time spans. | -
‘f

Here tests concerning 61 are of interest, particularly

of the form:

section 3.4.

5
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The reason for interest in tésting whether BI=O 1s that ﬁ1=0

implies that there is no association between the dependent
. sy s ST

variable and t&e corresponding independent variable.

T statistics were used to do the above test. A table of

the regréssions with the lowest p-values is given in each

% -

section. If the T statistic for the independeht variable

- with the highest correlation is not significant it «can be

concluded for ~this data tha} none of ;the iﬁdependent

>

variables is useful as a single predictor. At this step

simple regressions of Amorphometric and Afitness ori running

‘variables, Ahormones . on running, = Amorphometric, and

Afitness, Amenstrual cycle on Amorphometric, Afitness,

running, and Ahormone variables were studied separately.

Step  2: First order models with two independent

variables were fitted:

\ : 7
Yi=B *Byx; j¥Byx; % ¢,

‘where Y[ is the change in the dependent variable over the

given time span for the ith individual , .and x,, and x,, are

the values of the two independent variables. : .

To test whether there_'is an assoclation between the

dependent variable and the set of X\vafiables, that 1is, to

-

test .



-

e

AN
kY
-

g

H,:By=6,=0 T ‘
vsS.

H[:not'both,equal 0,

' F-test statistics weré used. The test Statistic‘denotedvby F

_is distributed as F(2,n-3) when Havhblds.

The improvement (partial) F statistic -associated with

.each remaining variable based on a  regression equation '

containing that variable and the variable initially selected
was calculated, - to test whether the second variable

contributes significantly to the model given the first

" variable s alreédy in the model. It should be noted that

oy ,
the improvement test was done tWice:

.

e

- (1)¥second variable given first in the model..

'(2) first variable given second in thg model. (Ref. 10 page

227). R

In this "way multiple regressIOns of Ahormones on

afitness -and running, and also Amenstrual on Afitness,

%

running and Ahormones variables were considered.

Departures from the model were studied. by residual

plots. If the model 1is reasonable the residuals should be
‘structureless; in particular,l they should be unrelated to

any other .variable including the fitted and ‘the response

variable. Therefore plots of residuals versus the fitted

values were studied. ' o .
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A combined source file on MIDAS aﬁd MINITAB was~- wfftten“b

tro perform: all of«, the above analysés.‘ The stepwise
régression‘procedures available on statistical packages wére,
avoided. There are several reasons for this. (a) Since the
procedures automaticallyA“snoop"' thfough many models the
model seie;ted may fit the-data "tQQ‘wéli“. That ié, the
proceﬁu;es cah iook at manj variables and seiect ohes which,

by pure chance, give a good fit.~(b)'Automatic‘p;écedures

cannot take imto account special. knowledge that the analyst

-may* have about - his data. (for more see page 79 of the

MINITAB manual).

3.2 Regression Analysis from Phase A to B

3.2.1 Morphometric and fitness parameters

Biologically it 1s . expected that the change 1in

morphometric and fitness variables is associated with the

‘running varlables. Based on this belief scatter plots of

(ADW, ASS, ....) vs. (MIL/CY, MIL/CD, ....) were studied
. , . .
carefully; a few of these plots:are'shoyn in Figure 3.2a.

- TPhe purpose of these plots is to inspect whether or not
the explanatory variable 1is assocliated with the response
variable (ADW, ASS, A%BF, AUWW, AUW%BF, TRPS), and 1f [ sc,
then in what sort of way (linear, quadratic, and sc¢ on).-It.

seems tHat Iinear ~association would be an adequate

assumption for- many of these plots, in view of the small

20
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'Figure 3.2a: AMorphometric and Fitness variables vs. Running
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sample size. For some of these plots (TRPS vs. MIL/CY) some

positive association have been detected, and there seems to

be no need to employ a model more sophisticated than -
: © ,

v

first-order regression with constant variance

(homoscedasticity).® Some of the plots on Page 21 would nat

look significant if a single point were removed (i.e subject

o

-3).°%

T-tests on’éverages to detect changes over phase A.to B
(without any independent- variable) in DW, SS, %BF, ..., were
performed and no significant changes was observed , except

for TRPS. The results are §h0wn.in Table 1" of Appendix A.

For further analysis, linear regression was employed to

investigate whether the data reveals any association between

the morphometric variables and fitness variable change and

running variables. Each dependent variable (ADW, ASS,  A%BF,
. { :

AUWW, AUW$BF, TRPS) was reg{éssed on the running variables

{MIL/CY, ML/CD, MIL/RN, MIL/W, NDRUN/CY) one variable at a

time. To test whether the . dependent 'variable is

significantly associated with the corresponding independent

variable, the t-test for slope was utilised.

The following table contains significant regressions and

their significance levels.
A , -~

———— e - ——— o —— — — o ———

“Homoscedastic scatter diagrams have oval-shaped residual plots.

(i.e. regression estimates off by the same amounts all along
regression line. )

Sfor more see section 3.4

22
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Dépendeﬁt ' Explanagory\\\ vaa}ﬁe ;‘ PR
4SS , . * MIL/RUN ) 0.010 |
TRPS - MIL/CY - 0.040

" MIL/RN © 0.000

" | MIL/W . 0.005

' . . v . . : )
It seems that there is a strong association between the
S ' 1€

change in SS from phase A to B and MIL/RUN, and also the
increase in TRPS (which is a measure of exercise intensity)

1s highly associated with MIL/CY, MIL/RN, and MIL/W.

3. 2.2 Hormones

Biologically it is believed that hormonal changes are

associated with the <changes 1in morphometric variables,

e

To'detegminé whether the data reveals any association,

fitness variable and running.

'scatter plots of hormone changes (AESTR, APROG(’....) vs.
running and the change 1in morphometric and ' fitness

variables, were studied.

Figure 3.2b displays these plots. Studying the scatter
plots reveals that there 1is a strong negative linear
association between AESTR aﬁdeDW; and also between - APROG

-

and ASS. It is hard to detect any strong association betwpen
running variables{;;g\ﬁQEEones at this stage of "analysis.

T test on averages to detect changes over phase A to B

in ESTR, PROG, ..., indicate no significance changes; "  the

.23 /
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Figure 3.2b: Hormone Changes
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result is shown in Table 1 of Appendix A. - ' . - T

v
- . o

. For further’investigation,fsihple regressions, of APRQG, rbwf;
AES'I“RL AFSH, ALH, and AT3 on running variables,\énd‘ change '
in morphomet:ic and fitness 'variables,  were éxéminedf
Significant reg;ess%oﬁs'and their significance levels are

‘illustrated in the followingbtable.

25
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(1

Dependent - - .Explanatory P-value
— : :

AESTR - ~ apw o 0,013
APROG S ass - - 0.005
aFSH ADW - 0.040
ats  win/cD o 0.040

It Eéh be‘c@néludeétthat«AESTR:énd AFSH are significan&lyl
associated with ADW éhd.APROG %ﬁ strongly.associated'with‘
AASS, etc. N¢}significant regression waigf?unq,fofALH.

Next, ‘régréssiohs with' two'independen£ variables wefe
qpnsidered,’ where APROG,fXAESTR;...'Aafe ' thep, dependeht
qxariables and ADW, AS%[A:,,TRPS; ahd MIL/CY,.MIL/CD,..f aré

‘the indepéndent variabies. anh depeﬁdgnt .variable 1s.
regresséd - on . two independénéfivéyiables, one from the
morphomeyric variables'(includin§‘TRPS), andrthe- other Qne'

‘from ruuni; variableéi\,Onek,bﬁieétlis to tegt whether the
corresponding dependenfiVariéble 1s significanﬁly‘bexplainéd
by ~the two independenf iyariables in the modél, that 1s
testing: |

Y

HozﬁjfﬁziQ“

Sy

vSs.

HI:E;theF ﬁj or‘ﬁz#O. ,
The test statistic for the analysis of variance approach is
denoted F. It compares MSR (Mean Square Regression) and MSE
(Mean Square Error) in the following fashion:

*

F=MSR/MSE

Under the null hypothesis F, has the F(2,4) distribution. If
.

26



the null hypothesis is rejected a t-ratio is used' to .test

whether the slope against one 'fndependént':variable' is
751gn1f1cantly different than zero given théy the . other

independent varlable is already in the model.

-The following table_Summarizes all of those regressions

among those described which showed a significance level of

0.05 or smaller. In some cases (ALH, and AFSH), where no

significant regression was found, the regression with the
3

lowest significance level is shown.

27



It seems that AESTR is significantly associated with ADW,
and MIL/CY 1is insignificant when ADW’ is'already in the

model. And also the change in PROG seems to be highly

28

Dependent
AESTR: ADW 0.02 '81.8%  0.045
' MIL/CY 0.46
APROG: ASS 0.005 88.7% 0.010
MIL/CY 0.19
&
APROG : TRPS 0.01  82.8% 0.030
MIL/CD 0.06
~ APROG: A%BF 0.05 81.7%  0.033
MIL/RUN 0.032
%
AF SH ADW 0.19 66.5% 0.110
MIL/CY 0.03
ALH: b%BF 0.15 54.8% 0.200
MIL/CY 0.32
AT3: ASS 0.009 ~ 93.6%  0.004
- MIL/CD 0.002
AT3: TRPS 0.008  93.9% 0.003
MIL/CD 0,001 -

__Explanatory P-level )"R§Q; Signif'??f””¥\lf'“““‘4%
. X A k‘ ) T .



\

‘associated w1th the change in %BF and’ MIL/HUN There is Tmo.

51gn1f1cant assoc1at1on in ALH w1th éltness and running

variables. AT3 is assoc1ated with ASS and MIL/CD

1

, 3.42.3‘Menstruald Cycle \

It is known a priori that the change ih the menstrual

Cycle varlables is assoc1ated with the runnlng varlables

1néirectly through the 1nt\xmed1ary effect of the change in
hormones, fitness and morphometrlc varlables W1th,th1s in
m§nd, scatter plots of ACYCL, AFOLL, ALUTL,.\andL_AFLWL Vs

AESTR APROG, ..., ADW, ASS,..., and MIL/CYC, MIL/CYD,...,
; , |
were studied carefully.’sbme of these_'plots ére shown in

ht

figures 3.2¢ through 3.2g. » o \\

Car?ful study- of these plots reveal that there‘ is a

strong~non—zero,monotone_association between ACYé% and TRPS,

)

ACYCL and ASS, and also between AFOLL ‘and TRPS, |AFOLL and-

\
\

ASS, AFOLL and APROG, and also AFOLL and AESTR. This'linear

. ' | '
pattern can also be seen between ALUTL and A%BF, and also
\

ALUTL and AESTR. For the rest of the scatter pldts there

\
seems to be no strong suggestion of any trend Many hf these

plots seem to depend strongly on the 1nfluence of jpst one

individual (individual 3).° | ‘ \
’ S

4

\
A simple t-test (w1thout any 1ndependent varlable

the hypothe51s of A=0 vs A#0 shows significance. This \does ’

not necessarily suggest.A=0, it could also be attrlbuted to

e e ———————————— \

“Sfor more see section 3.4
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 Figure 3.2c: Scatter Plots of ACYCL '
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‘Scatter Plots of AFOLL-

Figure;3*2€:
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Figure 3.2fﬁ-Scatter Plots of ALUTL - - -
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Figqure 3.2g: Scatter Pléts of
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i

smallness of sample size, or to the fact that this®test does
not utilise error-reducing . in ormation contained ' 1in
available independent variables.j The resdltsrare shown 1in

Table | of Appendix A.

As before, first-order regression was employed. Each
. 'menstrual variable ACY¥CL, AFOLL, _ALUTsz and AFLWL was

regressed on Amorphometric, Afitness, running, and Ahormones

o
variables, one variable at a time.

A -
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The following table containé all of

‘the . relatively

significant - simple regreséions and ;héir significance
levels. | . _ |
Dependent Explanatory P-value ~ RSQ
aACYCL . ~BESTR 0.060 53:0%
" | APROG 0.080 48.0%
T ASS 0.008 77.7%
" TRPS 0.033" 62.9%
" . MIL/RUN 10.027 65.5%
AFOLL APROG 0.008 78.0%
" FSH 0.000 92.9%
~ L PROL - 0.010 70.9%
" MIL/RUN 0.040 57,8%
" TRPS 0.020 68.5%
S ass 0.000 91.6%3
ALUTL | " AESTR 0.017 70.7%
" e 0.025 66.8%
" AT3 0.005 81.6%
" . BA%BF 0.035 62.6%
" ADW 0.046 58.0%
L MIL/CD 0.090 46.7%
AFLWL . AESTR 0.037 61.29%
" AFSH 0.056 55.25%
m ' AT3 0.014 73.5%
" ADW 0.060 . 53.9%
" | MIL/CD 0.150 36. 4%
Next, regressions with two independent variables are
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considered. One of the independent variables is one of those
[
above that was found significant by a t-test of regression

sldpe, and the other variable belongs to a different -group
. - L]

o

that is believed a priori to be associated to the

‘corresponding dependent variable. All  the different

combinations were considered. To test»whether.the dependent
4 : .
W : :

variable 1is significantly associated with the the ‘two

independent variables ~an overall F-test was performed. A
regression F test is reported for those regressions that

showed a significaht level.
\' .

¢

The following " table contains the significant

regressions. (i.e. Those that have overall F<0.05)7.

.

Dependent Explanatory t-sig level -RSQ. Signif F
ACYCL: ° ASS 0.002 92.4% 0.005
ALH 0.049
N . ‘ . ¢ ’
ACYCL: TRPS 0.005 89.0% 0.010
N T3 - - 0.036
ACYCL: - ASS 0.040 83.8%  0.026
- APROG 0.280
- S

The result indicates that the <change in CYCL |is hi%hly

associated with the variable ASS, ‘and ALH is less

3

significant in association with ACYCL when ASS is already in

- — - ——— o ———— ———

’Thg search for the significant regressions was based on
medicine literature and a priori ‘belief (see sections 1.2 and
1.3), therefore the reported p-levels can not be automatically

attributed to a "search" effect

N
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the model. Note that the cdrrelationrbetween‘ASS andALH " is
0.206 which 1indicates that collinearity is not a problem

here.

For the regreSsion of ACYCL on ASS and ALH: | ——

| Acyct=-o.52+0,625*Ass—0.04*AnH
the fitted values and their standard errors are presented in
the folwaing téble. Working-Hotelling confidence band for
the regression.planeris used to £ind ;he confidéncé,regions.[

Working-Hotelling 95% confidence

=

region for the regression surface

Individual Fitted Estimated SE Lower bound Upper bound -

1 -3.613 0.574 . -6.167 =1.060

2  -0.987 0.351 ~ -2.549 0.576

3 4.278 0.732 1.021 | 7.535
4 -1.300 0.669 -1.278 1,679

5 - 0.488  0.382 S 213 2.190

6 0.550 ~ 0.616 -3.289 - 2.189

7 " 0.316 ©0.376 . ~1.991 1.359

¥

The confidence coefficient (0.95) .indicates tge percent of
“time the estimating procedure wiL} yieldca confidence region
in (ASS, ALH, ACYCL) space which ~overs the entire true
regression plane, 1in a long series @f'sampleg in which the

ASS and AOLH observations are kept at the same levels as in,

the sample actually taken.

The following table contains the multiple regressions of

AFOLL with overall F<0.05.
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Dependent Explanatory ~ P-level _ RSQ ‘Signif F

AFOLL:  ASS ~ 0.000  96.9%  0.000°
AESTR 0.080

AFOLL: TRPS ~ 0.014 86.33  0.018
MIL/W 0.084 .

AFOLL: .  MIL/RN" 0.004 93?%%/ 0.009
ageF 0.009

AFOLL: ASS , 0.040 '93.1%  0.004

J APROG 0.850.

JAFOLL: aAss 0.001 ' 94.6%  0.004
AFSH ' 0.340

AFOLL:  TRPS ©0.240 85.0%  0.020
APROG 0.100 i

The fesu}t ~indicates that the change in FOLL is highly
associated with A%BF and MIL/RN, and none of the hormone
variables AESTR, APROG,..., seems to be significant when ASS

is already in the model.

1)

The following table contains the fitted values and their
standard errors for the regression off AFOLL on A%BF and
MIL/RN:

AFOLL=-4.84+2,22*A%BF+1,93*MIL/RN
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and also Working-Hotelling 95% confidence band for the
regression plane.

Working-Hotelling 95% confidence

region for the regression surface

Individual Fitted Estimated SE Lower bound = Upper bound

1~ -3.326  0.63¢ . -6.145 0.506
2 -0.903 0.379  -2.890 0.784
3 4,974 0.859 1.151 8.800 -
s © 1.568  0.548 - -0.871 4.007

5 1.105 0.356 —0.460_ : 2.690

6 -1.888 . 0.490 ' -4.068 . 0.293

5 1.404 0.605 -1.287 - 4.095 .

"The confidence coefficient (0.95) indicates the percent of

fthe é;ime the estimatipg procedure will yield:a confidence
region iﬁ (A%BF, MIF/RN, AFOLL) which covers the‘enpire true
regressién ‘plane, 1in a long séries of samples in which the
A%BF and MIL/RN observations are>kept at the same laevels as

in the sample actually taken.

3 ) : 5 { }
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The following table contains the multiple regressions of

ALUTL wifh'overall_FS0.0S.

Dependent ) ,Explénatotz P-level e RSQ Signif F
 ALUTL: ADW . 0.040 82.8%.  0.029
' MIL/CD 0.070
ALUTL: A$BF 0.020 83.1%  0.020
MIL/CY ©0.090 |
ALUTL: A%BF 0.100- - 85.8% 0.020
AESTR 0.060 / -
'ALUTL: A%BF - 0.020 84.0%  0.020
AFSH 0.080
ALUTL: AESTR 0.020 86.0%  0.019 |
MIL/CD ~0.100

- s : :
The results indicate that ALUTL is significantly associated
with- AESTR, and that running and fitness variables are not

significant: when AESTR is already in the model.

The following tablé contains the fitted values apqﬁtheir
standard erfors for the regression of ALUTL on(AESfR:
ALUTL=-1.7+0.04*AESTR |
and also wOrking—Hoteilfng 95% fconfidence band for the

regression line.
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Working-Hotelling 95% confidence

band for ‘the régression line » o

_Individuai Fitted - Estimated SE Lower bound’ Upper bound

i -1.095  0.548 ~2.960 0.767
2 . -2.434 ‘0.612 -4.516 - -0.352
3 -7.960 0.561 | -3.865  -0.053
s 43162 0.956 - -7.410 - - -0.915
5 0.935 0.869 | -2.019 " 3.890
6 1.453 ‘0.990 -1.910 ’ 4.822

7 -2.737 0.658 ‘ =4-,.970 -0.499

The following table contains the multiple regressions of

AFLWL with overall F<0.0S.

Dependent Explanatory P-level RSQ Signif F

AFLWL ¢ - ADW "~ 0.280 80.8%  0.030
AT3 : 0.070

AFLWL & AT3 ' 0.010 ~ 83.9%  0.025-
A%BF 0.018

»

AFLWL is significantly éssocjated with AT3 and A%BF, That 1is
A%BF has an extra aséQCiation Qith AFLWL even when AT3 is
already in the model. Collinearity could be a problem since
r=-0.62, which may result in the estimated regression
coefficients having  large sampling variability.
Multicolliﬁearity is usually nbt a problem 'when the purpose
of the regression ~analysis 1s to make inferences on.;he

response function or predictions of new observations,
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provided that these inferences are made within the range of

. S %
observations.

Thefolibwing table contains the‘fi£ted values and their

standard errors for the regressiqn of AFLWL on A%BF andVAT3£
AFLWL=-O.25-O.S*A%BF-0.03*AT3,

and also Working=-Hotelling 95% confidence region for the

4

regression PLANE. - “

Working-Hotelling 95% confidence

region for the regression region

Individual Fitted Estimated SE Lower bound Upper bound-

1 -0.549  0.360 ~  ~1.054 2.152
2 . 0.203 0.199 682 1.088
3  0.276 0.181 527 1.080
4 0,389 0.312 -1.779 0.999
5 -0.377 02212 -1.322 | 0.570
6 ~1.400  0.363 -3.016 : 0.215
7 1,236 0.355 ~0.344 2.816
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3.3 Regression Analysis from Phase A to C

~3.3.1 Morphometric and fitness. parameters

The same steps as A to B have been taken for .this phase.
Scatter {piots‘ of - (ADW, ASS, ..., and TRPS.) vs. (MIL/CY,
‘MIL/CD, ....) were studied carefully; a few of these plots

‘are shown in Figures 3.3a. .

\

There seems to be no strong suggestion of any trend
which could not be reasonably approximated by a first-order
model., Many of the plots shown on Page 45 seem to depend

strongly on the_influence of just on individual (individual

-
8 ———

4).

©

T-tests on averages for ADW, ASS, A$BF, UWW, and UW$BF,
i.e., without any independent variables, except for ATRPS,

fail to reveal significant differences,. the results are 5

shown in Table 2 of Appendix A.

'First—order regression was employed to formqlly guantify
the extent to which the data reveals an association’ between
the change in morphbmetric, fitness_va:iable and the running’
variables. Each depeﬁdent variable (ADW, " ASS, A%BF, AUWW,
AUW$BF, TRPS) was. regressed on running variables (MID/CY,:
‘ML(CD, MIL/RN, Mfﬁ/w, NDRUN/CY) Qné variable at a timel To
test whether .the dependent variable 1is significantly

associated with the corresponding independentyvariable, the

8for more see section 3.4
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. Figure 3.3a: AMorphometric and Fitness variables vs. Running
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T-test for the slope coefficient (which is equivalent to the

f —

regression F-test) was utilised.

The following table contains significant. regressions and

their significance levels. o kj(f”
4Deggndent Explanatory P-value . éSQ,
ASS MIL/CY  0.05 o sa3 , V
v n NDRUN/CY 0.04 . 59.4% 4 “lfl
Y pemr NDRUN/CY . 0.02 °  65.2% ¢
AUWSBF ~ _' NDRUN/CY 0.05 | 56.1%
TRPS \o  MIL/RN C 0.00 9324

It seems that there is .a strong association between the

o

change ~(increase) in TRPS from phase A to C and MIL/RN, and

also A%BF fénd ASS are. significantly associated with ¥
NDRUN/CY. -
3.3.2 Hormones = ] ’

‘Scatter plots were again used to see whether the data
reveals any association of hormone éhanges (AESTR, APROG,

M

....) vs. change in the running and fitness variables.
Figure 3.3b displays these plots. These do not reveal
any strong association between AESTR and APROG and the res&éb

of the variabes, except for an apparently strong association

between APROl and MIL/RN.

"The result of‘tbe t-test on AESTR, APROG,... are shown

in Table 2 of Appendix 2. It can be seen that there is



Figure 3.3b: Scatter Plots of AHormones
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insufficient eQidence'to feject the null hypqth%sis‘(except
for TSH). |

For furt¥er fnvéstigation, simple regressions Qf APROG,
AESTR, AFSH, ALH, and AT3 on runnihg vériables: and the
change in‘morphometric and fitness variables were examined.
for~éa¢h of the horinone variables regréssionéb with‘ thé

lowest p-value are given in the following table.

LW
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bependent EXpianato;y P-value - » RSQ
AESTR ADW 0.16 »<f// 34.7%
APROG ADW 0.29 21.8%
AFSH AMIL/RN 0.33 19.3%
AT3 TRPS 0.02 68.9%
ALH A%BF 0.42 13.1%
ATSH TRPS 0.26 23.8%

No associqﬁions between - hormones and the other rele?ant
variables were detected except for AT3  which is
significantly associateé with TRPS. In spite of the above
results, - regréssiohs with Ewo ipdependent variables are
considered, where APROG, AESTR,.;. are the dependent énd
ADW, ‘ASS,..., and MIL/CY, MIL/CD,... are the independent
variabies. Each dependent variable 1is regressed on two’
independent variabies: conéistﬁng of morphometric (including
TRPS) varlables, and a running Qariable, An overall F test
1s performed for all of the regressiohs, and for those with
a small p«vaiue (<0.05), an improvement F test 1is, uééd to-
test 1if thg fi;st independent 'variable is signififantly
different than =zero given that the second independent
variable is already in the model. Anothef improvement F tést‘
ié done for the second independent variable to find its
significance level given Ehat the first independent is

already in the model. °?

1t can be shown that F,, =(T )? Therefore significance levels

are obtained from a T table. In this particular case the '
improvement F test statistic has one degree of freedom on the

numerator and four degree of freedom on the denominator, which
1s qual to (T,.)?2. .
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The following table shows the multipPe regressions of

hormones with the lowest overall F,. s
~ Dependent Explanatdry P-level RSQ Signif F
AESTR: ADW ~ 0.30 37.9% c.38
MIL/CD = - 0.66
) \
APROG: ADW 0.16 - 43.9% 0.32
NDRUN/CY 0.28
AFSH ADW ' 0.18 51:5%  0.18
" MIL/RN 0.15
ALH: A% BF 0.17 41.8%  0.33
NDRUN/CY - 0.23
Y .
AT3: TRPS : 0.04 83.8% - 0.02
' MIL/RN 0.12
.
APRQL: - TRPS ’ 0.05 93.4% 0.004
) MIL/RN 0.01

It seems that there is no significant associaﬂ of .APROG,
AESTR, ALH, and AFSH- with any'such pairs of,independenp
variableé. The change in AT3 seems to be associated _wi%h
TRPS, Iand APROL is significantly associated with TRPS and

MIL/RN.
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333 Mensirual Cycle . m '
. - : 7 V %
Scatter plots of ACYCL, AFOLL, ALUTL, and AFLWL vs AESTR
APROG, ..., ADW, ASS,..., and MIL/CYC, MIL/CYD,..., were
studied carefully. Some of these plots are shown in Figures

3.3c through 3.3f.

Studies of thege plots reveal that there is a 'strong’
association between ACYCL and MIL/CD, and also between AFOLL
and ATSH and ALUTL and ATSH. AFLWL and MIL/W seems to be -
associated linearly as well, For the rest of the scatter

plots there seems to be no strong suggestion of any trend.

~Asb béfore. t-tests on ' averages were performed, i:e
without any independent ‘vafiabie. The results are
1l1lustrated in»Table 2 of Appendix A. For further 'analysis,
linecr regnessioﬁ was employed. Each menstrual variable
ACYCL, AFOLL, ALUTL, and  AFLWL is regressed on
Amorph&metric, Afitness, ’ runnihg and the Ahormones
—vafiables, one variabie at a time. For each of the menstrual

varlables the following table contains the regressions with

the p-value<0.05 for the slope coefdicient.

Dependent Explanatory P-value: RSQ

acveL MIL/CD 0.005 8193
AFOLL ~ ATSH ‘ 0.030 63.7%
ALUTL ] ATSH 0.01 | . 79.4%
" AFLWL MIL/W 0.02 67.9%

The results indicate that there is a significant change in

>
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Figure 3.3c£:Scatter Plots of ACYCL
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Figure 3.3d: Scatter Plots of AFOLL
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Figure 3.3e: Scatter Plots cof ALUTH
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Fiqgure 3.3f: Scatter Plots of AFLWL:
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v

CYCL and it is associated with MIL/CD, and also 'AFOLL angd:

. ALUTL are both highly associated with ATSH, and AFLWL is '

.associated with MIL/W, It seems that the change in menstrual
cycle variables are not associated with the morphometfic,

fitness, and other hormone variables this time span.
3

Next, regressions with two independent variables are
considered. Here, one of the independent variables has been
found significant by a t-test on the slope coefficieﬁt, and

the other variable belongs to a different group belﬁeved to

be associated with the corresponding dependent variable. All

of the different combinations wete considered. To test
whether the .change in the dependent . variable 1is
significantly asgociated with the two independent variables
an overall F-test was performed.Improvement F tests were
utilized for those regressions that show a significant F
. . 5 ‘ P
statistics.
The following table contains the multiple 'regressions

for the menstrual cycle variables with an overall F<0.05.

“

Dependent Explanatory P-level . RSQ Signif F
ACYCL: MIL/CD 0.00 98.73 0.000
LH -0.00
ACYCL: MIL/W 0.00 94.7% 0.002
) ASS - 0.01
ACYCL: MIL/CD 0.00 94.3% 0.003
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3 0.04

ACYCL: ~ MIL/CD 0.00  93.9% 0.003
_ . Ny : |
FSH 0.04 ‘ : - -»';/
The results indicate that the change in CYCL is strongly
associated‘with MIL/CD and +he level of fhe ‘hofmone LH at
time C (the correlation between. MIL/CD andwhy is 0.34)
rather than with ALH. It can be seen from theﬁta:?s\gh\\page
45 ﬁhap= there is no significant  change in LH regarding
fitness and running variables. But from the above table  it
carn be seen that the level of the hormones at time C
toéetﬁer with running Qariables are important in éxplaninigb
the éhange in CYCL over this time span. . ' ‘
The following table contains the fitted values and their
standard errors for fhe regression of ACYCL on MIL/CD and
LH: | h
ACYCL=—6.7+0.1*LH+1.94*M1L/CD

Working-Hotelling 95% confidence region for the regression

line is also presented.

¥

/&
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Working-Hoteiling 95% confidence 7\» - e — —

reqgion for the regression surface

Individual Fitted Estimated SE Lower bound  Upper bound

RE -4.566  0.173 -5.337 . -3.780
2 A-1;365 | 0.138 -1.980 -0.751
3 9.090 0.180 1%.713 | 0.893
4 -2.240  0.237 -3.295 - -1.180
5 ~2.630  0.110 ~3.122 -2.130
6 -0.007 0.210 ~0.940 C 0.926
7 -5.230 0.240 .6.290 . -4.157

The following table contains the multiple regressions of

AFOLL with overall F significance level <0.05.

Dependent Explanatory _'P—level RSO ., Signif F
AFOLL: TSH . 0.02 — 78.8% 0.04
MIL/CY T 0,02
)
AFOLL: ATSH 0.01 86.5% 0.01
| MIL/CD 0.06 {
AFOLL: ATSH ' 0.03 85.4% 0.02
| NﬁﬁUN/CYv T 0.07 . N —

' The results indicate that the change in FOLL is associated
: “ |

with MIL/CY and TSH level at time C. The other two fitted

models indicate that the.change in PFOLL 1is significantly

associated with ATSH, and the running and fitness variables

are not significant when ATSH is already in the model.
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The following table contains the fitted values and their

-

standard,»errbrs for - the regression of AFOLL on MiL/CY»énd

TSH: | ‘
AFOLL=2.48-14,9*TSH+0. 236i*MI L/CY

WO;king—Hotelliﬂg,95%,confidéncq region.for the 'regreSSion

‘surface is also presented.

Working-Hotelling 95% confié%hce‘

region for the regression surface

«

1 -3.930 1.460 -10.43 . 2.570
2 -3.440 1.800° -11.46 . 4.587
3 ' 2.940 1.290 -2.780 | 8.670

o . N '

| 4 3.230 1.389 -2.960 9.420
5 2.200 1.213 3,190 \ 7.970
6 0.396 0.963  -3.890 4.680
7 ~3.880 1.350 -9.890 2,133

-
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The following table contains the multiple.regressions of
ALUTL with overall F significanqe level <0.,05.

Dependent Explaﬁatory P-level RSQ Signif F

ALUTL: ~ ATSH 0.01 - BB.4% 0.01
ASS - - 0.15

ALUTL: ATSH ) 0.011 82,5% 0.03
MIL/CY 0.44

~

It seems that ALUTL is significantly associated with ATSH
and the other variables (fitness and running variables) are

&

t significant when ATSH is already in the model.

The following table contains the fitted values and their
standafd erroré of ALUTL on ATSH:
S ALUTL=-0.313+7.81%ATSH
Working-Hotelling S5% <confidence band for the regression

line is also presented.

Working-Hotelling 95% confidence

barnd for the regresSion line .

.0

. ¢ _ v | E
;Individual Fitted Estimated SE Lower bound Upper bound
\

1 -1.490 0.513 . =3.230 ' 0.260
T2 -0.313  0.660 -2.560 1.933
3 -1.090 0.550 -2.970 »0;784
4 ~4.218 0.640 ~6.410 2,030
5 ~6.560 1.070 -10.22 -2.898
6  -0.704 0.602 2,450 1.345
7 -1.875 0.487 3,832 -0.218



The following table contains the multiple regressioh of

] AFLWL with overall F<0.05.

Dependent Explahato:y P-level _ RSQ . Signif F
AFLWL: - . A3BF . 0.15 79.7% 0.04
MIL/CD " 0.05
AFLWL: ALH . 0.047 87.7%  0.015
' MIL/CD | 0.008
AFLWL :- AFSH ; 0.005 96.3%  0.001
| MIL/W 0.000

A

AFLWL "~ is significantly associated with AFSH and MIL/W
(r=0;29) . That is AFSH has an extra effect on AFLWL when

MIL/W is already in the model.

The following table contains the fitted values ‘and their

standard errors for the regression of AFLWL on AFSH and

—

MIL/W: -

AFLWL=2.27+0.12A%FSH-0.2*MIL/W

WorkingHotelling 95% confidenée region for the regression

plane i1s also shown.
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Working-Hotelling 95% confidence

region for the regression surface

Individual Fitted Estimated SE Lower bound Upper bound

q 0.440 0.140  : -0.188 1.068
2 ~0.550 0.105 “—1..013 ' —0.}0827
3 -0.058  0.094 -0.474 ~0.358
4 -0.730  0.090 © -1.a32 - -0.328
5 ©-0.866 0,1397 : "1.486 -0.245
6 -1.090 0.106 S1.570. -0.618
7 0.962 0.143 0.325 1.598
oy A ‘ .

3.4 Statistical Critique

kS

This was an exercise 'in data modelling. It produced.
regression coefficients, F-ratios, significance levels, etc.
Any value .these summary sﬁatistics might have for predicting .
outcomes (forfexaﬁple: menopausal cycle changes) in subjects
in general, depends upon what "subjecﬁs in general" means, .
aﬁd upon whether the data analysed can be considered as
representative or typical of s;bjects in generél; and upon
general 'knoWledge or opilnion about the detected patterns,

which were already held prior to this-data‘analysis.

In social sciences, the relationships"between two
H
-v 4"- ’ ‘ . .
varliables are usually observational. Association does  not
mean causation. If the ezperimenter can control independent

variables then association can suggest a causation (Ref 12).

It should be emphasized that searching. among . many
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independent variables may'tend'tolfit a Qell-fitting model
by éhance, somewhat 'obScuring ‘the écientiﬁic meaning-;of
signifiCance. levels (see discussion in BMDP manual program
PYR). On the other _hand "knowledgable* search does not
necessarily entail this ’dég;;r. It is the investigétor's

task to strike a subjective balance.

+

- For future experiments, it 1is recommended that fewer
variableé should be studied, that is those that have  the
same nature (MIL/CY, MIL/W, MIL/CD,....)“&b&)uld be combined.
And also it would be a good idea for a statistician to be
consulted before the SQmpling prbcedufe, so that the sample

can be as representative as possible.

it is alsc recommended that if possible, more

observations should be taken; so that more detailed
statistical analyses . like regression models wieh

interactions could be studied.

It should be noted that iﬁdividual 3's respongé to (4SS,
TRPS, ACYCL; and AFOLL) from phase A to B, and individual
4's respopse to (ASS, A%BF, and AUWSBF) from phase A to C
were extremely different than the/ others. Their extreme
response could be due to many factors, for éxample it could»
be due to the fact that both subjects had the highest MIL/CY
compared to the éthers ( at phase B for .individual 3 and at -
phase C for individual 4). The inclusion of ~ these. £wo

subjects has a - definite influence on some of the reported
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p-valpés (e.g. from phase A to B no significant regressions
o« - .
of morphometric and fitness variables on running were found,
when subject 3 was femoved‘and’also'from phase“A to C no
;ignificant regressions of morphometric va;iables on running
were found, when subject 4 was)rembved). Since there were
only 7‘§ubjects, it did not seem reasonable to remove these
subjects from the list of data. However further

investigation regarding the nature of the extreme responses

of these two subjects 1s recommended.

3.5 Scientific Conclusion

VAN
The most compelling associations for each time period is as

follows:

Phase A t0o B:

It seems that ACYCL is-associated with ASS and ALH (see
page 37),  where ASS'is-significantly associated with MIL/RN
(see page 23), no significant change in LH with regard to
morphométric, 'fitnesé, and running‘variableé waswfound (;eé
page 26). AFOLL 1is assoclated with A%BF»and MIL/RN (see page
'39), no significant change 1in %BF with regard to running
variébles was found (see page 23). ALUTL is associated with
AESTR (see page 41), and AESTR is assoqiated with ADQ (see
page 28), no sign{ficant‘change in DW with reéard to running
variables was found (see page 23). AFLWL is associated with
AT3 and A%BF (see page 429, Wheré ATB 1s aséociated yith ASS

“and MIL/CD (see page 28).
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Phase A‘to C:

It seems that ACYCL is assoéiated‘ with {LH and MLL/CD
{8ee page 56), AFOLL is associated with TSH and MIL/CY (see
page 58}, ALUTL is associated -with ATSH (see page 60), and

AFLWL is associated with FSH and MIL/W (see page. 61).

It looks like thét th change in the menstrﬁél; cycle
;ariables from time A to B is associated with change in
morphometric and hormone variables, where tﬁe change from
phase A to C is‘associated with the level of hormones at

time C and running variables. A

| » e

The imblications of Dr. J. Prior's work are:
This study expiores complex and intefrelatea variables-which
subsequently affect menstrual cycle charactérspics. The
running variable as primary acts through changés in
morphémetric (nutrition) and fitness (see pages 23 and 46)
and direc;lyuto effect changes in hormones (see pages 28 and

50). The hormone changes then alter intervals, phase lengths

and flow characteristics (see sections 3.2.3 and 3.3.3).

The .luteal phase shorteningi congirms the previously
reported changes. This change is of biolodical and medical
significance. The -association with AESTR and ATSH may be
helpful 1n other investigations (see tables on page 42 and

60 and also‘Ref.'16)
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APPENDIX A

T tests on average change for fitness, hormones s * and

4 - .
menstrual cycle variables

Phase A to B:

Variable Name Average T statistics P-value
ADW 0.11 - 0.24 i 0.8
ASS 0.44  0.30 ‘ 0.77
A%BF ~0.07 ©-0.24 - 0.81
AUWW 0.07 2.08 0.08
AUWS BF -0.76 -2.00 0.09
TRPS 122.02 8.46 0.00
-
Variable Name Averaée T statistics P-value
AESTR 6.30 0.35 073
APROG ' 1.00  ~ 0.64 "0.54
AFSH ©-0.29 0.31 0.76
ALH ~1.40 ©0.15 0.88
AT3 ~7.10 -0.58 0.58
Variable Name Average T statistics. p-value
 ACYCL -0.29 -0.30 0.77
AFOLL 0.43 0.40 0.70
ALUTL 13 187 : 0.16
AFLWL - 0.01 0.04 0.96
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Phase A to C:

«;\' _ | - ",FFE

Variable Name Average T Statisticé _.P-value A
'~ ADW | -0.17 | -0.15 , 0.88
ASS ~0.11 ~0.05 | 0.96
A%BF 0.76 0.95 . 0.37
A -0.07 ~1.20 0.27
AUW%BF 0.04 - 0.03 | < 0..97
TRPS 31.63 10.07 ino,
I
Variable Name Average T statistics P-value |
AESTR -8.00 -0.19 0.85 L
APROG -2.57; -1.00 - 0.34
AFSH 1,14 -0.82 © 0.44
ALH " -5.86 -1.50 0.16
AT3 ~1.00 -0.10 0.92
"ATSH -0.26 -2.35 0.05
Qariable Name Average T statistics p-value
ACYCL -2.29 -2.89 ° 0.02
AFOLL T -0.33 -0.23 0.82
ALUTL -2.32 -2.40 0.05
AFLWL -0.26 -0.91. : 0.39



APPENDIX B

Met hod of Least Squ&:es

u

To find "good" estimators of the ’regression parameters. ﬁo

s and ﬁj, method of\\?ast squares is employed For each sample
observation (Xi,Y[), the method of least squares considers

the deviation of 'Y, from its expected value:

Y~ (B %8, X, )=¢, ’

f

In particular, the method of least squares requires that we

consider thé sum of the n squared deViations, denoted by Q:

n -
| Q=%§£(Yl~ﬁo_ﬁlxl) | ;
According to the method of least squares, the estimators of

ﬁo and ﬁ] are those values bo and b] respectively which

minimize Q.1

For more on the mathematical operations and b and b] formulas
please see (Ref. 5 Page 38).
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APPENDIX C

.

Figure 4: Scatterplot Source File from Phase A to B
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Run from Phase A to B
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Figqure 5, continued.
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Figqure 5, continued.
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Figqure 5, continued.
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Scatterplot Séurce File from Phase

Figure 6
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Figure 7, continued.
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Fiqure 7, continued.
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continued.

Figura 7,
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continued.

Figure 7,

change n weight & running
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