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ABSTRACT

Examined whether Chinese and white women with and without a history of breast cancer exhibit differences in
physiological and psychological stress profiles. Diurnal and reactive salivary cortisol profiles and physiological
stress patterns of 41 breast cancer survivors and 58 healthy women were assessed. Breast cancer survivor
displayed a blunted acute cortisol response but there was no main effect of ethnocultural membership using the
sharp large deviation for the energy of a - Brownian motion.
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I INTRODUCTION

Stress is a Universal experience, the product of an interaction between an individual and the
environment, namely the individual’s appraisal of the environment and coping capability[8]. Thus, stress can be
viewed as positive, negative or neural and beneficial toward promoting one’s survival[9]. In response to a
stressor, the hypothalamic-pituitary-adrenal (HPA) axis is activated to prepare the organism to deal with
environmental challenges[10], which initiates the production of glucocorticoids such as cortisol. Cortisol is a
hormone that regulates bodily functions, such as homeostasis and immune response, and is commonly measured
via plasma, serum, urine or saliva[6].

Cortisol has a relatively stable diurnal pattern in healthy individuals . It reaches its peak approximately
30 to 60 min after waking, thereafter steadily declining throughout the day. Cortisol secretion and basal levels
can be affected by numerous factors, such as hormonal status [5], age and sex, circadian rhythm and illnesses
such as cancer.
We consider the following a-Brownian bridge:

[ 4

d“/'__?"—r

Xdt +dW,, X ,=0

Where W is a standard Brownian motion. t< [0.T). T = (0.=), and the constant o>1/2.

Let P, denote the probability distribution of the solution {X ,,r = [0,7)} The -

Brownian bridge is first used to study the arbitrage profit associated with a given future
contract in the absence of transaction costs by [4].

A-Brownian bridge is a time inhomogenecous diffusion process which has been
studied by [1.11]. They studied the central limit theorem and the large dewviation for
parameter estimators and hypothesis testing problem of a-Brownian bridge. while the
large dewviation is not so helpful in some statistics problems since it only gives a
logarithmic equivalent for the deviation probability, owvercame this difficulty by the
sharp large dewviation principle for the empirical mean. Recently. the sharp large
deviation principle is widely used in the study of Gaussian quadratic forms in [2]. [3].

we consider, the sharp large dewviation principle (SLDP) of energy S . where
¥ -2
S, = j/\ia’s (1)
L (s 1)

Our main results are the following.
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Theorem: 1
- t € [0, 1)} be the process given by the stochastic differential equation.

Let {
Then {S, /4,.t€ [0. 1)} satisfies the large deviation principle with speed A, and good

rate function (.} defined by the following:

(1, .
Iy =gy (a1 a0 )
!\+ :C_T'f‘x =)

Where A, =log( T /(T —1)).

Theorem: 2
1S,/ A,.t €[0.T)} satisfies SLDP; that is. for any ¢>1/(2a-1), there exists a

sequence b, such that, for any p=0. when t approaches T enough.

[ &bk 1 )‘
+1

— 3 1
p(StEC/E.I):EXP{ I(C)Ar"_H{ar)J % 1+Z c'- +O( ~
..”IZFEZ'Tﬂ JB: \ = Ay A, (3:}
Where (TZ = 4¢?, B, = r:r”,q .
(1-(1-2
(1-(1-2a)ec | 4)

1
Hia,)= —;logl

The coefficients b_; be explicitly computed as functions of the derivatives of L and

H{defined in Lemma 3) at point a,. For example. b, ,is given by

1 b kO, b 517 L 1) 5)

b, = 20T 5 '3+ P P 3
c.\ 2 2 8o, 20, 240, a, 2a.c. a, )

With [, = L'(a,), and h, = H*" (a_).

2, Large Deviation for Energy:

Given o>1/2, we first consider the following logarithmic moment generating

function of §, : that 1s.

feoxr
L(u)=1logE, exp-grxj(g_: sds;. VieR. (6)
Lo P,

(7

and let DL ={uecsR L (u)<+=n}
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be the effective Domaine of L , by the same method as in [11]. we have the following

lemuma.

Lemma:3

Let D, be the effective domain of the limit L of L

one has
L (H) L)+ H(u} R(u)
T I AJ’
With
—Da—
L(u)=—1 2o —o(u)

4

H(3)= -~ log{ L (1+ Fr(u}]lL.

R{u)——% |

Furthermore. the remainder R{u) satisfies

R(H] r—)}" (Cxp I2‘§'7(M)/r I)

Proof:

BY Itd’s formula and Girsanov’s formula [7]. for all

ue P, andt=[0.T).

| 1+h(f.‘) {2'?(“)/‘: }]

Where @lu)y = —J(1— Ea‘jl —8u and A(u) = (1 — 2ex) go(ae)

dp,,
log —= |Lcn|
dpg
P X o X
~a-p)] Keax, L X
os—T 2 06-T)
t 2 t 2
-[ X =%: X, +| X, ~ds —log 1-—|
15-T 20(t-T) +(s-T) )
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(8)

)

(10)

(11)
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Proof:

BY Ité’s formula and Girsanov’s formula [7]. for all
wue D; andt=[0.T).

dp

log —=
gdpﬁ |Ln.=|
i 2 24 2
~-p|Xear, L K
OS_T 2 u(g_T:} (11}
r f 2 F3
[ Eeax, =2 o[ Lo asog[1-L]]
vs-T 20 -T) +(s—
Therefore.
. dp,
L;(“)—ngﬁ e‘P{”‘[( _T)z %d |[D-_r]
=log exp{ A Ml ‘1——|+l(ﬂ3—a‘2—af— —”u)yt X:
T - 2 T (s-T
(12)

If 4u = (1—2&’}2. we can choose f such that (8 -1 2)2 (-1 2)2 +2u=10. Then

1 -2 —(A) |
—_— = A

“r

Lr(u} =

4
Lo Lt nyt
2 T2 J
1, [ 1—h@ 1 (13)
— e -aLl + 1= ha) eXp {Egp(u)).: }J
Where @) = —+J(1—2a)* —8u. and h(u) = (1 —2a)/ @).

Therefore,

L(u) 1-2a—p(u)
A 4

or

oz |2+ ha |

24
o ’ (14)
1 [ 1—hu) R |
) ]og<|\1 1T hu) exp {2 {.-‘J(H)/.f}j

=L(u)+ H—FH) + @

Ay A
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Proof of the theorem 1. From Lemma 3. we have

Lu)=lm,_, (15)

L) 1-2a—gu)
1 4

Ay

and L(- ) is steep: by the Gartner-Ellis theorem . S, /4, satisfies the large deviation

principle with speed A, and good rate function I(- ) defined by the followmg:

! . ,
I(x) = .{a((iaf —Dx-1)".ifx > 0; (16)

|+ =, df +x<0
3. Sharp Large Deviation for Energy

Fore> 1/(2 a—1). let

(1-2a)c*-1 ) ;
el = I"(a)=4c’. -
5 o, (a.) (17)

H(a,) =—%]og(1—(1—2a':}c).
Then

P(S, zc,)

= J exp{L(a,) —ca A, +ca_ A, —a_S,}dO,
8 20l

= EXP{L(ﬂt.) —cda, ’;-r }EQ e@{_arﬁr{jf-{{ﬁazﬂ}} = A-:Br. (18)

Where E ; 1s the expectation after the change of measure

do
L —expia S —L(a)l.

dP ‘q_){ et r( r:}J

U= poo . (19)
' B,

By lemma 3. we have the following expression of A .
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Lemma 5.

For all ¢=1/(2a-1). when t approaches T enough.

4, = exp{-I(c)A, + H(a)}(1+ O((T - 1)°)).

For Bt . one gets the following.

Lemma 6.

(20)

For all ¢= 1/(2 & — 1). the distribution of U, under (), converges to N(0. 1)

distribution. Furthermore. there exists a sequence v, such that, for any p>0 when t

approaches T enough.

w L !
B = ‘ 1+ —:+ ol i
; 7

acrﬂ'l:r oy

Proof of Theorem 2. The theorem follows from Lemma 5 and Lemma 6.

(21)

It only remains to prove Lemma 6. Let ¢ (.) be the characteristic function of

U, under Q,: then we have the following.

Lemma?.

When t approaches T, ¢, belong to L*(R)and. for all u e R.

€ I3

gﬁ,(r{):em{—m@‘ xexpﬂlia +£
A A

Moreover.,
B, = EQ exp{—acﬂeUrI{U‘m} }=C,+D,.
With
| -1
C = ¢, (u)du
z’mcﬂr u|3,|'-\ arﬂr /
) \ -1
D, =
2 ?arﬂr 1.|>.7 , a,
|De| —f){em. D’I ’ r)
Where
176
s, = 3[ 102‘
T— f,l

-

}.

<

(22)

(23)

(24)

(25)
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For some positive constant s, and D is some positive constant.

Proof. Forany ¥ € R

?5; {H) = E{éﬁp {ﬂ'"DTr }exp {arSr - Lr (ac }})

i+ A,
:eh’l} _
CFI."

X evpﬂ Er{ a, + % !—Lr (a.) }

/
A

(26)

By the same method as in the proof of Lemma 2.2 in [2]. there exist two positive

constants 7and & such that

( 2 —RIDA
9. )" <| 1+ z (27)
S

therefore ¢,(.) belongs to I’(R). and by Parseval’s formula, for some positive

constant s, let

P 17
5, = 5| log i (28)
W=t}
We get
1o, m ) 1 (o |
. iu
B = [1+—— ‘ @, (u)du + X 1+ J ¢, (u)du
' zmc 3 |u|-'_[sr !'\. ncﬁr ‘ z’mcﬁr |u!:sr h, rﬁl‘ '
(20
)
=C,+D,
(30)
! 173 )
D] = Olesp- DA ) (3
Where D is some positive constant.
Proof of Lemma 6. By Lemma 3. we have
(a v Ha) olFT—e7¥)
o _[ c}=I_.“t-](afr}+ _t r:]I+ [’( - ) 3 (32)
A A A
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Noting that L'(a_)=0,L"(a_)= &’ and

2
[t
=——, 33

L'(a,)(
2 \ﬁl’ A

ot

For any p > 0. by Taylor expansion, we obtain

2 2543 Al )
u it a
log g, (u)=-"—+ 1% _‘ e
1 2 t =\ 8, jx

E=l b pMp S . [:34:}
2ptd }‘

[ max (1. |u"
b "'r

therefore. there exist integers q(p). 1(p) and a sequence ¢, ; independent of p: when t

approaches T, we get

J’ 2p a(p) g max [.1,|u‘rm~)\
¢, (u }_eﬂ}l—_ 1"'\/—;:;1 )142 - pral J (35)

where O is uniform as soon as [u| < §,.

Finally, we get the proof of Lemma 6 by Lemma 7 together with standard calculations
on the N(0, 1) distribution.

4 Example:

Participants were deemed non-compliant if they ingested alcohol within 24h of
saliva collection, or if they mgested the large meal. exercised or brushed therr teeth
within 1h of saliva collection. Furthermore, Participants were marked as non-compliant
if samples were not collected within 30min of the collection time. Specifically mean
cortisol of concentration (fig 1) compared with collection time points like Chinese
control participants, white control participants, Chmese breast cancer survivor, White

breast cancer survivor.
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IV. Conclusion

The present study investigated whether chinese breast cancer survivor exhibit different diurnal and
acute cortisol patterns in comparision to that of healthy Chinese women with previous finding, diurnal profiles
did not differ between groups. But atypical acute cortisol patterns were found, suggesting changes in the HPA
stress mechanism of breast cancer survivors, possibly due to the chronic activation of the HPA axis throughout
the disease trajectory. All groups indicate similar patterns of subjective stress appraisal during the TSST
protocol. They showed increasingly higher levels of psychological stress levels during the Anticipation and
Arithmetic phase of the protocol and a gradual disease in the psychologiacal stress levels during the recovery
period (10 to 60 min after) with some minor difference across the groups. Using sharp large deviation for the
energy of a-Brownian bridge. Finally, from fig 2, we conclude that the results coincide with the mathematical
and medical report.
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