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Research Title: Simulation model for the transmission of Hemophilia in Thailand
Researcher: Assoc.Prof.Dr.Puntani Pongsumpun
Faculty: Faculty of Science Department: Department of Mathematics

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Hemophilia is a chronic lifelong disease. There are 3 types of hemophilia such as hemophilia A,
this is a genetic disorder caused by missing or defective factor VIII. The most hemophilia cases are due
to hemophilia A. Hemophilia B is a genetic disorder caused by lack of factor IX and a few of patients
are due to Hemophilia C which is caused by lack of factor XI. This disease is occurred caused by lack
of blood coagulation factor. Atherosclerosis can not produce blood clots to tear blood vessels. In
Thailand, the most hemophilia cases are found due to Hemophilia A (a¢ Hemophilia B.
This disease is caused by mother who carry this disease to her son. Approximately 30% of patients
have this disease, with no family history of hemophilia. This due to the occurrence of mutation or the
disease can be occurred oneself without inheritance. In this study, the simulation model is presented to

study the risk of this disease.

Keywords : Risk, steady state, simulation model, hemophilia
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http://haamor.com/th/%E0%B8%9B%E0%B8%B1%E0%B8%88%E0%B8%88%E0%B8%B1%E0%B8%A2%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87%E0%B8%95%E0%B8%B1%E0%B8%A7%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94/
http://haamor.com/th/%E0%B9%84%E0%B8%9D-%E0%B8%9B%E0%B8%B2%E0%B8%99-%E0%B8%81%E0%B8%A3%E0%B8%B0-%E0%B8%9D%E0%B9%89%E0%B8%B2-%E0%B8%AA%E0%B8%B4%E0%B8%A7/
http://haamor.com/th/%E0%B9%84%E0%B8%9D-%E0%B8%9B%E0%B8%B2%E0%B8%99-%E0%B8%81%E0%B8%A3%E0%B8%B0-%E0%B8%9D%E0%B9%89%E0%B8%B2-%E0%B8%AA%E0%B8%B4%E0%B8%A7/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84-%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3-%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B8%9B%E0%B8%B1%E0%B8%88%E0%B8%88%E0%B8%B1%E0%B8%A2%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87%E0%B8%95%E0%B8%B1%E0%B8%A7%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94/
http://haamor.com/th/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7/
http://haamor.com/th/%E0%B8%9B%E0%B8%B1%E0%B8%88%E0%B8%88%E0%B8%B1%E0%B8%A2%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87%E0%B8%95%E0%B8%B1%E0%B8%A7%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/
http://haamor.com/th/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7/
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84-%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3-%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84-%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3-%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84-%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3-%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B9%82%E0%B8%A3%E0%B8%84-%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A3-%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B8%9A%E0%B8%A7%E0%B8%A1/
http://haamor.com/th/%E0%B8%9B%E0%B8%A7%E0%B8%94
http://haamor.com/th/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7/
http://haamor.com/th/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B9%8C-%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%80%E0%B8%A2%E0%B8%B7%E0%B9%88%E0%B8%AD-%E0%B8%AD%E0%B8%A7%E0%B8%B1%E0%B8%A2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B9%8C-%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%80%E0%B8%A2%E0%B8%B7%E0%B9%88%E0%B8%AD-%E0%B8%AD%E0%B8%A7%E0%B8%B1%E0%B8%A2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7/
http://haamor.com/th/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%97
http://haamor.com/th/%E0%B8%8A%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%9B%E0%B8%B2%E0%B8%81/
http://haamor.com/th/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3/
http://haamor.com/th/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B8%9B%E0%B8%B1%E0%B8%AA%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%97%E0%B8%B2%E0%B8%87%E0%B9%80%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B8%9B%E0%B8%B1%E0%B8%AA%E0%B8%AA%E0%B8%B2%E0%B8%A7%E0%B8%B0
http://haamor.com/th/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7/
http://haamor.com/th/%E0%B8%95%E0%B8%B2%E0%B8%A2
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O 0 ... ... a;
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! a -4
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6121_,” ﬁ"]w%}u 0 < 2[ —m < j
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Y ! Y A ] a T = <
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4

FOIPNANTINGG AT HUBT WaATuWUT



[ = o s ! = S A
umJmammﬂmmnmmumimwmiﬁﬂaTnNma“lmJﬁzmﬁ"lm 10

k4
a Ao A

o o d‘d‘ % = =
MINA U WVVI a0 l5nd WWiaeuail
= o a d o [ g o
13l a.f. 2012, Lacroix ldad1aunudiasanadiamans s umsuaiadiveaon
= A I~ A [ ~ A
FINTUT NITUVIRVDURA tazaIulsznounnwy luasa[19]
' Y o ° A o @ a A Ay Y A
@ou1 Mester[20] TdWannuuuiiaoanadiamaasdmsumsnan ldsaun Idaniaea
[ g’-/ Y 9 o a s A o 3 o A A Y
NAIINIY Perdomo [21] @ a5 1auuusiaeanaasiamans o ianmsuvidrveaaoaine 14
lumssFuisnunIanailn
. U 3 o { I
Tud)n.a. 2001 Shapiro tazamz[22] ladnuinquilszmnsveuanieieuntheiulsag
ar A l = Y o [ 9 3’, a = A a
Tulideed193u05934 14N AE 1AW INMTNTONNINI T UIDIANVDUOINTINAN1IE
= A YR [ 4 1 a a = Ala R @ Y o g’/
@oa0en Iagn laanyiaNudunusserIeaNnuAnlnaved TuiliReraialaansuiuasa
A A = = o | I ¥ v o ' a = =
NiAsAvoNATHANITHE oUTINAINNUITeNI 1T Idanuduiussenaanmana lsad Tal-

g
[ReLazHadNgNEN1NTIS U

4

FOIPNANTINGG AT HUBT WaATuWUT



o a2 9 % 1 = A A
LL“]J‘Ui]1@’l’)QmEJHAL‘]J‘]J?("Iﬁi‘]JﬂTiﬂ"IEWI?JﬂIﬁﬂ‘613mefleluﬂ‘§$mﬁ‘1°ﬂﬁl 11

A
UNN 4

=

) = =) = a J
LUV Wﬁﬂﬁmﬂmmﬂﬂlf)ﬁkﬂﬁkﬂlﬁﬂllﬂ%ﬂii’)&ﬂiﬁﬂ

v Y
nuuaeannasamans fmsulsad luiideniasanluauised unshiasanlasms gy

gumsram i aaInms ldsunazoienealind Tudl@es luilszme Ine

E4
=

@13519% 1 aaulsnteuluuyuiassdsuLuVEIHTUNUI

daunls ANUNUY

AB Usznnsmieiiquaind

AA Usznsnideiiguning

A'B Yszrnsnefidulsns Tuilde

A'A Usznnsudendlumne IsasTuilide

e

§ a J 'Q o o [ Aa o
A13199 2 31U NNy IuuyUIaoURsUHUUFINTVUIVYL

W3 nes ANUNNY

5 o Ao |

i dagruvoayasniie Tulnil AB

. v Aaa J|

j dagauvoyasnie Tulni Aa

k dauveyasiie Tulni A"A
I dadauveyasidolulni A"'B
m daguvesyasiiolulni A"A"

1INMsIuguesiamazania Tanandadianisei 3

FOIFNANTINGS AT WUDT NIATUWUT



o =) o [ 1 =} =TE=
wuusasudsuuuudsumsoenoa lsag il lualszme' lneg 12
A =\ | d' a [ 1 a
a15197 3 8Tu Indlmasinmstuguesiauaz e
[ 1 L
daauvedd Tu'lnil 315A1
h
AA ATA
. K
]
fian AB i i ik
AhB l IJ lk

=le

aov g a Y 1%
lunuAdeiimsnaaannsamilulylldas
) UauaznInNguaInag

a =\ =1 < o = =
i) dadavnng uazinsanilumrziiilsas luil@e

a

= )
f.

ey A& 9
i) UanthuTsnalualiae uassaigunn

iv) denithulsadludl@onazinsandlumunziilsad luilide

(2

Y o @ d dy 1 ' dg}
Iddnanueine lUiunuilszmnnguaieg aeil

o 22" N\,
UNUUTEBINTTIONGUNING

® :

A umnlszanninganguning

@

i { 3
unuilszannsgeniluling luwine

. 1

a A g = A
A imudsgnnsvaanidumnng Isaa luiliae

F0IFNANTINGS AT WUBT NaAaY

4

NWUD



o a2 9 % 1 = A A
LL“]J‘U‘ﬂ1@’l’)QmEJHAL‘]J‘]J?("Iﬁi‘]JﬂTiﬂ"IEWI?JﬂIﬁﬂ‘613mefleluﬂ‘§$mﬁ‘1°ﬂﬁl 13

NIAN 1 UAWazNIANGUAINA

20 _
> @ -

AA AA AB

N

2 & 3 g !
VNUHUNINUIZIAU 100 % vouan ARl gunIn

AB

|

=
f

~ a = = 3 ) = 2 A
AIUN 2 1J§°]13J’ejﬁllﬂ1Wﬂ uazmmuﬂuwm:uﬂiﬂﬂm\lm&

[ j
@ ®
RN s
AB | A"B
h h
A"A AA A'B AB

ik ik ik ik
4 4 4 4
g g < 2 & A A < Y & A A A A
VNUHUNNTVLITUI 50% VOUANFIBTUANNNFUAING - 50% voudnmietuaninilulina Tuiliae
< a a3 < {3 o =1 ==
Hwdnnitlumrziiilsas ludl@e

3 a & & Aa
50% ﬂlﬂﬁlﬂﬂﬁfyﬁlﬂul@ﬂﬂuqmﬂTWﬁ 50% VBUANHRYNL

4

FOIFNAATINGS AT WU WIATUWUT



o a2 9 % 1 = A A
LL‘U‘Ui]"Ia’OQmEJ‘lJll‘]J‘]Jﬁ"Iﬂﬁ‘]JﬂTiﬂ"IEJ“VIf’JﬂIﬁﬂﬂIJJV‘ImEJGLUﬂ‘EMVIﬁ‘lVIEJ 14

nsdih 3 DailuTad ilide uazuisaguama

LK
>@®

A'B| AA

A"A A'A AB AB
A i
4 4

W < g 2 Aa a < A I A
NUANUATNUIZIHIUIT 100% ﬂlﬂﬂlﬂﬂ%1ﬂlﬂumﬂﬂﬂq%ﬂ’lv\|ﬂ 1ag 100% ‘ll@ilﬂﬂﬂmuﬂlﬂulﬂﬂﬂlﬂuW']ng
W 15na Tuiide

nsain 4 Dailu s ad Wil@euazisarilunirza ias wilide

|k
e ©
L] A
X
A'B | A"A
A"A" A"A A'B AB

Sy

E O I < g g
ANURNUAINUILLIHIUIT 500% "ummﬂmmﬂmm

£

Aa = <3 < 3 A = A

NgUama  50% vouanmatludnnilulsnaluwiay
<] a g ) = A

waz 100% vouanvaauiluwivetihlsng Iuwine

FOIFNANTINGS AT WUDT NIATUWUT



o a2 9 % 1 = A A
LL“]J‘U‘ﬂ1@’l’)QmEJHAL‘]J‘]J?("Iﬁi‘]JﬂTiﬂ"IEWI?JﬂIﬁﬂ‘613mefleluﬂ‘§$mﬁ‘1°ﬂﬁl 15

Y Yo ' 2
INLUNUAN TNV AU ’dﬁJﬁﬂllﬁﬂillﬂﬂﬂﬂﬁ%m@‘lﬂu

AN 4 AT NUAAIYATNAINATIUY

U

Tu'Indlves TuInilvesyas
danazansen AB AA A"A X"y X'X"
i ; K l m
AB x AA i i 0 0 0
AB x A'A ik ik ik ik 0
2 2 e 2
A"B x AA il 0 jl 0
A"B x A"A kl 0 kl kl kl
2 2 2 2
Total ik okl .. ik ik .kl ik kil kl
ijt+t —+jl+ — j+— —+jl+— — R -
P 2 2 2 2 2 2

v
A o

Y = 1 Yo 1 dy
mﬂmﬁNuwﬂwmmmwwnuuammiwamﬂﬂmm"lﬂu

ink + kI + Koy

>

in-¢—1 = injn+
ok
Jn+1 =1ndn T n2n >

ik ” k.l
kn+1: n2n +Jn1n+ nzn

s

1= >

ik

i\ =
k1

2

~ I 1
Tagh n WuguveIgRraId ag n =1,2,3,.. .

n + k1'111'1
n

myy =

(1)

FOIFNANTINGS AT WUDT NIATUWUT



o a2 o % 1 = A A
HUUDIReURULUVEIMSUNISOENea 15a aiuwgaﬂ“luﬂﬁxmﬁllm 16

NAIRAYITFIN AV

dd’ a = =
NTUN 1 UAUQSHITANFUAINA

o

1 a d‘dd
ATIUVDIUAN ll'liﬂTV]ﬁJEJIu]l“VI

29
>

B

1,

o

1 a d‘dd
ATIUUDIVA ZJ'liﬂ'l‘VIllElIu"l‘ﬂ

[mdY

AA =1,

[

' A A s J| h
ATIUVDILA ll’]ﬁﬂ']‘ﬂilfliu]lﬂﬂ AA=0,

@

' A A~ J| h
ATIUUDIUAN ll’]iﬂ'lﬂilﬂiullcﬂ‘ll A B=0,

@

1 a y 7
aauveala msanie Tulnil A"A"=o,

ga .
HUNAD 11:l,J1:l,k1:0,11:0,m1:0.

MIMUINIZ TaN
h=ig=iy=is==Lh=3=4=js= =1,k =k =ks=ks=--=0,1, ==l =15 =---=0,
my=m3=my=ms=:-=0
1.000 @ = svovovs }bo—mm o e v T e
0.800
- —=1(0)=1
=
£ 0.600 | LA
E = _]kU'J 1
=
e e (1) = ()
0.£00
=—1(0)=0
0.200
0.000 ik . v 3 . v 3 . 9 r 4 |
1 2 3 1 5
Generation{(n)

91 A a =
a1 1871 100% voayas A gUAINA

4

FOIFNAATINGS AT WU WIATUWUT



o a2 9 % 1 = A A
HUUDIReURULUVEIMSUNISOENea 15a aiuwgaﬂiuﬂﬁxmﬁllm 17

A a | = < o 2 =
ATUN 2 ‘IJﬂanj"’Uﬂ”l‘Wﬂ Llazll”liﬂn‘ﬂu‘w1??31!113?!81%1/\“218

@

g vsante Tu'ln
] =Y c!'cid

AdIUURILA1 MTANTD U In
] =Y c!'cid

AdIUURILA1 MTANTD U In

1 a d’dd
ATIUVDIUAN ‘JJﬁﬂTVUJEJTull‘ﬂ

£ =22 22 2o

=

AB=1,
AA=0,
A'A=1,

A"B=0,

adruveatial sanneTulnil A"A'=o,

o dA .
HUNAD 11 :1,_]1 :O’kl 21911 =O,m1 :O
) F
‘ﬂTﬂﬂWiﬂTu’Jﬂ!ﬂgllﬂ’N
ipy=iz=iy=is=--=1 jp=j3=Js=js==0,ky =ky=ky=ks=---=1,l, =lz=1y =15=---=0,
mz—m3—m4—m5— :O
1.C0 * > £ < 3
—=i(0)=1
0.60
~=j(0)=0
=—dr=k(0)=1
g 060
£ —1(0)=0
=
= e (0) = 0
£ 040
0.20
0.C0 T r T o T T K 1
1 2 3 4 5
Generation(n)

711871 50% veudnmediu

<
an

Aa 2 < < 3 A g = A
ngunma  50% veudnmethudnnilulsnaluiliae 50% veq

<3 a

< A 3 3 Aa a TR o as A
DN YUTIANNTFUNING 50% vouannguiluannidlunimerilsag Tuiliae

a9

F0IFNANTINGS AT WUBT NaAaY

4

NWUD



o a2 o % 1 = A A
HUUDIReURULUVEIMSUNISOENea 15a aiuwgaﬂ“luﬂﬁxmﬁllm

y a <
n3aiN 3 da1ilulna Wiae azsaguana

adruvetial s lu'lnil AB=o,

=2

1 a d‘dd
ATIUVDIUAM lITiﬂ"IVIiJEJquh/I AA=1,

=2

' a A h
ATIUUDIUA iJﬁﬂ”IVIilEJIuleI AA=0,

=2

U a Aaa h.
agIuvetial msannelu'lnil A"B=1,

[ a A o
aauveadal msanieTu'lni A"A"=o,

S A . .
HUNAD 11:0,_]1:1,1(1:0,11:1,11'11:0

18

MMz Ian
ip=i3=ig=is=+=0, p=j3=Js =js=t:=1,ky =Ky =kg=Ks=---= Ay =1l5==
m2—m3—m4—m5— :0
1.00 < - - -
——i(0)=0
0.80 _
i=j(0)=1
==k (0 =0
S 0.60
2 —<1(0)=1
g
& 4m(0) = 0
& 040
0.20
0.00 iy T 1 T i ; T i
1 2 3 5
Generation(n)

<

o Y1 < I Aa 2 < A & & Ad
fl]1ﬂﬂﬁﬂ1u’3i1!i]$"lﬂ’ﬂ 100% "ll’leﬂﬂ"]ﬂfJLﬂuLﬂm/lJJqGUﬂWW@] 110 100% ﬂl@ﬂ&ﬂﬂﬂﬂ]uﬁtﬂutﬂﬂﬂlﬂuv‘lﬂ/i%

11 15a3 Tu@e

F0IFNANTINGS AT WUBT NaAaY

4

NWUD



o a2 9 % 1 = A A
HUUDIReURULUVEIMSUNISOENea 15a aiuwgaﬂ“luﬂﬁxmﬁllm 19

nsain 4 dadlulsad Wl @ouazinsarilunivzii sad Wilibe
' A A ey

aguveaia wsaneTulnil AB=1,
[ a d'dd I

aauveda msanngTulnil AA=o,

aduweadan nsantolu'lni A"a=o,

aduveadan ismntolu'lni A"B=1,

@

1 a § L
aaueatal msanieTu'lni A"A"=o,

o dA .
UNAND 11:1,J1=0,k1:0,11:1,m1=0.
o Y
fﬂTﬂﬂTiﬂWu'Jmfﬂg]lﬂ'n
iy =13 =g =i5 F =1, jpmiz=daFis- TR =0 kp =P Ky E ks =50, Ky =15=---=1,
m2 :m3 :m4 :m5: ..:O.
1.00 * s #- #- n
—=i(0)=1
0.80
2=j(0)=0
—a—k(0)=0
g 0.60
2 —=1(0)=1
g
=) —=r=m(0) =0
~ 040
0.20
0.00 i T Y T Y T ' T ik 1
1 2 3 4 5
Generation(n)

' < 3 I Ax < 3 I A =
a1 1871 50% veuanmedludniliqguning 50% veudnmneaitlwanmilulsas wilide  uaz100%

< I T °
youdnvguilmanndumiveiilsag luiine

FOIFNANTINGS AT WUDT NIATUWUT



o a2 9 % 1 = A A
LL‘U‘Ui]"Ia’OQmEJ‘lJll‘]J‘]Jﬁ"Iﬂﬁ‘]JﬂTiﬂ"IEJ“VIf’JﬂIﬁﬂﬂIJJV‘ImEJGLUﬂ‘EMVIﬁ‘lVIEJ 20

o ] A ] I a = =TS a o 9y [
TAIHIUNTUDUN ‘H1ﬂ‘1/1‘§1Uﬂ31uu1%3lﬂuﬂl’€]ﬂﬂﬁlﬂﬂiiﬂaTJJWLafJ"U’fNUﬁ1 U1IM Vﬂi’l’i’s’fﬁﬂ‘iﬂ‘lmlﬂﬂ

£
anuinziuveslsad luilideluyas Idasil

e

=h.

2198190 1

o

aa VDIt VISANTE 1u nil AB=0.5,

aQ

=2

1 a d‘dd
ATIUVDIUAN llﬁﬂTVlll‘(’Jqulﬂ AA=0.5,

' a A s | h
ATIUVDIVUAT 3J1‘3ﬂ11/]3JEJT‘Llul“VT]J AA=0.5,

U a A o h
ATIUVDIVAM llﬁﬂTVlﬂJfJqul‘Vlﬂ A B=0.5,

1 a H L
aauveaal wisante lu'lni A"A"=o,

<3
WUNAD i, =0.5,4, =0.5,k; =0.5,1; =0.5,m, =0.

vinmsaauasllan

< d I Aa a = & As A A & a & & Aa
75% ﬂJﬂQLﬂﬂ%WﬂLﬂulﬂﬂﬂﬂJ’q’ﬂlﬂWWﬂ 25% mauﬂﬂﬂmmﬂuiiﬂahwgaa 37.5% ﬂlﬁ)ﬁlﬂﬂﬁq},ﬂlﬂutﬂﬂﬂi\l

a2 < a a ° = A
JUANA 1Az 62.5% vouanuaiuiluminiziilsna luwiae

4

FOIFNAATINGS AT WU WIATUWUT



o a2 9 % 1 = A A
LL“]J‘U‘ﬂ1@T’JQmEJHAL‘]J‘]J?("Iﬂﬁ‘]JﬂTiﬂ"IEWI?JﬂIﬁﬂ‘61%1/‘]&'@8111!‘1J5$mﬁ‘11/’|8 21

]
U 1 =

AIDYNN 2 :

' A A 2|
aauvela MsanNeTuInil AB =0.75,
adruveatial s lulni AA =025,

' A Asa J| h
Aot visantolulnil A"A=0.75,

' A Aaa < h
aauveaia usanNgTu'lnil A"B=0.25,
agueaan msantolulnd A"A"=o,

<3
UNAD i =0.75, j, = 025 ,k; =0.75,1; = 0.25,m; = 0.

nnmsmuuagllan
< I & dAa = < 3 as < A d & Aa
62.5% vauan e uAnNNgUNINA 37.5% vouanaeluling luliay 46.88% vouanvguiluannil
= < B\l €3 o = A
qUANA ez 31.13 veudnnuilunivetilsag luiliag
<3 ' ' < a A g = B o Y ' 33|
v IMNIUANNINuvestian wsmnadlulsagluiliae v linswanuingiuves

TsadTuilidoieznalusuyes vanlddesdluilse Tonilums namumsidsuiiayaslueunald

FOIFNANTINGS AT WUDT NIATUWUT



o a2 9 % 1 = A A
HUUDIReURULUVEIMSUNISOENea 15a aiuwgaﬂ“luﬂﬁxmﬁllm 22

o S I v A Ada AA o ' & ' ' ' A
W1!ﬁfﬂﬁﬂilﬂuaﬂymgma\jﬁ\?N%'JﬂﬂﬁU‘n@ﬂﬂuﬂJ'm']ﬂEHWH\?llﬂi:]fﬂu?Hﬁﬂulﬂ Gluﬁﬂ')ii‘}:l‘ﬂ 18 WwuLaa
I Ay @

v Y
fluyanausniidununenuiugnssuveslszanns 3 ludlidodulsamaiugnssy luauiseliiing
9 ' A a a 2 Ay v =2 [l < A g

Tdaumswacmaiossiemsinalsnil wai ldaunsaldlumsAnvinnuminziuvesgniauindu
Tsag Tudlide lumsanp Isamanugnssu latinuisesunumnnidnsimsszaaveslsalag sz uy

"y A< O =1 ! < 4
aumanaa1a gilnaseoanitlu lsativsednilunivevedlsatermnauanuinnzuvesgnraiuinglu

Y

T3a8 luilide TaolFaumadeoyiusinandlulse Tomilumshuoamnziluveslsad Tuilidone

gnriaulueuag

4

FOIFNAATINGS AT WU WIATUWUT



o = o (%3 1 =} S A
uuuassdsuLuUdHTunMIsenea 1sad ludl@elulszmalne 23

a
Unns

a31l 301501 vazauenuz I lueinan

Aav o dy YR o a s A = = I
TuuIdentiuit Iddnymuudiasanendiamans e anyIANUEs oI siuTsn

= A A = a a dy 1 a Y o
g Tulideludlszmalng Taslimannsanmsmaveslsatilugu da1 msawdaimmaim

1 I dy 1 1 ~ o = Y o Yo
nziuvealsatilugugn va ae i Tashnuusiasudeunuy laihunldmuinnn

] Y Y v
@osvesmanalinii lasldmguivesmsnenealintimeiugnisu wai Idvziduilse Tond

v Y

Tumsmaruaseuasaluomanas 11 Fevzidludse lomilumsaanmsszuiaveslsail

4 yc:-' g ] 3 a
iognnlsaidluTsansesemunioduldaanadia

Y
[

1 < a a dyw M Yo 8 K [ 1 1 @ = =
’f]fJ'l\?Ll'iﬂGnll 1‘1!\111!'3%86]51&1& \illllllﬂ 'lu\iﬂ\?“lji]i]ﬂﬂ'liWW!WﬁWﬂWQWHEﬂiiN HIDTNIUNG
9

9
=

Y
aolantl Ul lusiaaiunl3NnTAItiaDIdNINaY

@

5OIMANIINTG AT WU WIFTURUS

J



[J = o s \ ) S A
L!’U']J"l]']ﬁ’E'Nmﬂullﬂﬂﬁ1ﬁiﬂﬂ1iﬂ18ﬂﬂﬂiiﬂaIlJWLﬁEJiu‘]Ji&’!‘VIﬁVlVIEJ 24

1PNE1591909
[118Tu#lid0 (Hemophilia), MaAAT19158 LWNGND 038 AR FAIMN
N.AInsnaEni, 92.lalainen
Available: http://haamor.com/th/%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A 1%
E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/#articl
el01

215 Tudlide yusudThelsmaeasendie 3 ludlidenialszme Ine

Available: http://www.thaihemophilia.org/mews.php?main_id=1&sub_id=0&news id=33]

[3] Frequently Asked Questions About Hemophilia. World Federation of Hemophilia.Accessed.

Available: http://www.wth.org/2/1/1 1 1 FAQ.htm

[4] Factor XI Deficiency. National Hemophilia Foundation.
Available: http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=189&contenti

d=54&rptname=bleeding

[5] Hemophilia A. National Hemophilia Foundation.
Available: http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=180&contenti

d=45&rptname=Dbleeding

[6] Anwinedny Tsad Tuilide

Available: http://www.baxter.co.th/th/patients_and caregivers/hemophilia knowledge/

A 1A ar A J a o a
[7] Iiﬂ!ﬁﬂﬂﬂ@ﬂﬂﬂﬁIﬂJT\lLaElLLWﬂElﬁiUuQﬂﬂiWi DATINNT U BYTY LAY
4 d Aa o o £ 4 A 1
G FRDREL LLWWEJﬁﬂJQfJWllW’Jﬁﬁm IUTUYND TDIANTATI15Y AT. ’N‘Vl%l@ﬂﬁdi RHY AU

A9UTWUT Available: http://kanchanapisek.or.th/kp6/Ebook/BOOK39/pdf/book39 7.pdf
[8] E.K.Leah, Mathematical models in biology, 1988, Random House,Inc.

[9] M.Robert, Stability and complexity in model ecosystem, Princeton, university press,

1973.

4

FOIPNANTINGG AT HUTT WIFTUNUT


http://haamor.com/th/%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/%23article101
http://haamor.com/th/%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/%23article101
http://haamor.com/th/%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/%23article101
http://haamor.com/th/%E0%B8%AE%E0%B8%B5%E0%B9%82%E0%B8%A1%E0%B8%9F%E0%B8%B4%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2/%23article101
http://www.thaihemophilia.org/news.php?main_id=1&sub_id=0&news_id=33
http://www.wfh.org/2/1/1_1_1_FAQ.htm
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=189&contentid=54&rptname=bleeding
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=189&contentid=54&rptname=bleeding
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=180&contentid=45&rptname=bleeding
http://www.hemophilia.org/NHFWeb/MainPgs/MainNHF.aspx?menuid=180&contentid=45&rptname=bleeding
http://www.baxter.co.th/th/patients_and_caregivers/hemophilia_knowledge/
http://kanchanapisek.or.th/kp6/Ebook/BOOK39/pdf/book39_7.pdf

[J = o s \ ) S A
L!’U']J"l]']ﬁ’E'Nlﬁﬂullﬂﬂﬁ1ﬁiﬂﬂ1iﬂ18ﬂﬂﬂii'ﬂaIMWLﬁﬂiuﬂi&’mﬁqﬂﬂ 25

[10] H.N. Agiza, :On the Analysis of Stability, Bifurcation, Chaos and Chaos Control

ofKopel Map, Chaos, Solitons, & Fractals, 1999, 10, pp.1909-1916.

[11] M.T.Yassen, Chaos control of Chen chaotic dynamical system,

Chaos,Solitons& Fractals 2003,15, pp.271-283.

[12] B.D.Bassard, Theory and application of Hopf bifurcation, Cambridge U. Press,
Cambridge, 1981.

[13] B. Bamich, Lecture 6: Stability of Dynamic Systems Lyapunov’s Direct Method,

University of California, 1999.

[14] Lyapunov Stability Theory, Available from: http://control.ee.ethz.ch/~apnoco/

Script/08.pdf.

[15] J.LA Salle and S.Lefschetz, Stability by Liapunov’s direct method. New York

Academic Press, 1961.

[16] Probability space, Available: https://en.wikipedia.org/wiki/Probability space.

[17] R GENGEGL! 18(Network Model), Available
from:http://www.doesystem.com/3be1254fe6b4fe015af2888562528236/%E0%B9%81%E0%B8
%9A%E0%B8%9A%E0%B8%88%E0%B8%B3%E0%B8%A5%E0%B8%AD%E0%B8%87%E
0%B9%80%E0%B8%84%E0%B8%A3%E0%B8%B7%E0%B8%AD%E0%B8%82%E0%B9%

88%E0%B8%B2%E0%B8%A2(Network-Model).htm.

[18] Network models, Available: http://www.comptechdoc.org/

independent/networking/protocol/protmodels.html

[19] D.E. LaCroix, A reduced equation mathematical model for blood coagulation and lysis in

FOIPNANTINGG AT HUTH WIFTURUT


https://en.wikipedia.org/wiki/Probability_space
http://www.comptechdoc.org/

yuvTasudsunuudmsumsoienealsng luiiaelulszmealne 26

quiescent plasma, INTERNATIONAL JOURNAL OF STRUCTURAL CHANGES IN
SOLIDS — Mechanics and Applications, Volume 4,2012, pp.23-35

[20] Mester, Mathematical Modeling of the Kinetics of the Extrinsic BloodCoagulation
System with Stoichiometric Anticoagulants, ZoltanMester,

Available: http://www3.nd.edu/~powers/mester.pdf

[21] J.L. PerdomoMathematical Modeling of Blood Coagulation,

Available: https://www.math.hmc.edu/~jperdomo/thesis/jperdomo-2016-thesis.pdf

[22]A.DShapiro, S.M.Donfield,H.S Lynn HS, Cool VA, Stehbens JA, Hunsberger SL,
Tonetta S, Gomperts ED; Academic Achievement, in Children with Hemophilia Study Group.

Pediatrics.2001 Dec;108(6):E105.

4

FOIPNANTINGG AT HUTT WIFTUNUT


http://www3.nd.edu/%7Epowers/mester.pdf
https://www.math.hmc.edu/%7Ejperdomo/thesis/jperdomo-2016-thesis.pdf

MARHIN N

HAUNTIVY

Puntani Pongsumpun, Prediction the probability of Hemophilia cases by using difference
equations The sixth TKU-KMITL Joint Symposium on Mathematics and Applied

Mathematics(MAM2018), 23-24 June 2018, pp.1=6.



[J = o s \ ) S A
mmmammﬂmmnmwi‘umimﬂmﬂiﬂaiuﬂxaaiuﬂﬁzmﬁ"lm 28

Prediction the probability of Hemophilia cases by using difference
equations

Puntani Pongsumpun

Department of Mathematics, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang,Chalongkrung road, Ladkrabang, Bangkok 10520, Thailand,

e-mail: kppuntan@kmitl.ac.th

Abstract

Hemophilia is a disease most often diagnosed with bleeding disorders. This diseasc is a mostly
inherited genetic disorder that reduces the ability of body to make blood clots that is a process to
stop bleeding. It is a disease that causes serious problems in the body, mind, society, patients and
families throughout the life of the patients. This is a problem in the national budget because
prevention and treatment of this disecase use enormous budgets. In this study, we apply the
difference equations to describe the transmission of hemophilia. The predictions of the probability
of hemophilia cases are given. The results of this study should introduce the method for reducing
the number of hemophilia cases.

Keywords: Difference equations, hemophilia, prediction, probability

1. Introduction

Hemophilia is a simple, life-threatening hemorrhagic disease. This disease is characterized by
frequent bleeding in the joints and muscles. Hemophilia was diagnosed 2,000 years ago and is
known to be a hereditary discase.Hemophilia consists of 3 types such as hemophilia A, hemophilia
B and hemophilia C. Hemophilia A occurs due to not enough clotting factor VIII, Hemophilia B
occurs due to not enough clotting factor IX and Hemophilia C occurs due to not enough clotting
factor XI[1]. In Thailand, the most hemophilia cases are due to hemophilia A and hemophilia
B[2]. The hemophilia A cases are found more than hemophilia B cases. The situation in Thailand,
Hemophilia cases are found in 1 person from 20,000 people. In 2015, Thailand had a population of
65 million with about 6,000 hemophilia patients in Thailand. Hemophilia cases are found in many
countries around the world. In Thailand, Hemophilia A and B are inherited genetic diseases. The
gene that determines the symptoms of hemophilia is on the X chromosome, which is a
chromosome that determines the gender. Males have one X chromosome and one Y chromosome
(XY). Females have two X chromosome (XX). If a man has one X chromosome with hemophilia,
that man will have the hemophilia symptom. While females have one X chromosome that has a
hemophilia gene, there is no symptom of the disease. The female also has another X chromosome,
which functions as a substitute for the female genes, as well as heterologous hemophilia or
carriers. Women with transgene hemophilia will not show their symptoms[3].
Women with carrier of hemophilia can inherit the hemophilia disease to 50% of their son and can
transmit 50% of their hemophilia with carrier to their daughters. There are also many patients with
hemophilia who have no family history of hemophilia. The mutation of a gene that controls eight
or nine factorial production is a miscarriage. It can be found about 30-50% of all patients with
hemophilia. In Infants, born to normal birth defects usually have no bleeding at birth. Some infants
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may be greenish in body or limbs. In 2012, LaCroix formulated the mathematical model for blood
coagulation. His model was able to follow the size and time of clot formation and degradation of a
more complex coagulation model4). In this study, we describe the transmission of hemophilia by
using difference equations. Numerical solutions for our difference equations are given

2. Difference Equations

We  formulate  the  difference  equations by considering  the risk  of
inheritance of hemophilia. In this study, we do not consider the type of hemophilia. We suppose
XY denotes non-disease man,
XX denotes non-disease woman,
X"Y denotes man with hemophilia,
X"X denotes carrier woman with hemophilia.
The variables in our difference equations are defined in Table 1.

Table 1: The variables in our model.

variable/parameter Definition

Proportions of persons with XY genotype
Proportions of persons with XXgenotype
Proportions of persons with X“Xgenotype
Proportions of persons with X"YEcnotypc
Proportions of persons with X"X "genotype

0|t |g|w

The proportions of each parent for particular genotypes are described in Table 2.
Table 2: Mating table for cach parent.

Proportions of genotypes Mother
XX X"X
b c
Father XY a ab ~_ac
XY d db dc
We consider the following cases:
1) Father and mother are non-disease.
ii) Father is non-disease and mother is carrier with hemophilia.
iii) Father is hemophilia and mother is non-disease.
iv) Father is hemophilia and mother is carrier with hemophilia.
D
Let ™ denotes non-disease man,
L

4 4enotes non-disease woman,

denotes man with hemophilia,

b.'.._

denotes carrier woman with hemophilia.
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Case i) Father and mother are non-disease.

ab
2.2
XY | XX

XX XX XY XY

W=

We can see that 100% of babies are non-disease.
Case ii) Father is non-disease and mother is carrier with hemophilia.

a C
® ©
., 4
xv| X' X
X"X X'y

AV A

We can sce that 50% of boys are non-disease, 50% of boys are hemophilia, 50% of girls are non-
disease and 50% of girls are carrier with hemophilia.

Case iii) Father is hemophilia and mother is non-disease.

i.jﬂ-

%
-
e nnt

= X-4

XX g Y XY

7 e

We can see that 100% of boys are non-disease and 100% of girls are carrier with hemophilia.
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Case iv) Father is hemophilia and mother is carrier with hemophilia.

& 6 —E—)

We can see that 50% of boys are non-disease, 50% of boys are hemophilia and 100% of girls are
carrier with hemophilia.
From the above diagrams, we can write the offspring table as follows:

Table 2: Offsprings table

Father and Offsprings geno

mother XY XX px"xm XBy X

genotypes a b c d €

XY x XX ab ab 0 0 0

XY x XX ac ac ac ac 0
2 2 3 D

X"Y x XX bd 0 bd 0 0

XFY % X°X od 0 od od od
- 'y’ 2 2

Total ac cd ac ac cd ac cd cd

ab+?+1~,d+T ab+? ?+bd+_§- 2+2 >

From table 2, the difference equations can be written as

apy) =50yt a,,;,, +byd,+ atn
b::|+l = arxbn + Znin
aur = 2050 15,04 5252 1)

where n is the generation of offsprings and n = 1,2,3,...
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3. Results and Discussion

In this section, the numerical solutions of our difference equations (1) are shown as follows:

Case i) Father and mother are non-disease.

Proportions of XY genotype = 1, proportions of XX genotype = 1, proportions of X"X genotype

= 0, proportions of X*Y genotype = 0, proportions of persons with X"X" genotype =0or a, =1,
b, =1,¢;=0,d; =0,e; =0. From difference equation(1), we can have

8) =83 =84 =ag =A =0, bz =b3=b‘=b5 =A =0.02 =C3=C4 =Cg =A =0,

d; =dy=dg =ds =A =0,e; =3 =¢4 =eg =A =0. This means that 100% of babies are non-
discasc.

Case ii) Father is non-disease and mother is carrier with hemophilia.

Proportions of XY genotype = |, proportions of XX genotype = 0, proportions of X"X genotype
= 1, proportions of X™Y genotype = 0, proportions of persons with X"X" genotype = O or a; =1,
by =0,¢; =1,d; =0,¢; =0. From difference equation(1), we can have the percentage of
offspring as follows: 50% of boys are non-discase and 50% of boys are hemophilia, 50% of girls
are non-disease and 50% of girls are carrier with hemophilia.

Case [ii) Father is hemophilia and mother is non-disease,

Proportions of XY genotype = 0, proportions of XXgenotype = |, proportions of X"X genotype

= (), proportions of X"Y genotype = 1, proportions of persons with X"X" genotype = 0Oor a; =0,
by =1,¢; =0,d) =1,¢; =0. From difference cquation(1), we can have the percentage of
offspring as follows: 100% of boys are non-discase and 100% of girls are carrier with hemophilia.
Case iv) Father is hemophilia and mother is carrier with hemophilia.

Proportions of XY genotype = 1, proportions of XX genotype = 0, proportions of X"X genotype
= ), proportions of X"Y genotype = |, proportions of persons with X"X" genotype = 0or a, =0,
by =0,¢, =1.,d; =1,¢; =0.From difference equation(1), we can havethe percentage of offspring
as follows:50% of boys are non-disease, 50% of boys arc hemophilia and 100% of girls are carrier
with hemophilia.

For the other cases, if we know the probability of each parent then we can calculate the probability
of their offsprings from equation (1),

Example 1: The probability for parent is as follows:

proportions of XY genotype = 0.5, proportions of XX genotype = 0.5, proportions of X"X
genotype = 0.5, proportions of X"Y genotype = 0.5. From difference equation(1), we can have the
percentage of offsprings: 75% of boys are non-disease, 25% of boys are hemophilia and 37.5%of
girls are non-disease and 62.5% of girls are carrier with hemophilia.

Example 2: The probability for parent is as follows:

proportions of XY genotype = 0.75, proportions of XX genotype = .25, proportions of X"X
genotype = 0.75, proportions of X"Y genotype = 0.25. From difference equation(1), we can have
the percentage of offsprings: 62.5% of boys are non-disease, 37.5% of boys are hemophilia and
46.875%o0f girls are non-disease and 53,125% of girls are carrier with hemophilia.

The above examples are the results from applying the difference equations(1) to the transfer of
hemophilia.

4, Conclusions

Genetics are the traits of organisms that have been passed from one generation to the next
generation. In 18th century, Mendel was the person who discovered the principal of Genetic
transcription [5].Hemophilia is a genetic disease. In this research, difference equations are applied
to describe the occurrence of this disease. The results can be used (o study the probabilities of
offsprings for being hemophilia. There are many studies used mathematical models for describing

4
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the genetic discases [6-8]. The parents who have this disease or the carrier of this disease may
know the probabilities of offsprings for being hemophilia by using this difference equations. This
should be useful for predicting the probabilitics of hemopbhilia for offsprings in the future.
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