TINH TOAN BACH PHAN VI VA Z-SCORE CHO CHIEU CAO THEO

TUOI, CAN NANG THEO TUOI VA BMI THEO TUOI

Phuong phap duoc st dung dé xdy dung cac chuin tham chiéu WHO niam
2007 dya trén mo hinh GAMLSS véi phan phdi lity thira Box—Cox (Box—Cox
power exponential distribution) (Rigby va Stasinopoulos, 2004). Tuy nhién, cac
mo hinh duoc lira chon cudi ciing duoc don gian hoa thanh md hinh LMS (Cole
va Green, 1992), vi khong c6 chuan tham chiéu nao yéu cau hiéu chinh d$ nhon

ciia phan phdi (kurtosis).

Do d6, viéc tinh toan bach phan vi (percentiles) va z-score cho ca ba chi sd

déu sir dung cac cong thirc dya trén phuong phap LMS.

Tuy nhién, mét gi6i han dugc ap dung cho tat ca cac chi sb, theo d6 chi cho
phép xéac dinh bach phan vi trong khoang tuong tng v4i z-score tir —3 dén +3.
Co s& clia gidi han nay 14 cac bach phan vi nam ngoai +3 SD khong thay doi
dang ké khi thay d6i cac z-score trong duong. Tac dong méat mat do gi6i han
nay la nhd, vi khoang dugc dua vao phan tich tuong trng vai bach phan vi tir

0,135 dén 99,865.

D061 véi tat ca céac chi s0, cac gid tri udc luong da dugce 1ap bang cua tham so lily
thira Box—Cox, trung vi va h¢ so bién thién, tuong ung voi tudi (hodc chiéu

cao) tt, 1an luot dugc ky hiéu la:

« L(t)L(t): tham s6 Box—Cox;



o M()M(1): trung vi;

« S(t)S(t): hé sb bién thién.

1. BACH PHAN VI VA Z-SCORE POI VOI CHIEU CAO THEO TUOI

Pbi véi chi s6 nay, L(t)L(t) bang 1, do d6 phan phdi chuan Box—Cox duoc sir

dung trong phuong phap LMS duogc don gian hoa thanh phan phdi chuin.

Vi vay, khoang cach giira cac do 1éch chuan lién ké (vi du gitra 2 SD va 3 SD) 1a

khong ddi 6 mot do tudi cu thé, nhung thay ddi giira cac do tudi khac nhau.

Trong trudng hop nay, bach phan vi tai tudi tt ¢6 thé duge ude tinh theo cong

thuec:

C100a(t)=M()[1+L(t)S(t)Za]I/L{E)C_{100\alpha}(t) =

M(t)\left[1+L(t)S(t)Z_\alpha\right]*{1/L(t)}

Vi L(t)=1L(t)=1, cong thirc duoc don gian hoa thanh:
C100a(t)=M(t)[1+S(t)Za]C_{100\alpha}(t)=M(t)[1+S(t)Z_\alpha]
hay:

C100a(t)=M(t)+StDev(t)Za,—3<Za<3C_{100\alpha}(t)=M(t)+StDev(t)Z_\alpha

, \gqquad -3\leq Z_\alpha\leg3

Trong do:



« ZoZ \alpha la d§ 1éch chuin twong dwong ciia phin phdi chuén
(normal equivalent deviate) d6i voi phan dudi cé dién tich a\alpha;

« C100a(t)C_{100\alpha}(t) 12 bach phén vi thir 100a100\alpha tai tudi tt;

. StDev(t)StDev(t) 1a @ 1éch chuin tai tudi tt, duoc xac dinh bang cach

nhan S(t)S(t) vai M(t)M(t).
Tinh z-score c4 thé
Z-score cuia mot cé thé ¢ gia tri do yy tai tudi tt duge tinh nhu sau:

zind=[yM(t)]L(t)—1S(t)L(t)z_{ind} = \frac{ \left[\dfrac{y}{M(t) H\right]*{L(t)}-

1 HSOLO ¥
Pbi vai chiéu cao theo tudi, do L(t)=1L(t)=1, cong thirc tré thanh:

zind=y—M(t)StDev(t)z_{ind} = \frac{y-M(t) }{StDev(t)}

2. BACH PHAN VI VA Z-SCORE POI VOI CAN NANG THEO TUOI VA

BMI THEO TUOI

Céc chi sb dya trén cn ning c6 phan phéi 1éch phai (right-skewed

distribution).

Khi dugc mo hinh hdéa mot cach phu hop, do 1€ch phai cua dir liéu c6 tac dong
lam cho khoéng cach giira cac z-score dwong ting din khi cang xa trung vi,

trong khi khoang cach giira cac z-score 4m giam dan.



Phuong phap LMS mé hinh hoa kha phu hop dir liéu 1éch bang cach sir dung
phén phdi chuian Box—Cox (Box—Cox normal distribution), phan phdi nay

bam kha sat dir liéu thuc nghiém.

Tuy nhién, han ché cia phuong phép 14 hai phan dudi ngoai ciia phan phdi
chiu anh hwéng rat 16n béi cac gia tri cwe doan, ngay ca khi sé luong cac gia

tri nay rat it (vi du dudi 1%).

Theo cung phuong phap dugc ap dung cho Bd chuin ting truéng tré em ciia
WHO, mot phién ban gidi han cua phuong phap LMS duoc st dung cho cac chi

s6 dua trén can ning trong chuan WHO nim 2007.

Theo d6, phan phdi chuan Box—Cox duoc gidi han trong khoang twong (mg véi

cac z-score ma dit liéu thuc nghiém c6 san, tic 1a tir —3 SD dén +3 SD.

Ngoai cac gidi han nay, do 1éch chuan tai moi do tu6i dugce c6 dinh theo khoang

cach gifra:

« +2SD+2 SD va +3SD+3 SD;

« —2SD-2 SD va —3SD-3 SD.

Céch ti€p can nay tranh phai dua ra cac gia dinh v€ phan phoi cua dir liéu nam

ngoai gio1 han cua céc gia tri quan sat duoc.

Do su diéu chinh nay, phan phdi z-score ¢ thé hoi léch khéi phan phdi chuin
& cac phan dudi cue tri (ngoai +3 SD), mic du tac dong thuc té du kién 13 toi

thiéu.



2.1. Tinh bach phan vi
Bach phan vi dugc tinh theo:

C100a(t)=M(O)[1+L(t)S(t)Za] 1/L(t),~3<Za<3C_{100\alpha}(t) = M(t) \left[

1+L(t)S(t)Z_\alpha \right]*{1/L(t)}, \qquad -3\leq Z_\alpha\leq3

2.2. Quy trinh tinh z-score cho tirng tré

Quy trinh sau ddy dugc khuyén nghi dé tinh z-score cho mdt tré ¢ gia tri do yy

tai tuoi tt.
Buéc 1. Tinh z-score LMS ban diu

Zind=[yM(t)]L(H)~1S(t)L(t)z_{ind} = \frac{ \lef\dfrac{yH{M(®Nright]{L()}-

1 HSOLO }
Budc 2. Tinh z-score cudi ciing

Z-score cudi cung cua tré d6i voi chi sé d6, ky hiéu zind+z™*_{ind}, duoc tinh

nhu sau:

zind*={zind,ne""u zind<33+y—SD3posSD23pos,ne” u zind>3—3+y—SD3negSD
23neg,ne”"u zind<—3z"* {ind} = \begin{cases} z_{ind}, & \text{néu }

z_{ind}N\leg3\[6pt] 3+\dfrac{y-SD3_{pos}}{SD23 {pos}}, & \text{néu



}z_{ind}>3\[10pt] -3+\dfrac{y-SD3_{neg}}{SD23_{neg}}, & \text{néu

}z {ind}<-3 \end{cases}
NOi cach khac:

« Néu z-score LMS nam trong khoang —3 dén +3, st dung truc tiép z-score
LMS.

« Néu z-score > +3, z-score cudi cung dugc hi¢u chinh dya trén khoang
cach cua gia tri do yy so vo1 ngudong +3 SD.

« Néu z-score < —3, z-score cudi cung dugc hiéu chinh dua trén khoang

cach cua gia tri do yy so voi ngudng —3 SD.

3. GIAI THICH CAC GIA TRI SD SU DUNG TRONG HIEU CHINH
Trong do:
SD3posSD3_{pos}

SD3posSD3_{pos} la gia tri ngwdng +3 SD duoc tinh tai tudi tt bang phuong

phap LMS:

SD3pos=M(t)[1+L(t)xS(t)x3]1/L(t)SD3_{pos} = M(t) \left[ 1+L(t)\times

S(H\times3 \right]*{1/L(t)}

SD3negSD3_{neg}



SD3negSD3_{neg} la gia tri nguwdng —3 SD duoc tinh tai tudi tt bang phuong

phap LMS:

SD3neg=M(O)[ 1+L(£)xS(t)x(~3)]1/L(t)SD3_{neg} = M(t) \left[ 1+L(t)\times

S(t)\times(-3) \right]{1/L(t)}
SD23p0sSD23 {pos}

SD23posSD23_{pos} la khoang cach gitra ngwdong +3 SD va +2 SD, duoc tinh

tai tudi tt bang phuong phap LMS:

SD23pos=M()[1+L(1)S()(3)]1/LE-M@O[1+L1)S®)(2)]1/L(t)SD23_{pos} =
M(t) \left[ 1+L(1)S(t)(3) \right] {L/L (1)} - M(t) \left[ 1+L(1)S(t)(2)

\right]{1/L(t)}
SD23negSD23 {neg}

SD23negSD23 {neg} la khoang cach gitra ngwong —2 SD va —3 SD, duogc tinh

tai tudi tt bang phuong phap LMS:

SD23neg=M(t)[1+L(1)S(t)(=2)]1/L()-M®)[1+LO)S()(=3)] 1/L()SD23_{neg} =
M(t) \left[ 1+L(0)S(0)(-2) \rightM 1L} - M(t) \left] 1+L(0)S(1)(-3)

\right]M{L/L (D)}

Céc gia tri trén dugce st dung dé kéo dai z-score mot cach tuyén tinh & ngoai
khoang £3 SD, thay vi gid dinh mdt dang phan phéi chua duoc dir liéu thuc

nghiém ho trg.



4. Vi DU MINH HQA: BMI THEO TUOI O TRE TRAI

Pé minh hoa quy trinh trén, tai liéu dua ra vi du vé BMI theo tudi & tré trai,

dugc trinh bay trong Hinh 1.
Chi s6 khdi co thé (BMI), kg/m?

Hinh minh hoa thé hién céac tré/vi thanh nién dugc phan loai theo chuin tham

chiéu BMI theo tudi ciia WHO nim 2007.

Tré 1

Tré trai 11 tudi, BMI = 30 kg/m>.

Céc tham sb LMS:

L=-1.78621L=-1.7862 M=16.9392M=16.9392 S=0.11070S=0.11070
Buwde 1: Tinh z-score LMS

zind=[30.016.9392]-1.7862—10.11070x(~1.7862)z_{ind} = \frac{ \left[

\dfrac{30.0}{16.9392} \right]*{-1.7862}-1 }{ 0.11070\times(-1.7862) }
Két qua:

zind=3.24z_{ind}=3.24



Do:

3.24>33.24>3

nén can 4p dung budc hiéu chinh z-score cudi cung.
Buwdc 2: Tinh ngwéong +3 SD

SD3pos=16.9392[1+(—1.7862)x0.11070x3]-1/1.7862SD3_{pos} = 16.9392

\left[ 1+(-1.7862)\times0.11070\times3 \right]*{-1/1.7862}
Két qua:

SD3p0s=28.03SD3_{pos}=28.03

Tinh ngudong +2 SD

SD2pos=16.9392[1+(—1.7862)x0.11070x2]—-1/1.7862SD2_{pos} = 16.9392

\left[ 1+(-1.7862)\times0.11070\times2 \right]*{-1/1.7862}
Két qua:

SD2p0s=22.455D2_{pos}=22.45

Do do:
SD23pos=28.03-22.45=5.58SD23_{pos}=28.03-22.45=5.58

Tinh z-score cuoi cung



zind*=3+(30-28.035.58)z"* {ind} = 3+ \left( \frac{30-28.03}{5.58} \right)

zind+=3.35\boxed{z"* {ind}=3.35}

Nhu vy, z-score LMS ban dau 1a 3,24, nhung z-score cudi cung sau khi ap

dung phuong phap hi¢u chinh ngoai gi6i han +3 SD la 3,35.

5. TRE 2

Tré trai 16 tudi, BMI = 14 kg/m?.

Céc tham sb LMS:

L=—1.3529L=-1.3529 M=20.4951M=20.4951 $=0.125795=0.12579
Bwée 1: Tinh z-score LMS

zind=[14.020.4951]-1.3529-10.12579x(~1.3529)z_{ind} = \frac{ \left[

\dfrac{14.0}{20.4951} \right]*{-1.3529}-1 }{ 0.12579\times(-1.3529) }
Két qua:

zind=—3.96z_{ind}=-3.96

Do:

—3.96<—-3-3.96<-3

nén can ap dung hi€u chinh cho z-score nam ngoai gidi han —3 SD.



Tinh nguwdong —2 SD

SD2neg=20.4951[1+(~1.3529)x0.12579%(~2)]-1/1.3529SD2_{neg} = 20.4951

\left[ 1+(-1.3529)\times0.12579\times(-2) \right]*{-1/1.3529}
Két qua:

SD2neg=16.50SD2_{neg}=16.50

Tinh nguwong —3 SD

SD3neg=20.4951[1+(~1.3529)x0.12579%(~3)]-1/1.3529SD3_{neg} = 20.4951

\left[ 1+(-1.3529)\times0.12579\times(-3) \right]*{-1/1.3529}
Két qua:

SD3neg=15.11SD3_{neg}=15.11

Do do:

SD23neg=16.50—15.11=1.39SD23 {neg}=16.50-15.11=1.39
Tinh z-score cudi cung

Zind*=—3+(14.0-15.111.39)z"* {ind} = -3+ \left( \frac{14.0-15.11}{1.39}

\right)
Két qua:

zind«=—3.80\boxed{z"*_{ind}=-3.80}



Nhu vy, z-score LMS ban dau 13 —3,96, sau khi hiéu chinh theo phwong phéap

gidi han ngoai —3 SD, z-score cudi cung 1a —3,80.

6. TRE 3

Tré trai 9 tudi, BMI = 19 kg/m>

Céc tham sb LMS:

L=-1.6318L=-1.6318 M=16.0490M=16.0490 S=0.100385=0.10038
Tinh z-score LMS

2ind=[1916.0490]-1.6318-10.10038x(~1.6318)z_{ind} = \frac{ \left[

\dfrac{19}{16.0490} \right]*{-1.6318}-1 }{ 0.10038\times(-1.6318) }
Két qua:

zind=1.47\boxed{z_{ind}=1.47}

Vi:

—3<1.47<3-3\leq1.47\leq3

nén z-score nay nam trong khoang cho phép cia phuwong phap LMS va khong

can hi€¢u chinh.

Do do:



zind+=1.47\boxed{z**_{ind}=1.47}

Tai liéu ghi nhan trudng hop nay 1a z-score LMS nam trong khoang tir —3 dén

+3.
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Mot luru y quan trong cho anh

Tai liéu nay dic biét hitu ich néu anh dang 1am chuin héa thuit toan tinh
BMI-for-age/weight-for-age theo WHO 2007. Piém mau chdt khong chi 1a

cong thirc LMS ban dau:



zind=(y/M)L—1LSz_{ind} = \frac{ (y/M)*L-1 { LS }

ma con 1a cach WHO xir Iy cac truwong hop z<—3z<-3 hoic z>+37>+3 bing
cac khoang SD23negSD23 {neg} va SD23posSD23_{pos}. Pay la phan rat dé

bi bo qua néu chi ding cong thirc LMS co ban.



