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Purpose : This study was to provide the methods of developing the growth charts and the blood
pressure nomogram among Korean children and adolescents.

Methods : The growth charts were developed based on the data from the national growth surveys for
children and adolescents in 1998 and 2005. The percentile charts were developed through two stages. At
the first stage, the selected empirical charts were smoothed through several fitting procedures including
parametric and non-parametric methods. At the second stage, a modified LMS (lambda, mu, sigma)
statistical procedure was applied to the smoothed percentile charts. The LMS procedure allowed to
estimate any percentile and to calculate standard deviation units and z-scores. The charts for weight-
for-age, height-for-age, BMI-for-age, weight-for-height and head circumference-for-age were de-
veloped by sex. Age and normalized height controlled sex-specific nomograms of systolic and diastolic
blood pressure were developed by a fixed effect model of general regression using the data from 2005
national growth survey.

Results : The significant systemic differences between the percentiles of growth charts and the em-
pirical data were not found. The final output of the study is available from Korean Center for Disease
Control and Prevention homepage, http://www.cdc.go.kr/webcdc/. Blood Pressure nomogram was ta-
bulated by height percentiles and age using the regression coefficients analyzed with regression model.
Conclusion : 2007 growth charts and blood pressure nomogram were the first products based on the
statistical modeling using the national survey data. The further study on the methodology including
data collection, data cleaning and statistical modeling for representative growth charts would be needed.
(Korean J Pediatr 2008;51:26-32)

Key Words : Growth chart, Blood pressure nomogram, LMS method

#‘zoow 12€ 149, $9:20084 1€ 99 i
oﬂ, £ 2006 HARAR 27} A9 Agor o] Fo}R TRty
MP GAR, AAdstn oot ool st w T= 3]
S AA 4
(,orrebpondeme Chung Mo Nam, Ph.D. _ . _ _ _
Tel: 02)2228-1871  Fax : 02)392-8133 DA RA I EE BATER] FWA AlE Wt

_’é FHI )

E-mail : cmnam@yuhs.ac

ok
Mz
(o3
)
°
=
2
Ho
O
=l
)
o
ol
T
i
o o &t
e o
&
X0,
rr
Sbowh Hror2



Meorlr
w2

>

=

Horle oAy ox

¢

1+ (description) 3+, H]
2= 7] (standard) 0]
St A= A 1A
197517} 198514

(growth chart)7} & <17-9] &

Ao R AALUA 20008 AFTAE AEsA =AUk o]
gEla BMI =37 %3ty
el o3k

AAA DAY B W5
o WAz @A EAA )

2 20063 AARAT|ITFY] A% =
B AT 199893 20059 A A& EE
ol g3t} 2007 Ao}

51 S =]
CEEEIERT

217 BMI, #ElEd 433

Cleaning
the data

Devel

the gr

curve

=xe A
grolu} A

P9} tjghzo
4 2ol
3|

].
H =
=

2~

F

=13
=

o,
i)
E
)
3
1)
e
—t
2.
=}
LSH
iy
24
offt
o
oL
i
i
o
o2
o

=
Al(cleaning the data)2A] dlo]g] o] &
ol

A AEAE Hold

].

A
A
FEREA AFAR] Asola, T oHA AkEE 19983 (4] o]

1m mn‘,

FEE F wdsA

Lo o R 8

[o]

to ol

Korean J Pediatr : #151 @ Al 13 2008

& AEE, ol o) gste] Fit 1l

8 2
WA GAE AEE WEYSE o83}
!

LMS(lambda, mu, sigma)g& F43t #HF AFF4& 7L

AHFig. 1).

2) BM0l AlZE KiZ
J9RNE FAT) Aol AHBT ARAL TheH ge F

o
| Qmd hitR 2ARGECIG 3 WA ARE 200549 Ao}
A

Holth 20051 AAgE AASAAE Adsts A AIde AA
2 BEE WET & oy st Lobdande] #E A
=& FAse ARdoEAE A2 AAY ¥EE =
geta vk webAd olE By flske] 2005 Aobds
A AGAE Al 1998 AARE 2ol o]gsho] A
e A
3) Xt=9| A
oAE RE ARE MR AHEE Uw F S 2

m 99 E WHFsete] 7 M AFEELAM (T3 XS
A2 ool AT Y H-3x skl EE=H AP ol slel HelH =
o3t A AFREE LBFOR 7 #EE IHER
TEE Aoz A8 xEUAe 69 xEdxE 44 At

FATE o5 ol dAl= Al vls) S AT A AA
oA EA UGN ALdeArh EA A AT o] dA] H]
2 AA 24 2259 1% ©] AT (Table 1).

A

Rl

WA sHgoz olFelhth A WAL

S =
= T

sl S A, A ME9SE ehal A9 APH &S AR
L bR SFATh A= oA 74 A"l A NSAE A

& 95 WESFE oA 7419 2005 A= QT N, T
19989 # TN, 44d A7 Ny, A AT Ngola F57-4,

1998 data 2005 data
Qutlier exclusion Qutlier exclusion
+35D of Weight-for-height +35D of Weight-for-height ¥'Compare the percentiles between
i b ____________________ weighted and unweighted by
regional population size

Percentiles

+--v'Compare the percentile

sampling weight of 1998 and 2005

Percentiles with regional ‘

I

Average |

!

3,510,25,50,75,90,95,97 percentiles

+---¥'Compare the percentiles of

:average to 1998 and 2005 each percentile 2005 and average data

:

| Growth curve estimation |

Jt---orommsmmesmesessmssessmsseomeee-v/Compare the growth curve with

LMS estimation

| the average percentiles

¥

| Output of Growth Curve in Korean |

Fig. 1. The research process for the development of the 2007 growth chart.
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Table 1. Sample Sizes and Characteristics to Develop 2007 Growth Chart

Sample size

Charts by year Data Range
before after
1998
Weight/Height/BMI-for-age Age (0-20 yrs) 56,018/50,493 55,626/50,140
Weight-for-height Height (44-186/174 cm) 56,018/50,493 55,626/50,140
Head circumference-for-age Age (0-6 yrs) 30,825/28,160 30,559/27,947
2005
Weight/Height/BMI-for-age Age (0-25 yrs) 74,854/67,633 74,350/67,151
Weight-for-height Length (44-186/174 cm) 74,854/67,633 74,350/67,151
Head circumference-for-age Age (0-6 yrs) 43,346/37,954 42,962/37,639
BP-for-age and height Age (7-20 yrs) 27,497/25,800 27,403/25,657

“sample size before and after excluding outlier. Abbreviation : BMI, body mass index

A Ak 7 N9 FRoFRE I 95 WMREYFES 7}
Dios, D2gs, Dagsetil & W A 7FEAE A& 95 W
(pp) = Ther A2 2ok AQ7kEAE 20059 #hsdd 4§35}
A3 19983 AE= 7HEA flo] YAEE o] 83tk
_ N1, T Nobsost+N3bsgs

b= N

5) 19981 +20059 ™WH WE|F ME

A5 A7 1998 F 200510l A AbES A
94—?94 Brgo R By WEFE AEsAh 214 o) W
v odyd

E&@ELE o]-g-a3lr). 1998 AtEoli= 21419

Q2 4y N on
o

e
_(
i

Sl A} LMS ©@HA

= 58 =43 Wi Tﬂura} AARAE FA8] A
2002 W= CDCollAM @h3gdh daw A5 dud A% A
DMEHH AR FAEs

4 BMI, 213 AlF dEd
d

AR 5
ol WAHLT, AFIA T A SAS 828 o132
) B W

3, 5, 10, 25, 50, 75, 90,
= on], A BMIE= 8 WESTE
ket H&st %ﬁloﬂ A BEE 73R E (o
t}ah3] A B
regression), 3709 242 2k A ¥ 3] 92 ¥ (3-parameter line
TE Ze AAgEIAR

Té%ﬁr A el A =
e

cally weighted regression, LWR), ¥ (polynomial

¥ (non-linear
Ijr(Table 2). &3 ARY

ar regression), 10719 X

regression)< °|-&3st] A3 3

AP ALY L BF A9 254 3ARY Feoln, HA
FI NP By 27|gs wAEA Hie o AFY
< e HAY BES ok 3Rtk LWRS Ul
E WA W2 SAVNAA I ARYES H8ste] dolH
g HE3g g F ol HBglHE ARE o]E3sle] ARTsE= W
Holth, o& 5ol o' dloJH(Xp)oll 3l 15-points LWRZ

Faste HHL g 2ok Y XeE EEEA 9% o
B 77, &% dolg 7TE X3 dolH(Xi, i=1,2..,15)7F
=42 R(4X)7F HaL 7F Xiol 7 (Weighti) & Fig. 29]
23k 2t 1570 dlelEel dig NI ARP R XE FAHT
e Xeo &3t | dHolgrt Ha, BE HolHE
Moz s g & 2 AFAE 3A s
HAetd Ad=dE FEst st tHFig. 2).

(2) LMS @A

oA FH4E 4 WIS o] Rt FAE LMS HHE A
9314 HE AL AAETh o714 L
Power(lambda)%, M= Mediang, Si= Coefficient of Variation
AUWE} FAE LMSWHE LMS §9] 2aAFEs &
2 L, M, S Z7|%& viH7HaA

P& Adant. d=EdE AS, 4
AxdE v EdE I 43 U
of ozl FAg 97le] WMELI4=(3, 5, 10, 15, 25, 50, 75, 90, 95,

= 85 WES4E EFete] 10719 W

gaolA L, M, S& F4ath

B S Al L M, S8 sk

Ag

N ol

5
A g3l

Box-Cox

20054 Aol A W ARAAGAAY 2AE 72049 &
4 B AFRE F o)FAE AL Hd 27 27,4039, 25,657
el Ans ALa

2) €t X FHUHH(7-20M)

A g "y AEde 20049 W= NHLBI(Na-

tional Heart, Lung and Blood Institute)®] Task force® o]
Agd e v et dlolEe $gatgith A€} 2
A o AAgAe e AY 18 2R Y(fixed effect mo-
tl, o714 pe FEVEY e ole|¥EY
dowgle] A% Foln ZhtE Sl obs9
43 LMSell ols] Fhatst W

,28,



Korean J Pediatr : #151 @ Al 13 2008

Table 2. Models Used for Smoothing Growth Chart in the Study and CDC 2000

2007 Korea

CDC 2000 (USA)®

Weight-for-age
1) 0-3 yrs: 3-parameter linear model
2) 2-6 yrs:15/17-points LWR
3) 7-20 yrs:7/9-points LWR
4) All results from 1), 2) and 3) were combined and refit at mid-
points of age intervals from 2 to 20 years using a 10/9-
parameter polynomial regression model.
% (0-3 yrs were smoothed using 1) but 2-3 yrs were adjusted by
weighed average of 1) and 4)
Height-for-age
1) 0-3 yrs: 3-parameter linear model
2) 2-20 yrs: 10-parameter nonlinear regression model

% 2-3 yrs were adjusted by weighed average of 1) and 2).

BMI-for-age
1) 2-12 yrs:5-points LWR
2) 13-20 yrs:13/15-points LWR
3) Results of 1) and 2) were applied to 4-parameter polynomial
regression model.
Weight-for-height
Length (44-186/174cm) : 7-parameter polynomial regression model

Head circumference-for-age
0-6 yrs: 3-parameter linear model

1) 0-3 yrs: 3-parameter linear model

2) 2-20 yrs: 15/17-points LWR

3) All results from 1l)and 2) were combined and refit at
midpoints of age intervals from birth to 20 years using a
10/9-parameter polynomial regression model

1) Length-for-age (0-3 yrs) : 3-parameter linear model

2) Stature-for-age (2-20 yrs):10-parameter nonlinear re-
gression model

% 2-3 yrs (length-for-age=stature+0.8 cm) were used model
estimates respectively.

1) 2-12 yrs: 5-points LWR

2) 13-20 yrs: 25/27-points LWR

3) Results of 1) and 2) were applied to 4-parameter poly-
nomial regression model.

Weight-for-length (44-103 cm)/

weight-for-stature (77-121 cm) : before fitting the model to
data, 0.8 cm was subtracted from each empirical recumbent
length data point. The combined adjusted weight—for length
and weight-for-stature data were smoothed with 5-parame-
ter polynomial regression model.

* After applying LMS, separate weight-for-stature curves

were created by adding 0.8cm back to length.

0-3 yrs: 3-parameter linear model
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Fig. 2. Locally weighted regression model.
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Table 3. Regression Coefficients from Blood Pressure Regres-
sion Models

Systolic BP Diastolic BP

Variables
Male Female Male Female
Constant a 1045391 103.4481 59.5567  58.9688
Age(year)
Age-10 B 1.52583  1.22710 0.41282  0.48253
(Age-10° B, 0.24947 -0.07233 -0.00292  0.01780
(Age-10° B3 -0.01947 -0.01175 -0.00265 -0.00061
(Age-10)" B4 0.00062  0.00230 0.00075  0.00007
Normalized
height (Zht)
Zht y1 277300  1.92821 0.85444  0.76145
Zht* ye  0.17028  0.36102 0.01654  0.14436
Zht* rs -0.04358 -0.01842 -0.02434  -0.02829
Zht! v4  0.00177 -0.01651 0.00877  -0.00610
Standard 12.06416  11.02304 793985  7.55387
deviations
N 27,403 25,657 27,403 25,657
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