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Objectives
This study aimed to evaluate the correlation between pediatric weakness scale scores and growth indices.
Furthermore, we intended to calculate the cut-off values for diagnosing Kidney Weak Children through growth
indices.

Methods

A total of 193 patients, aged 6 - 12 years, underwent both the pediatric weakness scale and bone age assessment,
and the correlations between the pediatric weakness scale and growth indices were analyzed. Moreover, the cut-off
values for diagnosing Kidney Weak Children were calculated. Differences in bone age and predicted height between
the normal group and Kidney Weak Children, classified according to the calculated cut-off values, were analyzed.

Results

The weakness of the Shin or kidney system was significantly correlated with the height percentile, weight
percentile, differences in current height percentile and mid parental height percentile, differences in predicted height
and mid parental height, and differences in bone age and chronological age. When the criteria for diagnosing
Kidney Weak Children is set at “height percentile of <25% and weight percentile of <25%”, the sensitivity and
specificity of the cut-off value were maximized. The cut-off values for weakness of the Shin or kidney system were
9 in children aged 6 - 9 years and 10 in children aged 10 - 12 years.

Conclusions
To diagnose Kidney Weak Children, the cut-off values of weakness of the Shin or kidney system were 9 in
children aged 6 - 9 years and 10 in children aged 10 - 12 years.
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I . Introduction

slofo} (F555) T - 71%50] ofst] &4 M2 E
7|3, A&7 gke 1Y), BA71H BES
sh= & ol Bls AsiAl X E St o}
2 AALNA o) d& HE < Gl ololEE AT
T}, ool A Sofol= AR 7]%59] mlAdsell o)
& Aol g olgtEm, 718 F=o0 2 A 3
B2 e AL R Hol s{efolg ARl wet HlA|
S|oko} (B RESE ), HAIS oo}l (iR ETE5), AA
S|ofo} (NREEFE ), THAIS ok} (IFRETES), AAl
S|oFo} (BREBHE &Rkl ATk

3] ddollA F 503 S ofol HEAI7E & eko}
Zehol] AREE AL Qlovt 3 71 Bal Bfds) w4
o] o] Fofx|A| o} BAA 0 & &gar|ol= FAE
AYaL ek A 5L 201919 3248S PO 55E
& on] AZAE vjEste] 7 A 6230 = 304
o] Ao} 319F A} (Pediatric Weakness Scale, PWS)S
Agdste] BFdEE HEskath 1ev AlAIE oot
E ALzt THAIE ool HIAIE o}, HAE 2o}, LA
s]efole] 749 Aekgho] Was uhrt glok AAs ek
ote] A= 503 ool HAEAE 7o R kL
7] wEell, BFd ot 59 3028 ool HEA|
o] Mgk AFEEA] ek ety kA, Q1A%
7]E (PHR)S ©|-83F 3{ofo} AR 3 A4 4l
Al slekEgolA &2o] ofste] Al A o] ittt
o] s|ofote} A7to} 7ke] o gk 2lolE B7] o
woll, A WES] 2 AT WS T AAAEE T
&l 2lAE oFore] Hetgk 48 1% 7S BAslaL
2} gt

olof] B AFolA= pwset =% AARE BT Al
35t Sxre] EAS Askal, AlAIs ofof Hgte]
7|02 AR AAARE Bt HFHoE A

4

Alsfo} Ak aLA} Rk

!
O+

o 1=
S A=

]_

[0

i
BA

II. Methods and Materials
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34.44 = 9.99 kg, B+ AT WEHTE FA 41.07
+ 30.02%, 8 42.20 = 31.52% = ZAMETH

AT oAk 9% Exe 258t Aghd 759
(38.9%), 28 18PA 1187 (61.1%)°1QL, B
AES A 7.95 + 1.09A4], 28R 11.00 + 0.76A,
Hat A Z8hd 128,52 + 8.04 cm, 11313 147.66
+ 878 cm, W A MEIF= AT 4640 =+
28.02%, 18PA 47.71 + 29.63%, B¢+ AT Ashd
28.28 + 7.24 kg, 118 40.10 + 9.32 kg, B AF
B9l 4= A8hd 43.20 + 33.29%, 18hd 40.58 +
28.96% 2 ZAFERTh (Table 1).
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SEE pwse| 4, 1HA|, AA|, BiA|, HA|, 4lA
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0.711, 0.737, 0.628°]12™, Pwse| F3, THA|, A,
HIA, #HA, A AT Bt 22 2913 =
1445, 4.16 + 3.11, 6.01 + 4.20, 5.91 = 4.22, 473 =+
3.86, 8.34 + 44622, A, AA|, BIA, #HA, 1A &
ORA| ¢ =AME FA YERSITE

Z58w AshdeA, pwse] F3, 7, AA|, ¥
Al, HA, AA sk o] WA A== 22 0.879,
0.644, 0.728, 0.773, 0.811, 0.625°]1.o™, Pws2e] &
A, T, AA, B1A, #A, A SR ] P 7t
ZF 30.12 = 15.57, 4.00 + 3.24, 5.76 + 4.39, 6.23 =
4.85,5.25 + 4.34, 8.88 = 4.48%, AA|, WA AA|, #)
Al, A A =AE A YERTh

Z%8tw wshdolA, pwse] F4, 1A, AA, M
Al, A A, AA SR WA A== 42 0.847,
0.519, 0.656, 0.655, 0.665, 0.629°]11.°™, PWs2| F
A, A, AA, BIA|, BA, AA SR Bt A2
28.51 + 13.72, 4.25 + 3.03, 6.16 = 4.08, 5.71 + 3.78,
439 + 3.49,7.99 + 44302 AA| AA, WA, HA,
A SR G =AZ A JERSTE (Table 2).
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Table 1. The General Demographic Characteristics of Subjects

Boys (103) Girls (90) Total (193)

Number 38 (50.6%) 37 (49.3%) 75 (38.9%)

Age 7.97 + 1.10 7.92 + 1.09 7.95 + 1.09

Low grade Height (cm) 12971 + 8.10 127.30 + 7.91 12852 + 8.04
elementary* Height Percentile (%) 48.73 + 28.27 4400 + 27.96 46.40 + 28.02
Weight (kg) 2895 + 7.73 2759 + 6.74 2828 & 7.24

Weight Percentile (%) 43.30 + 34.70 43.09 + 32.26 43.20 + 33.29

Number 65 (55.0%) 53 (44.9%) 118 (61.1%)

Age 11.00 = 0.77 11.00 = 0.76 11.00 = 0.76

High grade Height (cm) 14844 + 9.29 146.70 + 8.10 147.66 + 8.78
elementary” Height Percentile (%) 49.74 + 29.40 4521 + 30.00 4771 + 29.63
Weight (kg) 40.82 + 952 3922 + 9.08 40.10 + 932

Weight Percentile (%) 39.77 + 27.13 41.58 + 31.29 40.58 + 28.96

Number 103 (53.4%) 90 (46.6%) 193

Age 9.88 + 1.72 973 = 1.77 9.81 = 1.74
Height (cm) 141.53 + 12.67 138.73 + 12.48 140.22 + 12.62

foul Height Percentile (%) 49.37 + 28.85 44.71 = 29.02 47.20 = 2895
Weight (kg) 3644 = 10.57 3444 = 9.99 35.51 = 10.32

Weight Percentile (%) 41.07 + 30.02 42.20 + 31.52 41.60 + 30.65

Low grade elementary: 6-9 years old

High grade elementary™: 10-12 years old
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Table 2. The Cronbach’'s o and Mean of the Pediatric Weakness Scale

PWS Lo Total (193) 6 - 9 years (75) 10 - 12 years (118)
Cronbach’s a Mean + SD Cronbach’s a Mean + SD Cronbach’s a Mean = SD
Total 30 0.860 29.13 + 1445 0.879 30.12 + 15.57 0.847 28,51 + 13.72
GN 6 0.569 416 + 3.11 0.644 4.00 = 3.24 0.519 425 = 3.03
SM 6 0.684 6.01 + 4.20 0.728 5.76 + 4.39 0.656 6.16 = 4.08
BE 6 0.711 591 + 4.22 0.773 6.23 = 4.85 0.655 5.71 + 3.78
PH 6 0.737 473 + 3.86 0.811 5.25 + 4.34 0.665 439 + 3.49
SN 6 0.628 8.34 + 446 0.625 8.88 = 4.48 0.629 7.99 = 443

PWS, Pediatric Weakness Scale; SD, Standard deviation; GN, Weakness of Gan or liver system; SM, Weakness of Sim or heart system; BE, Weakness

of BE or spleen system; PH, Weakness of Phae or lung system; SN, Weakness of Shin or kidney system

ATt RH WEL|<=9} MPH W EQ|<S=2] A}ol= PWS
o] Z3k, BlA, AlA sefAlgret o3t 29 At
£ Bt =98 AAE B8l A= PHE PWSY
o3t s ofA|et e Fofn| gt FHUAIE HolA| &
ek =A% AAE T3l AHEE PHO MPHS] #}o|
= PWSS] F3, vlA|, A sekA e} folgh 22

B9lsE A oA A, A7) slekdsoh $o)
vlgk AREAE, 8

%, AV SISt fellE 2o ABBATE 93

opA|5o) frolula &2 JBAAZ} ATk MPH

shd ol % SR, WA 3
opx)sre} frofmle ATAAZ} 2ASITh RH ARSI
o} MPH 3-]50] Aol Hshd Folx & 3ok

FHBAE AT =98 AR B8l AH=EE BAS
CASl Holiz A SlebAst freld 2
£ HT} (Table 3).

4. A0 T2 PWSet SEXIE Af0] HEEA
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A SepAsek Felnld g0 JABATL Yk 7

Az mELo)a== Aehd o 1shd o B4 Al
5} ARuays
Z MR AThd w, a8hd 7 BFolA AA

a2

3, a3hd ol A AlA SRR} Fofmld o] A
AL AATE =9E AAE Fal 4H=E PHE A
Shd ol Al A SRS} FofmIRh 2o Al
7F Ao, thE F AR fofmg JABAE
Z¥2] etttk =% AARE Sal 429 PHS} MPH
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oF Fofudt Fof AT AR, 13 Tl A
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Table 3. Pearson’s Correlation Coefficient between Pediatric Weakness Scale and Growth Indices

PWS Total GN SM BE PH SN
Feioh Percentil 0.058 0.029 0.050 0.029 0.090 0.359"
eight Percentile (0.426) 0.691) (0.491) (0.688) 0.212) (0.000)
Weieht Percenil -0.160" 0.032 0.013 0.025 0.099 0.614"
T
cight Fercentrie 0.026) (0.660) (0.859) 0.735) 0.170) (0.000)
+ * + +
MPH Percentile 0.228 0.159 0.088 0.280 0.190 0.114
0.002) 0.029) 0.229) (0.000) (0.009) 0.118)
. ) ) -0.219* -0.095 -0.023 0.169" -0.060 -0.408"
(Heighe Percencile) - (MPH Percentile) 0.003) 0.193) 0.750) 0.021) 0.417) 0.000)
0.045 20.068 -0.062 20.019 0.057 20.070
Predicted Heigh

redicted Heighe (0.536) (0.346) (0.388) 0.795) (0.428) (0.330)
) -0.176" -0.083 -0.051 0.145" -0.080 0.259"

Predi he) - MPH
(Predicced Heigho 0.016) 0.259) (0.491) 0.047) 0.277) (0.000)
BA - CA 20.104 0.014 0.033 0.045 0.000 0.334"
. 0.152) 0.847) 0.649) (0.535) 0.998) 0.000)

PWS, Pediatric Weakness Scale; GN, Weakness of Gan or liver system; SM, Weakness of Sim or heart system; BE, Weakness of BE or spleen system,
PH, Weakness of Phae or lung system; SN, Weakness of Shin or kidney system; MPH, Mid parental height; BA, Bone age; CA, Chronological age

" pvalue < 0.05, *: pvalue < 0.01
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o, 18PA 7 BFoA fofr)g So AHAAE T
2Tk (Table 4).

5. MAIG{fo} RIEE 7=

A TR S Al 294 259 o511 A}
22 F 531 (27.5%)°131, Aghd 209, 18hd 331,
kA 237, sk 30 o)) AA AFEA 5

2 MBS 259 ostolH Al WMES)S 259 ©|}
AR F 379 (19.29%)°13L, AT 157, arshd
229, FhY 167, oshY 217801tk MAl Ao
A4 F A MBS 259 olstoln Alg MRS
25% olstol® RH W&9]5+7F MPH H&-9]-RT} v
S AP F 349 (17.6%)°10aL, A8hd 129, 118}
| 221, Y 157, oSy 1978 0]AT (Table 5).

Table 4, The Age Specific Pearson’s Correlation Coefficient between Pediatric Weakness Scale and Growth Indices

PWS Total GN SM BE PH SN
6 - 9 years 0.136 -0.032 20.101 0.032 0.040 0423"
) A R (0.244) (0.784) (0.389) (0.788) 0.732) (0.000)
Height Percentile n
0- 12 -0.003 0.067 0.145 0.030 0.134 -0.320
T e yes 0.975) (0.474) 0.117) (0.745) 0.147) (0.000)
6- 0 years 20.188 0.015 0.173 -0.003 0.105 -0.593"
, ) ¥ (0.106) (0.901) (0.137) (0.980) (0.372) (0.000)
Weight Percentile T
0 - 12 0.141 0.048 0.161 -0.050 0.087 -0.645
T e yes (0.128) (0.604) (0.081) (0.593) (0.350) (0.000)
6 - 0 vears 0.227 0.165 0.032 0.298" 0.256" 0.068
A oY (0.056) (0.165) (0.790) (0.011) (0.030) (0.570)
MPH Percentile m T
10 - 12 vears 0.222 0.163 0.145 0.257 0.112 0.133
Ty (0.016) (0.081) (0.119) (0.005) (0.231) (0.156)
6 - 9 years -0.334" -0.192 -0.137 -0.214 -0.197 -0.467"
(Height Percentile) - ¥ (0.004) (0.107) 0.252) 0.071) (0.097) (0.000)
(MPH Percentile) 0- 12 -0.143 -0.044 0.036 -0.134 0.051 -0.368"
T e yes 0.127) (0.640) (0.703) (0.150) (0.589) (0.000)
6 - 9 years -0.204 -0.282" -0.227 -0.078 0.003 -0.200
i ) ¥ (0.079) 0.014) (0.050) (0.505) (0.981) (0.085)
Predicted Height
10 - 12 vears 0.064 0.062 0.037 0.029 0.107 0.012
Y (0.492) (0.504) 0.692) 0.752) 0.250) (0.898)
6 - 9 years -0.296" 0.158 0.147 -0.191 -0.208 -0.363"
(Predicted Height) - Y 0.012) (0.185) 0.218) 0.107) (0.080) 0.002)
MPH 10 - 12 vears -0.105 -0.047 -0.005 -0.115 0.012 -0.198"
¥ (0.263) (0.619) (0.955) (0.220) (0.897) (0.033)
6 - 9 years -0.146 -0.048 -0.089 -0.031 -0.084 -0.268"
BA - CA v 0.213) (0.684) (0.446) (0.791) (0.472) (0.020)
10 - 12 vears -0.068 0.034 0.085 -0.036 0.091 -0.353"
Ty (0.464) 0.712) (0.363) (0.695) 0.327) (0.000)

PWS, Pediatric Weakness Scale; GN, Weakness of Gan or liver system; SM, Weakness of Sim or heart system; BE, Weakness of BE or spleen system,
PH, Weakness of Phae or lung system; SN, Weakness of Shin or kidney system; MPH, Mid parental height; BA, Bone age; CA, Chronological age

" pvalue < 0.05, 7: pvalue < 0.01

Table 5. Criteria for Diagnosing Kidney Weak Children

Boy Girl
6 - 9 years 9 11
(1) Height Percentile < 25% 10 - 12 years 14 19
total 53
6 - 9 years 7 8
(2) Height Percentile < 25% & Weight Percentile < 25% 10 - 12 years 9 13
total 37
. . . . 6 - 9 years 6 6
(3) Height Percentile < 25% & Weight Percentile < 25%
. . . 10 - 12 years 9 13
& (Height Percentile) < (MPH Percentile)
total 34

MPH, Mid parental height
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N7 B9 259 ©lSFE VRO R Aot vt
MAB kol & WS wl, AIA] 3eER]4=9] ROC
Z1H= Table 63} 2T

AV MELAT 25% oIk E AlAIS oot Xt 7]
Fo = AAYPE wl, AghdoA Adgk o4, W=
0.700, E°|% 0.527% YR, 118hdoA] Akl 8
A, W= 0.727, 5015 0.600°0-2 YERG ZA o]l
A Ak 84, WIS 0.736, BO1% 05292 YERGT

2) ‘A1 ME 7} 25% o]sto|al A5 WE 47}
25% ©|st'E AlAS o} 7|E o2 HAPS W
A WIS 259 olstolal AlF et
25% °l8lE 7IEo® Aot w3 AAS oo} T
Leds o, A7 519FA]572] ROC 7 E+= Table 734
T,
A MEF 25% olstelal AlF WEaTt
25% ©lskE AlAIEFole] ek 7|Eo 2 AAS
Ashdol A Aebgk 04, RIZHE 0.867, o= 0.5502
2 Yehgta, adhdolA degt 104, 1% 0.727,
Eo|% 0.740 0.2 YEREA, A A dekgh o, 7
7= 0.811, E0]% 0.609% YERGTH

e

Table 6. ROC Curve and Cut Off Values using ‘Height Percentile is Lower than 25% for Diagnosing Kidney Weak Children

6 - 9 years 10 - 12 years Total
e — ~ -
~ / Y Yy
£° /. g / g /
ROC curve i /,  y i // ) i / e
~ / 7 s
J/ [ o / /
/ ,/,rr p
Cut off value 8.50 7.50 7.50
Sensitivity 0.700 0.727 0.736
1 - Specificity 0473 0.400 0.471
Specificity 0.527 0.600 0.529
Sensitivity + Specificity 1.227 1.327 1.264

ROC, Received Operating Characteristic

Table 7. ROC Curve and Cut Off Values using ‘Height Percentile is Lower than 25% and Weight Percentile is Lower than

25% for Diagnosing Kidney Weak Children

6 - 9 years 10 - 12 years Total
Roc cune Roc cure ” o c =
% v /4
as '//’ '// o
ROC curve £ / / : /
5, S~ i, /
/S y
/ 7
Cut off value 8.50 9.50 8.50
Sensitivity 0.867 0.727 0.811
1 - Specificity 0450 0.260 0391
Specificity 0.550 0.740 0.609
Sensitivity + Specificity 1.417 1.467 1.420

ROC, Received Operating Characteristic
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2AE ot} HAdot Alolol| A 217k el Al
WE9F, RH WE-9)5eet MPH W5-9]<79] Zjol& A
Shdy} 13hd BFollA] BAK SR fofu]gt 2jo]7}
= 202 UERITE BASE CAS Atol= arghde A
I FAACE Fomd xfo|7t oH, PHS MPHS
ztol= Ashdat 13hd BRoA] SAHOE folv]
g ztol7t Q= o= Yelsith

Ashdol| A Al vl E-9)e] 79 AlAIs ofole] 3
TS 36.29% (SD = 25.57)Z A dole] Hit 57.95%
(SD = 2650t} W& Aoz YePt) (r = -3.598,
p < 0.001). 8P A] 417 W7Z-9)=o] A9 AAS
oFo}o] HF& 36.27% (SD = 25.49)F AAFole] Bt
53.80% (SD = 30.02)HT} 2 Z1 o2 YT (¢ =
-3.340, p < 0.001). APl A5 WEeo] 75
AAS o] Ht2 24.77% (SD = 25.12)F 7 3ole]
B 64.25% (SD = 28.85)20} w-& 7o 2 Yehyitt
(r = -6.336, p < 0.001). ALSHAONA] AT W ZH2]
7S AlAIF Fole] -2 19.22% (SD = 19.05)F A
sdole] Het 51.96% (SD = 26.88)RLF W& 7o g 1}
BRI} (¢ = -7.665, p < 0.001). A8RA A} RH -9
oF MPH #2915 2ol 75 AlAIS] ofote] ot
2 -11.92% (SD = 29.59H) = “7dote] H¥ 10.82% (SD
= 26.18)H Tt W A0 =E UBRTh (r = 3439, p <
0.001). 8P| A] RH M99} MPH H]E-$]4=2]
zpolo} 75 AAE o] Bt -11.16% (SD =
30.88)% AAole] Ha 13.84% (SD = 31.57) BT} ot
2 AoZ YERGIT (¢ = -4.109 p < 0.001). AZAA]

Lo
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Table 8, ROC Curve and Cut Off Values using ‘Height Percentile is Lower than 25% and Weight Percentile is Lower than
25% and Current Height Percentile is Lower than MPH Percentile’ for Diagnosing Kidney Weak Children

6 - 9 years 10 - 12 years Total
c s e
P - )
/o d /
ROC curve 5 a4 £ / /
o / ) 4 “r‘
% | /
2 ]
Cut off value 8.50 9.50 8.50
Sensitivity 0.833 0.727 0.794
1 - Specificity 0467 0.266 0.396
Specificity 0.533 0.734 0.604
Sensitivity + Specificity 1.367 1.461 1.398

ROC, Received Operating Characteristic; MPH, Mid parental height
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BAS} CAQ] #Fo)9] 74 AlAIE]ekole] -2 -0.24M]
(SD = 0.88)E “g/dote] W+t 0.17A4] (SD = 1.28)ET}h
SRR FAHCE FOSHA] BUTF (¢ = -1.627 p =
0.108). 2181 A0 A BAS} CAL] R}o]2] 739 AlA|E|eF
olo] FFS -0.124] (SD = 1.45) % Aaole] H 0.84
Al (SD = 1.25)H 0 W& 2108 eIt (¢ = -3.786,
p < 0.001). Aghdel A pHS} MPHS] =Fo]2] 74-$- 4l
AFekole] HA-L 0.27 em (SD = 4.36)F AHAole] 3
T 3.36 ecm (SD = 4.60)RT} & Z o2 YeRIT) (¢
= 2925, p = 0.005). 8PAN A PHS} MPHE| #}o]<]
75, AAS o] HFL 1.05 em (SD = 5.70)Z &

2 Sist HERY AV

L HA

2
—1.1
rz
o

’gole] 1t 3.43 cm (SD = 5.55)HTF P& Ao =E 1}
EFSATE (¢ = -2.184, p = 0.031) (Table 9, Table 10).

IV. Discussion

Table 9. Difference of Growth Indices between Normal Children and Kidney Weak Children (6 — 9 years)

Group Number Mean SD t P

Kidney Weak Children 40 8.05 1.08

Age _ 0.481 0.632
Normal Children 35 7.92 1.11
Kidney Weak Children 40 36.29 25.57

Height Percentile (%) . -3.598 0.001
Normal Children 35 57.95 26.50
Kidney Weak Children 40 24.77 25.12

Weight Percentile (%) ) -6.336 0.000
Normal Children 35 64.25 28.85
Kidney Weak Children 40 48.14 27.48

MPH Percentile (%) -0.006 0.995
Normal Children 35 48.17 23.16

(Height Percentile) - (MPH Kidney Weak Children 40 -11.92 29.54 3.439 0.001

Percentile) (%) Normal Children 35 10.82 26.18 B )

Kidney Weak Children 40 -0.24 0.88

BA - CA -1.627 0.108
Normal Children 35 0.17 1.28
Kidney Weak Children 40 0.27 436

PH - MPH (cm) ) -2.925 0.005
Normal Children 35 3.36 4.60

SD, Standard deviation; MPH, Mid parental height; BA, Bone age; CA Chronological age; PH, Predicted height

Table 10, Difference of Growth Indices between Normal Children and Kidney Weak Children (10 — 12 years)

Group Number Mean SD t P

Kidney Weak Children 41 11.00 0.80

Age . 0501 0.617
Normal Children 77 11.07 0.74
Kidney Weak Children 41 36.27 25.49

Height Percentile (%) ) -3.340 0.001
Normal Children 77 53.80 30.02
Kidney Weak Children 41 19.22 19.05

Weight Percentile (%) . -7.665 0.000
Normal Children 77 51.96 26.88
Kidney Weak Children 41 4743 2212

MPH . Percentile (%) ) 1.765 0.080
Normal Children 77 40.08 21.08

(Height Percegtile) - (MPH Kidney Weak Children 41 -11.16 30.88 4100 0.000
Percentile) (%) Normal Children 77 13.84 31.57
Kidney Weak Children 41 -0.12 1.45

BA - CA -3.786 0.000
Normal Children 77 0.84 1.25
Kidney Weak Children 41 1.05 5.70

PH - MPH (cm) -2.184 0.031
Normal Children 77 3.43 5.55

SD, Standard deviation; MPH, Mid parental height; BA, Bone age; CA Chronological age; PH, Predicted height
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V. Conclusions
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