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The effectiveness of biochemical indexes for evaluating the nutrition states of children

Jae Kwang Kim, M.D., Hyun Seong Jin, M.D., Myung Ki Han, M.D.
Bong Seong Kim, M.D., Choong Hwan Cha, M.D.", and Kie Young Park, M.D.

Department of Pediatrics and Laboratory Medicine’, College of Medicine, Usan University,
Gangneung Asan Hospital, Gangneung, Korea

Purpose : This study has been conducted to analyze whether the biochemical nutrition indexes might be useful and

effective for evaluating the nutrition states of children.

Methods : We evaluated 269 children, aged 3-9 years old, who had visited Gangneung Asan Hospital for elective surgery
from January 2006 to December 2007, and examined their anthropometric and preoperative laboratory data with retrospective
analysis. The children were classified into underweight, normal weight, overweight, and obese groups according to body mass
index (BMI). The biochemical nutrition indexes (total lymphocyte count (TLC), hemoglobin, hematocrit, serum albumin, cholesterol,

et al) of each group were then analyzed statistically.

Results : None of the groups showed statistically significant differences in TLC. Serum albumin decreased significantly in the
underweight group. Red blood cell (RBC) count, hemoglobin, hematocrit, and serum total cholesterol in the obese group were
higher than in the normal weight group. None of the groups showed statistically significant increase in mean corpuscular
volume or mean corpuscular hemoglobin, and it seems that the increase of hemoglobin and RBC count in the overweight
and obese groups is due to the enhancement of erythropoiesis rather than iron metabolism. However, in females, almost all
nutrition indexes except albumin were statistically significantly poor.

Conclusion : Serum albumin, total cholesterol, RBC count, hemoglobin, and hematocrit were useful as nutrition indexes.
However, except for albumin, these indexes were significantly poor for females. More control studies are needed to confirm
the effectiveness of biochemical indexes for evaluating the nutritional state of children. (Korean J Pediatr 2009;52:167-175)

Key Words : Nutrition index, Nutrition assessment, Child, Body mass index, Total lymphocyte count

M =

BMI), 2% ME8(% ideal body weight, % IBW)¥} 22
AA EA A9 FA I (total lymphocyte count, TLC), 4

2, AE 84 (hematocrit), 8% 457 Eg3(transfer-

rin), FEAS, Adotd 71 AF T3 T2 AYspsta] U

Received : 25 August 2008, Revised: 16 September 2008,

Accepted : 12 Qctober 2008

Address for correspondence : Kie Young Park, M.D.

Department of Pediatrics, College of Medicine, Usan university, Gangneung
Asan Hospital, 415 Bangdongti, Sacheon-myeon, Gangneung, Gangwon 210-
711, Korea

Tel : +82.33610-3179, Fax:+82.336418148

E-mail : drped@naver.com

5]

£ Agolt o) 4ol wdel nek A
AY Sol FA WSE nolme YA ALYAS

TR IS/ w A W - oY
e
o
o>"
o
2
=
)
BN
ek
N
off
i)
o,
o

N
4
N
N
ol
o,
o

[ &
°

Fehe dlol B2 oy
AAl AN SRt 9E A o] Aol FHok g te] F

2 ALEEE Gomez EH"Y9 Waterlow 277%

WS o] -3ttt AUl Aol A Aol T AL G el TLC

o
o
=
it
iu)

1, A4 T AR E ©]83 Vienna score

_,d
<

il

A5
7} FARAEE @A Ao AFREH A Tl

- 167 -



JK Kim, HS Jin, MK Han, et al.

ojdoll e A3Het7 FIFAEEC] Lot FUAREA F83
A5 AU Lee &
x]_E \;H/K]—OE oﬂoké.ﬂi} TLC fsﬂjé (Q—_‘f,u] 8:1&]4_/}_9,].0 o] 3
ol e ol A @ 2
Skthal kit Kim 5%
ZAfo] HaldE TLC, 84 &
i shgie) sk ol
o oA TLLOﬂ Z %
A LA Eake

s

)4
h
i
4z
=
,%
oy
[@!
o
2

=Y

E]'. tﬁlur A ﬂl%%—% H] A A]

*é% = ovl Frhs EARC] girh
AZREE TLC, 842 5ol 932 94 4

L e)/del glat ‘gﬂ AAbE AT 5 9o, AlAA ] Rt
el 2 =

el 2oz 47 7 R

ol
-

T F

e "F%Oﬂ A elective surgery candidates)S ¥

Aokt o5 AAASFOR Aol AAH

Ed FaLe) ‘Jr Joll b0 AT, AAATE, AASTT,

o= & A JFARES Tk, 474 A

St 7kl /‘35}@@1 °é°o“]§£°] oW x}o]E Hol=X
o=

obe] Fepgelel Bt

=TSP i |

3
N
b
N
b "

=
rohomd AL lo

B -

Jo

CHat 5 e

1. CH otel 74

20061 19RE 20074 129744 297 AEE £eg w7
Al 25 oFbE A ou1F Anke] I} v 7| AR

o} % A&+ AHcomplete blood count, CBC), 8% &+,
H FZ2U2HE 5o XgdHE & A dAHALE A3 34 9]

& 1041 mIRte] fot 10257 < A w5 A AARZF 25 9l

o] Al 2ol AEEHA BE 2608 HFOR B3

) #4 @FENE & 7ol e =24, 94, 3 2
e 34 2Es R A

2) dAPAL FAll TLC, 844 ol F&FE 713 & Sl=
w8 Ad S4E Bl Af

3) AL AR A s AR o] 2oR ]lst
of FEo] 7] EE Had A¢

ol e ArR= 2wl Mg} AFIEAE B
2 3o 58 2kl

2. 4y

1) APYXGE 27

2007 10l g Aoladts]ol A A 2007 Aot 3
Y EE APEEYY AAASE Aol A AP A
AYAFE J1FOR 10985 v AAFE, 10-85 vl
WEAFE APATE, 85-95 VIR MLAFE HAFE, 95
w94 olabe wiwkrom dAstdr)

2) MalaHN YUR|E

CBC #AIA SMAT4, BATo) g At ], 4@7
S 8L, AT ENS TR ol olg3te] TLC, W ¥
TFEAMCY), B ATFBALMCIE ANstat, Ed 23
FeedsHE, 93 evne st

3. 57 Hz|

B FEAAe] e B A% SA 2S99 22y
< SPSS for Windows (version 13.0, SPSS, Chicago, IL,
USA)S AHEsEAaL BE B gk Aot AR Vepl 9l
ok A gEA S 2l 3 gbell fhol EAolu AstebE Gk
o] SAA F°42 one-way ANOVAE Aldstiom, v
Zke] H]iE Student’s t-testE AHE-SFATE
= AANAM SAA froleEe P<0.052 a3t

<
=

i

£ o}

1. ™A CHatel Hiw

P

26978 9] tldAtEo] AlEite e il
ol= AA|%&, pressure equalizing ear tube (PET) A3, 4
Fagk 13 14dE AsE 2 Soldth |H W= 163:106
(154122 F27F o w3tk ol 30141614 9.97417k4 %
3, Hyt AH L 643+E1.65M AT

AA ST 208(7.4%), BEASTTS 1627 (60.2%), A%
T2 4578(16.7%), BT 429 (15.6%) 01 ATk 7+ A - =X 5
T Apelell A®2 el Ahol7t YUATH(P=0.222, Table 1).

e Awd 2 oy

2. A taZo

AR oA FWMP g Wt
i, TLC, Ad7, @44, 48748

l ot Akt el 3
, MCV, MCH 59 &+

A7 Hity} FFHAA= Table lJJr 7”—/}
Zalg o] Hi e 7771237 X107/ mm A, WE e o
3k Ayl vl o] HiE 40.61710.3% Atk TLCS Hit2 3.07+

107 x10Ymm’ ¢ 3 22X 740 FFe 7.77+2.37%10°/mm’

7b tzbell FWEF(P=0.672), WP Tl Wt v A
(P=0.342)¢k TLC (P=0594)% 2% frolahA kg,

A o o el Fo% 2ol & B 2m(P=0.008), &

- 168 -



Table 1. Demographic Characteristics and Biochemical Nutrition Indexes of Each BMI Group

The effectiveness of biochemical indexes for nutrition state evaluation of children

BMI Percentile

Total <10 10-85 85-95 >9 P value
Underweight Normal Overweight Obesity

Number 269 (100%) 20 (7.4%) 162 (60.2%) 45 (16.7%) 42 (15.6%) -

Sex (male:female) 163:106 (=1.54:1) 137 (=1.86:1) 97:65 (=1.49:1) 27118 (= 1.5:1) 26:16 (=1.63:1) -

Age (year) 6.43+1.65 5.70+1.48 6.52+1.67 6.43+1.80 6.44+1.39 0.222

(3.01-9.97) (3.01-9.23) (3.01-9.22) (3.01-9.22 ) (3.01-9.22)

BMI (kg/cm®) 17.22+2.84 13.36+1.50 16.02+1.26 18.98+1.56 21.81+2.22 -

WBC (x10%mm?) 7.77+2.37 7.81£2.10 7.64+2.33 7.88+241 8.14+2.66 0.672
Lymphocyte/WBC (%) 40.6+10.3 396+11.8 413+106 382+79 41.2+11.0 0.342
TLC (x10%/mm® 3.07+1.07 3.08+1.37 3.06+1.03 2.93+0.84 3.25+1.30 0.594
RBC (x10%mm®) 470£0.29 462+0.32 467£0.29 475%0.26 481£0.30 0.008"
Hemoglobin (g/dL) 12.65+0.78 12.35+0.75 12.56+0.80 12.76+0.72 12.98+0.67 0.004"
Hematocrit (%) 37.70+2.18 36.77+£2.23 37.47+2.20 38.09+1.82 38.61+2.09 0.002
MCH (pg) 26.94+1.26 26.80+1.45 26.95+1.24 26.80+1.43 27.00£1.02 0.937
MCV (fL) 80.30+3.07 79.76 £3.61 80.38+3.15 80.27+3.21 80.26+2.31 0.864
Albumin (g/dL) 4.29+0.25 4.14+0.27 4.30+0.24 4.29+0.28 4.36+0.22 0.012
Cholesterol (mg/dL) 155.7+24.7 1475+235 154.0+22.0 161.7+259 159.4432.1 0.087

Abbreviations : BMI, body mass index; WBC, white blood cell; TLC, total lymphocyte count; RBC, red blood cell, MCH, mean

gorpuscular hemoglobin; MCV, mean corpuscular volume
P<0.05 by one-way ANOVA test
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Fig. 1. Differences in total lymphocyte count (A) were not statistically significant between
each BMI group. Differences in red blood cell count (B) were statistically significant for
normal weight and obese groups. "P<0.05 by Student t-test.
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Fig. 2. Differences in Hemoglobin

(A) and Hematocrit (B) were statistically

significant for obese and normal weight groups. Mean corpuscular hemoglobin (C)

and Mean corpuscular volume (D) were not statistically significant.

Student t-test.

'P<0.05 by

Underweiaht [__] Nornal weight [

Over weight Obesity -
Serum Albumin Serum Cholesterol
(esdL) (mg/dL)
o P= NS
200 1 r P o
54 P= N5 ,—P-m— P-0.048"
|—P—E|tl:ﬁ—|‘| P= N3 180 +
1.5 4
160 +
4
140 +
5T P= NS
120 4
P= 0.005"
3 4
100 4

Fig. 3. Differences in serum albumin (A) were significant for underweight and normal

weight groups, while differences in

serum total cholesterol (B) were statistically

significant for overweight and normal weight groups. "P<0.05 by Student t-test.
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Table 2. Demographic Characteristics and Biochemical Nutrition Indexes for Males in Each BMI Group

BMI Percentile

Total <10 10-85 85-95 >95 P value
Underweight Normal Overweight Obesity

Number 163 (100%) 3 (8.0%) 97 (59.5%) 27 (16.6%) 26 (16.1%) -

Age (year) 6.29+1.63 5.72+1.66 6.43+t1.71 6.28+1.63 6.08+t1.22 0.436
BMI (kg/cm?) 17.36*2.89 13.44*1.69 17.72+1.36 19.06+1.59 21.91+£2.28 -

WBC (x10%mm® 7.88+2.46 7.32+11.96 7.81+2.38 7.871%2.42 8.65+t2.96 0.319
Lymphocyte/WBC (%) 39.9%t10.0 41.0*11.3 39.6+196 39.2£85 39.1£125 0.908
TLC (x10°/mm®) 3.07*t1.13 3.04+t1.54 3.01£1.05 2.95+0.71 3.28*t1.55 0.759
RBC (x10°%/mm® 4.72%0.30 4.64%0.38 4.71%0.30 4.76%0.29 4.87%0.25 0.018"
Hemoglobin (g/dL) 12.61£0.82 12.28+0.76 12.68+0.86 12.67%0.78 13.05+0.55 0.010"
Hematocrit (%) 37.56*2.32 36.38£2.37 37.63*£2.38 37.89*2.06 3890*1.70 0.002"
MCH (pg) 26.76+1.31 26.54+1.58 26.98*+1.29 26.67+1.51 26.8311.03 0.891
MCV (fL) 79.71£3.20 78.54*3.53 80.01*+3.29 79.72+3.48 79.92+2.28 0.590
Albumin (g/dL) 4.28£0.25 4.18%+0.24 4.30£0.24 4.27%0.33 4.35%0.20 0.205
Cholesterol (mg/dL) 153.3£23.8 144.2+22.2 151.9+20.9 161.4£25.0 161.6+29.4 0.018"

Abbreviations : BMI, body mass index; WBC, white blood cell;

g:orpuscular hemoglobin; MCV, mean corpuscular volume
P<0.05 by one-way ANOVA test

Table 3. Demographic Characteristics and Biochemical Nutrition Indexes for Females in Each BMI Group

TLC, total lymphocyte count; RBC, red blood cell, MCH, mean

BMI Percentile

Total <10 10-85 85-95 >95 P value
Underweight Normal Overweight Obesity

Number 106 (100%) 7 (6.6%) 65 (61.3%) 18 (17.0%) 16 (15.1%) -
Age (year) 6.64+1.66 5.66+1.21 6.65+1.61 6.67+2.05 7.01+1.48 0.356
BMI (kg/cm?®) 17.00+£2.76 1321+1.17 15.75+1.06 18.86+1.54 21.647+2.20 -
WBC (x10%mm?) 761+2.23 8.73+2.18 7.49+2.26 7.89+2.46 7.29+1.86 0.469
Lymphocyte/WBC (%) 417+109 372+132 428+11.8 368169 446+71 0.077
TLC (x10%/mm® 3.07+0.98 315+1.10 3.08+£1.01 291+1.03 3.2140.80 0.839
RBC (% 10%mm?) 467027 457+0.21 4.65+0.27 4.74+0.20 472+0.35 0.391
Hemoglobin (g/dL) 12.71+0.71 12.47+0.76 12.64+0.70 12.89+0.62 12.86+0.85 0.363
Hematocrit (%) 37.91+1.93 37.47+191 37.77+1.89 38.41+1.39 38.13+2.58 0.557
MCH (pg) 2722+1.12 2729+1.11 27.20+1.14 27.22+1.28 27.27+0.97 0.994
MCV (fL) 81.20+2.63 82.01 263 81.24+2.72 81.09+2.64 80.81+2.34 0.790
Albumin (g/dL) 4.32+0.24 4.07+0.34 4.33+0.23 4.32+0.20 4.38+0.25 0.037
Cholesterol (mg/dL) 159.2+26.0 153.4+26.4 159.8+22.4 162.2+£28.0 155.9+36.8 0.834

Abbreviations: BMI, body mass index; WBC, white blood cell; TLC, total lymphocyte count; RBC, red blood cell; MCH, mean
corpuscular hemoglobin; MCV, mean corpuscular volume
"P<0.05 by one-way ANOVA test
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Fig. 4. In males, total lymphocyte count (A) and serum albumin (C) showed no
statistical significance between each BMI group, while red blood cell count (B) and
serum total cholesterol (D) did show significant difference between obese and normal

weight groups. "P<0.05 by Student t-test
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The effectiveness of biochemical indexes for nutrition state evaluation of children
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Fig. 5. In females, total lymphocyte count (A), red blood cell count (B), and serum
total cholesterol (D) were not significantly different for each BMI group. Only
differences in serum albumin (C) were significantly different for underweight and

normal weight groups.
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