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Abstract : Influence of other blood components on measuring glucose concentration was analyzed. Blood phantom containing
five major components was made. The prediction model was developed based on the measurement of absorption spectra
including the first overtone glucose band, i.e., 1500 ~ 1850 nm. The concentrations were predicted using the partial least
squares regression. Factor analysis based on Design of Experiment was performed to study the influence of other components
in predicting glucose concentration. Triglyceride does not influence. Albumin and globulin have minor effects. However,
hemoglobin showed substantial response and the compensation of hemoglobin concentration appears to be required for the
model of glucose measurement.
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Table 1. Level and physiological range of blood components

AAA
HE HEslo] AAdez E43luA s AE dE(blood
phantom)?] X4 EFFArdEgdORRYH ZFIZRY &
FA Rds AYE, o] Rdd J%E FE AR Aes
T 8% AR 7oA, o Axe FEFE v AF
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A} 4EFL A9 H dHNE AT1vKSigma)
ptRRE PFgste AMgsdch YA F= HAE 33
~52g/dle] siEsElel 3, 5g/dlel 2 FFo® FASITH
Eg SgolAgtel=el Al F& HAE 40 ~ 200
mg/dlel #igdct. B FgtolAgto|=9] A FEA4A E
g olMES XMAse] ALEElY o™ 90mg/dl 9 180 mg/dlY)

B dn A O fo ox ol

oIx} TE 0 1 2 3 ME|stEol ST HY Unit
Gl Zzax 100 200 300 400 70~110 (22) ma/dl
Hb slz2zyl 14 16 12~17 ao/dl
Ab L] 3 5 3.3~5.2 go/dl
Ta Ea| Zalo|42to|= 90 180 40~200 ma/d|
Gb Zzeal 1.07 1.79 2.5~3.3 g/dl
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1 2 3
a b ab
1 0 0 0
2 0 1 1
3 1 0 1
4 1 1 0
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Table 3. Experimental conditions based on the table of
orthogonal arrays and the prediction of glucose con-
centration

A g = FRIx | FFAZ | e
B AR i A=A’ (re;:onse:
“-;i 1| 4|8 |16|31|(reference| (predicted | .\ 1y
Z |Gl |Hb|Ab|Ta|Gb| value) value)
110(0]0]|0|0 100 83.56 16.5
21010101411 100 127.9 -27.9
30101 1]0¢}1 100 79.1 20.9
410(0(1]1]0 100 133.2 -33.2
510{1[0|0]1 100 169.8 -69.8
601|010 100 152.3 -52.3
71011111010 100 153.5 -63.5
810111111 100 114.6 -14.6
gi1(o0l0]0]1 200 213.1 -13.1
0/1(010]11]0 200 196.4 3.6
M{110]11]0|0 200 162.9 371
12111011111 200 178.9 211
13{/1(1]0]0|0 200 183.2 16.8
4114110111 200 204.5 -4.5
BT 1101 200 120.5 79.5
w1111 11]0 200 233.6 -33.6
1720|010 |1 300 288.2 11.8
18120101110 300 219.3 80.7
19121011100 300 295.4 4.6
2002101111 ]1 300 296.3 3.7
211211100 |0 300 336.4 -36.4
221211011 300 352.7 -52.7
231211111071 300 3344 -34.4
2412|1110 300 329.6 -29.6
2513|1000 |0 400 407.2 -7.2
2603|1010} 1 (1 400 374.4 25.6
271301101 400 394.6 5.4
2813|0111 1|0 400 319.5 80.5
2913|1100 |1 400 358.4 41.6
3031|1010 400 419.6 -19.6
31/3[1]1]0]0 400 417.2 -17.2
321311111 400 349.7 50.3
a. &9 (mg/dl]

C|
b. &xt (residual) (mg/dl) = ZEIA= J|FR| - o|&x|

o sdsls dWE AL BE 3AAF o) 1Ape
REFLEL FAG wElmzg 502 REAEA  #Fe=
abededll Pl o2 @ AES w3 IUE 1(a), 4(c),
8(d), 16(e), 3l(abcde)dl 27t QUA}, 2FIZZE, HRIEX, &
2o g ZEojdeleln, FREAL wldste F 3239
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Fig. 1. Absorption spectra of whole blood phantom for 32 samples whose concentrations are given in Table 3

AYUEE AU FFmAE AYWE 1~8 9~ 16, 17~ ol Xt
24, 25 ~ 320 Ml 7HA £2Y FEE 0, 1, 2, 3 FFLE X Hb Ab Ta Gh
Alst wiAA AT YA IAES FAuuld gl w0, 1 124
T WASETE 1 3o AuulEEE Rt doH 9 64
A e WA e 2uEAE dehiin, ® pd -
oo 0 —
= /
25 U 24 ©
) -124
1. :25:19,|A1-E-T-¢|EIE=1 éxo-i S N'O "N'Q NTQ [N
2Rzz9 FFYYoRE 9~10mme 7129 (funda- TE
mental band), 2080 ~ 2340 nm®] AN Y (combination band), 98 2. FED S olxpe] X0 WE SAAo| alxls 9o
1500 ~ 1850 nm¢| &< (overtone band)e] Ut} W& oA
Hr}p g2 3 9ol FFI2 T4 ujS- 3ol 4 Fig. 2. Main Effects Plot. The effect of error on the res-
o o]4sl7l7} o RALh yEUHe AL F4Trl 1A ponse with respect to the factor level
A W] FHErt AA 2= 5 A um gl =
2] orol S-go AAo] uh uwpabA TAjer i H|HSH 5 AEEY FXE Ao mE 2HEZe] ®olrl Rojn
2ER2 ZHo] ol THAN Hgo] £& Ty WoE At
el Az AEY gqEES AXse 29 401 2 ZE3X TEo| )& Fug
=& 239 Hos wigdide] uigHd Jor oAErt
gt Fdol} AEV|E HHalm A7} golste] SHE FeoAEYS thIREAEY e FEAaA
H o Fo A o] de Alg3tct %3] 7+ (partial least squares regression, PLSR)Z ©]&
Au wiE TE o] &3 AF wix|d ue HFS Al gto] 27229 ¥rE RAYAt tFAE 8] A4 (mul-
gt} wjeTolole B4 AMede Cay™ BB (Va tiple linear regression, MLR) &%= AH&8 & e W49
rianiit, £F)E o]&sldd EAsErt RS 2EE 7 CE F7b B2 Fo AgEH glow, FAEEHE (principal
FAsta, AEL7Y FAE SmmE stgon, AZgeH component regression, PCR)-& 914} ¥ A]o] AsEZRRS
g #4717 98l 71E Wbeam)oll #4719 EFEE 10 z#shE Aol rt YA o PLSRS MLRel #]s] =
2 AAstEh 1500 ~ 1850 nm 9Goly 24E 4 2dE HEY AHE e sk Aol 8], A He *l°ﬂ
He a7 1o JeElUD 1500 nmPE AlRbste] 7 Aado 2HAERD AE9 FEF EF Iy3EE ¢ HLe 79 ¢
oF 1650 nmoll A THA] Z7}aly] Azsls B4re mHe & 22 PCR3} #& AHFEE 4XE 4 = Aol ﬁlﬁ}[Q,lO].
ojel B 42 auls utgsitl o] B9 F4E uigloz BRA L2453 FAEN = Pirouette V2.03  (Infometrixiit)
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(ANOVA:; analysis of variance)

Table 4. Analysis of variance for the factors that influence concentration prediction

(ﬁyﬁi\é’:) source DF® ss® MS*® Fe pe
Hb 1 6611 6611 4.44 0.045
Ab 1 949 949 0.64 0.432
Response vs. Hb, Ab, Ta, Gb
Ta 1 1 1 0.00 0.982
Gb 1 229 229 0.15 0.698
Hb 1 6611 6611 4.60 0.041
Ab 1 949 949 0.66 0.423
Response ‘ﬁ'a;*b' Ab, Gb Gb 1 229 229 0.16 0.692
Error 28 40220 1436
Total 31 48010
Hb 1 6611 6611 4.74 0.038
Response vs. Hb, Ab Ab 1 949 949 0.68 0.416
(Gb) Error 29 40450 1395
Total 31 48010
Hb 1 6611 6611 4.79 0.037
Respo?;‘;)"s' Hb Error 30 41399 1380
Total 31 48010
a. DF : Degree of Freedom (XAIR%)
b. SS: Sum of Squares (HZE)
c. MS: Mean of Squares (B#H™&), MS =SS / DF
d. F:F-Z3% g, drM&e b
e. P : Probability
UHE BAEA ZRads AMEsan. Adxke HAAfE o £ Ag9 EAXZ Aot & 39 AudIed 93 AA}
e ¥ 59 2HStandard Error of Cross Validation, SECV) 59 Hix e HE FFI2 JEA, v FHE 9
9] FINV(Probability, Deg_Freedom 1, Deg_Freedom?) = &2 zeln A9 EAAAQ s JER
FINV(0.05, 31, 31)=18221¢9] #& 7|22 F-HXiEZ 2 ¥ 39 4o uet zk AA7E 54AC viAE 9FE &
At et 34 9oL 1500 ~ 1850 nmet 1570 ~ 1660 nm ¥ 2HE4(ANOVA, analysis of variance)® TaHEH
g9 o)&stgrt 1500 ~ 1850 nme] A, 1570 ~ 1660 nm (Main Effects Plot)S 53 #7158 3t3th 99 AL
ol lﬂ]zs}] 23z oZYr "Wolx| i, FRAZ U AHR Minitab'™ Z238& o]gatglon] ARE # 49 A
2 A4EY ARE 9 go] duYse AR gyt o a7l A RFE nHEHEE AL, e =00 fFAFE
“Jra’r"i EFRZ FE FHAMY 373492 1570 ~ 1660 nm (level of significance) 2.8 dmFaulo] F23 ‘dx}i o
2 3t 895 AR FRdSed o deoly AAE UH HAth &, 7P d9Ee] A2 EARIAY g HES 2
o] WXl &2 olv] Bad up rHll]l &£ OE‘?LO*W—J Gl 2 EFAA YA <l X}Oﬂ g oS HAse THeA
A2 EFsHauto scaling @ 29 Z7 FAfel|A FEA Ao E¥)& A&, AAEY FAEAE AlAste] Byt
E9 Hus wFn BFAXR U F)E oE391, ol 1¢ 29 FEH TWA HoXx v FEF ZHL
A9 HAWE 42 A AT 7t A FEdE EARY d3Es dehd Zlelt FEH
—mo 7k o o] £=ZZo] EAx )= oIS 2712
3. B4Xle &5 ¢ X7t SMX[0l o|Xl= FEF "It %Ud}l L‘éﬁ;’%i%};i;;‘ﬂlﬂﬁ%;q;:ir%%o —;ijé Tlﬂgzol:]
Aol ool ol 54AE siNzte] AdAA] IF g NMALL, B £EE F9 2AE THAST T &
o & Akt 1¥A e Ao dd 1 JF HLE o e SRR e s 54 AT,
BN S I dunsdt. 2Faz RS HAEEei EF 1 ¥R ARSI v Ao SFI2Y RS
(Standard Error of Calibration): 422 mg/dl oSl «17]1A dZ8 u Eg FefolAglol=ye JTFE ujxA] gkow F
s FE 23 wdd 93 F= xE2 BN B By 45N A, AL WeY 9%e = ez us
s H7he morch g.erg_z Fray g2 Ry doAE d Wk shAIRE R ERIe F WA gho] vy A of
EX ¢} Aol AHgH 2FH= 7IEA Abol9] FHKresidual) B 2 4Fe T AR YERT
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