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An Interpolation of Missing Values in Blood Tests Using
Serum Protein Electrophoresis Diagram
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Blood test results are frequently used in epidemiological studies, however missing data can occur due to various
factors. In this study, we developed a machine learning model for predicting blood test results using serum protein
electrophoresis diagram. The purpose of this study was to evaluate whether the prediction by the machine learning
model can be used to interpolate missing values. Patients over 20 years old who test serum protein electrophoresis
at Kochi Medical School Hospital were included in the study. Using serum protein electrophoresis diagram, we
generated a machine learning model to identify whether the results of 21 test items were within the reference
intervals and compared it with logistic regression model. In addition, pseudo-missing data sets were generated,
and the variability of the estimated parameters were compared between the interpolation method by our machine
learning model and multiple imputation method. Good performances were obtained with AUC values of 0.9 or
higher for some of the blood tests. Compared to the parameter estimation by the multiple imputation method, the
interpolation by the machine learning model showed less variation in parameters. The missing value interpolation

using serum protein electrophoresis diagram is a practical method.
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M: max pooling D: dropout F: flatten
301 FC: full connected S: softmax
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29 h [0.6&?7.3)?7911 .53 [0.6;)7.3?802] 058 [0.7&‘1?)(.3851] e [0.6?;(()).5784] 05 [0.7(())&.12?)%850] i [0.7(());?)%846] i
CRAMERR [0.833.5830] 0.80 [0.825?).1918] 0-80 [0335940)‘1929] 0.83 [0.82236918] 082 [0323?)?915] 080 [o.s(;fj;ss] 091
detime [0.62(;6—3.736] 0.67 [0.6232)?765] 0.70 [0.7(())615).8807] 076 [0.6337—‘(‘)‘.1792] 0.72 [0.6&3.1775] 0.72 [0.7:)‘.;?)?808] 0.73
Ti7-E [0.5?3).2652] 0.72 [0.5(());;?651] 0.74 [0.5&3?695] 0.63 [0_5(;—65_6721] 0.73 [0.6(;‘97?(‘)‘.77] 0.77 [0.6?55?)‘.‘744] 076
SRR *
i;i:”” [0.5;)i6—f).9710] 0.66 [0.6'(1)i7j:777] 0.73 [0.7(())63.1801] 0.75 [0.6;);?).9799] 0.74 [0.6&2‘(?797] 0.70 [0.7(1;’2?.815] 0.65
RaLR7E—N [0.61‘;f§.744] 0.72 [0.6253?798] 075 [0‘7(;.:5;73] 0.83 [0.7;)65((;?853] 0.80 [0,73?(9)?848] 0.78 [0,7;)5%?)(,)852] 0.78
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£33 BNERBEBICH TS, EEBEZEETILOHESIN/IATA—ED—E, SVM: HR—rRH5—TL—> CNN: —
RILBHIAHZA—F LAY T—S RF: SUF LTAL AR, GBDT: BEET—RTAVTREKR, ZITRLTLRLWSA—4
1. 2473V DTIHILMEEFEA,

HAETE H 4 R BREFET N NG A—H

FATI CNN ﬁl;zrs: kerne‘: size: poolzsize: drop(())lg rate: q::(:)h: )

£ 1 Bk 2 GBDT lcan‘l)n(ixg) lrate: lam(l)).dlasi.l : Iam(l)).((i)ai);.z : num_;claves : max (ligpth : feature&‘;acuon:
R ERE GBDT lcam:oglrate: lam(l;c(i)a;);.I : lammi : num_;claves © omax cli;pth : featureof.’;aclion:
/v GBDT lcam(;i)glrate: Iam(l))ga:)i_l : lam(t))gz;;_Z : num_;z;aves © max (;epth : featureol.‘;action:
~ F 2 b GBDT leam(;i)gl rate: Iam(l))j)a;)i_l : lam;:»‘((i)a1 ‘1;2 : num_lh;aves : max (‘i,epth : feature fraction:
~NEF TPy GBDT Ieam(if:)gl rate: Iamm;..l : lam(;)';)dal 1.2 : num_llt;avcs : max (ligpth : fcaturcolj;action:
RFEEHR GBDT Ieam(;floglrate: Iamm;,l : Iam(l))-;)da1 ;,2 : num_;eiaves © max c;epth : fcatureotigactlon:
R GBDT Iean‘l)u(lxg) 5rate: Iam(l))jaoé,l : Iam(l)).((i)ali,z : num_::eiaves © max (écpth : featureot.';acuon:
@ry ey RF minl;plit: max ::des i ) ) )

T
ALT GBDT leam(;i)gl rate: lammz_l : lam(l)).;)dz;;_Z : num_llesaves © max ((i)cpth : featureol.‘;acuon:
o
y-GT GBDT lean(;u(lxg) 5ram: Iam(l)a.dlaz:l;l : lam(;);dz;;.z : num_;e;avcs © max (ligpth : featurcolh‘;action:
FRY A RF mmlzpln: max :4odcs: i i ) i
CRISME GBDT Ieam:()glrate: Iam;ix;;,l : Iam:.d:;;,z : num_l;.aves © omax (},cpth : featurcot.';aclion:
Ja—z GBDT lcan;u(u)ﬁ 5rate: lam(l));:i.l : lam(l)).c(i)al ;,2 : num_;clavcs : max icpth : featureoiaclion:
T RF minliplit: max 51'16(>des i ) ) i

I VT FUHRAR GBDT learning rate: lambdaL1: lambdaL2: num_ leaves: max depth: feature fraction:
¥r—t 0.001 0.005 0.03 15 5 0.5
I R R
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