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Abstract: The selection of meaningful clinical tests and its reference values from a high-dimensional clinical data
with imbalanced class distribution, one class is represented by a large number of examples while the other is rep-
resented by only a few, is an important issue for differential diagnosis between similar diseases, but difficult. For this
purpose, this study introduces methods based on the concepts of both discernibility matrix and function in rough set
theory (RST) with two discretization approaches, equal width and frequency discretization. Here these discretization
approaches are used to define the reference values for clinical tests, and the discernibility matrix and function are
used to extract a subset of significant clinical tests from the translated nominal attribute values. To show its appli-
cability in the differential diagnosis problem, we have applied it to extract the significant clinical tests and its reference
values between normal (N = 351) and abnormal group (N = 101) with either cholecystitis or cholelithiasis disease.
In addition, we investigated not only the selected significant clinical tests and the variations of its reference values,
but also the average predictive accuracies on four evaluation criteria, i.e., accuracy, sensitivity, specificity, and geo-
metric mean, during 10-fold cross validation. From the experimental results, we confirmed that two discretization
approaches based rough set approximation methods with relative frequency give better results than those with abso-
lute frequency, in the evaluation criteria (i.e., average geometric mean). Thus it shows that the prediction model using
relative frequency can be used effectively in classification and prediction problems of the clinical data with imbalanced
class distribution.
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Fig. 2. An example of equal width and frequency discretization
when k = 3. (a) Equal width discretization, (b) Equal frequency
discretization.
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Table 1. An example of information system (IS)

Objects Conditional attributes 3‘:;;18)?;
(Céses)
WBC PLT LYMP ALP DX
1 Upper ~ Upper Normal Upper K80.0
abnormal abnormal abnormal
2 Upper Normal Normal Upper K80.0
abnormal abnormal
3 Normal Normal Normal Normal No
4 Upper ~ Lower — Upper Normal K80.0
abnormal abnormal abnormal
5 Lower Normal Normal Upper No
abnormal abnormal
#elct.
%] if D(x)=D(x)
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Table 2. An example of discernibility matrix
Objects (Cases) 1 2 3 4 5
1 X - WBC, PLT, ALP - WBC, PLT
2 X WBC, ALP - WBC
3 WBC, PLT, ALP WBC, ALP X WBC, PLT, LYMP
4 - - WBC, PLT, LYMP X WBC, PLT, LYMP, ALP
5 WBC, PLT WBC WBC, PLT, LYMP, ALP X
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R1: If WBC is Upper abnormal Then DX is K80.0
(support: 3),

R2: If WBC is Normal Then DX is No (support: 1),

R3: If WBC is Lower abnormal Then DX is No
(support: 1).
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Test_R: If WBC is Upper abnormal Then Target DX
is K80.0,

o)7]A] ‘Target_ DX’ A% dlojgo) B 288 G &
g glolg) oJulditt.

=d dolel2Re BT 1A AAsE vlws] £ o,
teE 24l AEE 7|1z2os 2YFe A& B4,
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Table 3. An example of modified information system

Objects C;)aiigﬁgaal Decision attribute
(Cases)
WBC DX

1 Upper abnormal K80.0

2 Upper abnormal K80.0

3 Normal No

4 Upper abnormal K80.0

5 Lower abnormal No
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Table 4. Significance clinical tests selected during 10-fold cross validation (equal width discretization based feature selection)

Selected clinical tests Fold 1

Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold 10 Freq.?

Chief Complaints ° ® ) ®
U_OB ° ' ]
U_Glucose ° ° [
U_Ketone L
U_Urobilinogen } ) . ]
U_Bilirubin ) ® . )
U_WBC1 ®
U_RBC ° ® ° e
U_WBC2 ° ® ]
U_Ep. Cell ° ° ® )
U_Other
U_Crystal .
CBC_WBC ] . . .
CBC_PLT ) ) ) °
CBC_NEUT
CBC_LYMP ° ) ® .
CBC_MONO ) ° ' *
CBC_LUC °
PT ° ° ]
R/A_Inorganic
Phosphorus d d d d
R/A_Glucose ) ° ) ®
R/A_Cholesterol(T) ™ ® ) ]
R/A_ALP ° ° ] °
Num. of clinicaltests 17 16 19 17

. ® ° ° . ° 10
° ° ® ° . °
] ] ® ] ° )
1
. . ] ] ) ° 10
[ ] [ ] ® ) 10
[ ) ® 4
° . ] ° ° ° 10
® ° ° ° ) ° 9
. ° e ) ° ° 10
. 1
) 2
) ] L) ® . ) 10
. ] . ) ) ™ 10
° 1
. ° ° ) ° ° 10
. ° ° ° ° ° 10
. ® ® ° 7
] . . ] ] ™ 10
) . . ] ° ™ 10
° . ) ) ) ® 10
° . ° ° ° ™ 10
17 17 17 19 17 17 173

*Freq.: Frequency,

0O.B.: Occult Blood, WBC1: White Blood Celll, RBC: Red Blood Cell, WBC2: White Blood Cell2, Ep.Cell: Epithehal Cell, WBC:
White Blood Cell, PLT: Platelet Count, NEUT: Neutrophil, LYMP: Lymphocyte, MONO: Monocyte, LUC: Large Unstained

Cell, PT: Prothrombin Time, ALP: Alkaline Phosphatase

o

| 3L, oo} 7} &9 #lo|& K80.03 No¢] Rl 2t
Z} 13} 001 g}, dhde] of-gH 24 AdRieE Vg
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’%1‘5%7} 2 E, ATE (accuracy), Y4 % (sensitivity), Eo]
I (specificity) W 713} 34 (geometric mean)S o8-8k},
53] 7sEEe 2a BRE BES AR doje A 2
F 9 A3 B78Y] g HER AEErH11,12).

Accuracy = (TP + TN)/(TP + FN + TN + FP) )

Geometric mean=./sensitivityxspecificity,
where sensitivity=TPATP+FN),
specificity=TNATN+FP) )]

A (Dojjs} TP, FN, TN, FP= Z}Z} true positive, false
negative, true negative, false positiveZ 2ju|3}1, 4} (8)
oA e} Eojrl ZM7} true positive rate®} true
negative rate2 UERACEH

ne. &g Zat
1.5 74 o[At} 74t 2{= 2ALE}
3E 42 10-fold WAHF Tl & HA oliiE R
EA%E o] FEE e R B¥% F AU dEn &
&2 AMEE9S o, ZF foldo| A AEiE Fo AAFEED
ojuf| o] AARRFESC] AT 4=(Num. of clinical tests)5
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Table 5. Variations of reference values for ten clinical tests (equal width discretization based feature selection)

Clinical tests Unit Reference D Medical Center
Lower Upper Lower Upper

U_Urobilinogen E.U/dL 3.97 7.93 0.2 1.0
CBC_WBC % 10% uLL [8.72, 9.17] [17.45, 18.33] 5.2 12.4
CBC_PLT x 10% uL, [185, 219] [370, 438] 130 400
CBC_LYMP % [17.70, 18.43] [35.40, 36.87] 19 48
CBC_MONO % 5.23 10.47 3.4 9.0
PT sec [10.97, 12.73] [21.93, 25.47] 10 14
Rﬁé’;ﬁfﬁgc mg/dL [1.77, 2.57] [3.53, 5.13] 2.5 45
R/A_Glucose mg/dL [153.33, 189.00] [306.67, 378.00] 75 115
R/A_Cholesterol(T) mg/dL [116.67, 130.00] [233.33, 260.00] 120 220
R/A_ALP U/L [201.67, 240.67] [403.33, 481.33] 40 122

HojZETh E o)A Uk 2W%A 8, CBC_: AET
AR, RAE AABA] e 7| BANE Yehdet,

ARZ oA E 4= 9%l 10-fold BAFHF Fho 53 o]
4 AT AARECRE AUAHA FEA 8 (occult
blood, O.B.), &3 2 (glucose), -2 2 = ZAl(urobilinogen),
W) 241 (bilirubin), 285 4>(red blood cell, RBC), &
=*(white blood cell2, WBC2), A} A Z (epithelial cell, Ep.
CelDo] 3L, BHZGAINA = WES 4x(white blood cell,
WBC), @47 4>(platelet count, PLT), & (ymphocyte,
LYMP), @it (monocyte, MONQ), Z2EEH] A|Z}H(pro-
thrombin time, PT), £7] ?l(inorganic phosphorus), 253
2(glucose), & F#|2EE(total cholesterol, Cholesterol(T)),
&7tefel sE A u ElA| (alkaline phosphatase, ALP)9} 22
AL E Yehgth ol FEE kY dARIE #F 52
‘GI-EOI_FE ot ul 1‘::]—/\42 Agke 7]-;<] RS A r‘:_]-zs}b_
ol QojAl F2T HARMEY 7ol 288, WAdSE &
gtoll o} 17714 AXRMEE 7kt A48 438 71X
£ 1071 $ESe] FuAe) WekE Busct

£ 59| AF ARolA E 5 URo] 2HPAIME £2
Wz, GAPANNE BT BAAS Fatol] 2
o] sgtat Agtgtold dAE AAgE ATtk & 69
3587t Ao 10-fold BAIHS Ftol 2 folde) &
3 HolH2RE JAB AL vigoes, Ad folge £
1%(‘:“* W HAS Fetn E oE SolHo| glo] HY
AR S A9 AURI=E 7202 &3
BURIEES 7202 A% Wl H3) B & 3
B 2.18% FAHT B0l (HF 10.22%)0)|4 B}
IE AFsEt. v A= 71202 di&st
7é‘—°r o= AdRIES 7|E0 8 ASE5 Wl vis) 1
o U= (FHF 25.73% TN 7sETF &

EEl‘lOo_u_d

i

rlo
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Table 6. Comparison results of four performance evaluation
criteria during 10-fold cross validation (equal width discreti-
zation based feature selection)

Performance Absolute (%) Relative (%)
Avg. accuracy 77.93+5.65 75.75+£891
Avg. sensitivity 2491 +1591 50.64+13.26
Avg. specificity 93.19+ 497 82.97+10.69
Avg. geometric mean 4420+ 20.37 64.23+£9.27
Avg. number of clinical 17.3
tests
Avg. number of
generated knowledge 205.6

20.03% ¥ RoFYch 18)al ‘Avg. number of
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Table 7. Significance clinical tests selected during 10-fold cross validation (equal frequency discretization based feature selection)
Selected clinical tests Fold1 Fold2 Fold3 Fold4 Fold5 Fold6 Fold7 Fold8 Fold9 Fold 10 Freq.?

Chief Complaints ° °® ° ° ° ° °® ° ) o 10
U_Ketone °

U_pH ° . ° . ° .
U_S.G. ° °
U_Glucose ) ®
U_Urobilinogen °®
U_WBC1 ®
U_RBC ° ° ° ° ° [
U_WBC2 o
U_Ep.Cell ° ®
CBC_WBC ) o ° ) ) ° ) [ ]
CBC_RBC ° ° o
CBC_HGB ) ®
CBC_MCV ° ) o [
CBC_HCT ° ® °
CBC_PLT ° ° ) o ° ) e
CBC_NEUT ° °
CBC_MPV ®
CBC_LUC ®
PT o

- H H N~ W R DWW N 2O H NN -

Ju—
<

APTT ° ° ° ° ° ) . ] ] °
S/E_C1 ) ]
R/A_Glucose ° °
R/A_Cholesterol(T)
R/A_ALP °
Amylase

° ° ° ° ° °® ° 10
° ® ° ® ° 7
9 10 10 10 9 10 10 10 97

© o & e

Num. of clinical tests 10

*Freq.: Frequency

8.G.: Specific Gravity, WBC1: White Blood Cell 1, RBC: Red Blood Cell, WBC2: White Blood Cell 2, Ep. Cell: Epithelial Cell,
WBC: White Blood Cell, HGB: Hemoglobin Concentration, MCV: Mean Corpuscular Volume, HCT: Hematocrit, PLT: Platelet
Count, NEUT: Neutrophil, MPV: Mean Platelet Volume, LUC: Large Unstained Cell, PT: Prothrombin Time, APTT: Activated
Partial Thromboplastin Time, Cl: Chloride, ALP: Alkaline Phosphatase
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Table 8. Variations of reference values for six clinical tests (equal frequency discretization based feature selection)

Reference D Medical Center
Clinical test Unit
Lower Upper Lower Upper
U_pH - 6 7 5.0 9.0
CBC_WBC x10% uL. [7.87, 8.02] [11.92, 12.27] 5.2 12.4
CBC_PLT x10% uLL [210, 216] [297, 306] 130 400
APTT Sec [26.8, 27.2] (33.2, 33.6] 20 38
R/A_ALP UL [84, 89] [151,161] 40 122
Amylase U/L [47, 49] [81, 84] 44 128
9. 10-fold TAAZ Sl 414 45 37t A vlm 23 v.a =&

Table 9. Comparison results of four performance evaluation
criteria during 10-fold cross validation (equal frequency dis-
cretization based feature selection)

Performance Absolute (%)  Relative (%)
Avg. accuracy 76.39 £ 6.68 79.06 + 7.41
Avg. sensitivity 23.82+19.02 47.55+16.19
Avg. specificity 91.50+6.53 88.10 £ 8.75
Avg. geometric mean  42.30+2043 63.69+11.44
Avg. number of clinical 97
tests :

Avg. number of 206.7

generated knowledge
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