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Summary : We studied sex-linked differences and aging-dependent changes of the
clinical reference range (CCR) calculated from routine chemical laboratory data with
analyzing histogram of data.

CCR of y-GTP, UA and Cr was higher in males than in females. CCR of ALP was
about three-fold higher in adolescents than in adults. Aging-dependent increase was found
on CCR of AMY, LDH and BUN. CCR of GPT, ChE and AMY, LDH and BUN. CCR of
GPT, ChE and UA was elevated in males in the age group of 30-60. CCR of y-GTP was
elevated in males in the age group of 50-60. Frequency curve of the data in TP, Alb, A/G
ratio, Na, Cl, Ca, IP and Mg showed normal distribution, and that of the data in T-Bil, I-Bil,
ALP, AMY, LDH, ChE, TC, TG, PL, BUN, UA, Cr and K showed log-normal distribution.

We discuss these results and establish the CCR for clinical use.
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Table 1. Calculation program for clinical reference range
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1330
1340
1350
1360
1370
1380

1390

DIM X(4000), U(52), V(52), H(52), L9§ (52) 1’ —F — X 40004, EEBKG0LAPI &+ 5—

INPUT” BE#4&” XS : INPUT” FIRR” ; XD : INPUT” B3 : NH © —EHAHEOSMRE—
GOSUB #FILE : ' —5 — £ #@AA Ly 7 1 —F v~ (LISTH) —

GOSUB 1140 : GOSUB 1170 :* —EMAHFEL B 7 v —F v ~—

T9=3:C9=1.01: FOR I=1 TO NH : U=V () : NEXT I : GOSUB 1310

PRINT” TRUNCN=";NT ;" $#=";XB;” SD=";SD;” CV=";CV

PRINT” E##F=";RL;” — ;RU;"” BE="; SK:’ —ERIH~OHE—

FOR I=1 TO NH : IF V(D<=0 THEN U(D=L0G(XD/4) ELSE U(D)=LOG(V (D)

NEXT I:GOSUB 1310 : PRINT” TRUNCN=": NT ; -
PRINT” E#%#iBi="; EXP(RL) ; ” —" ; EXPRRU) ; ” TE="": SK :* —REEH/H~DOHE—
FOR I=1 TO NH : U=V : NEXT I: T9=2: C9=1.14 : GOSUB 1310 : CRU=RU

FOR I=1 TO NH : IF V()< =0 THEN U(D=LOG(XD/4) ELSE U(D=LOG(V()) : NEXT I:
GOGUB 1310 ,

CRL=EXP(RL) : PRINT” EikZ##i (CRR)=";CRL:;” —";CRU:” —CRREH—

END

FOR J9=0 TO NH+1: H(J9=0: NEXT J9 : FOR I9=1 TO N : J9=FIX((X(I9) —XS)/XD+1.5)
IF J9<1 THEN J9=0 : IF Jo>NH THEN J9=NH+1: HJO=HJ9+1: NEXT 19

FOR J9=1 TO NH : V(J9=XS+XD# (J9—1) : NEXT J9 : RETURN

HMAX=0: FOR I9=1 TO NH : IF H(19)>HMAX THEN HMAX=H(I9)

NEXT 19 : NMARK =FIX (HMAX/50+.98)

PRINT” M CORRESPONDS TO” ; NMARK : GOSUB 1260 : GOSUB 1280

ISH=0: FOR I9=1 TO NH : FOR J9=1TO 52 : L9§ J9="": NEXT J9:L9§ @="1"

FOR J9=12 TO 52 STEP 10 : L9$ JN=". " : NEXT J9

K9=FIX (H(19)/NMARK +2.5) : IF K9<3 THEN 1240

FOR J9=3 TO K9:L9$ J9)=" MW" : NEXT J9 : PRINT USING” ###f. ##” ; XS+XD* (19—1) ;
FOR J9=1 TO 52 : PRINT L9$ (J9 ; : NEXT J9 : PRINT TAB(65) ; : PRINT USING™ ###"
H(A9)

ISH=ISH+H({9) : NEXT 19 : GOSUB 1280 : GOSUB 1290 : ERASE L9$ < RETURN

PRINT” SCALE”; : FOR J9=0 TO 5 : PRINT TAB(J9#10+8) ; NMARK #J9%10; : NEXT J9
PRINT TAB(65) ; : PRINT” FREQ” : RETUMN

PRINT TAB(9) ; " I"; : FOR J9=1TO5 : PRINT" ————1I"; : NEXT J9 : PRINT : RETURN
PRINT" ", !FOR J9=0 TO 5: PRINT TAB(J9%10+8) ; NMARK *J9#10; : NEXT J9
PRINT TAB(65) ; : PRINT USING” ###" ; ISH : RETURN

E=.02: XB1=0:SD1=0: TL=UM—XD : TU=U(NH)+XD

FOR K9=1 TO 15: NT=0: XB=0: SD=0: FOR 19=1 TO NH : IF U9 <TL OR UQ9)>TU
THEN 1340

NT=NT+H(9) : XB=XB+U(19) % H(9) : SD=SD+U(19) 2% H(I9)

NEXT I9 : XB=XB/NT : SD=SQR((SD—NT % XB~2)/(NT—1)) * C9

IF ABS(XB—XB1)/SD<E AND ABS(SD—SD1)/SD<E THEN 1380

XB1=XB : SD1=SD : TL=XB—T9#SD : TU=XB+T9#SD : NEXT K9

PRINT" CALCULATION NOT CONVERGE ! " : GOTO 1400

SK=0: FOR 19=1TO NH : IF U(I9) >=TL AND U(I19) < =TU THEN SK =SK +(U(19) ~XB) "
3% H(9)

NEXT 19 : SK=SK/NT/SD~3: CV=100%SD/XB : RL=XB~1.96%SD : RU=XB+1.96%SD :
RETURN
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Table 2. Clinical reference range calculated from chemical laboratory data of out-patients with

age-group of 20-60 and below 20

Age group

20-60 male 20-60 female 20-60 total <20 total
T-Bil (mg/dD 0.27-1.15 0.24-1.01 0.25-1.10 0.20-1.02
D-Bil (mg/dD 0.06-0.35 0.06-0.24 0.06-0.33 0.06-0.33
I-Bil (mg/dD 0.20-0.95 0.19-0.84 0.19-0.92 0.17-0.83
TTT (Kunkel U) 0.40-4.49 0.67-4.97 0.47-4.60 0.51-4.52
ZTT Kunkel U) 2.50-12.0 3.47-13.60 2.98-12.93 2.04-11.53
ALP JU/D 116.7-310.2 87.6-281.4 98.2-299.5 102.2-983.6
AMY Qu/D 70.6-231.1 86.3-231.4 77.9-231.5 71.5-229.8
GOT dU/D 10.0-29.9 9.4-24.0 9.6-26.1 9.2-30.1
GPT {U/D 5.8-35.8 5.0-22.1 5.1-27.8 5.1-18.2
LDH dU/D 228.3-437.7 230.6-462.9 229.7-457.9 219.7-561.8
ChE au/n 358.6-728.6 301.1-682.9 321.3-720.1 361-716
y-GTPUU/D 7.8-49.8 5.0-21.9 4.6-32.7 5.3-21.4
TP (g/dD 6.37-8.10 6.41-8.12 6.39-8.11 6.36-8.19
Alb I(g/dl) 3.77-5.05 3.78-4.92 3.77-5.00 3.96-5.19
A/G ratio 1.18-2.09 1.08-1.92 1.09-2.02 1.27-2.13
TC (mg/dD 126.5-259.0 126.8-269.5 126.6-262.5 108.6-221.7
TG (mg/dD 38.7-199.4 33.5-171.7 34.8-181.5 30.4-141.5
PL (mg/dD 146.7-271.9 145.2-280.0 145.6-273.9 135.1-241.3
BUN (mg/dD 7.9-20.8 7.0-19.2 7.5-20.0 6.86-17.95
UA (mg/dD 3.52-8.42 2.50-5.69 2.51-7.61 2.59-6.85
Cr (mg/dD 0.47-0.94 0.29-0.71 0.34-0.91 0.17-0.84
Na (mEq/D 137.6-146.2 136.6-146.4 136.9-146.4 136.5-145.1
K (mEq/D 3.69-4.82 3.55-4.75 3.59-4.81 3.66-4.89
Cl (mEq/D 97.6-107.5 98.0-107.3 97.9-107.4 97.0-106.0
Ca (mEq/D 8.84-10.30 8.59-10.29 8.69-10.31 9.07-10.61
P (mg/dD 2.29-4.01 2.52-4.21 2.38-4.13 2.76-5.63
Mg (mg/dD 1.77-2.66 1.69-2.74 1.71-2.71 1.78-2.71
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Table 3. Aging-dependent change of clinical reference range

Age group 20-29 30-39 40-49 50-60 61-70 71-80 81-
Case No.(MD 17 119 193 331 425 303 52
(F) 141 167 253 298 448 281 42
T-Bil D 0.2-1.2 0.3-1.1 0.3-1.3 0.3-1.1 0.2-1.1 0.2-1.0 0.3-1.1
(F) 0.2-1.1 0.3-0.9 0.2-1.0 0.2-1.0 0.2-1.0 0.2-0.9 0.2-0.9
TTT M) 0.6-3.4 0.6-4.8 0.5-4.2 0.5-4.7 0.5-5.2 0.5-4.7 0.6-4.6
(F) 0.7-3.6 0.8-4.9 0.9-5.7 0.7-5.1 0.7-4.1 0.6-4.8 0.5-7.2
ZTT D 2.7-12.0 2.7-10.4  2.3-12.0 2.8-12.7 3.1-14.5 3.2-14.2  3.5-15.2
(F) 3.0-12.1 3.6-13.4 4.4-13.6 3.5-15.0 3.1-13.2 3.0-14.3  2.7-16.0
ALP D 10-279 127-265 111-283 118-330 120-319 118-337 129-343
(F) 88-259 88-222 85-238 128-338 126-339 118-349 120-452
AMY (VD 65-185 70-211 70-230 79-253 87-272 88-327 100-328
(F) 91-214 80-231 87-225 81-242 - 81-260 90-284 81-300
GOT (VD 10.3-20.1 9.5-27.4 10.8-27.2 9.8-31.8 10.8-30.0 11.2-29.2 12.2-34.8
(F) 8.9-20.0 9.0-20.0 9.5-20.1 10.7-25.6 11.0-27.0 11.0-27.9 11.1-27.1
GPT MDD 4.7-24.9 6.0-40.4 6.7-33.9 6.6-33.9° 5.7-24.0 4.7-23.9  3.9-25.9
(F) 3.0-16.4 4.5-19.2 4.8-19.6  5.1-25.0 5.8-22.1 5.7-21.4  4.1-12.1
LDH (M) 228-383 230-415 219-444 240-481 241-479 254-492 259-550
(F)  217-422 222-420 232-446 275-501 279-521 276-501 283-567
ChE (MDD  359-729 380-815 370-787 339-788 295-720 264-701 288-568
(F)  283-641 290-623 273-683 352-801 324-802 259-696 291-595
y-GTP (M)  7.8-32.0 8.5-42.5 8.9-53.6  9.0-71.6 7.6-49.4 6.9-42.5  5.1-26.2
(F) 5.4-19.9 4.5-21.9 4.9-22.4  4.9-28 6.6-32.2 5.5-28.2  4.4-32.0
TP M) 6.6-8.1 6.4-8.1 6.4-8.1 6.3-8.0 6.2-8.1 6.2-8.1 6.2-8.0
(F) 6.6-8.0 6.5-8.1 6.4-8.1 6.4-8.2 6.5-8.1 6.4-8.0 6.1-8.1
Alb M) 4.1-5.1 3.9-5.3 4.0-4.9 3.7-4.9 3.7-4.8 3.6-4.8 3.4-4.8
(F) 4.04.9 3.8-4.9 3.7-4.9 3.8-4.9 3.8-4.8 3.6-4.8 3.5-4.7
BUN D 6.9-18.3 7.7-18.9 8.0-19.6  9.0-22.2 8.6-24.0 9.6-26.3  9.8-33.7
(F) 5.9-17.1 6.9-18.0 7.1-19.1 7.9-20.1 8.8-22.2 9.0-25.9  8.9-27.3
UA D 4.1-7.6 3.5-8.4 3.7-8.6 3.2-8.6 3.5-8.0 3.0-8.1 2.7-8.2
(F) 2.7-5.6 2.6-5.5 2.6-5.6 2.5-6.2 2.4-6.8 2.6-6.8 2.3-7.2
Cr D 0.5-0.9 0.5-0.9 0.5-0.9 0.5-0.9 0.5-1.0 0.5-1.1 0.5-1.3
(F) 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.7 0.3-0.8 0.4-0.8 0.3-1.0
TC M) 128-228 128-254 132-259 123-265 124-251 124-247 113-252
(F) 119-218 119-252 133-255 144-291 143-287 136-279 139-276
TG D 36-152 46-197 42-229 41-210 39-176 36-195 38-171
(F) 26-102 29-139 33-173 44-197 46-186 47-195 46-153
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T-Bil 0.608 0.036 BUN, UA, Cr, K2@dbhic. Zoffhio D-Bil, B
D-Bil 0.642 0.359 BRI, y-GTP, GOT, GPT i3, WTho@EadB<
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AMY 0.407 0.043
GOT 0.843 0.638 = =
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Fig.1. Aging-dependent change of clinical reference range of ALP in
patients with age-group below 20.
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B ENREEE B L THD. EE, ThHLOHEET,
EEL-EEMEE LT CRR FAT A2 L3 L AL
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THETHS. Baly, REOFELT, FERI VU UA
oty FRALEID L, ik OREHOFY
EREEOTHE L BE—HL, BRARFIDOEE D7
WeEELBMB20—40F D CRR #FETHzLEL
fo. FhIZd b 5H3, TC, UA o CRR B EHRIYIE
Biix EB -0l BRETORBEOHELRIRL
TWbHDEEZLNS.

BRI E S hicER CRR, X OO RHAM
(mode) %, 1988 4EEE% T CRR & & dic Table 5
TR L.

& £

FRBESTER AP REREAR, 1988 FED4(bEE
EEpkiE 7 — 2 R VT, 1989 4EEE X b T D% CRR
KREL, ToME, FEE SAECOVWTORNE
Tote. TOFER,

1. bz, y-GTP, UA, Cr k@D bh,
Wih b B CEERR L.

Table 5. Establishment of clinical reference range for clinical use

Formerly defined CRR Newly established CRR  (mode)
T-Bil (mg/dD 0.2-1.1 0.3-1.1 0.8
D-Bil (mg/dD) 0-0.4 0.1-0.3 ©.D
I-Bil (mg/dD 0.2-0.7 0.2-0.9 0.3
TTT (Kunkel U) 0-4 0.5-4.6 1.5
ZTT (Kunkel U) 4-12 3-13 5.5
ALP(adult) dU/D * 100-300 an
0-15y0) dAU/D * 325-1080 G70)
AMY au/p 45-225 80-230 asm
GOT au/p 6-44 10-26 1e6)
GPT au/n 4-33 5-28 a2
LDH au/n 245-630 230-460 (3300
ChE au/n * 320-720 (00)
y-GTP(M)  (IU/D 3-62 8-50 (15)
(F) au/n 5-22 ()
TP (g/dD 6.0-8.5 6.4-8.1 7.2)
Alb (g/dD 3.8-5.1 3.8-5.0 (4.4
A/G ratio 1.1-2.0 1.1-2.0 a.e)
TC (mg/dD 116-246 120-240 (180)
TG (mg/dl) 47-154 30-150 60)
PL (mg/dD 130-300 140-260 200)
BUN (mg/dD 8-22 8-20 a2
UA(MD (mg/dD) 3.0-7.0 3.6-7.9 (5.6)
(F) (mg/dD 2.0-6.0 2.6-5.4 (3.8)
Cr (mg/dD) * 0.3-0.9 .5
Na (mEq/D 138-148 137-146 (14D
K (mEq/1) 3.8-4.8 3.6-4.8 “4.2
Cl (mEq/1) 98-108 98-107 102
Ca (mEq/D) 8.6-10.3 8.7-10.3 9.5)
IP (mg/dD 2.5-4.5 2.4-4.1 (3.2)
Mg (mg/dl 1.9-2.5 1.7-2.7 Q.2

* ; Different method for determination used.
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2. ALP %, BWLIEFEE (0—-15F) THE 8
3f%) BRLI.

3. AMY, LDH, BUN %, ik 5 BRI 52
ot

4. BEOFERCEMERTEE L LT, 30—50 ¥
B GPT, ChE, UA, 50 FRE#D y-GTP &%
Fo oy el

5. TP, Alb, A/G, Na, Cl, Ca, IP, Mg (3IF#
44 8 % 7% L, T-Bil, I.Bil, ALP, AMY, LDH,
ChE, TC, TG, PL, BUN, UA, Cr, K X #EHRS
FHEZ TR e,
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