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Studies on measurement of serum total 25-hydroxyvitamin D
concentration and investigation of Japanese reference range using
a fully-automated chemiluminescent immunoassay
ARCHITECT" ANALYZER

Ippei Tanaka”, Koji Sakamakiz>, Masako Akuzawa2>, Toru Yoshimura' and Nobuo Nagano3)

Summary In this study, we evaluated the performance of a newly developed reagent of 25-OH
vitamin D  Abbott on ARCHITECT" i2000SR analyzer and investigated the Japanese reference
range. The reproducibility test, sensitivity test and dilution linearity test results were all good.
Furthermore, correlations with existing products, Liaison (Kyowa Co., Ltd.) and Elecsys (Roche
Diagnostics K.K.), were good. This reagent showed good performance. Therefore, it was
considered to be useful for routine clinical examinations. As to the results of examining the
Japanese reference range of the serum 25-hydroxyvitamin D (25-OHD) concentration, seasonal
variations and gender differences were confirmed. When comparing the results of this Japanese
health standard reference study with the "Assessment criteria for vitamin D deficiency/
insufficiency in Japan", more than 90 % of the subjects had value below 30 ng/mL which was

considered to represent vitamin D in the unbound state. It is speculated that more than 90 % of the
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Japanese population is in a state of non-satisfactory vitamin D levels (deficiency or insufficiency).

Key words: 25-hydroxyvitamin D (25-OHD), Chemiluminescent

reference range

I. #8

Yy I vDid. B TORIMRBEIC L0 4
BEbEE DI, B XY AEENICELY A
INDHRERTH D, TOEEIL, HFHTOAE
B LB S DKRERG % D, BEFHr D DE
121020 % & ENTWBY, FD720,
WHTH HREER OZAIZ X 0 Mg s O ZH
BN L 57,

¥4y 3 Dl P TARERIL & 11T25-OHD
LD, MHETIRIZEAENESY I VDRSS
NGB EFEE L THRNIERT 5. iEo T
M25-OHDILEE 1L, ¥ I VDOFREFE R K
Mt 2 BRI L ST 53, 25-0OHDIE.
VB U CHEKCIG®AE LY ¥ 3 D (1,25-
OH.D) 2N b, {HHEMLY ¥ I VDI,
W A1 v 2 ARG HENE F R0 il AR S OV £
VEANHERAET AR E, B I AT UK
WA ICBITARVEYELTHSENRT W
A RETIRY Y 3 YDZAEROIGEEIZ X 5
EAT R BB R B O ER B IS 2
LENTWw57,

Y'Y I YDRZICE ) FEET 2 WA 75 i
LT, AL BT 2 BRI O HIKIEAR S
IZEoTHELS 20 REIMBNLTWSY,
19004FARNZHAT L 72 < A1, b 7 HE~o
FER RO H _EI2E V19307 5 1940454,
WA L7z D0, AR TR OIS 1 238
LTWwaY, HARNIAGWTFRIZEHTAF
T4 [y I yDRZWL B9 - BAvs
AMIEDZWIOFHIE ] TiE, ¥4 I yDRZ
1215 ng/mLLLF, ¥4 3 U DIfEIZ15-20 ng/mL
EEREINTVDEY,

BAIZBWTH, EF I VDARE - RZIZL
B DA BORIERE, BIYE. /I A X
Yo, EREL BT, FECEROINY A 7 2
BN TV ghLTlx, 7 2 A NG
#2425 @ [Clinical Practice Guideline] 23T,
BAIZBITAE S I VDR ZIZIMNT25-OHDE

immunoassay, Japanese

FEA20 ng/mLLL T, €% 3 YDAEIZ21-29 ng/
mLE EEEINTWDE?Y, —F, EATIL. H
KANFWFEEIZE D [VY I VDARRE - RED
FIEFREE] ClE. MiF25-OHDIE £330 ng/mL
Kz vy I VDIEFLERE (EF I YDAR:
20 ng/mLLA 1230 ng/mLA G, ¥4 I YDRZ .
20 ng/mLAN ) &3 BHERHEITREIN TS,
ABEFEIE, F7zIZZE S 7 [25-0HE ¥ X &~
D: 7Ky M #AHExHNT, HEAEADOE
5 I UDREE R AT B 720 O FLMER P A ok
W5HIEEHMICHERL .

0. EEH#

1R3EZ & DN ERE S

25-OHD#E FE 1 AL 5= 38 Ot o 9% 3l o2 ik
(Chemiluminescent Immunoassay ; CLIA) T &
525-O0HE Y I D - 7Ry (THRy I %
Nk & TRy b)) BEE H v,
ARCHITECT"7 7 4 #— i2000SR (7 R » )
WZEDEE L7z B, REIEIIIAT v 7
GRENZEETHD ., FIHIIDTOLEY TH
bo MAKIZ8-7 =) J-1-F 7 F LY ANK UM
T v A AP L B25-O0HE ¥ 3 DY
FFE 70— FOUVHURER LR T S T
A U= T 4 ZIVERMLA ¥ F 2= b
T 5o ZOW:, BiEh?25-0HDIZ Y ¥ 2 D
EEEBEAPOERL, v~/ 7 un—FT4 7 )Lk
DEEEETERT %o REOSETIZ, 7271 Y
= AEFR25-OHE ¥ 2 UDEEL Iy Y ar
— FERBRIMLA v F 2=k, SEEL L b
) = GEEELKE) BXO ) F— (OKBERLE
FEYYLA) BINA, TP — R
OALZEFE A FOME L L CllET %,
20154F 120 & THEAL TH L & N7z R e
(5P02) 12 2w T, # 3k I T & % Abbott
Laboratories(325-OHD{#| 72 O i B B B B L OVEL
# AL D 72 ¥ 12, Centers for Disease Control and
Prevention (CDC., US.) 2 E Jiti L T 5
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Vitamin D Standardization-Certification Program
(VDSCP) &L 20164 LA A4E 52 & 14
T\Wwb, ¥ 7-.National Institutes of Health (NIH.
US.) #% #% 3 L 7=Vitamin D Standardization
Program (VDSP) 123 20164E% 5 S0 % Bifs L
720

2. MRS R

SINTHERE B X OHBAMERBR OGS 1213, &t
kX~ % — (ProMedDx, LLC, Bioreclamation
Inc., Discovery Life Sciences, LLC.) Dffij#is4r
ZHE CHRGRZ =T 7 W A K E NS A % H
W7zo 72 HARNEEHEOSEHEOMENIZIX,
ANVY Y XREFRET L, HERE GRS
W5, AbAE36.35) DOBEFMHEIZ B AAKRED b
L. FHFHEHICXYFAEPHFLNAMFY 7183
ZHHEDMFEREZ H\V 72,

3. G AT ARG BE O N E T i

FBERBE, [F—oa v b (52954UH00) O
AET B3 oar o -
(ARCHITECT 25-OH ¥ ¥ I ' D+ I~ b1 —
VL, M, H: 7Ry §) & %285 CT1LH2[E,
3HMMEE L. WENHIMEDS L OREBIE L
LTHCVER M L7z, WENHBMESL XU
T 3 4 1 EMicrosoft Excel 2016 MSO  (Microsoft
Corporation) % fj \» T, CLSI EP05-A3(October
2014)DSingle-Site Precision Evaluation Study ®
Data Analysis |2ty ZICHCHE T 24TV
HIEAN DT DT i 7% & ITRIEN D4 H s
WER D53 # s HAD T DEI OV IR % 42
RO FIGETH B Z £ TRD T2,

JEFERERIE, EERY (Limit of Quantitation ;
LoQ) & LT, EEMRFFTICTE L 72D
R DAREOMIEY > 7 (i AKE A ML
Bifk) &M, K8EMETSHMME L7z %
IR D TFIE L REERRE A HGCVE SRR L, Y
#hiceve., XcEfE (RE) o R
Z7ay b L7z dPEGE B & ) ko 72K
HCV20%% T 10l % fi /Ml & H i L. LoQ&
L7z

ARERIE RS O MFY > 7 (i
AOKENMERAR) & v, ) Y EREERR & ©
¥ I UDigpEe M ELF Y ) TL—FA
(7R b)) CSEBEOMPRINZFRL, &k
KA 2ERER, TNHOEETay M L7z,

AHBE BRI i ACK E LT 12058 51 % H

WCTCLIATH 5 ) TV ¥ 25KERILE S X &~
D h=% ) (AT 7 AKX EH )=
¥) 7% b ONZHEACKE AL 100%E B & v T
w AL 5 o % oE B E P (Blectro
Chemiluminescence Immunoassay ; ECLIA) T&
LI N—Y ARELEYIUDM—=F VT (0
A FATT I AT A v 7 ARKEH S s
V=2 ) QBRGSO L CRH L 72,
4. HAR N & OWE 7

HANEEEOSZMIZ. HEHBEICBWT
HE (2014F7H~9). 4% (2015410~ 3
H) O2[NZ 55315 THRIM L 72551388610 9 B,
O # V7 A, MiEY ~ 4~ %27 FPTH
(LLF. 2 2NhcCa, P, iPTHE T %) A3kiE
fifl & (Ca: 8.4-10.2 mg/dL, P: 2.4-4.3 mg/dL,
iPTH: 10-65 pg/mL) #OWERE . @1 T TEX
17 HBET 247 o 7o 0B . @H mikt & b A
F L7kt (H72) 2> 525-OHDIREL %
BhhHDHEEZONLERSE (BEE - VU~
FHHE BB - MR - ma L AT e -
7 EOEBMERE, EHFIRR, BUERRT OB ER)
AT R R BRI L 7226301 (EF12361,
AZE140060) ZREL, 2.5/5— 1 ¥ ¥ 1 VE (2.5
Btile) B & V09758 — & > ¥ 4 VAl (975
%tile) T ROz,
5. el AT

#t #F f# AT 1Z. JMP Version 10.0.2 (SAS

Institute Inc.) % I\ CHHBIFREL % Spearman
H B AR & 7% & U 12 Analyse-it Version 4.95.5
(Analyse-it Software, Ltd.) % FI\>» CRIFEHM %
Passing-Bablok % CAT- 72, B L O HE
] o I g CiAnalyse-it Version 4.95.5 (Analyse-it
Software, Ltd.) % fV>CMann-Whitney UM5E %
1To720

. #R

1. R

BHHMEZ, BEOR L3 EHOa Y fu—
V% IV CRREIE 2 ET L 72/ AL, e
HEoCvIZ21 ~2.8 %. HEHHAEOCVIZ2.3 ~
29%Td -7 (Table 1),

EERAE, EERATEO4RE DY T
& ZSEBEIETSHMRIET 5 2 &I2 & hER
FRFLEER 2 MeeT L 725, LoQI1.04 ng/mL T
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Table 1 Precision
Within—Run Total reproducibility

Mean S.D. C.v. S.D. C.V.

(ng/mL)  (ng/mL) %) (ng/mL) (%)

Control L 19.09 0.53 2.8 0.55 2.9
Control M 41.29 0.87 21 0.96 2.3
Control H 78.68 1.80 23 2.07 2.6

Control L, M and H of ARCHITECT 25-OH Vitamin D Controls

were used.

Ho7

AL, MY > 72 He, F3x) 7L
— Y ATSERBEORPRRIN 2R L, WEl (2
FERE) 27Oy b LokER, B SRS BT
mEMEE R L2 (Fig. Do
2. FHEAVE AR

M 120 FEF Z VT, )=y (X)) &
7Ry b (Y #l) 123B1F 525-OHDIE ¥ % L
L 7= (Fig. 2a) Spearman O #H B 4% %1, r=
0.968 & =5\ IE DA B ASFER S 5 172, Passing-
Bablok FED [ 12 X AH X 131.02TH - 720

%100 fEB 2 VT, =27 Vv—3 A (XHh)
7Ry b (Y HI) 1281 525-OHDIEEE % 1t
4L 72 (Fig. 2b)o Spearman OAIBIfREIL, r=
0.972 & mVIE OB MEASFED 5 172, Passing-
Bablok O MIJFIZ L 2 X 1X1.13TH - 72,
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Fig. 1 Dilution linearity
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Fig. 2 Correlation of serum total 25-OHD concentrations between Abbott and other commercially available products
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3. HR NS oWl 15.1 ng/mL T&H > 720 2.5 %tileld7.1 ng/mL. 7

PR R (235 LRI 2 B &0 123061 5 N297.5 %tileld31.8 ng/mLTH o7z, TH Y
(BH78HI. L 4shl) . ZZE14061 (B 6661, I 25-OHDi# BE O 8 FE O 25 i 53 4 % Fig. 31278
PETAR) . #eF263%) CPIgFEE49% ., A~ L 720 #/MEIE5.5 ng/mL, R AEIE35.5 ng/mL
28 ~ T5%) ORREHEIE LR E. I T, &RD74.5 %7920 ng/mLLL T B L &K
5 #25-OHDi £ 13 *F 4 fE16.1 ng/mL. HFYfE  97.0 %430 ng/mLLLF Td - 72 (Table 2, Fig. 3) o

Table 2 Seasonal variations of serum total 25-OHD concentration in healthy subjects

25-0OHD concemtration (ng/mL) Ratio (%)
Season Gender Mean (SD) Median  Minimum Maximum 2.5 %tile 97.5 %tile <30 ng/mL <20 ng/mL
Al 16.1 (6.1) 15.1 55 35.5 71 31.8 97.0 745
(n=263) 1 (6. . . . . . I .
Men
Year—round _ 18.5(6.2) 18.3 6.2 35.5 8.5 33.1 94.4 63.2
(n=144)
Women 133 (47) 12.9 55 282 65 235 100.0 88.2
(n=119)
Al 18.9 (6.2) 18.7 5.9 35.5 8.1 33.3 94.3 57.7
(n=123) 9 (6. . . . . . . .
Men
Summer (n=78) 20.9 (6.0) 20.3 9.6 35.5 1141 34.5 91.0 46.2
Women 15.4 (5.1) 148 59 282 75 255 100.0 778
(n=45)
Al 13.7 (5.0) 131 55 322 6.5 25.8 99.3 89.3
(n=140) 7 (5. . . . . . . .
. Men
Winter _ 15.6 (5.3) 151 6.2 322 7.6 273 98.5 83.3
(n=66)
Women 12.1 (4.0) 11.0 55 257 65 205 100.0 94.6
(n=74)
100 100
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80 ] o &0
2 2
o [
‘5 60 @ 60
=] 3>
[} [}
S a0 S 40
[} [}
Q Q
§ 20 § 20
o —_— o il —
<5 <10 <15 <20 <25 <30 <35 <40 <45 <5 <10 <15 <20 <25 <30 <35 <40 <45
25-OHD concentration (ng/mL) 25-OHD concentration (ng/mL)
100
Winter
% 8o Fig. 3 Seasonal variations of distribution in serum total
[ . . .
2 e 25-OHD concentration in healthy subjects
[}
o
2 a0
[
Q
Ex
=
=

o

<5 <10 <15 <20 <25 <30 <35 <40 <45
25-OHD concentration (ng/mL)

- 209 -



J SR /B = S M )

60 - a) 60 - b)

50 50
_ p<0.0001 = p<0.0001
E ] £ ———
> 90 - > 40
£ - < ¥

L}

S ot S v
S 30 A S 30 A
© ] © L]
k=] . " =] .
o @ .,
2 20 S - Lt .
o o []
[$) o [ ]
=) a
S 10 S 10 "
1 I Y
o o =l
N N

0 0

Summer Winter Men Women
Season Gender

Fig. 4

FHIM TIE, EFEOHIEA8.7 ng/mLTH o
DR L, AZFOHILEIZ13.1 ng/mL T Y |
AZPHEIERMETH -7 (Fig. 4a)o 724K
E Tk, BEHEOHIHEA18.3 ng/mLTdH - 72
DI Ly KD FYLA#EIZ12.9 ng/mLTH 1) |
WA B TH - 72 (Fig. 4b) o

V. ZE

25-OHY % 2 D - 7Ry FEEOHHMER
L OFREMREZRIFTH ) . BZICELTD
TR EE L TWDA I EDRENTF 72,
FHBAMERRERIC X 0 . BEAFELG & o B 2 AHRBE S
BonlZerb, HEBAIZB W TR
EFBRICEHAITE B & &2 b,

AR A& 2 o 11 75 #8250HDIE BE % 58 L
ToAER, FEEE S CICHEEDSHEE RSN
7oo ZFEEIABNE BRI O RS E 2 S5 DS,
— T THEDFRD 5L A DL, 25-OHDYS B ek
N BRI ST M2 2 v DIYHC b T4 UV
1y b OALHRATHATL TV D bR EFE
Z 5N 5o Nanrid7I3AL SN (b#E33.4-33.55%)
DB O/ ZHE 2BV CLUFHIZE) (2006
FETHE1R) LWELABE L. £LFEEF
HARMEE . WITNOFHIZBWTH DT
PRI VIREE R L2 &2 HE Lz, Bk
TII7TH B £ U111 H ®25-OHDIE A Z 1L27128.0
ng/mLB £ UM22.9 ng/mL., LPETIZTH B L U1
H ®25-OHDfE A5 % 1L21126.3 ng/mL3 & U°19.4
ng/mL & A OFEFR L) &EMIZSETIED 2

Comparison by season (a) and by gender (b) of distribution in serum total 25-OHD concentration

A, EANLFERETH o 720 40 D 4E DRI E G
Kz [E5 I VYDARE - RZOHFESRS | O
EHLAEY LTS L. 90 %L L OEFIATE
5 I VDIEFILIRTE & STV 530 ng/mL il
TH Y. FIZ50 LU EOREFIE S I DRZ
& EN T 520 ng/mLA M & V) KR E 7o
725 Yoshimura & (3" 28214 B i 5 /-3 AR E (2
M9 287 (ROAD : 2005-20074E) 2B W\ T,
HntHl (db#f3s.8k) B X UHIFOLE (dbik
33.6-33.91%) D1683%1 (531459561, 21 1088%1)
*HWT—RERICBITAE Y I VDRZIED
HIRKRE L 2o FORE, TXTORNERE
D813%HE Y I VDIEFTEIRETH Y., D
EE B (72.1%) AL (86.3%) T
B ol B, Fr ORREOTTDEE T ENE
GTEDHo72H. LLOHEAIESY 3 VDI
TRIRETHLHERIIAETH > 720 BB,
Yoshimura & OEFIZ10H 2> 51 H 127D, 10
H 26.2 ng/mL. 11H 23.9ng/mL. 12H 23.Ing/
mLB & U1/ 22.0ng/mL& . H 48 025-OHDi
Eras LB, EHIcBwT L FEZLR)
WHiHZELRMLTWwWA, 72, Mithal A
5 MG #525SOHDIE FE % it L 25 = TR A L
THNEEZFTEDT VS, fEme LT, TY7.
=TS BH, TIUH, TT T AT,
7 AV ABLUF LT =7 OHIHIZ L > T
IMi%E250HDIE E DI RREOER TR L D
A3, WRgE S MR DT & A ST RTOHIEIZ
BWTEY I UDIELREREOELELZ IR L, F
e, MR BB, MEEE. KR, A, DlomE
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A& LRSS B X ORI & v 28 4
TRERPEEINCEG L Tnwb 22 @mELT
W5,

PR &0 AREEFRZIATIIIE &L AHE L 2 Wi
BTHN, LLDOHRANE Y 2 VDIEFT LR
BE(RZF-IIALE) I0HEI LN SN,

#3& 56 C & % Abbott Laboratories|ZVDSCP3
£ U'VDSPIZ &I L €. 25-OHDll 72 O i B 4%
B L OEEICEDOTWA, — ., HARBR
bLFEREEMEE L) S WG S N BT
P12 & % IS #250HDH 72 D IZ #EAL D #ES T
. FRATEIC B D BB SN EOMER
250HDMI E DIEHALIZZER SN TBE LT, H
AT RO EEZ R L 729 2 TOE Y I D
REOFMEZEIE L2V EBRISNTWSL I E
MPHY RREOFFMEZHEF L 729 2 TOfH
IR SN D

V. ¥

25-OHE % 2 »D - 7R v MZED LN 72
PREIE BRI CTH o 720 HARNEEH D0 % 1L
L OEFNE S I Y DIEFERIREL STV
30 ng/mL R TH LI b, BNIZBWT
b, WL EFRBRICE Y I VDRZOE ) AL B
EXRNRELIZAZ) =V IR EE NS,

COl

COl i HICREH L7 & B Y . AREILNE IS
B§ % 5% 5 ORI - 2 L
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