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Background: Diabetes mellitus and alcohol consumption are the most common causes of ketoacidosis in adults. Recently, B-hydroxybutyric acid
(BHBA) was reported to be a potential serum biomarker in the diagnosis and monitoring of ketoacidosis. We evaluated the performance of FKB-H
and 3-HB kits for the measurement of ketone bodies [acetoacetate (AcAc)+BHBA] and BHBA, respectively.

Methods: Quantitative enzymatic assays were performed using the T-KB-H and 3-HB kits (Nittobo Medical Co., Japan) and the Architect ci16200
Integrated System (Abbott Laboratories, USA). Simultaneously, the ketone body levels in these serum samples were determined by gas chromato-
graphy-mas spectrometry (GC-MS). We evaluated precision and linearity of these kits and correlation with GC-MS, and established reference inter-

vals in children and adults.

Results: The coefficients of variation for the T-KB-H and 3-HB kits were less than 4.0% at analyte levels of 50, 100, and 400 pimol/L. Linearity was
observed for AcAc and BHBA over a 0-1,000 Limol/L range (R?<0.99). Results from the FKB-H and 3-HB kits were in good agreement with those
from the GC-MS analysis, with correlation coefficients of 0.94 for AcAc and 0.96 for BHBA. Reference intervals determined for the KB-H kit were
9.8-270.1 pmol/L and 18.5-531.8 pmol/L in children and adults, respectively. For the 3-HB kit, the reference intervals were 6.4-234.0 pmol/L and

16.0-437.2 umol/L in children and adults, respectively.

Conclusions: The T-KB-H and 3-HB kits displayed good precision, clinically acceptable linearity, and reliable correlation with an established assay.
This indicates that the kits can be used clinically for measuring serum ketone bodies.
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S A AR AHEStET L 5 szt AEolo A& 7
of| ] e} 4ol 58] acetyl coenzyme AS AY/SHA =t
71 ool wolA|A =W AEAE /38 E, oA Well =
ZE= 37)9] AEA| = oA E(acetone), O EOLA|H 0] E(aceto-
acetate, AcAQ), WE}-3] EEAREAHB-hydroxybutyric acid, 3-hy-
droxybutyric acid, BHBA) o]t}

Aolof| A AlEAS (ketoacidosis) S G TAILF AL F=
Apof| 4] gho] A =[], A EARS (diabetic ketoacidosis,
DKA)2 8% S84 745(<17 mmol/L), & pH 7H4x(<7.3),
g Z27H>14.9 mmol/L, >250 mg/dL), &o]-&x}o] Z7}(>10
mEq/D) o] A5k 7120 2 ALGE T glek et ofefdt Al 4
AS2 DKAOYRE Ul = Solgh &2 ofUH, 534S &
O] th2 F/fo] FhEl= - AFAR1 HAF AIHE HolA] o=

elSSN 2093-6338
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o] 11]747P H Sl Blad 7|t FAE 03],

A& A2 (alcoholic ketoacidosis, AKA)2] Xt &
T e T et AR E o o4l

olget AEAE Fdohs o2 Y, a4 JpAAR
ol TJefju)- AR A (gas chromatography-mass spectrome-
try, GC-MS) 5o QAR 7S] AEAE Aol S48+ 4
A oktk UE Z3E 2 A E(Nitroprusside) A H-S- 0]-8-31 A|EA
El(ketostik) HAFY] 9= AcAce ST 4= 9101} BHBAS} of
NEL 2A3 27} 91, Tt upgEkuto] 7hasiohs kA7)
oIHs, 6|

A S S A Aok A
B UERRRAS HlAMS F2 A4S glone
= Aot A s A4Sl 9
o] kAL gick whepd @ x
Aeke] W7l 9l A} Lo| T QT o]of E HAFoA= B
43510] AcAc®} BHBA BF& 4T 4= 9= NlttoboA]-A T-KB-
H 7|E2} BHBATF =43k 4= Q)= 3-HB 7| E(Nittobo Medical Co.,
LTD, Tokyo, Japan)2] A3 71} EEHAPH O 2 &2l GC-MS
wike] ATy W7 52 Bale] QAAMOIAC) -84 1
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1. T-KB-H ¥ 3-HB 7|E

D-B-3| =S A A= 4 F A (D-B-hydroxybutyrate dehy-
drogenase, BHBDH)= A =421 AcAce} BHBAE A% HSIAIZ
o= Q= A axo|rk 3-HB 7|Eo A= A4 Hhg-of BagHNAD'E
TFo 2 M7t ¥, BHBDHE 2o 50| BHBAY} AcAcZ Ak3}
=l 2HIE]= NADHO] oF& 2430} BHBA XS 51

Ik whdof TKB-H 7| E0f A= WA BHBDH—El o] F201 AcAc
7} BHBAR Bighe| w5 98- ZIsJAZ] &, 3-HB 7| Eof|Aje} 2
o] IEFe] NAD*E Yol BHBAZ} ThA] AcAcE H3HE uf] QA=
L NADHO] & 2430 24 AcAc®} BHBAZ 33l w s
a4 qlek

T-KB-H ¥ 3-HB 7] E X5 Architect ci16200 Integrated System
(Abbott Laboratories, Abbott Park, IL, USA) 7175 o]-&38}¢], A
A4 A5 A A e} 29819k TKBH 7]E 2] 2%
AL &3 AR 15 plol] A2AI2H(5.4 unit/mL BHBDH) 250 pL
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£ H7kste] 37°CollAl SEZF RESAIRL 3 BRAF (10 pmol/L
NAD" 50 pLE 37}ksto] thA] 37°Coll A 5%—@ HE-S-AIZ] 3 340
nm 3o S48t Aighe TRtk 3-HB 71EQ S40A
2 A 15 plofl E2A2F2 pmol/L NADY) 250 s F7}stho]
37°ColA] SEZFHESAIZ] B, B AA|9F (14.8 unit/mL BHBDH) 50
pLE A7FskaL thA] 37°Coll A SEZE HESAIZL 3 340 nm o]
A S7gsto] Aakgle At

2. GC-MS

A A AR oLoMHEIIES o837 S
2 FE31%k A 200 pLleof] WHEEFE29] deuterated alpha-
hydroxybutyric acid (sodium-2-hydroxy butyrate-2,3,3-d3, CDN
isotopes, Quebec, Canada) 50 uLE 2713+ 3 3N HCIS 7|8}
pHE 2 of3}= HESItk: of=obElel= 1 mLE W
15700 g0 2 287} RISl 43 0T 223Uk 018 3

STPAR ARAR]

PASY.S Koo
= T T

2, O-bis (trimethylsilyD) trifluoroacetamide
with 10% Trimethylchlorosilane (Regis technologies, Morton grove,
IL, USAE ¥al 2 412 3 65CollA] 3087t WEAIA REdE
Rt

GC-MS —‘1*4 2 HP 6890 7k 3 2ot Jafjule} HP 5975 AafE
A7](Agilent Techonologies, Santa Clara, CA, USA)E ©]-8-3}%ick
AFE-E A-L HP-5MS (30 mXx0.25 mm id., 0.25 um stationary
phase, J&W, Agilent Technologies)|3Itt 7}~ 3 2ufE )i of|
A A Z 228 2= 287E 60°C AL 180°Co] = uf
TR 2 20°C7F &2 e 3F310H, ThA] 280°Cofl 2 wj7t
Al 2 50C7F R HeS SHATE L thg 1t 280°C7F A
5 olQlck A7) of| A= full scan mode & A9 0 H
ZA3HgHm/2)0] 1173 peaks= BHBAE, H|H3} gho] 23121 peaks=
AcACE: AR ASH=T] AFgBlsi

3. B (precision)

A= Clinical and Laboratory Standards Institute (CLSD EP5-
A2 A|3Je] w2t 7RSI RIEHT). W2 s o] ARete] Ao EEA
ok oAl TistEo] B2 Azstol 2 At FErlet e
T Yl 2 5o B 2047t A4 sl 284, 135]0f| 2
92 2590k 81 28] A= 241Kt o)) A S Al 9
A 232 vheo] AAJSHITE AR Mol Al (within-run CV),
HAF 7 o A IS (between-run CV), HAFY 71 tHo]A|4x(between-
day CV)&} & ¥o]A|4(otal CV)Z 83Tk,

_1

4, ZMM(linearity)
2)41/d-2 CLSIEPG-A A3 whet A| 2 Aol A Al g6l = 22w
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5. 2td(method comparison)

A CLSI EP9-A2 A 300] w2t B71shichol. 244de] 1h
Bl WE visll EHEES S0pAlE 47, RAsgen], 7t
A= 13] 273199k BHBAS] 412 3-HB 7| E A¥gkaF GC-MS
o2 SR AIghS Hlastlom, AcAc] B> TKB-H 7|E
AsgrolA] 3-HB 7| ZaZES W 7 GCMSHO. 2 27 2
TS B WSFSITh Passing-Bablok $]7E-413} Bland-Altman plot
& Apgato] Basiolch WA ARHEANOR Spearmans
rank correlation coefficientS: FF5}o] F71#] Hg o] AlAS

7Fsiick

6.

o

AL

Skeikh-Ali S04 164 7|22 Aok} AJQlo] AT Q|
T3 3} o) 4oje] sl 42 etol ALThslL
oyl efefol] Ufdgh 24k} ol Al & BAIAAIEARE Al
sto] AlE Aupgrol 24 & 77HAIE AlEste £4
10, 2251 4R1e) AmEs) A4S Siote] B gl
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EA AL Microsoft Excel 2010 (Microsoft Corporation, Red-
mond, WA, USA)Z} MedCalc version 12.2.1 (MedCalcSoftware,
Mariakerke, Belgium) = & 71383 AF2-5}3Ich

Table 1. Precision of the T-KB-H and 3-HB kits for total ketone and 3-
hydroxybutyric acid assays

Imprecision, CV (%)

Kit Level
Within-run Between-day Between-run Total
T-KB-H  Low (100 pmol/L) 0.82 0.55 045 1.09
High (400 umol/L) 1.62 143 0.00 2.16
3-HB Low (50 pmol/L) 2.09 0.49 0.81 2.30
High (400 umol/L) 3.55 0.64 0.00 3.61

Abbreviation: CV, coefficient of variation.
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TKBHE} 3-HB 72| % AUz WolA4L 2t 7 Enjt}
1.09-2.16%2} 2.30-3.61% HO]= RATHTable 1), 2414 H7}Aa}
0-1,000 pmol/L “F{Fol|A] F=712] 7]E L= linear fit & lack of fit
oI Rola S Lelhon], 2%} 2E 099 o4
07 F#3] W A = HefelA et A4S vE
Ak(Fig. 1, 2).

3-HB 7|29} GC-MSH.L.
2 A A4 = 096 (P<0.00D)0]1 2, Passing-Bablok )7
B Ax}y=1.125x+5.3750|9It}. T-KB-H2} 3-HB 7| E 2] ZAx} 7k

Zpo]@ AL AcAc ZHTF GO-MSHO.Z W7 ZAat Antglo]
3 AR 734' ”474]—/1‘—% 094 (P< 0.001)°] 2, Passing-

= 2733 pHBA 2ol s A

man SA42431 & %){ 7r9 H}O]OV\L QHBAA —?— 57.2+222.0
(mean +1.96SD), AcAc®] 79 -122.6 + 208.6 (mean + 1.96SD)0| 3]

T}(Fig. 3).
y=0.9168x+18.4
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Fig. 1. Linearity of concentrations measured by the T-KB-H kit. (A)
3-hydroxybutyric acid, (B) acetoacetate.
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S Bk AQ1Y] AL & 1647A & oA outlier) 15
AAE ALl 14938412 &-F:H# 25%2} 975%7rS ko] Z+
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A5 AIEA FollA] BHBAL Al EANS0] WAYsHS of 4
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Fig. 3. Comparison of acetoacetate (AcAc) and B-hydroxybutyric acid (BHBA) measurements obtained with the T-KB-H kit, the 3-HB kit, and gas
chromatography-mass spectrometry (GC-MS). (A) and (C), Scatter plots with ordinary linear fit with the Passing-Bablock regression analysis for AcAc
and BHBA. (B) and (D), Bland-Altman plots for AcAc and BHBA.
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EA(AcACHBHBA)2} BHBAS 243} 4 Q1= A|okS 7315t}
Skeikh-Ali 5{10]17} Yu 5{11]9] H.11¢f 2J81d Roche BHBA A]
¢F(Roche Diagnostics, Indianapolis, IN, USA), Stanbio BHBA A|2F
(Stanbio, Boerne, TX, USA), Abbott POCT #H]|2] 73-9- 212} 15-
4%, 09-109%, 24-59%2] AUEZ BT}, o] 5 Ao} v|Ta) £
T 3-HB 7| E= A4 o2 -3 =g Bk
FEAPH o R dA Qs GC-MSHEIE] A d S Blals)
S ) BHBAL] 7% AAISE= 096 (P<0.00D), AcAco] 7%
A= 094 (P<0.00DS Ho| FAR SR {23 Jd<
Hoth AEA 2AZke] 582 X otal allowable erron)7} 300
pmol/LE = 4Po] Aol Zpo|7} 5823} o] A} Zo| 7} Lp
79 BHBAY] A9 1), AcAce] A9 342 5 b 719] Zfo]
7 a0 olul} 9lg AR Aol LA eRerhi 2 o
S SISAEHIIL AcAc 79 BHBARCE ARG} B v, 31y
A9 712717} 1014 o Hloft 0.6955 7Hl+= ‘JOJE T-KB-H
|EQ] Autgro] GC-MSHO 2 =743t AcAce} BHBAS TS 4f
Hej Aoz WA Uo7 wioleial A2tk TKB-H 7| E
o|A] BHBDHE WA goiZ AHA| uH-3-o) 4 AcAc7} BHBAR &

N

% ‘ﬂﬂOI 5]7] oFo} A EA] Bt Yo oprrt AA Z4H A
A E) Hukshd AcAc7t BHBAR H3ksl = whg-o oo
QP@QE# ZpEEAQ) BES-0] K|k AcAce} BHBAZ} Zro| ZA5}a

e f BE AEA7} BHBAZRTE 2451 3F= ¥5-2l(driving
force)& HE5HA| A7 ]= ofH7] wfiolct

FH9le BuEdn HApdy nick 2olE Holal gAY
FE Ak o] Aukolo] BHBA FEE 20-270 pmol/LE A= 2}
=5 olatz], o2 AtellAl A4 84 BHBA 5= 500 pmol/L
ueko & vhol S-o32] 11 It} Al EY 2 (hyperketonemia) 1,000
umol/L oA}, AEAFE Z (ketoacidosis)- 3,000 umol/L O|A}S. &2
749] & 4= Qlrfar FhH13). & A-tollals A1) - BHBAY]
A E 16.0-437.2 pmol/Lz sk} 9l=0] thE Hardelet
= T Aol & HolA| ghith

2 oA Lofet AJ912] BHBAL] Al 9= 247t 6.4-234.0
umol/L} 16.0-437.2 pmol/LZ A2l A Farx]e] M7} o 4
. 2ofel ARl kel AEA| s Atolo] gt #3
7] $19JA]9, Sheikh-Ali 5101 DKA 2tk 7|0 & Aolo]| 4]
+ BHBA %7} 3,000 umol/L, A1 4= 3,800 pmol/L 0]-&-35}F
= SR Hol Alo] sofof Hsl AlEA w7t AR o

= &4 AL, 2 Aol FARE AiE Heir:

DKAS Aehslal 2] & A vkE HUERsk=d] glo] 5 BHBA
7} 7H Sagt A2 defRle] ue o5 g ST 4 e
ehrjere] @ do] F7tskaL Qlek ol2fdt Alfe] T-KB-HE} 3-
HB 7|E+ H-8 A53HEA7E o] 8-sto] FAEA(AcAc+

i, =9k

I
lo
pay
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BHBA)S} BHBA 558 4413, Aulal] 243
g9 mUEsh =t $-881) 18342 9L Aol

B A3Rlof Al AlEARSE] 71 T Qe Bt b
Aol efet Alofet. ofgt AlEAtT S A H A= Esﬂrﬂ =Y
HRS shet 28 eS| ESAREAHEHBA S 574

skt 9l & AT & l xﬂ OHHEOMIHIOIE(AcAc>+§HBA]
= T-KB-H&} 3-HB 7| EQ] §-84

HiH: § A9 0]-83F I3 A& AL Nittobo A2} T-KB-H2}
3-HB 7| E £} AbbottA}2] Architect ¢il6200 7|75 AF8-5F0] =74
sk, FAlo 7k mekE e AR A HGC-MS) & =
=stolct cLsie] Aol aheb] HuE, A 7% gujste)
AT 2ok 9 AJRl0] ZmelE At

Zop: 7} y|Enitie] 245 714 B gt RE YRS
£00% w]gollek 24142 0-1,000 ol L slol 4 $-4-3hiet

rr

(R*<099). GC-MS ﬁ:v,}g} H W35S W] AcAc?] 79 AFHAIS7L
094, BHBAS] 7-¢- 09622 Yo7t A S HAtk T12]aL 2}
Zre] 710 A] ?Lﬁ} 39l TKB-H 7] E9] 49 &0k 98-

270.1 pmol/L, 44912 185-531.8 pymol/L, 3-HB 7| E2] 79 4o}
+ 6.4-234.0 pmol/L, 4912 16.0-437.2 pmol/Lo] itk

ZZ: TKB-HO} 3-HB 7|EL AUE 9l MA4o] 2251911 7]
& T Aol gRsl R, YR e R 5 AEAY 5

2 2ok 4857 ALE T 4 91 Ao Az

bl
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