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Abstract: Accurate quantification of fat-soluble vitamin A (VA), vitamin D (25(0OH)D), vitamin
E (VE) , vitamin K (VK) is essential for health assessment and disease diagnosis. Liquid

chromatography-tandem mass spectrometry (LC-MS/MS) plays a crucial role in the measurement
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of these vitamins due to its high specificity and sensitivity. However, the comparability and con-
cordance of the detection results among different LC-MS/MS methods are still suboptimal. In this
study, the analytical performance including linearity, limit of detection, limit of quantitation,
precision, accuracy and carryover was evaluated according to CLSI C62 and the Suggestions on Clinical
Application of Liquid Chromatography-Mass Spectrometry. Aliquots of 40 patient samples were collected
from August to October 2022 from the Second Xiangya Hospital, Central South University. These
fat-soluble vitamins were measured using three LC-MS/MS methods. Passing-Bablok regression,
Bland-Altman plots and concordance correlation coefficient (CCC) were performed to compare the
differences among three methods. The consistency of the results before and after recalibration with
a unified calibrator was evaluated. The results showed that the total CVs for the three mass
spectrometry kits were 2.7%-10.1%, and the recoveries for all kits ranged from 88.8% to 109.2%,
indicating that their detection performance met the requirements for clinical application. Concordance
correlation analysis showed that two of the three methods had substantial agreement in vitamin D
testing (CCC: 0.938), while the CCCs for other methods ranged from 0.322 to 0.853. After reca-
libration with a unified calibrator, except for vitamin K, the CCCs for the results of the three
methods ranged from 0.918 to 0.983. In conclusion, the performance validation results of three LC-
MS/MS methods for fat-soluble vitamins meet clinical requirements. The consistency among the three
methods was poor, but using a unified calibrator significantly improved the consistency of these
methods. The study provides recommendations for the standardization of clinical fat-soluble vitamin
testing, thereby contributing to improved accuracy and consistency of results. This study will provide
more reliable evidence for clinical diagnosis and treatment.

Keywords: fat-soluble vitamins; liquid chromatography-tandem mass spectrometry (LC-MS/

MS); consistency; calibration
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Table 1 Mass concentrations of standard solutions for dif-

ferent methods ng/mL

Method VA 25(0H)D, 25(OH)D, VE VK
A 30 1.14 2.2 880 0.10
60 2.28 4.4 1760 0.20

135 5.70 11.0 4400 0.55

300 11.40 22.0 8800 1.00

600 22.80 44.0 17600 1.85

1600 57.00 110.0 44000 5.00

B 10.25 1.04 1.05 96 0.10
20.50 2.07 2.10 192 0.21

48.50 5.18 5.25 480 0.49

102.51 10.36 10.49 960 1.03

205.03 20.72 20.98 1920 2.05

1025.15 103.61 104.90 9600 10.25
2050.29 207.22 209.80 19570  20.50

C 25 1.56 3.13 625 0.09
50 3.13 6.25 1250 0.19

100 6.25 12.50 2500 0.38

200 12.50 25.00 5000 0.75

400 25.00 50.00 10000 1.50

800 50.00 100.00 20000 3.00

1600 100.00 200.00 40000 6.00

VA vitamin A; 25(OH)D: 25-hydroxy vitamin D; VE: vita-
min E: VK: vitamin K.
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Table 2 Demographic characteristics of healthy individuals

(n=40)
Characteristics Healthy individuals
Age/year 34.5 (27.0, 42.0)
Gender/(female/male) 20/20
BMI/(kg/m?) 20.2+1.7
ALT/(U/L) 17.0 (10.2, 21.4)
AST/(U/L) 23.0+5.1
GLU/(mmol/L) 4.6+0.6
TG/(mmol/L) 0.9+0.3
Cre/(pmol/L) 71.0 (58.0, 84.8)
UA/( pmol/L) 268.7+69.6

Normally, distributed data are presented as meanzstandard
deviation. Nonnormally distributed data are presented as median
(25th, 75th percentile). BMI: body mass index; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; GLU: glu-
cose; TG: triglyceride; Cre: creatinine; UA: uric acid.

HEBR br o« (D AF <18 # 50>70 %/ 5 (2)iL 1 4~
J3 P8 R T A A R0 ) T 2 R i 24 4 ] g S AR
Py 4k A R OKSE 25 5 (3) I H B I B T A R F
B A PR 25 R 5 (4) IR MR R G
PR Z GEpe i IH AL R Go g i R i 28 M s A 2R
FGEPEIR N G T R AL AR e R R L
e P 5 5 B IF 7 B2 A7 I IA Y MR T AR 5 (5)
Vs I R I R AR AR 5 (6) b T AT AR
1.23 HARAE

J7 A H 200 pL M VE AR A TR AT 2 mL B
DA 200 WL B8 % PR 4 A WA R AR
WER A1 5 A 1 000 WL 2E BUH , 76 2 000~2 400
r/min FiEW IR 10 min, T-20 CTF# & 10 min,
13 000 r/min 0> 5 min; B JZ & 800 wL # # £
96 FLE LA 1, F IR T AT 5 A 200 wL &%
Wi, £ 2 000~2 400 r/min F € % 4 % 5 min, #4754

o B 96 fL B L AR CE T B0 AL 3.000~3 500
r/min 2.0 5 min J5 #4748 .

J7 % B:HL 100 wL iy AR, 43 555 52 2 96 L
U A, i A 100 wL 9 4% T AE W, I TR &) 1
min, JIA 600 pL 2B , k3% -2 3~5 min 5, T
4 C .4 000 r/min &.0> 15 min, Y24 400 wL [ #&
MR E S —H 96 fL U Bl AW TJE A 100
pL B WL R % IR A 3~5 min, FHX T 4 C.4 000
r/min .0 5 min, B 90 wL b5 4 2 350 wL 96
fL VA AT A

J7i: C: MU 300 pL MIEFEATT A Z 96 £L 48 Btk
B, A 200 wL AR TAEW , ATIR2) . B 400 pL
RE W 2BA 96 FLUEMR M 96 L &t i,
o FH AE e 2 VAR S R AL UEFL N L B 5~10 min.
A 750 WL % 1F e 09 32 O, % 1 IE e 7 Kl g
Ve AR, O B R TRk Bk
ElRETERT, @A TEBENG, WA
100 WL W, PR IR S) 2 min, 206 4 3 1 WU
2 96 fLHEFE AR o HEAT R
1.2.4 97 4%t

TiiE Ay HT A AF IR SR AL R (1) R
IV, TR B B B R ) R BV AR 2 S pL;
ik : 0.50 mL/min; 3% 4 : C18 44 A (50 mmx2.1
mm, 2.6 um) ; B & - 40 T B B 3% B F - 0~0.50
min, 70%B; 0.50~3.00 min, 70%B~100%B; 3.00~4.20
min, 100%B; 4.20~4.30 min, 100%B~70%B; 4.30~
5.00 min, 70%B .,

ik B M SR L TS A A B H R KA
W, T B W R L 2R A Y RV E AR A .S
wL; % 3 : 0.25 mL/min; & 3% 4 . C18 4 % A (30
mmx3.0 mm, 2.6 pm) ; 4 40 C 5 B6 B Pk N FE T -
0~1.80 min, 70%B~90%B; 1.80~2.50 min, 90%B~
99%B; 2.50~4.00 min, 99%B; 4.00~4.10 min, 99%B~
70%B;4.10~5.50 min, 70%B .

T CaM &M T M A HR H R
B I KR T Sh A B R TP IR ) P A
PERERE .2 pL; i : 0.40 mL/min; (435 4E . C18 (435
(50 mmx2.1 mm, 3.0 wm) ; 7 15 : 40 °C; 86 B % i
# F : 0~1.00 min, 60%B; 1.00~4.00 min, 60%B~
98%B; 4.00~7.00 min, 98%B; 7.00~8.50 min, 98%B~
60%B ;8.50~9.00 min, 60%B .

BRI B T (BESD R, IF H B R 2 3
2 22 Ry W (MRMD) #5588 - R 2 £ 150 °C5



#5034

ZEINHE A5 2 3 RN (35 - A B 5 3 A ) s ¥ P A 2R R A M RE W AR — BOME P

+ 271 -

Jii 35 7] A HE 2 1000 L/h fif 85 il . B
JE:3.5kV( )5 A B),3.0kV(Jrik C) s A HI <
R E 500 Tk A fl B),550 C(Hik C). JiigEZ
eI 3,

£3 3FLC-MS/MS RIS

Table 3 MS parameters of the three LC-MS/MS methods
Method Compound Pa:zl/tzi)o " E)iuf;t/zr) CVNV CE/eV
A VA 269.2 93.1 80 10

25(0H)D, 395.3 119.1 42 28
25(0H)D, 383.4 257.2 40 14

VE 431.3 165.1 80 6

VK 451.4 187.1 55 22
VA-d, 275.2 96.1 80 24
25(OH)D,-d, 398.3 121.1 42 21
25(OH)D,-d, 386.3 214.1 40 25
VE-d, 437.3 171.2 50 10
VK-d, 455.4 191.1 55 22

B VA 269.2 93.1 20 40
25(0H)D, 395.3 107.1 20 22
25(0H)D, 383.3 257.1 20 12
VE 431.3 83.1 20 70

VK 451.4 187.1 40 22
VA-d, 273.2 94.1 20 20
25(0H)D,-d, 398.3 380.3 20 8
25(0H)D,-d, 406.3 388.4 20 8
VE-d, 437.3 171.3 20 70
VK-d, 458.4 194.1 40 22

C VA 269.2 93.0 20 50
25(0H)D, 413.4 113.1 20 20
25(0H)D, 383.3 257.1 20 14
VE 431.3 83.1 20 80

VK 451.4 187.1 40 22
VA-d, 275.2 96.0 20 20
25(0H)D,-d, 419.2 337.2 20 6
25(0H)D,-d, 404.3 368.1 20 10
VE-d, 437.3 171.3 20 30
VK-d, 455.4 191.1 40 22

CV: cone voltage; CE: collision energy.
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Table 4 Linear ranges, correlation coefficients (R) , lim-
its of detection (LODs) and limits of quantifica-
tion (LOQs) of three LC-MS/MS methods for the
determination of fat-soluble vitamins

Com- Linear range/ LOD/ LOQ/
pound Method (ng/mL) (ng/mL) (ng/mL)
VA A 30-1600 0.9948 3 30
B 10.25-2050.29 0.9952 1.27 4.15
C 25-1600 0.9995 3 12
25(OH)D2 A 1.14-57.00 0.9961 0.38 1.01
B 1.04-207.22  0.9976 0.28 0.92
C 1.56-100.00  0.9956 0.10 0.39
25(OH)D3 A 2.20-110.00  0.9963 0.73 2.20
B 1.05-209.80  0.9977 0.23 0.73
C 3.13-200.00  0.9982 0.20 0.39
VE A 880-44000  0.9947 88 880
B 96-19570 0.9945 20 60
C 625-40000  0.9996 39 78
VK A 0.10-5.00 0.9952 0.03 0.10
B 0.10-20.50 0.9949 0.02 0.06
C 0.09-6.00 0.9991 0.01 0.02

212 HEE

J T % EEATR LC-MS/MS kRN % , 2% CLSI
CO2" 17 TR AH €2 335 - 5 335 1 A 1o e 8 #EAIK
1 3 DANEACE T, 43 5 & 4 TR A 103 A 5 4>
AT 5 R HL A IR B RS SR TR B R E(CV) it N
CV= (L AR 22 AL N 2{E ) x100% , it 3] CV=(4t [|]
B v 22 /At 1] S 4 ) X 100%, B CV=( b i 22/ 55 1
{H)*x100%, 25w 5 iR, 3 F LC-MS/MS F ik
HLA CV H 2.0%~4.1%(VA) .2.1%~7.4%(25(0OH)D,) .
2.9%~6.4%(25(0H)D,) .2.5%~5.2%(VE) fil 3.0%~6.2%
(VK) , fit 8] CV N 1.7%~4.7% (VA) . 3.9%~7.0%
(25(0OH)D,) .3.7%~10.0%(25(OH)D,) .1.2%~6.4%(VE) ,
1.7%~8.7%(VK) , . CV 2} 2.7%~6.0%(VA) .6.7%~9.8%
(25(0OH)D,) .4.7%~10.4%(25(OH)D,) .3.8%~7.9%( VE )
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t/min t/min t/min
E1 RAAEAAFEHHRKREERIEE

Fig.1 Representative chromatograms using different methods

*S5 3FWHLC-MS/MS HiEKMEBAELEEREINKETHEEE (n=5)

Table 5 Precisions at three levels of three LC-MS/MS methods for the determination of fat-soluble vitamins (n=5)

Low level Medium level High level
Compound Method o Inter- Intra- Total o/ Inter- Intra- Total o/ Inter- Intra- Total
(ngmL) 8 0L CVm (mgml) (L L0 ovme (ngmi) 8 T ovae
VA A 306.2 4.1 4.4 6.0 626.2 2.2 3.6 4.2 826.5 2.0 1.5 2.5
B 205.7 43 3.6 5.6 358.3 2.7 4.7 5.5 509.6 2.9 3.1 4.2
C 225.8 2.0 1.7 2.7 399.4 2.5 2.0 3.2 571.3 2.0 1.9 2.8
25(0H)D, A 3.2 7.0 6.9 9.8 5.6 5.5 5.2 7.6 9.2 2.2 6.9 7.2
B 2.1 7.4 4.2 8.5 2.9 6.8 3.9 7.8 5.4 5.4 3.9 6.7
C 2.2 4.7 7.0 8.4 3.1 5.9 5.4 8.0 5.9 4.2 6.2 7.5
25(0OH)D, A 10.5 3.4 6.7 7.5 19.8 4.6 4.6 6.5 45.6 3.3 4.7 5.7
B 12.2 3.7 5.9 6.9 22.9 3.6 4.2 5.6 54.1 5.4 4.9 7.3
C 11.4 2.9 3.7 4.7 22.1 6.4 4.2 7.6 50.8 3.0 10.0 10.4
VE A 6311.7 4.1 3.9 5.6 115404 4.2 6.4 7.6 21581.9 4.3 2.0 4.8
B 4577.3 3.9 4.1 5.6 9565.9 5.3 5.9 7.9  15567.6 4.4 5.5 7.1
C 4960.9 2.5 2.9 3.8 9338.5 4.6 1.2 4.8  17704.0 4.3 2.8 5.1
VK A 1.0 6.4 7.9 10.2 2.7 5.1 6.3 8.1 3.9 3.6 4.9 6.0
B 2.4 6.0 4.9 7.7 5.6 4.3 1.7 4.7 7.7 4.3 3.5 5.5
C 1.5 2.7 4.1 4.9 4.5 5.3 8.7 10.2 6.7 2.6 7.6 8.1
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FEAE) /R X 100%, 5 R a1 6 s, 3 A LC-MS/
MS 2 K W i v M 4R A= 20 Ar R 4 i
88.86%~109.20%(VA) ,90.36%~101.79%(25(OH)D,) .
92.83%~108.37%(25(0H) D,) ,95.25%~106.89%(VE) .
88.95%~103.30%(VK) . Z53EKH, Jrik C £ A [F g
VPR 4 A2 2R A [l Wik 36 v 3R 90RE X A A, X ]
il 15 SR FH 1 9 A BOCRE AR AE i b B 7 A O 1%
FARGE o w5 Ll 2 TR R AL SR Y W B AR S 2
I DN 5 A RO A 4 ok LT, DT A R T T
H br Ak G W 00 6 Bk 38 () I R A T AR ) R AR R I
4 T

% 6 3T LC-MS/MS 77 i% i iUl A5 /& 1 4 4 % B9 R 3 4 3=
Table 6 Spiked recoveries at three levels of three LC-MS/
MS methods for the determination of fat-soluble

vitamins
Compound Method Spiked recoveries/%
Low level High level

VA A 108.80 109.20

B 88.90 88.90

C 103.10 102.40

25(0H)D, A 101.80 98.80
B 91.80 90.40

C 100.60 100.10

25(0H)D, A 93.60 92.80
B 95.80 102.00

C 99.60 108.40

VE A 104.10 106.00

B 95.30 102.50

C 106.90 103.00

VK A 99.30 100.70

B 89.80 103.30

C 93.70 89.00

2.2 FHikFtkst

AW 5% % ] Passing-Bablok [1 )7 4> #7 . Bland-
Altman — B 53017 S — B M S R B (CCC) RGEIF
flfi 3 Fft LC-MS/MS J7 ¥k X} 40 {7} Ifi ¥ B A th VA,
25(0OH)D .VE VK i —ZtE . DL CCC 43l 1T i fh
B & — SO % R B O X 2 ) = A S 5
i A 45°4% 15—, CCC<0.900, — B 55 2%
0.900~0.940, — F P — % ;0.950~0.990, — F 1 K 4 ;
CCC>0.990, —H M &> fdi F Passing-Bablok [7]
U 43T 43 500 b 9 a3 5 =2 ) A R DG 5 B e
75 B (y=ax+b) , AL 45 B iR 22 (a, £ A & 1% 2%
(b, B ) Y 95% {5 X 7] (CI)"; 47 Passing-Bablok
[l AR 95% B AF X R 1, i AN TE

F 0 R 22 A AR EE Y 95% BAE X 4L & 0, Al AN
RNEE R E M RS 1%2% . Bland-Altman {E & 251 L
B R G R PR

H R i R RL i 3% 25 (OH) D K F (£ §%
25(0OH)D, f1 25(OH) D) fE R AL AR 4EA= R D 5
FERS W FEAR . FEAWE I 1Y J7 35 Xt b,
&L 25(OH)D MR FEAE N 2 BRAG b , PFAl AS [R] &G I 5 7%
] B — SOk o3RRI 75 vk b R A OGS 8 cin 3k 7
iR —BHESIr s ik A S C MYtk R
D 1K — 2y — kK- (CCC: 0.938) , 1M 4 T
A R o PR AR AR R R, 25 O R ) — B g R R
B, KA 5 (CCC: 0.322~0.853) . Passing-
Bablok [#] 943 #7 % B . 42 VA F1 VE B, 7735 B fil
Jid C HyREEE 95%CT & 154 VK B, 5 A Fil
J5 ik C &R 95%CT A& 1, oAl B i M4k A R A
il 3 Fh 7 PR A I B ALY 95%CT AN 1, RIR
7] J5 ¥ AL AE 7 L i 22 5 R B, 5 vk A 5 vk C Rl
VA . VE B} # 5 /) 95%CI A4 0, &l 25(0H) D
Bf, ik B Ml ik C #kEE M 95%CI A & 0, 4%
AN TR 5 3 A KGR Vs ok A R R I AR R R 2
Bland-Altman 43 A7 45 5 & 75« 3 B o5 1 K 0 s % 1
ek F 0 F B W 25 8 - 10.495%~40.774% (VA) |
~17.746%~25.154% (25 (OH) D) . - 15.221%~31.845%
(VE) .-46.856%~34.397%(VK) . AR 4} 1F #ff &£ 5 31 11
K|, 4 I vk 4k A R R I i 22 1Y AT 4 2 0 T
+20% , A 5T 1, AN [F) LC-MS/MS J5 ¥ 6] 47 16 8 K 1)
IR 22 o %0 22 R RESR VR T O ik E i = L R
[] 77 3k T felf ) €0 3% A LA L IAE B0 AH 2 B R A B T I
TP 45 25 AN AR TR, 3X 28 2 80RT RE 52w 5 A5 50 Bt P 1
TREAT R oy B e B M s A3 DTN X 45 SR Y
— RS R R . BEAL 3 RO Rk BT SR A U R
RN TR), HIC IR 248 —pr i o 3 A il AR & 1Y
25 5 IR T BRI 45 S A 22 i) 2 D DAL L R A A
i 22 7] RE 7E 7 ¥ (BB 1 & G0 M 09 45 2R I 7% |, B AR
TER T
23 EFRKE

AH A 8 22 B FH 48— 9 A of b 5 47 T 07 G A
AT DA R HE R 25 5 IR A — Bk 22 R0 B,
ARBFFE ] 3 A LC-MS/MS J5 ¥, %F 5 AN 6] ¢ 2 (1)
BB LT AR AT RGN, DA 45 T X g VAR T ARG
DU SAIAEAE R B bR SRR, A8 5T A 1m0 ) A% o it 42, 048
L TR A 0 4 SR AT BEIS RS HE . B RS LA
BACHESS 3 VA G 45 SR (0 AR OCME 22 S A C S 4L
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Table 7 Method comparison and concordance analysis of three LC-MS/MS methods for the determination of fat-soluble

vitamins before recalibration

Concordance consis-

Compound Method Intercept (95%CI) Slope (95%CI) Cocril;erﬁtt(iggly:gf)ffi— di‘i]z:;gni% tency coefficient
(95%CI)

VA A-B -30.577 (-64.097-5.016) 1.586 (1.505-1.667) 0.978 (0.958-0.988) 40.774 0.322 (0.219-0.418)
A-C -105.51 (-202.754--30.615) 1.596 (1.432-1.824)  0.922 (0.856-0.958) 30.557 0.399 (0.274-0.512)
B-C -34.241 (-91.425-7.020) 0.984 (0.888-1.119)  0.923 (0.859-0.959) -10.495 0.798 (0.677-0.877)
25(0H)D A-B -0.135 (-2.632-2.419) 0.835 (0.764-0.897)  0.950 (0.906-0.973) -17.746 0.824 (0.727-0.889)
A-C -1.973 (-3.986-0.002) 1.154 (1.089-1.221)  0.981 (0.965-0.990) 7.496 0.938 (0.899-0.962)
B-C -3.527 (-7.429--0.357) 1.430 (1.324-1.580) 0.950 (0.907-0.973) 25.154 0.688 (0.563-0.782)
VE A-B -0.354 (-1.552-0.844) 1.429 (1.303-1.560) 0.939 (0.888-0.968) 31.845 0.559 (0.432-0.665)
A-C -1.084 (-2.319--0.002) 1.282 (1.186-1.396) 0.947 (0.901-0.972) 16.823 0.774 (0.674-0.847)
B-C -0.389 (-1.613-0.441) 0.877 (0.811-1.000) 0.919 (0.852-0.957) -15.221 0.806 (0.698-0.879)
VK A-B 0.004 (-0.135-0.134) 0.605 (0.492-0.724) 0.847 (0.728-0.917) -46.856 0.530 (0.382-0.651)
A-C -0.005 (-0.157-0.138) 0.870 (0.716-1.051) 0.807 (0.662-0.894) -12.785 0.853 (0.753-0.915)
B-C 0.121 (-0.218-0.313) 1.326 (1.063-1.665) 0.802 (0.654-0.891) 34.397 0.641 (0.479-0.761)

W 8, 5K T, K HESE 3 LC-MS/MS J7 %1y
AH XTI 22 0 25 03, AN [R) 5 32 ] A6 SF- 349 D 2 1 b ok
IN VA B 24 0 22 4-1.246%~0.802%,25(0OH)D )F
P25 2-0.637%~1.126%, VE f4-F- 0k 22 H-0.950%~
5.380%, VK (1 °F- 35 fiit 2% by —8.250%~4.876%. LA, 3
Py ik Z Il ) — ot A BT 42 T BR 7 vk B ORI C 7R
i 25(OH)D 5 VE, LA & J5 ik A Fl C 74 VK i
A H At R 75 P A A 22K T A [T 051 R R A X ()
1, RIS & 07 ik B R A — 8. TR
W, VA 19— B0 A 56 R 50k 0.946~0.983,25(0H)D
5 0.935~0.979, VE 4 0.918~0.954, VK 4 0.804~
0.877, i — L R W ikl — B % . LR

FU SR FH S8 — M o i TTAA R0SE s v v A R AR
LC-MS/MS & M # i1) J5 v o] — bk o R, 8 80
il 3 F G W0 45 R ) A o R R R P S R
FHRTWIR 2 58— 2 2% W) o i A o o, IR RS tb
B2 280, DA AN [) 5 325 6 00 45 R 1 — 380 AT
Fe

AN AR SR B , AR LC-MS/MS J7 ik 1
VK A I ) — SCrE A, AR TR HE S R WL
M X AT BE S S AT VK B A I A R e R A
Ko VK TE AR YRR A rp i D TR M R AR LA AR
7R P K R U e AR v B A7 B AN T Rk
X G D 2R G 1) R AR R i Ak BT R R T

*8 EHRAEFIMLC-MS/MS FERMIERELEERNFTERZL TN —BES T

Table 8 Method comparison and concordance analysis of three LC-MS/MS methods for the determination of fat-soluble

vitamins after recalibration

Concordance consis-

Compound Method Intercept (95%CI) Slope (95%CI) Cor.relation coeffi- Avterfxge tency coefficient
cient (95%CI) deviation/% (95%CI)

VA A-B -0.904 (-25.718-26.537)  0.988 (0.938-1.039) 0.978 (0.958-0.988) -1.246 0.983 (0.968-0.991)
A-C 43.317 (-15.677-82.534) 0.907 (0.822-1.035) 0.937 (0.881-0.967) -0.519 0.946 (0.900-0.971)
B-C 49.337 (-5.228-87.305) 0.911 (0.829-1.033) 0.942 (0.891-0.970) 0.802 0.946 (0.900-0.971)
25(0OH)D A-B 2.096 (-0.290-4.607) 0.932 (0.851-1.000) 0.950 (0.906-0.973) 1.126 0.944 (0.898-0.970)
A-C -0.820 (-2.787-1.166) 1.033 (0.975-1.092) 0.981 (0.965-0.990) 0.490 0.979 (0.961-0.988)
B-C -4.403 (-7.491--1.453) 1.151 (1.061-1.247) 0.950 (0.907-0.973) -0.637 0.935 (0.885-0.964)
VE A-B 1.325 (0.456-2.238) 0.940 (0.856-1.027) 0.939 (0.888-0.968) 5.380 0.950 (0.913-0.972)
A-C -0.175 (-1.133-0.700) 1.062 (0.984-1.151) 0.947 (0.901-0.972) 4.438 0.954 (0.919-0.974)
B-C -1.412 (-2.997--0.420) 1.099 (1.018-1.260) 0.919 (0.852-0.957) -0.950 0.918 (0.860-0.952)
VK A-B -0.101 (-0.321-0.547) 1.033 (0.853-1.250) 0.846 (0.726-0.916) -8.250 0.859 (0.753-0.922)
A-C -0.343 (-0.559--0.099) 1.339 (1.105-1.606) 0.797 (0.643-0.889) -3.302 0.877 (0.793-0.929)
B-C -0.079 (-0.417-0.125) 1.188 (0.935-1.511) 0.786 (0.625-0.882) 4.876 0.804 (0.663-0.889)
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PR ER . KA AL B (APCI) U P H 7 i K
16& Y B B HOR DL A R I VK B3 A I i
PRk B U7 SR, B ET 2 E00E IR BT RO
Z W& ESLIE, H #0045 K 5t APCI B3k, 5l 75
A A U] e S B APCT A58 55 e, 398 i T 44 2 2y
PE o AHESER I BRI J7 58 5 T ESI, Al VK i)
TR B T4 Z o 58.6%~94.8%, 1% ] fiE & 3 Fhi
EAERME G — B SO A BR A ) — A .

3 &g

AW FE AL T IR IR 3 Ff LC-MS/MS J7 ik 7 B8 %
P 2 A ARG rp (Y A3 Tk R R — Btk . g5 RT3
it LC-MS/MS J5 12 1) A6 0 14 6 247 16 f2 W R 225K, 1
FE VK S5 I8 5 M 2 2 28 0 R b A7 7 2E — 25 A Ak O
B, A, 3 Fi LC-MS/MS J7 12 46 I 245 58 iy — 2 ik
TR A, 7T BE 5 1 o D 25 450G . SR G — I i ilE AT
OB E T R LC-MS/MS J7 1 46 I 45 L i —
£ g

S E Wk

[1] Zhang H, Quan L, Pei P, et al. J Chromatogr B Analyt Tech-
nol Biomed Life Sci, 2018, 1079: 1
[2] Bouillon R. Nat Rev Endocrinol, 2017, 13(8): 466
3] Holick M F. Endocr Pract, 2024, 30(12): 1227
[4] Andres E, Lorenzo-Villalba N, Terrade J E, et al. J Clin
Med, 2024, 13(13): 3641
[5] LiX, LvH, Luo W, etal. Food Chem X, 2025, 26: 102226
[6] Alexandridou A, Stokes C S, Volmer D A. Clin Chem, 2025,
71(2): 254
[7] Zha L, Law T, MacDonald C, et al. Clinica Chimica Acta,
2020, 505: 31
[8] Van Wayenbergh E, Verheijen J, Langenaeken N A, et al.
Food Chem, 2023, 404(Pt A): 134584
[9] Mladenka P, Macakova K, Kujovska Krcmova L, et al. Nutr
Rev, 2022, 80(4): 677
Ertugrul S, Yucel C, Sertoglu E, et al. Chem Phys Lipids,
2020, 230: 104932
Zhou W, Gong M, Mao Y, et al. Clin Chem Lab Med, 2025,

[10]

[11]

[19]
[20]

[24]

63(7): 1354

Qin N, Liu Q, Liu Z, et al. Ann Clin Lab Sci, 2025, 55
(1): 115

Chinese Association of Geriatric Research of Laboratory
Medicine, Chinese Geriatrics Society of Laboratory Medi-
cine. Chinese Journal of Laboratory Medicine, 2021, 44
(7): 587

T AR R DR I ST S R BE A A 2y, D R B AR R A
g e oy o . PARRT IR PR 4 A4, 2021, 44(7) : 587

Tai S S, Bedner M, Phinney K W. Anal Chem, 2010, 82(5) :
1942

Denimal D, Ducros V, Dupre T, et al. Clin Chem Lab Med,
2014, 52(4): 511

Janssen M J, Wielders J P, Bekker C C, et al. Steroids,
2012, 77(13): 1366

Clinical and Laboratory Standards Institute (CLSI). Liquid
Chromatography-Mass Spectrometry Methods. 2nd ed. PA:
Clinical and Laboratory Standards Institute, 2022

Chinese Society of Laboratory Medicine, National Center
for Clinical Laboratories. Chinese Journal of Laboratory
Medicine, 2017, 40(10): 770

AR SRR B A Sy 2y, BT AR R IE R A S b0 . AR
g2k, 2017, 40(10): 770

Li L. Biometrics, 1989, 45(1): 255

Yu S L, Zhou W Y, Cheng X Q, et al. Chinese Journal of
Clinical Laboratory Science, 2018, 36(12): 891

oAbk, JEfR R, BRER R, SE IR R AR 48 e, 2018, 36
(12): 891

Bili¢-Zulle L. Biochem Med (Zagreb), 2011, 21(1): 49
Giavarina D. Biochem Med (Zagreb), 2015, 25(2): 141
Chinese Society of Osteoporosis and Bone Mineral Re-
search C M A. Chinese Journal of Endocrinology and Me-
tabolism, 2018, 34(3): 187

T A R A 2 T A FILE A R A3 4% Lt AR o A IR AR
#,2018,34(3):187

Fanelli F, Cantu M, Temchenko A, et al. Clin Chem Lab
Med, 2022, 60(5): 726

Yin Y, Ma C, Yu S, et al. Clin Chem Lab Med, 2019, 58
(1):95

Mladénka P, Macakova K, Kujovska Krémova L, et al. Nu-
trition Reviews, 2022, 80(4): 677

Boegh Andersen I, Lohman Brasen C, Skov Madsen J, et
al. J Chromatogr B Analyt Technol Biomed Life Sci, 2019,
1117: 41



