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Liquid chromatography—tandem mass spectrometry—based hormone measure—
ment platform facilitates accurate diagnosis and treatment of polycystic ovary
syndrome
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[Abstract] Objective A hormone determination platform based on liquid chromatography—tandem mass spectrometry (LC-MS/
MS) was established to compare the levels of serum testosterone (T), dehydroepiandrosterone sulfate (DHEA-S) , progesterone (P4),
and estradiol (E2) with those measured by CLIA. This comparison clarified the clinical value of the LC—-MS/MS platform for the diagno-
sis of hyperandrogenism and polycystic ovary syndrome (PCOS). Methods 35 patients with PCOS and 33 normal controls were in-
cluded. Serum levels of testosterone (T) , 4—androstenedione (A4) , dehydroepiandrosterone sulfate (DHEA-S) , dihydrotestosterone
(DHT) , dehydroepiandrosterone (DHEA) , progesterone (P4) , estradiol (E2) , estrone (E1) , estriol (E3) , 17-hydroxyprogesterone
(17-OHP) , cortisol , and cortisone were measured by LC—MS/MS and compared with CLIA-measured levels of serum T, DHEA-S, P4,
and E2. The area under the curve, sensitivity, specificity , and Jordon's index, as well as the positive predictive value and negative pre-
dictive value of ROC curves, were analyzed to diagnose PCOS using serum T, A4, and E1 levels measured by LC-MS/MS. Results The
levels of serum T,DHEA-S, P4 and E2 measured by LC-MS/MS were lower than those of CLIA , the differences were statistically signifi-
cant (P < 0.05). The detection rate of hyperandrogenism could be improved by the combined detection of T, A4, DHEA-S, DHT and
DHEA by LC-MS/MS (P < 0.05). The serum levels of T, A4 and E1 in patients with PCOS were higher than that of the normal controls
(P <0.05). The ROC curves also suggested that the determination of serum T, A4 and E1 levels by LC-MS/MS were valuable for the di-
agnosis of PCOS (P < 0.05). Conclusions The 1.C-MS/MS hormone assay platform could improve the detection rate of multiple andro-
gens, enhancing the diagnosis of hyperandrogenemia and better identifying PCOS patients compared to CLIA.
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ZPEYNELZELE (polycystic ovary syndrome , PCOS)
LA &5 28 A LR O 2 AU
Bl AR ZE AL BRI A A 5 P A WA
FEF IR ER PCOS B4R 5.6%1 2, S HEMER
IMAE S PCOS 1 F2 28955 FLAE BB, PCOS (1912 Wi
YHEAT TR PR UE | 56 [ B 2R 2 23 A S RN o [ B
YIS | YU R R 174 i PR R I B v MU R ILAEAE
PNFREZ — o SCHRRIE ,25% ~ 35% 1) PCOS 4
T S IS s MR RAED, H LW 5) 52 0F
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MIZIR B R E S, 2023 AERRIN AR AE T S IR 23 &
0 1 2 48 51 S LR 25 A AR 1 VPAL A B2 [ BRI TIE 48
T, HE 7 WA 3 — BRI BT 3% 43 A (liquid
chromatography—tandem mass spectrometry , LC-MS/MS)
T 22 1L S2 B (testosterone , T) FF B 52 B 7K P 58144
TR MERCR IS B, A RTIR TR AR IR R, n I 4T
fifl (4—androstenedione , A4 ) FI I i 2 Lk R (dehydro-
epiandrosterone sulfate, DHEA-S) /K, XA 22 (di-
hydrotestosterone , DHT) 5 TAH LY , 5 HEM R Z 1R L5 & 10
FRITHE S RGP ER MR 2R E S
SRR AR R T RMESRY, BT RIS PCOS &
1 S L HE R (dehydroepiandrosterone , DHEA ) 7K
W 2xFH o, SR, H AT R AN TG A W] B A DHT A
DHEA fig 5 £ = PCOS S BB AT AR % tboh,
K 17-%82210 (17-hydroxyprogesterone , 17-OHP) | 7
AT A T PCOS 53R 2 LAY SE TR 1 IR
B ST AR PR RRER AR 55 5002 W, T 08 2R 22
(progesterone , P4 ) K- 22 J2& PCOS 45 A5 58 P 43 WA 59
B AT T H o 58T LC-MS/MS S M A 1) 4
bl H AT 2238 38 [m] B R g A 3, RS Xt BN RE AR
H % 22 b 28 [T B R AT 40T () I PP A 22 Ao 2 [ e
PR B AR AR ASAIF 5T A 57 B ] I 0 1M v T
A4 DHEA-S .DHEA .DHT P4 Jiff — [ (estradiol , E2) %
1235 PCOS 2RI R (19 LC-MS/MS -1, 5 H A
PR 3k 137 A Ak 27 O 429 43 BT (chemiluminescence
immunoassay , CLIA ) I & (R AKE- 517 AR, PR
LC-MS/MS -3 3 125 HECR ILAEH PCOS IS Wi i fEL
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ABFFENA 2023 43 H ~ 2023 4F 4 A 7EA B 107
BH T2 HH2 I PCOS i 35 4], PCOS 2 Wit 1 2018 4F
RATHCEZ RN LLRBAE T EN2Y T 1R B ) 2 Wik o,
AT B WU S5 AR R AR 1Y 33 flE PCOS B E 1E
SRR RELH T R IAUAE AR U R LC-MS/MS
SENMLIET = 0.55 ng/mL 3% A4 > 2.3 ng/mL 5, DHEA-S &
FHINAF RS IEH S % H (18 ~ 30% .31 ~ 40281

TE A R 5102 3 770 ng/mlL.2 950 ng/mL) &, DHEA
> 7.01 ng/mL 5, DHT > 0.3 ng/mL. HEERAR#E : D4

1% < 18 4 5k > 40 % ; Qb T UL URIA s ZL A ; Bil 3 H
o PR 225 3 (A9 L e s D PR ) O —
HbJE 22 e SRR R SR 25 . AR RS
PREERMR A I8 55 K B BEZe 3 24tk (15 2021
AEBHE A 14555 ), BT iR 9% X 42 2 25 8 1 )
B2
1.2 EE5iXF

K Agilent 6495 LC-MS/MS = 5 DU AT <
I (Agilent 23] , 25 ) F1 12 3525 [ i 2535 0) (TR
B A= Wy R A BRA AL, AR ) | Fae BRSEBR 15 BE 450
M7 T.A4 . DHEA-S . DHT . DHEA , P4 E2 M fili] (es-
trone, E1) M =% (estriol, E3) . 17-OHP ., 57 Jii i Al v
A K o K F Roche Cobas €602 4= H s WAk 2% &t
IIMTACRIL AR (Roche 23 W), F8 [ ), iz BR A BoR
PRAEIE I T .DHEA-S . P4 FI E2 /K,
1.3 A%
1.3.1 FHRE R PCOS B B B N 24105
JENR L A= =TI NE i rep s G N ] N S
1.3.2 fig ke R PCOS B Bt BEAH i B 01 it
(A5 2~ 4 d, 25 18) I 1E HP e ki IF R el Pt &
2R AMAE N, P is 20, F T LA 3000 rpm/
min 5.0 5 ~ 10 min, B JZ MUK AE 2 h P58 RS , 3R]
A MHARATT-80 °CUKA
1.3.3 & #n LC-MS/MSllE PCOS M3 K X} 2l
B 1LY T. A4 . DHEA-S . DHT . DHEA . P4 . E2 . E1.E3,
17-OHP  BZ J3t i A1 AT B #8 7K SF- 5 CLIA il 22 PCOS &
Kot HRZH A 1M 7S T .DHEA-S . P4 F1 E2 /K F
1.4 GritEbiE

S TR R SR A Excel £ 2 , SR JH IBM SPSS
Statistics 26.0 AT G827 AL B . Shapiro—Wilk £
SR R BT LS G B0, AR
DIEIE + BrmfE2s (x £ 5) RN, AL IR] FL SR ¢ K565
B A AR IEA AR, AR 5 DL B0RT 7Y 437 BT EE M
(Pys, Pys) 27, Wid ] Lb 48R FH Z 465 56: . >R FH MedCale
AR AT 3210 TAERHIE Hh 28 (receiver operator char-
acteristic curve, ROC) 73 #1 LC-MS/MS Ml 52 M) 1L & T
A4 F1E1 K12 W PCOS i 2k T 1 £ (the area under
the ROC curve, AUC) . R 8§ & | 5 5 FF RN 29 2 48 %8
P<0.05 hESAGI2EE L,

2 &R

2.1 LC-MS/MS 5 CLIAMEER L5

LC—MS/MS W 52 (4 1L 7% T . DHEA-S . P4 1 E2 /K
IR FEE T CLIA (P <0.05, )L 1), LC-MS/MS il F
A IMIE T 7K HE CLIA MK 18% (Tycoysms/Tea = 0.82) , 11l
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i DHEA-S 7K °F [ CLIA ik 20% (DHEA-S;c ysms/
DHEA-S(1,=0.80) , IfiL i P4 /K °F H CLIA {ik 40%
(P4yc-msms/Pdciiy = 0.60) , IfiLVE E2 7K F- L CLIA X 60%
(E2ic-wsms/E2ci = 0.40)
%1 LC-MS/MS#ACLIANE R MEF T.DHEA-S P4 fl E2 /K F
Table 1 Serum T,DHEA-S, P4 and E2 levels measured by LC-MS/MS

and CLIA
fehR L(C;i/[::)m CLA(n=68) vz P
T(ng/mL) 0.32 £ 0.16 0.39 + 0.20 241 <0.05
DHEA-S(ng/mL) 2298.28 + 1017.98 2856.85 + 1152.39 3.15 <0.05
P4(ng/mL) 0.09(0.08,0.11) 0.15(0.11,0.23)  3.37 <0.05
E2(ng/mL) 0.02(0.02,0.04) 0.05(0.04,0.06)  3.47 <0.05

2.2 LC-MS/MS BI5 I M = K S H & MER
HE

68 1] 3, LC-MS/MS AN E I3 T /KA H
5 19 v i 185 2 IUAE , K6 R 7.35% (5/68) 5 564 A6 T i,
B T A4 FDHEA-S K-, A 11 3] i e 38 2R ILAEE ,
tH316.18% (11/68) ; Bk & K M 1ML %5 T A4 . DHEA-S
DHT F1 DHEA 7K, 86 4 19 191 = VA ER ILAE , A6zt o 4
=2 27.94% (19/68) . LTI UL, % LC-MS/MS -5 ]
R 22 TR R VT 4 R v MR L AR R (81 1)

— R M —O—iE Y%
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Figure 1 The detection rate of hyperandrogenemia by measuring multiple

androgens using LC-MS/MS

2.3 PCOS & 5xtIAMMFHZEAKFETEL

LC-MS/MS il 5 i PCOS £ 45 L1 T /K L A4 7K
FEL K82 5 T XIRAL (382) . CLIA JZE /9 PCOS
SR IS TR E2 K- 38 = T IR (R 3) .
2.4 LC-MS/MS I M iF T.A4 1 E1 7k FEi2# PCOS
#1 ROC 4 #f

LC-MS/MS 5 IfiL 375 T 7K -2 Wi PCOS [ AUC
0.75(0.64,0.87) , R HE 80%, 5 5 64%, 2565
1.44; LC-MS/MS ] %€ 1. 3% A4 7K FE2 Wi PCOS i) AUC
7 0.77(0.65,0.89) , R ¥ 86%, F¢5% 5 70% , 21548
$01.55; LC-MS/MS il 5 1fiL 7 E1 /KF12 W7 PCOS [ AUC
70.75(0.64,0.87) 5 TAHY , REKE 71%, F¢57 5 76%,
YIBFR B 1.47, BEA 3 TEE BR 12 K7 PCOS 1 AUC
0.77(0.65,0.87) , R JE 83%, K553 & 64% , ) &85

1.47; CLIA I 5E Ifil 5 T 7K “F-12 Wi PCOS 14 AUC 4 0.71
(0.60,0.84) , REGE 53% , 55 57 )& 85% , 284551 1.38.
LC-MS/MS ¥l T, A4 1 E1 2 K; PCOS #4947 I IR # i
(P <0.05,%4),AUCH =T CLIA £ T2 W PCOS 1)
AUC(2),

%2 LC-MS/MS MFEH PCOS 5x{BA M5 ZE K F
Table 2 The results of serum hormone levels between PCOS and Control

detected by LC-MS/MS

EE0 PCOS#H(n=35) XM (n=33) vz P
T(ng/mL) 039 + 0.18 025+ 011 394 <0.05
A4(ng/mL) 1.46 £ 0.46 1.04 £ 055 341 <0.05
DHEA-S(ng/mL) 214871 + 87851  2001.64 £ 1017.46 0.48  0.63
DHT(ng/mL) 0.09 + 0.15 0.08 £0.07 039 069
DHEA(ng/mL) 4.67 + 2.05 438 252 051 061
P4(ng/mL) 0.09(0.08,0.11) 0.10(0.08,0.14) 018  0.85
E2(ng/mL) 0.03(0.02,0.44) 0.02(0.01,0.03) 074 046
El(ng/mL) 0.05 + 0.02 0.03 £0.02 256 <0.05
E3(ng/mL) 0.020 £ 0.00 0.02 4001 077 043
17-OHP(ng/mL) 0.60 + 0.45 047 £ 115 061 055
[ i (ng/mL) 91.99 + 48.19 7536 £ 3389 165  0.10
AR (ng/mL) 24.05 + 5.94 2276 £ 674 084 040

%3 CLIAMUEHR PCOS 5IEEX R MFEMRAKTE

Table 3 The results of serum hormone levels between PCOS and Control

detected by CLIA
fabr PCOSH(n=35)  AMEH(=33) vz P
T(ng/mL) 0.47 + 0.20 033 +0.16 322 <005

DHEA-S(ng/mL) 2720.17 + 1106.51 2540.83 + 107206 0.89  0.39
P4(ng/mL) 0.15(0.11,0.22) 0.17(0.12,0.27) 138  0.70
E2(ng/mL) 0.05(0.04,0.07) 0.04(0.04,0.06)  2.26 <0.05

100
100 —
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40

20 —‘-J:: — T_CLIA 20
i ==== T_LC-MS/MS
Ad_LC-MSMS
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Ot ! I i 1 | . L 1 1 ] I
0 20 20 50 30 o0 [ 20 40 6 80 100
100-Specificity A 100-Specificity B

B2 LC-MS/MS I Mm% T.A4F1E1 7Kk Fi2 i PCOS B ROC fiZk
Figure 2 ROC curve for the diagnosis of PCOS by LC-MS/MS measure-
ment of serum T, A4 and E1 levels

E:ABA BT A442 E1 £ 3EAFB PCOSHIROC 4B A
A LC-MS/MS &A1 T A4 F= E1 %7 PCOS #) ROC 1 2%,

3 g

PCOS J& 2 VEH LAY A58 9 AR50 , v I
P IMAE 2 PCOS PR FA FEAZ O, T R Se i 2
I35 T A1 DHEA-S 7K - 5% 35030 25 HER = K2 W=
TR MAE . T80 B M R R B w2 2
PEFAR S G ERE 2, BRI AR LA LA CLIA I 22 1
1 TR RUN S HER R IAE . LC-MS/MS & R =
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&4 ROCHHILTE T.A4F1 E1 kK FiSHT PCOS HyHME
Table 4 ROC analysing the value of serum T, A4 and E1 levels for the diagnosis of PCOS

e Tycomsms Adicoms/ms Elpcomsims T+A4+E1 Teua

AUC(95% CD) 0.75 0.77 0.75 0.77 0.71
(0.64,0.87) (0.65,0.89) (0.64,0.87) (0.65,0.87) (0.60,0.84)

Z 4.40 4.40 413 4.61 3.47
P <0.05 <0.05 <0.05 <0.05 <0.05
BT 80% 86% 71% 83% 53%
RS 64% 70% 76% 64% 85%
FHPEFIMIE 74.82% 80.63% 73.01% 74.58% 78.62%
(95% CI) (68.70% ~ 79.89%)  (72.80% ~ 89.44%)  (65.80% ~ 82.44%)  (64.5% ~ 82.6%)  (69.60% ~ 89.80%)
ELESGRIED 57.46% 65.27% 61.57% 74.73% 63.47%
(95% CI) (41.70% ~ 68.33%)  (52.34% ~ 72.76%) (54.70% ~ 73.05%) (57.7 % ~ 86.5%)  (54.12% ~ 71.90%)

TR A, AT g ST T [RIRHIE PCOS 3 2 Fhig
R LC-MS/MSF- 55, IF 5% 48 CLIA W i3 Z 7K1
Foig, S5 REM 5 CLIA A L, LC-MS/MS il 7& M i %
IR 8 A A , LC-MS/MS BE5 0 %€ T, A4 . DHEA-S
DHT Fl DHEA BEF2E /57 = M 33 2 ILAE A4S 3R I F oY
AT ) LC-MS/MS “F 65 [t CLIA 6E 5 4 A9 38 51 PCOS
e

AHFFE o CLIA 1l 22 IfiL 3% T.DHEA-S . P4 Fil E2 7K
-1 52 T LC-MS/MS, iX 5 MUNZKER | XU!2-1314%
ST 25 FARL . RAF CLIA {2 W, {H CLIA 7546
PR LR o DA ke O SIS [ B 2R 2 (R 25 A 2 4y ik [
I3 SRR 28 SURNE , 38 BLTAR 5 IR 45 A R M
FEAG o ok A S R AT A HE B AR, A 5 IR R
FHEEMZ LR R, S8R B EREM, Le-
MS/MS 7] e sk 6 e 45, 76 AR E [FIA 2 P s 1)
fitlh b, 38 3 VR AH 5 25 A 2L B R) A3 S A Ay 5
G A8 SR, P FH i (SO0 AR 2 1) 40 F kA T
R 41 ) BRSSP 3 A AT . CLIA HAT S 4
R 5 S s el

e B 2R IUAE A& PCOS (1) 32 2095 B A BROACAR | 8
23 INEE PCOS [ # BRI A = 0 ZE AL, 22
PCOS T ZENZS o TAE R ON S Y5 19 2R
ST MEOR IUAE A2 T PCOS 1Y £ 244545, HH
T 5E L3 T 7K S I AS RE 5¢ 4 b o i U0 5 2 38 2% .
FENT, ABGE CLIA I 5E LG T /K92 2 10 BBl 2 M4 5
PR Z KT, A4S BB PCOS SB35 19 IS T 7K
R PCOS fE Ty, fE S50 % CLIA AT Jo ik 2 fk:
B RE L P AL T IKSF o AR ST HEST 1) LC-MS/MS
PRI 5 S B AEAS I LT T A1 DHEA-S /K7 A9 A |
Hi i 3% DHT A4 F1 DHEA 7K, 45 5260 DHT . A4 F1l
DHEA REFE /5 = MR U AR %8, T AR B ] LUk
— AR A HERCER |, o DHT B THE 5—ou i i i
FIVEF T EARIE B . T A DHT #R 0] L 5 bk 25 57 1A 2%
4, DHT 7£ ML AE 30 o 1 7 s 45 /0 (H 2 DHT 7
FRLEIHE] T RIS MR A M R . 7E T/KEIE R

HPCOS B E T, DHT /K-l RE L B8 . AR
DHT 7KF-FH 555 PCOS B (AR E e 5 kel A g
CEA M SEAFAE IE A &S, DHEA 322 i i S 5%
Tofe Tk T2 5 7% Wt 76 Ak DHEA-S HE A IMLBIE 36 , 93 3%
AR — 8 A5 T M B A, PG 3R 1Y DHEA-S 7K
Z W A R MR R L B BT 52 00 DHEA IR
I EERZ A, 1Y 5% B PCOS H 3 B FE7E DHEA-S iX 1
R KT, 78 PCOS £E £ B4iE 1y s 3 2k
[i] A B A AE A B 2R 0K , A 23 98 DHEA 77 AR 1Y
fifg2ol 2 A5 ZE A HriE A PCOS 58 1R 4 I 7 DHEA 7K
SR P fgt e B HEE T =521, DHEA B AT 5 S 103 T
HOFHE ST, 51 PCOS BB R 77 A 18 M 4 0E 5 A Ak
W2 A, A DHT F DHEA AV R4 w5 v i &
ILAE R 28 SRR AR A PPl PCOS R A RIHE i
FEbR , X T B LA oE E— e

A4 2T HIRTRYY T, 55 T3 HE S PE 50 ok J5
PEHER R R br , A0F5E R W] PCOS 835 1L T% T F1 A4
TKF-H4) 8 25 T IE 0 IR ROC 4k 04 A412 1
PCOS W AUC L T 1. BERT A WFFTUE B, Rl i 2R
IR A4, 1T LU B PCOS BYAE HY 231, 5 TAR L,
AATEMVEAEIR b 5 8 45 G B mbs b T s
) A4 T Z | AR sk B8 BH B I3 A4 7KSE T AT
5 | e o EE IR AR S LR, AR B 1 RUBE R
A I PCOS HE BT A4 1Tl o M 2 I A BURS
FahRsl, e Ah, FRATIE & B PCOS B H E1 K- & =
T IE % % B HE 27 PCOS 1 AUC 5 TAEY , {H 2
T.A4 FIE1BEA 5, i2 W PCOS [ AUC AR L T 7, 5
JEAH I A4 12 W7 PCOS B AUC 1% A 724k , AT T3 ]
REDK A PCOS S TR/ WAMIE B A 2B = 3 o, 5 k2 o
VLS4 AT 221 A4, A4 7E 51 S0 20 i b ol 5 5
Tl AL Aok 11260,

4 it

T T 2R IMAE A HERA A LD X2 KT PCOS G,
LC-MS/MS J& 1 8 2 46 0 1) 4 b v, AN 98 4y T
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