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Abstract: [Objective] To evaluate the clinical value of liquid chromatography with tandem mass spectrometry assay
(LC=MS/MS) in determining hyperandrogenism and polycystic ovary syndrome (PCOS) by the examination of total
testosterone (TT), in comparison of chemiluminesce immunoassay (CLIA). [ Methods] A total of 325 PCOS patients and
244 healthy controls women of reproductive age were included. The TT levels measured by LC-=MS/MS and by CLIA were
compared between patients with PCOS and controls. [Results] The TT levels measured by LC-MS/MS distinguished
patients with PCOS from controls more notable than those by CLIA ; as well as differentiated the population with hirsutism
from non—hirsutism more dramatically than TT and corresponding FAI by CLIA. Furthermore, the TT level by LC-MS/MS
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was positively correlated with mFG scores, while there was no significant relation between TT by CLIA and mFG scores.

Using TT by LC-MS/MS = 1.85 nmol/LL and TT by CLIA = 2.39 nmol/L as the cut—off values for diagnosis of HA,

respectively, there were more significant differences regarding the anthropological parameters and laboratory examination
results between LC—MS/MS HA and CLIA HA group (P < 0.05). ROC curves also showed that TT by LC—MS/MS had
better diagnoses effect for PCOS than TT by CLIA. [ Conclusions] The LC—MS/MS assay is more efficient and precise for
detection of TT and diagnose of HA and PCOS than the CLIA assay. The LC—MS/MS assay has better clinical value for

diagnosis of hyperandrogenemia and PCOS.
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Z P 9 H Z5 A fE (polycystic ovarian
syndrome , PCOS) J& & #% 2 M 5 & UL 1Y 4 43 b 35
ALYR 2 — , 29 70% ~ 80% 1 PCOS [ 3 5 fei ML
Z [fIL4E (hyperandrogenism,, HA )™ o & ke 2 1L E
AMLIE PCOS FEAFFIE 2 — , AT fiE5 PCOS 1L 1]
NI B AT o LA S5 A 6 v B AR OG
b, R R LE PR 2 X F PCOS I 2R 5
TC T B B B S, T I SR Y
I J7 ¥ 1 TG — A, LR 2 D 2ot s
] A J8 e B, A A v B ECER IAE (2 W 22 4
I AR — S LV SRR A0 RS I D7 kA
B o DN 5 AU % 2 A T e i 1 S B v
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% (chemiluminesce immunoassay, CLIA) JE B
I FH Y B E2 Tl (total testosterone , TT) € J5 2%, A
DA JE 55 P 0 3 A O A 0K R T 2 e e e
R KA AE G T A o 2 1 R O e AR A
I, A H A5 R B = Al FEE, IT 10 42k B
B PR BYAS W R, BR 8 22 HILAL 1N TV AR
JZ BT HR I BT 3 43 BT 15 (LC-MS/MS 5 GC-MS/MS)
i S22 07 R A A T IRAR B DG A RS
(9 53 B 3 LA R Joe i 1Y) e e e B AT ORI A
AR, B e 1 BIRAE 55 1A S8 IR 4G D 7 2k 1
(B R AR R R, KR4 1R HErES
NIST i 18 H: 52 i I 72 19K 238 Bl 7] 35 1 ng/dL,
P I AT Lo MR SRR R R B SE
FRAT 4 HT L 52 DL LC-MS/MS il CLIA 2 A K i 1
PCOS f8 3 FILIE 3 % B L P L3 TT W, DL
PPAR LC-MS/MS 32 I 7 TT R o M v I 38 386 1l e
5 PCOS M2 Wi i B
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2013 458 T Ll R i Al 4 2 s e AR Bl
HLUDTF R . TR A e B ER , B RS I b e L

s A UE I IR A 58 1 WF 5 ChiCTR- DDT-
14005186, BT A7 BFFEXF 34 5% R & 01 A B S
ARWFFE . LI 15 ~ 45 % Lok 569 4], Horb PCOS
24 325 3, % B ZH 244 5] . PCOS ZH~F- 24 4E 1% (26.4
+6.0) %, (K25 5 (BMI, 22.9 + 4.8)kg/m’,
Xof HR 20 S-S 4R #E (30.0 + 6.7) %, BMI(20.0 + 2.3)
ke/m®, H4 PCOS 73 Z BHMAEZ BU, 70 )
F145 186,139 44l

Y5 NFBRHE - 15 ~ 45 % PCOS ¥ , PCOS £ W
54 2003 BERFPHZ BAR e o X BRAL Sk 15 ~ 45
B fdEEARZE A2 H LR TOH SR )
Lotk HEBRARAE : LR GRIN A58 2R 50 S LA b
TIPS TR S HAh P A3 A A (B Gn T
FAIR PR JIRZE B AE e Mk B L iR i ST A 4 )
Kot il 2 JA N R 2R 254 .

WA SR G2 s, 58 BB BHMA R A 45 5 s
T ot BMIL, [ | B [ 8 LE (waist to hip
ratio, WHR) | W 4 J& (systolic blood pressure,
SBP) . 75K & (diastolic blood pressure, DBP) X
Ferriman Gallwey (mFG)PESr  Fifk FG (sFG) PESy .
PEIETE 43 CR A 5 B BARiE™ ) BB AE L H R
I RN L R A A L 22 B B | 1 AIROBE I S 50
(Oral glucose tolerance test, OGTT) A& figs i 2B
S o CLIA 5 A I 3 ik B 36 ] 38 2 (follicle—
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stimulating hormone, FSH) | # K 4= i &
(luteinizing hormone, LH) . i L & (prolactin,
PRL) M % (estradiol, E2), ELISA i Kl i 5
E2 i (free testosterone, FT) . 17— 32 2% i (170H-
P) | it iR Bt & % M B (dehydroepiandrosterone
sulfate, DHEAS) . Mt % — B (androstenedione,
A2)  ME ¥ R 45 & 5 1 (sex hormone— binding
globulin, SHBG) ( H 3/ 4= &3 4% DX1800, 3%
Beckman COULTER 22 &) o it e (0 3546 00 sl L[]
i (total cholesterol, CHOL) . H i = [&
(triglyceride, TG) | Ik % & 5 &2 H (low density
lipoprotein cholesterol, LDL) F1 & % B Jg & H
(high density lipoprotein cholesterol, HDL) ( H 3
P2 5 6 B S 53 T 2R 5 ADVIA Centaur, 78[5 7§
ER/ATIDN

Z 3£ U 5 (polyeystic ovary, PCO) & L AT =
—{IUl B 55 59 KL = 12, HOMA-IR="75 I Ifil %
(fasting blood glucose, FBG)x %35 J§ i I 2 (fasting
insulin, FIN)/22.5. i 2 5 B 8 %0 (free
testosterone index , FAI) = 100 x TT/SHBG. ik & &
HEHT (insulin resistence, IR) & X & HOMA-IR =
2.14 [l FIN = 12.6 mU/L"" i PR AR fE 2 X
FNEFEI=80 em. 1RIHZEA1E (metabolic syndrome,
MS) 2 Wi NCEP-ATP T bofe' Il P75 I8
RSN KSE mFG, mFG = 5 E L LT
IS AE " AR T G R A B R R TS
FHREBUR B WSS, AT TIE sFG VP43 LR
PG EJE T T ORBR R 4 %3, sFG =30
HEZ 2 ENZEIAE "
1.2 TTHel7x
1.2.1  CLIA % B3 mLF 58 % G200 5 1fi 375 Ff A
TINRANAL & BE B 1 B S B A AT TT A, fd
JH 5 B Beckman 2 &) Fa 9% 23 #74X UniCel DXIS00,
e AR MERL P A S o %k SRR AR T
8.1% , HENANEH B 4.22% ~ 7.08% , it 7]
ARG 5 S PN 1.67% ~ 3.93% . T A 13 -80 °C
UKFEORAT o K URAFARAR R 2 N Tl o [ R 27 B
i 3R 5 A A W5 BT s RORCRR €35 B 5K BT 3 5L 0
2, By ILTE 200 WL A
122 LC-MS/MS# R HPLC-MS/MS R4t {1
5 w5 SO 1035 R 58 (LC-20AD #Y |, 35 [ FL L%
22 El) AP 4000 = B PUARAT BT I A, e 4 v
Wi 55 B AL I (ESI) LA M Analyst 1.4.1 503640 BLAR

4 (& [ Applied Biosystem 23 /] ) o

123 5B %R EECEATAL I i L
rn PV C T R S 0 B HERE R A A . BLAD
BEANR < Ok B 4391 0.1.0.2.0.5.1.0.2.0.5.0 FI
10.0 ng/mL 1) 52 i A5 4 & (1% BSA BT L ) 200 pL,
T 250 ng/mL il 2 B 345 Bl N BR 75 W 50 wlo 1R
A7, I AFRBGAF] B EAUT BE 1 mL, i 9 1 min, &
¥ 15 min, 13 000 r/min (B0 HLEAE r = 5 em) B0
10 min, BUE3EWT 40 CRS SN FRT 3840
HIA 0.1 mol /L LR #2100 L i AR %, -5
25 5,60 COKIEAH TE K Y 70 min, 2N 50 wL,
BHIRA) B ETS W 10 pL T LC-MS/MS 4347

035 554 B i 554 R - Waters YMC ODS—
AQ (3.0 wm, 2.0 mmx150 mm) , #3140 H 0.02% i
MRE AN O (RFL G 3:7) , 3 4 0.2 mL/min,
HERE R 10 wL, AR 4 50 Co LS &R AR
L H 200 L, HEF AR IR A0 30 o

et R T S0k - B T IR B S R
(IS) 4.5 kV, Z AL (temperature, TEM ) 550 °C,
filf % “<. ( collision gas, CAD )62 kPa, ‘< 7 <. (curtain
gas, CUR) 83 kPa, % 1kX (ion source gas 1, GS 1)
414 kPa, % Bh 44X (ion source gas 1, GS 2) 483
kPa, FHl T % 5 40 A1 B9 BE/F 1 F S0 43 3 A m/z
304.2—124.0 (2 F ) . m/z 314.1—124.2 (B B2 B it
B N AR ) o il 45 BE (collision energy, CE)Z43%1 4 39
eV (Z2M ) 45 eV (B H I ER bR ) o

il FH MRM A6z 0 A5 = 3 5 1 W 00 52 ) (o2
304.2/124.0) K B /2 H 3 N bR (mlz 3141/
124.2) o DA i AR S N PR I TR Z LR Y
(Y = SJ/So, ), VR JE R X, AT ERAMERLA , Bn i il 28
(181 )5 F 2 ¥ = 0.32X-0.0095, 45 B KB, =
T 6 o o 1 230 BB P9 R M AR, A G R (R ) 7
0.999 8L I,

ARSI 7 VA ST % I T R v T P A 1 £ A s
43904 2.83.3.03 min, ANFFAE B 8 19 P00 RN A
JEFHE, BRI T AR IR 87% o He (5 M >
5 AR HE I S AT PRS2 R vk BE 7E 0.1 ng/mL, £
W 95 & 0.1 ~10.00 ng/mL (0.35 ~ 35 nmol/L) .
HR A BT A A S0 P A 5l , SAHE 2 < 13%,
TP AKE 53 BE YL R 3.2% ~ 5.7% , L 18] A A 25 )i
RN 5.4% ~9.1%,

1.3 ZitAHE
fii FH SPSS13.0 SE ik {4 (SPSS Inc., Chicago,
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IL, USA) AT 50 B, A8 f 2R I E0 + Fn o 22 5 491
B CA 7023 o, LRI TT 8¢ FAL FACR H
SEREZR ¢ K 56, Z2 4L 18] TT 5 FAT H 48 % H One
Way ANOVA K5 55 , Bonferroni 72 5%, Kruskal- Wallis
e 2 HAE AT LA PCOS 41 RS HEZ ] LC-
MS/MS ¥ TT 5 CLIA ¥ TT 2 5% , 2 5041 7117 4>
B ] IEAFI4 A1 BMIXT TT RS20 . P < 0.05 BFAK
ER AT E L, Spearman Fk A1 5 43 T LC—
MS/MS 3% TT & CLIA 3 TT 5 mFG A 6k, %
(1 41 8] Lo 3 R J7 K 36 o f ] Analyse—it For
Microsoft Excel v1.69 4t i1 4% 4 #£ 17 Bland— Altman
il Deming regression 43 B LA HE 88 LC-MS/MS
¥ F1 CLIA 5 1 — S, ROC T4k 3 #r LC-
MS/MS & TT XS 2 BAE 2 Wik fE .

2 % R
2.1 TR TTHRAAER LR

5 CLIA ¥ TT &, LC-MS/MS 3 TT #] DL
BEXIrPCOSHSHEA(FEL),

Fz1 PCOS EFn3tHR A 17 L B A g FR4FHE

Table 1 Baseline characteristics of PCOS and control

groups (x+s)
Control group ~ PCOS group l P
n 244 325
AGE/year 2995+£6.66 2641604 -11.774 0.000
BMU/(kg/m’) 19.99 + 234 2290 + 4.82 2.858  0.005
TT CLIA/(nmol/L.) 1.08£046  2.19+1.04  17.087 0.000
TT LC-MS/MS/(nmol/L) 097 £047 267194 15172 0.000
FBG/(mmol/L) 486034  5.07+057 5460 0.000
FIN/(mU/L) 8.65+1.67 13.16+9.73 8.177  0.000
HOMA-IR 1.87+038  3.03+2.50 8207  0.000

BMI: Body Mass Index; TT CLIA: Total testosterone tested by
CLIA assay; TT LC-MS/MS: Total testosterone tested by LC-MS/MS
assay; FBG: Fasting blood glucose; FIN: Fasting insulin; HOMA-
IR: FBG X FIN/22.5. After corrected for age and BMI, there are still
significant differences for TT CLIA or TT LC-MS/MS between the two

groups.

LC-MS/MS ¥: TT FI CLIA ¥ TT £E PCOS £ &
WS PCOS S 2H 35 5 T A R XS BE2H . i A2 H.
YE B 43 BT & B PCOS 41 F1 % JR 4 3] LC-MS/MS

L TT 5 CLIA & TT 22 5 1 3, LC-MS/MS 7 TT 41
1E PCOS 5 %} 18 20 [|] 22 BH ¢ CLIA ¥ TT k., 16 fr
A WX G, 2 04 ME A 43 B 2] 1E 4F 1§ Fn
BMI 5 , LC-MS/MS ¥ TT 5 CLIA & TT 54775 &
F a5 LC-MS/MS ¥ TT 7 PCOS £ F 4% 4F %
PCOS W.4H 75 T CLIA ¥ TT, 1 75 %} BE 20 7 4% 4F 4%
LUK T CLIA YA TT(BR 38 ~ 45 % 140, K 1) o
T3 AT RIS, DL CLIA 212 Wr i i i i 2%
MAEAE A2 WidnifE 2 — , B CLIA 75 TT £ PCOS
B3t B4 6] 47 22 55 , SR i LCMS/MS 11T LU 41
X 531 PCOS FIXT HE2H

22 WFAETT R FAI S5 PCOS £ EEHM
mFG B8 X 1%

PCOS B H ZEH HIEZ BAH L, LCMS &
TT B AR FAL B F v (B 2) , 43 5o [ (3.18 +
2.03) vs (1.57 + 0.86) , x> = 34.218, P = 0.000] .
[ (15.11 £ 36.79) vs (5.80 + 13.96) , x*> = 12.540,
P =0.002], 1M CLIA % TT JAHW FAT 22 5 B 2,
3 R [ (222 £ 091) vs (2,13 = 1.02), x* =
2.692, P =0430] . [ (7.75 + 12.55) vs (10.66 +
53.19),x’=2.414, P=0473],

X2 #7755 TT 5 mFG 43 51 i Spearman A ¢
P53 Hr o LCMS & TT 5 mFG 5 1F 48 908 ¢ | T
CLIA ¥ TT 5 mFG o4 55 A . LC-MS/MS
PSR 5 mFG S 9 O R 8 r = 0.642, H 95% %
{EIX )4 (0.571, 0.703,P < 0.01), CLIA % %2l
5 mFG 2 AH 5 28 = 0.045 , H95% E1% [X ]
J9(=0.067, 0.156,P = 0.420; 5 3) .

D b2 BT, LC-MS/MS 125 Rl 18 2% 46
MSLREE T CLIA ¥ .

23 LC-MS/MS %70 CLIAE#M TT B — it
S

X} 569 il HEFEA AT 40 2, LA CLIA A5 TT
W% < 1.52 nmol/L ( H 32 0 ) Sy A% e i 2 (282
%), CLIA 145 TT ¥ J& >1.52 nmol/L Ay = 1 Ji 21
(287 i) , & Bk WA 5 ik — BUMEA A ZEARIR
HHEH(E4A B),

¢ Bland—Altman %5387, {0V FE 2H LC-MS/MS
A CLIA W45 Y TT ¥ BE - 41 22 5 0.473,, — 3K
PR BRI N (-1.997, 2.943) ,Cr = 0.184, =ik
J& 2H LC—-MS/MS AH X} CLIA 45 Y TT e 3 5 14 2%
5 -0.015, — B ARG F o (-3.886, 3.857),
Cr=0.209(&4C.D),
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Simple dot to show TT of PCOS group and Control group tested by LC-MS/MS (A) and CLIA assays (B) ; Boxplot to show deference between

TT by LC-MS/MS and CLIA assays in PCOS and control groups (C) ; Boxplot to show deference between TT by LC-MS/MS and CLIA assays in age —

groups of PCOS (D)

E1 LC-MS/MS 5 CLIAEMZER PCOS A 53t BB A 1 L B2/ K F L&
Fig.1 Comparison of TT levels of PCOS and Control group, measured by LC-MS/MS and CLIA assays

Deming L AT, AR B2 R E Dy F R V= -
2.153+3.666X . o W B 41 |1 I Jy B A V= -2.725+
2.114X, F B AR5 LB 5 3 A Gt X,
HAw R K (K 4E 4F) .

24 PCOSEEHRRMEAHSIFTHEANTRRE
WERELERILE

X HRZH 244 5 rfr , LC-MS/MS 12 TT 14 95% S
A 1.85 nmol/L, B2/ M1 b5 2 AH R 25 8 . [Af
FATHF LC-MS/MS % TT 12 Wi e i 1 22 1 E # KT (1
FE M=1.85 nmol/L, FRATREAEMF 5515 %] CLIA 2 TT
12 W7 R M SR I RE ) K BT 2 D = 2.39 nmol/
L' DL PCOS AR 58 % 42 434 CLIA = 4
(118 9] ) . CLIA E =5 M 4H (451 f9] ) \LC-MS/MS
20 (197 B1)) Bz LC-MS/MS HE w5 1 40 (372 4l

LC—-MS/MS 75 M 4 5 LC-MS/MS 3 w5 M 40 1] |
LCMS/MS 5 1 2H 5 CLIA 155 Mk 20 6] 1fe T Ko S 36 28
A AR EZ XS,

LC-MS/MS & i 20 5 CLIA 5 M 2 H 4, LC-
MS/MS =5 1EZH ) BMI . WHR ,FBG .FIN \HOMA-IR .
mFG & sFG 315 T CLIA &5 4, Hirh FIN . HOMA-
IR .mFG flsFG 22 7AH G iT2¢7 X (P < 0.05,%2),

LC—MS/MS 7 i 4 5 CLIA 5 b 20 %, LC—
MS/MS & HE2] mFG 2 BAE (sFG 2 BIE KX IR E4:
)T CLIA S, ZER A G B X (P <
0.05,%%3).

2.5 ROC M £ 2 7R LC-MS/MS % TT Ul =& ¢
PCOS BHFMIZHI R
1154569 4 1 LC-MS/MS 5 CLIA Wi Fh 5 v
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Boxplot to show deference of TT (A) and corresponding FAI (D) by LC-MS/MS and CLIA assays between hirsutism and non—hirsutism groups

of PCOS. Boxplot to show deference of TT by LC-MS/MS (B) and CLIA assays (C) between hirsutism and non—hirsutism subgroups of age in PCOS

patients; Boxplot to show deference of FAI calculated by LC-MS/MS TT (E) and CLIA TT (F) between hirsutism and non—hirsutism subgroups of

age in PCOS patients. Line within the box represents the median, lower boundary of box indicates the 25th percentile, and the upper boundary of box

indicates the 75th percentile. FAL: Free androgen index = 100 X TT/SHBG; SHBG: sex hormone binding globulin; Hirsutism was defined as mFG

scores=5.

B2 PCOSHEPEESFIESEREHLC-MS/MS 1 CLIA £ 2R FAL K EHE R

Fig.2 Comparison of TT and corresponding FAI values among PCOS population, with the classification of hisutism
measured by LC-MS/MS and CLIA assays

TA5 B TT e FE X+ PCOS 2 Wi i ROC T £k (1K1 5) .
CLIA J7 3% TT X} PCOS £ Wi ROC i £ T 1i 2>

0.862(0.832, 0.892) , LC-MS/MS J7 ¥ ROC i £&
i ALk 0.848 (0.817, 0.878) . LA CLIA 3 TT
2.39 nmol/L k1= ME P 2R I AE 19 FH{E, R R

0.354, %7 511 M 0.983, 2 B 48 %M 0.337, 1 LA
LC-MS/MS 4 TT 1.85 nmol/L A {55 Mk 15k 25 155 114 AL
8, REE R 0.563, K557 5 4 0.943, &5 50 h
0.506.
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Fig.3 Association between TT levels measured by LC-MS/MS or CLIA and hirsutism
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Scatter plot to show the extent to which total testosterone measurements agreed in LC—MS/MS and CLIA assay in low concentration (A) and

high concentration (B) using 325 PCOS patient serum samples ; Bland—Altman plot to show the extent to which testosterone measurements agreed in

LC-MS/MS and CLIA assay in low concentration (C) and high concentration (D), The solid line represents the mean percentage difference between

the methods (mean bias) and the dashed lines 2 S.D. of the mean percentage difference (limits of agreement) , Filled circles represent individual

measurements ; Deming plot to show the extent to which testosterone measurements agreed in both LC-=MS/MS and CLIA assay in low concentration

(E) and high concentration (F).
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Table 2 Comparison of the clinical characters in hyperandrogenemia groups measured by LC—-MS/MS and CLIA assays

(x+s)
CLIA LC-MS/MS
HA non—-HA HA non—HA ! P

n 118 451 197 372
Age 256 £5.8 294 + 6.0 256 £6.3 303 +5.4 -0.038 0.970
BMI/(kg/m®) 22.7+3.7 23.6+7.5 23.8+7.6 224 +34 1.305 0.194
WHR 0.809 + 0.083 0.818 + 0.088 0.814 + 0.101 0.814 + 0.064 0.333 0.739
FBG/(mmol/L) 5.08 = 0.65 495 +0.44 5.15 £ 0.62 4.89 + 0.38 0.985 0.325
FIN/(mU/L) 12.35 + 8.88 10.93 + 7.42 15.70 + 11.32 8.86 £ 2.85 2.747 0.006
HOMA-IR 2.82 +2.06 245 +1.97 3.67 £2.94 1.93 + 0.66 2.747 0.006
mkFG 6.58 + 5.00 6.30 + 4.40 8.46 +4.71 3.74 + 2.78 3.269 0.001
sFG 3.73 +3.39 3.37 +2.84 5.15 £ 2.96 1.37 + 1.39 3.798 0.000
LH/FSH 2.05 + 1.84 1.55 £ 1.22 1.84 + 1.32 1.58 + 1.67 -1.117 0.265

P: Compare between CLIA HA Group and LC—-MS/MS HA Group. BMI: Body Mass Index, WHR: Waist=hip ratio, FBG: Fasting blood glu-
cose, FIN: Fasting insulin; HOMA-IR: FBG x FIN/22.5. mFG: modified Ferriman Gallwey score for body hair, sFG: simplified mFG scoring sys-

tem using less body areas (including the upper lip, lower back, thighs, and lower abdomen ), LH/FSH: luteinizing hormone—follicle stimulating

hormone ratio. HA (hyperandrogenism) defined as TT LC-MS/MS = 1.85 nmol/L and TT CLIA = 2.39 nmol/L respectively.
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Table 3 Comparison of the Endocrine and metabolic abnormalities in hyperandrogenemia groups measured by LC-MS/

MS and CLIA assays [n(%)]
CLIA LC-MS/MS i .
HA ORI HA T e

. 118 451 197 372
PCO 104 (88.3) 399(88.5) 182(92.4) 309(83.1) 1595 0.207
mFG hirsutism 65(55.1) 196(43.5) 158(80.2) 95(25.5) 22519 0.000
sFG hirsutism 60(50.8) 219(48.6) 163(82.7) 42(11.3) 36.306
IR 41(34.8) 97(21.5) 112(56.8) 26(7.0) 14.438 0.000

P: Compare between CLIA HA Group and LC-MS/MS HA Group.
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