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Abstract: Steroid hormones play a critical role in maintaining pregnancy and supporting fetal

development. Accurate quantification of these hormones is essential for evaluating the endocrine
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status during pregnancy. While chemiluminescence immunoassay (CLIA) is widely used in clinical
practice in China, it has inherent methodological limitations. In contrast, liquid chromatography-
tandem mass spectrometry (LC-MS/MS) has been internationally recognized for its superior analytical
performance but remains underutilized in Chinese obstetric practice. Moreover, systematic
evaluations comparing these two methods in pregnant women are still lacking. This study aimed to
develop and validate an isotope-dilution LC-MS/MS method for the simultaneous quantification of
four key steroid hormones, including cortisol, dehydroepiandrosterone sulfate (DHEAS) , tes-
tosterone, and 17-hydroxyprogesterone (17-OHP). In addition, a consistency analysis was conducted
between LC-MS/MS and CLIA among pregnant women. Method validation followed international
bioanalytical guidelines, evaluating linearity, limits of quantification (LOQs) , recovery, and pre-
cision. Serum samples from 94 pregnant women were collected at Guangdong Women and Children
Hospital between January 2022 and December 2023, and were analyzed using both LC-MS/MS and
CLIA. Method comparison was performed using paired ¢-tests, Pearson correlation, Bland-Altman
plots, and Passing-Bablok regression to assess concentration differences, correlation, and systematic
biases between the two methods. In this study, the established LC-MS/MS method exhibited excellent
performance, with linear coefficients of determination >0.999, LOQs of 0.008-0.137 ng/mL, spiked
recoveries of 92.1%-110.9%, and intra-assay relative standard deviations (RSDs) of 3.2%-9.0%,
meeting the requirements for clinical detection. In a cohort of 94 pregnant women, paired (-tests
revealed significant differences in hormone concentrations measured by LC-MS/MS and CLIA (all
P<0.001). Specifically, LC-MS/MS yielded significantly lower values for cortisol (64.31 vs. 120.60
ng/mL) and DHEAS (532.44 vs. 1 612.1 ng/mL), but higher values for testosterone (1.10 vs. 0.88
ng/mL) and 17-OHP (2.00 vs. 1.07 ng/mL). Bland-Altman analysis further revealed obvious negative
proportional biases for cortisol and DHEAS, with bias values of —56.29 ng/mL and -1 079.68 ng/mL,
respectively. Additionally, the biases increased with the increase of concentration. In contrast,
testosterone and 17-OHP showed positive biases, with bias values of 0.22 ng/mL and 0.89 ng/mL,
respectively. The two methods showed extremely strong positive correlations in the detection of the
four hormones (P<0.001, r=0.819-0.974), among which the correlation of testosterone detection
results was the highest (#=0.974). In the Passing-Bablok regression analysis, the consistency re-
gression equation for cortisol was C,gus=—3.58+0.57C,,,. The confidence interval (CI) of the slope
did not include 1, indicating obvious proportional bias. The consistency regression equation for
DHEAS was C\¢ysns=—59.77+0.38C,;,. The Cls of the intercept and slope did not include 0 and 1,
respectively, suggesting the existence of fixed and proportional biases. The consistency regression
equation for testosterone was C,onus=—0.05+1.30C,,. The Cls of the intercept and slope did not
include 0 and 1, respectively, indicating the existence of fixed and proportional biases. In addition,
the differences increased with the increase of concentration. For 17-OHP, the regression equation
was Coysns=0.10+1.75C,,. Though the intercept was not statistically significant, the slope deviated
significantly from 1, indicating a proportional bias. Additionally, LC-MS/MS values were significantly

higher, and the difference increased with rising concentration. In conclusion, the established LC-
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MS/MS method offers high sensitivity, precision, and accuracy for the simultaneous quantification

of multiple steroid hormones. The method reliably measured cortisol, DHEAS, testosterone, and

17-OHP levels in maternal serum. Additionally, our results revealed statistically significant differences

between the two methods across all four hormones in pregnant women, with biases varying by

concentration. These findings highlight the importance for clinicians to consider methodological

differences when interpreting hormone test results during pregnancy, in order to improve the

accuracy of endocrine assessment and reduce the risk of misdiagnosis due to analytical discrepancies.

Future studies should incorporate large-scale maternal cohorts covering all stages of pregnancy and

high-risk populations to further assess the clinical applicability of different methods and promote

the standardization of LC-MS/MS for obstetric endocrine monitoring. In parallel, trimester-specific

reference intervals should be established to support clinical interpretation and risk evaluation.
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Table 1 Optimized MS parameters for the quantitative analysis of steroid hormones
Hormone RT/min Quantitative analysis Qualitative analysis
Ion pair (m/z) DP/V.  CE/eV  Dwell time/ms  Ion pair (m/z) DP/V  CE/eV Dwell time/ms
Cortisol 4.59 363.3/121.2 100 25 25 363.3/155.1 80 25 25
Cortisol-d4 4.58 367.1/121.2 100 34 25 /
DHEAS 0.80 367.1/97.0 -120 -30 25 367.1/80.0 -120 -80 25
DHEAS-d6 0.80 373.3/98.0 -150 -38 25 /
Testosterone 6.61 289.2/97.2 90 28 25 289.2/109.0 90 33 25
Testosterone-d5 6.59 294.1/100.3 40 30 25 /
17-OHP 6.70 331.2/97.2 80 30 25 331.2/109.2 80 33 25
17-OHP-d8 6.40 339.1/100.1 80 35 25 /

RT: retention time; DP: declustering potential; CE: collision energy; DHEAS: dehydroepiandrosterone sulfate; 17-OHP: 17«

-hydroxyprogesterone.
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Table 2 Regression equations, linear ranges, LODs, and
LOQs of the steroid hormones

Regression Linear
Hormone eg ation R? range/ LOD LOQ
u
d (ng/mL)
Cortisol Y=0.042X-0.041 0.999 5-1000 0.008 0.025
DHEAS Y=0.956X+5.463 0.999 20-4000  0.042 0.137

Testoster- Y=0.94X+0.046  0.999
one

17-OHP

0.05-10 0.002 0.008

Y=1.026X-0.030 0.999 0.2-40 0.025 0.083

R?. coefficient of determination; LOD: limit of detection,
ng/mL; LOQ: limit of quantification, ng/mL. Standard curves
were constructed by plotting the peak area ratio of each analyte
to its corresponding internal standard (Y) against the analyte
mass concentration (X, ng/mL).
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Table 3 Spiked recoveries and precisions of the steroid hormones at three levels (n=6)

Low level Medium level High level
Hormone
Added/(ng/mL) Rec./% RSD/%  Added/(ng/mL) Rec./% RSD/% Added/(ng/mL) Rec./% RSD/%
Cortisol 15 108.3 5.6 75 110.9 9.0 375 92.1 5.9
DHEAS 150 110.2 3.2 750 104.6 5.1 3750 96.5 5.9
Testosterone 0.15 97.9 5.7 0.75 101.0 6.0 3.75 100.7 6.3
17-OHP 0.6 99.8 4.8 3 100.8 5.0 15 100.1 3.6

Rec.: recovery; RSD:relative standard deviation.
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Table 4 Basic characteristics of study population

Characteristic Mean+SD or n (%)

Maternal age/year 31.15+4.14
Gestational age at sampling/week 14.25+1.35
Pre-pregnancy BMI/( kg/m?) 21.70+2.98
Pre-pregnancy BMI categories

Underweight (<18.5 kg/m?) 8 (8.5)

Normal-weight (18.5-23.9 kg/m*) 74 (78.7)

Overweight (>23.9 kg/m?*) 12 (12.8)
Nulliparous 50 (53.2)
Vaginal delivery 56 (59.6)
Gestational diabetes 18 (19.1)
Male infant 44 (46.8)

SD: standard deviation; BMI: body mass index.
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-229.25 ng/mL) , % B LC-MS/MS il % {f & # 1% T
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Table 5 Comparison of quantitative detection results of the four steroid hormones in serum by LC-MS/MS and CLIA

Parameter Cortisol DHEAS Testosterone 17-OHP
LC-MS/MS CLIA LC-MS/MS CLIA LC-MS/MS CLIA LC-MS/MS CLIA
Mean/(ng/mL) 64.31 120.60 532.44 1612.10 1.10 0.88 2.00 1.07
SD/(ng/mL) 23.32 39.62 253.02 656.34 0.85 0.64 0.89 0.50
Minimum/(ng/mL) 16.40 35.00 85.20 278.00 0.20 0.20 0.87 0.37
25th/(ng/mL) 47.98 94.00 329.25 1138.00 0.65 0.54 1.48 0.69
50th/(ng/mL) 59.55 115.00 535.50 1636.50 0.87 0.71 1.78 0.93
75th/(ng/mL) 77.88 142.00 702.25 2005.00 1.21 0.94 2.28 1.36
Maximum/(ng/mL) 127.00 225.00 1380.00 3536.00 5.40 4.21 6.27 2.99
Difference/(ng/mL) -56.29 -1079.68 0.22 0.89
%Difference -46.52% -67.49% 24.47% 93.82%
t-value 26.36 24.13 -7.98 -13.44
P-value <0.001 <0.001 <0.001 <0.001

CLIA: chemiluminescence immunoassay; Detection of 17-OHP was only performed in 72 samples due to the restriction of sample
volume. Difference represents LC-MS/MS-CLIA ; %Difference represents (LC-MS/MS—-CLIA )/CLIAX100%.
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Fig.1 Paired boxplots comparing concentrations of the four steroid hormones measured by LC-MS/MS and CLIA
Box represents the interquartile range (IQR) , center line denotes the median, and pink diamond indicates the mean value.

% P <(0.001, paired ¢-test.
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2.7 Passing-Bablok [E /34y #f

% 6 5K 3 B/R T LC-MS/MS 5 CLIA Fifh )y
% fE B2 Ji fE . DHEAS. 2 §i fil 17-OHP ' f
Passing-Bablok [F 543 Hr 45 5 . Pearson #H5¢ 43 #r
SEL BRI R 7 IR AE A R 38 B R Y OE
K (P<0.001) , MR E r 7 0.819~0.974, Horp 52
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Fig. 2 Bland-Altman plot of the four hormones detected by LC-MS/MS and CLIA
The horizontal axis represents the mean of the two methods, and the vertical axis represents the difference between the two methods
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i, 454 5 DHEAS & FE AL, T BE 51 & S siE 73 B
BUAR B9 32 U RE , S 30 CLIA I 5 810 w5 3% — #L il
C 8 2 WA 98 BT UE sE e, e Ah B S OE 4R
L 7 22 9 0P LR A AR L PR b, LC-MS/MS Wl 45 (1)

%6 LC-MS/MS 5 CLIA i£# il 4 7 i# % &) Passing-Bablok [ /3 5 #7 45 R
Table 6 Results of Passing-Bablok regression analysis for the detection of the four hormones by LC-MS/MS and CLIA

Hormone Regression equation Intercept (95% CI) Slope (95% CI) Bias direction
Cortisol Cromsms=—3-358+0.57C ;| -3.58 (-8.17, 0.84) 0.57 (0.53, 0.61)° LC-MS/MS<CLIA
DHEAS Cromsms=—39.77+0.38C, ., -59.77 (-109.97, -19.58)* 0.38 (0.35, 0.41)° LC-MS/MS<CLIA
Testosterone Cromsms=—0-05+1.30C ;| -0.05 (-0.11, -0.005) * 1.30 (1.23, 1.39)" LC-MS/MS>CLIA
17-OHP Cromsms=0-10+1.75C 0.10 (-0.14, 0.40) 1.75 (1.39, 2.04)° LC-MS/MS>CLIA

a.constant bias; b. proportional bias. CI: confidence interval.
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