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Predictive value of serum homocysteine and 25-hydroxy vitamin D combined with uterine

artery blood flow parameters for preeclampsia during early pregnancy
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[Abstract] Objective: To explore the predictive value of serum homocysteine (Hey) ; 25-hydroxy vitamin D (25-OHD) , and uterine
artery blood flow parameters for preeclampsia (PE) during early pregnancy. Methods: In this prospective cohort study, 2 200 pregnant
women who underwent prenatal examinations and delivered at the Affiliated Lianyungang Hospital of Xuzhou Medical University
between November 2021 and May 2023 were included. Serum Hey and 25- OHD levels were measured during regular prenatal
examination at 11-13"° weeks of gestation, along with ultrasound assessment of uterine artery blood flow parameters, such as peak
systolic velocity/end diastolic velocity (S/D) , pulsatility index (PI), and resistance index (RI). These participants were categorized into

a PE group (141 cases) and a control group (2 059 cases) according to whether developed PE by the 20th week of gestation. Two
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independent sample student’s ¢-test and Chi-square test were used to compare the general clinical and pregnancy outcomes data, Hey,
25-OHD; and uterine artery blood flow parameters between the two groups. The multivariate logistic regression analysis was employed
to identify independent risk factors for PE. The receiver operating characteristic (ROC) curve analysis was used to evaluate the
predictive value of the markers used along or in combination for PE. A PE risk nomogram was developed using R software, with
calibration curves internally validating the nomogram prediction model. Results: There was no statistically significant difference in the
maternal age, gestational weeks of detection, reproductive history, and PE history between the PE group and the control group (P >
0.05). Both the systolic blood pressure and diastolic blood pressure in the PE group were higher than those in the control group, while
both the gestational week of delivery and the neonatal weight were lower than those in the control group (P < 0.05). Serum Hcy levels,
S/D, PI, and RI were higher in the PE group than in the control group, whereas the levels of 25-OHD were lower in the PE group than in
the control group (all P < 0.001). The multivariate logistic regression analysis indicated that Hey (OR=2.58, 95%CI: 2.03-3.27), S/D
(OR=1.56, 95%CI: 1.33-1.84) , PI(OR=2.06, 95% CI: 1.45-2.94) and RI(OR=2.97, 95%CI: 1.68-5.24) were independent risk
factors for PE, while 25-OHD was an independent protective factor (OR=0.80, 95%CI: 0.72-0.88). The ROC curve analysis showed
that the optimal cut-off values for predicting PE were 6.65 pmol/L for Hey, 23.43 pg/L for 25-OHD, 2.93 for S/D, 1.26 for PI, and 0.85
for RI, with the sensitivity of 0.908,0.699, 0.752, 0.844, and 0.589, respectively, and the specificity of 0.783,0.915,0.574,0.578, and
0.891, respectively. The performance of these markers used in combination for predicting PE was superior, with an area under the
curve of 0.967 (95%CI: 0.956-0.979) , the sensitivity of 0.969, and the specificity of 0.865. The internal validation showed that the
calibration curve of the nomogram approximated both the original curve and the ideal curve, with a concordance index of 0.966(95%CI:
0.656-0.993) , suggesting a high model fit. Conclusion: The PE risk nomogram, constructed based on serum Hey, 25-OHD; and the
uterine artery blood flow parameters of S/D, Pl and RI in early pregnancy, provides a good predictive value for PE and may offer guidance
for early clinical screening or prediction of PE.
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Table 1 Comparisons of general information and pregnancy outcomes between the PE group and control group

Variable Control group(n=2 059) PE group(n=141) %% P
Age(years,x £s) 29.0+44 29.3+4.9 0.93 0.354
Pre-pregnancy BMI(kg/m’, % + s) 224 +4.0 22.6 4.0 0.16 0.871
Measurement of gestational age (weeks,x + s) 12.0+ 0.9 12.1+0.9 0.75 0.455
ART[n(%) ] 102(5.0) 4(2.8) 1.29 0.314
Reproductive history[ n(%) ] 1070(52.0) 68(48.2) 0.74 0.433
History of pregnancy-induced hypertension[n.(%) ] 120(5.8) 9(6.4) 0.07 0.712
History of PE[2(%) ] 58(2.8) 5(3.5) 0.25 0.597
Pregnancy with hypothyroidism [2(%) ] 201(9.8) 11(7.8) 0.58 0.445
ICP [n(%)] 121(5.9 9(6.4) 0.06 0.805
GDM [n(%) ] 101¢4.9) 10(7.D 2.00 0.368
SBP(mmHg,x + 5) 120.2 £ 10.5 150.5 £ 123 -25.62 <0.001
DBP(mmHg, x £ s) 80.1 £6.2 100.2 £7.5 -21.78 <0.001
Delivery week of gestation(weeks,x + s) 392+1.5 37.1+ 1.8 8.36 <0.001
Newborn weight (kg, % + 5) 3.35+045 2.73 +0.51 3.57 0.012
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Table 3 Logistic regression analysis of influencing factors

(25-OHD)+0.455/D+0.73P1+1.09R1. of PE
Factor 8 SE Waldy P OR  95%CI
2 PEAFIXERLAZ M E Hey. 25-OHD. S/D.PI & RI Hey 095 0.12 6075 <0.001 2.58 2.03-3.27
A& 25-0HD -0.23 0.05 21.11 <0.001 0.80 0.72-0.88
Table 2 Comparisons of serum Hcy, 25-OHD, S/D, PI S/D 045 0.08 2934 <0.001 156 1.33-1.84
and RI between the PE group and the control PI 0.73 0.18 16.10 <0.001 2.06 1.45-2.94
group Gxs) RI 1.09 029 1402 <0.001 2.97 1.68-5.24
Control group  PE group B: the unstandardized beta; SE: standard error; OR: odds ratio.
Variable (1=2059)  (n=141) ! P

Hey (pmol/L) 6.07+134 839+122 1503 <0.001 I, JGHAZ Hey+25-OHD+S/D+PI+RI A 7L, R

25-OHD(pg/l) 24.76 £5.08 17.76 £3.18 -16.97 <0.001 U 0.969, K 3 R 0.865(FK 4, B 1),

S/D 3.19+1.64 522+2.03 7.93 <0.001 25 PER. ]T_/’Zi'] % E 7]{;;%&]_ éﬁ}%i
bl 1.31£0.69°2.34£094  8.65 <0.001 % Hey25-OHD.S/D PLAI RI{E A PE 5112k I i
RI 0.67+0.30 1.81+0.44 9.26 <0.001

A TR (1 T R 1 K 2 PE RS B 2R 1 (B 2) o Hrr
S/DTE O B FEA FAETHE 1, PE UG R0 3600 6.25 77
PIALE O LR F&ETF 5 0.5, PE RS P2 38400 5 %5 RI

%4 ROCHZ5#
Table 4 The ROC curve analysis

2.4 ROC ¥ &5 A7
Hey25-OHD. S/D PRI X PE [ T A7 (B 35 55

Factor AUC 95%C1 Sensitivity Specificity Youden index Cut-off value
Hey 0.901  0.882-0.921 0.908 0.783 0.691 6.65
25-OHD 0.839  0.817-0.860 0.699 0.915 0.614 23.43
S/D 0.828  0.777-0.878 0.752 0.574 0.326 2.93
PI 0.750  0.706-0.794 0.844 0.578 0.422 1.26
RI 0.735  0.682-0.788 0.589 0.891 0.480 0.85
Hey+25-OHD+S/D+PI+RI - 0.967  0.956-0.979 0.969 0.865 0.834 0.02
AUC: area urder the curve.
1.0 1 pmol/L, PE AU PF73 34 1112.5 47
2.6 F| & B AR AR E B &

" PRI 7% B2 P PR 0 T 285 5
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= " —Hey 0.656~0.993) , B AL A B v (&1 3) .
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Figure 1 The ROC curve for individual and combined

predictive indicators of PE
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Figure 2 Nomogram predictive model for PE
1.0 PR LEAE R D PRI . BRI, i YR
HAMK /K- 25-0HD 5 GDM XU 34 4 57, A8 5T
08 B 7 FT A 22 5 R B, % AL GDM K9 5K 4.9%,
;;506_ PE 241 GDM KIRF N T 1%, Z R TGt 2 3, i
3 ' AlEeEH T A REAEANE. HEPREH, 2
7;50.4- B4R DKFSPEMRAEZEVIMK . PEAET
= - deal line AEH2 2 D KT BE 15 10 =T B, T /E A i PE
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Figure 3 Calibration curve of the nomogram model for

predicting PE
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