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ABSTRACT Objective: To investigate the correlation between serum brain natriuretic peptide (BNP), 25 hydroxyvitamin d [25
(OH) D], galactose lectin-3 (Gal-3) and left ventricular diastolic function in patients with hypertensive disorders of pregnancy (HDP), and
to analyze its effect on pregnancy outcome. Methods: 114 patients with HDP who were treated in our hospital from June 2019 to December
2021 were selected as the study group, including 39 cases of gestational hypertension group, 44 cases of mild preeclampsia group and 31
cases of severe preeclampsia group. In addition, 30 healthy pregnant women examined in our hospital in the same period were selected as
the control group. The serum BNP, 25(OH) D, Gal-3 and left ventricular diastolic function were compared in each group, and the correla-
tion between serum BNP, 25 (OH) D, Gal-3 and left ventricular diastolic function were analyzed. According to the pregnancy outcome,
the patients were divided into 65 cases in the good pregnancy outcome group and 49 cases in the poor pregnancy outcome group. The
clinical data of the two groups were collected. The influencing factors of poor pregnancy outcome in patients with HDP were analyzed by
univariate analysis and multivariate Logistic regression. Results: There were significant difference in the levels of serum BNP, 25 (OH) D
and Gal-3 in each group (P<0.05). With the increase of disease severity, the levels of serum BNP and Gal-3 in patients with HDP gradually
increased, and the level of 25 (OH) D gradually decreased. There were significant differences in the peak velocity of early diastolic filling
(E peak), late diastolic filling (A peak) and E / A among the groups (P<0.05). Pearson correlation analysis showed that the levels of serum
BNP and Gal-3 in patients with HDP were negatively correlated with E peak and E/ A (P<0.05), and positively correlated with A peak
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(P<0.05), serum 25 (OH) D was positively correlated with E peak and E / A (P<0.05), and negatively correlated with A peak (P<0.05).
Multivariate Logistic regression analysis showed that systolic blood pressure = 158.02 mmHg, diastolic blood pressure = 104.32

mmHg, serum BNP = 406.42 ng/L, serum 25 (OH) D < 14.94 pg/L and serum Gal-3 =16.17 ng/mL were the risk factors of poor preg-

nancy outcome of HDP(P<0.05). Conclusion: The abnormal increase of the levels of serum BNP and Gal-3, and the abnormal decrease of

the level of 25 (OH) D in patients with HDP are the risk factors of poor pregnancy outcome in patients with HDP. The levels of the three

are related to the left ventricular diastolic function. The detection of the levels of the three is helpful to the clinical judgment of pregnancy

outcome.
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Table 1 Comparison of baseline data of each group

Gestational Severe
Mild preeclampsia Control group
Indexes hypertension group preeclampsia group F/x? P
group(n=44) (n=30)
(n=39) (n=31)
Age(years) 28.24+ 2.78 29.65%+ 2.94 29.96% 2.54 28.67+ 3.78 1.291 0.821
Pre pregnancy body
. 24.19% 3.05 24.75% 3.05 25.01% 3.05 23.88% 3.05 1.572 0.652
mass index(kg/m?)
Systolic blood
149.72+ 3.78 158.82+ 3.67 167.34+ 3.56 123.95% 4.11 9.151 0.000
pressure( mmHg )
Diastolic blood
96.26% 3.02 104.85+ 3.11 113.72+ 2.89 82.71+ 3.14 8.516 0.000
pressure( mmHg )
Primipara[n(%)] 20(64.52) 27(61.36) 24(61.54) 19(63.33) 1.526 0.517
Onset (enrollment)
gestational week 2942+ 2.15 28.56% 2.33 27.15% 2.01 28.92+ 3.82 1.117 0.891
(weeks)
Gestational week of
37.89+ 1.01 37.26% 1.12 34.47+ 1.31 39.88+ 1.44 6.725 0.013

delivery (weeks)
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Table 2 Comparison of the levels of serum BNP, 25 (OH) D and Gal-3 in each group(xt s)

Groups n BNP(ng/L) 25(OH)D( ng/L) Gal-3(ng/mL)
Severe preeclampsia group 31 731.26% 102.12°% 9.42% 2.16™ 21.04+ 3.89%
Mild preeclampsia group 44 397.12+ 83.57* 1421+ 3.11® 16.87+ 3.33*
Gestational hypertension group 39 158.71+ 42.18° 20.14% 3.78* 11.51% 2.67*
Control group 30 83.81+ 14.16 38.67+ 6.83 7.62% 1.55
F 102.624 29.171 19.284
P 0.000 0.000 0.000

Note: * compared with the control group P<0.05, ® compared with gestational hypertension group P<0.05, ¢ compared with mild preeclampsia group P<0.05.
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Table 3 Comparison of left ventricular diastolic function in each group(x+ s)

Severe preeclampsia  Mild preeclampsia  Gestational hypertension ~ Control group

Indexes group(n=31) group(n=44) group(n=39) (n=30) F P

E peak(cm/s) 64.86+ 3.98* 73.02+ 4.02* 79.17+ 4.55° 85.67+ 5.01 25.825 0.000
A peak(cm/s) 69.02+ 6.01> 62.34+ 5.53® 55.96x 4.67* 50.88+ 4.33 23.926 0.000
E/A 0.94% 0.18% 1.17¢ 0.22* 1.41%+ 0.29* 1.68%+ 0.31 8.927 0.000
LAD(cm) 4.15% 0.51* 3.96+ 0.44 3.88+ 0.42 3.81+ 0.41 3.736 0.168
LVEDD(cm) 4.42+ 0.41° 4.55+ 0.43 4.66+ 0.45 4.68+ 0.48 2.463 0.563
LVPW(mm) 9.71+ 0.83 9.65+ 0.77 9.63+ 0.72 9.58+ 0.67 1.928 0.803
IVST(mm) 9.11% 1.03 9.13+ 0.93 9.26+ 0.88 9.31+ 0.73 1.062 0.905
LVEF(%) 56.61% 0.72* 56.91+ 0.77 56.98+ 0.68 57.21% 0.62 4.837 0.097

Note: * compared with the control group P<0.05, ® compared with gestational hypertension group P<0.05, ¢ compared with mild preeclampsia group P<0.05.

2.3 HDP ## & BNP.25(0H)D,Gal-3 7k FE 5 AL E Tk
AERYHE S

Pearson G/ B~ , HDP B3 1M BNP . Gal-3 /K5
E % E/A B A (P<0.05),5 A 5 1EH ¢ (r=P<0.05), 1l

% 25(0OH)D 5 E g E/A B IEM(P<0.05), 5 A W5 fAHx
(r=P<0.05), IfiL & BNP.25(0OH)D .Gal-3 /K5 LAD ,LVEDD,
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Table 4 Correlation between serum levels of OH and Gal-3 in patients with left ventricular diastolic function

BNP 25(0H)D Gal-3
Indexes
r P P r P

E peak -0.603 0.004 0.609 0.011 -0.614 0.007
A peak 0.611 0.011 -0.615 0.018 0.607 0.008
E/A -0.712 0.000 0.785 0.002 -0.698 0.000
LAD 0.227 0.128 -0.199 0.186 0.203 0.154
LVEDD -0.234 0.097 0.212 0.109 -0.211 0.111
LVPW 0.189 0.297 -0.181 0.303 0.192 0.263
IVST -0.167 0.392 0.178 0.382 -0.174 0.307
LVEF -0.241 0.125 0.201 0.162 -0.256 0.134

2.4 74 HDP B3 (155 BNP.25(0H)D. Gal-3 7k F b %5

114 5] HDP (3% 49 il %4k THE RS /A R, Ho .
HELLP 2551 1 46 AR AEE 14 4]  BR L 30 18 f4] ™= 35
i HFnedi F 8 B Dae i 22 4 SiRILE AR SZ IR 5
B e LEA 12 )7 i 12 4 Bk L B, 10 4 5 L
o B B9 16 451 (R T [R) IS IR 2 R O ), A R AT iR 4 )
AR, HAY 65 Bl M IEIRES /B R4, RS R A K 4Ll
BNP Gal-3 7K g 3 & F UL RS R R 4541, 25(0H)D 7K I &
R TFUEURES R RAF4H(P<0.05)., W3 5.
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L HDP B35 &R 228 W4 &7 5K L I 7 BNP i 7
25(OH)D. . I3 Gal-3 F-I{EAE N 43 AR AEAAT HR 3404 (R
AR ST ), S5 R B n , iR RN R A AR =35 % ik
451K =158.02 mmHg . 77K % =104.32 mmHg, 1L 7% BNP =
40642 ng/L. [fi13% 25(OH)D<14.94 pg/L (i} Gal-3=16.17 ng/mL
Lo k2 o TR R 4G R R4 (P<0.05) , PR AL ZE ip AR B #5 4
WAL R AT G 1222 5 (P>0.05) . L3R 6.
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Table 5 Comparison of the levels of serum BNP, 25 (OH) D and Gal-3 in patients with different HDP(x+ s)

Groups n BNP(ng/L) 25(OH)D( pg/L) Gal-3(ng/mL)
Poor pregnancy outcome group 49 564.28+ 70.27 11.82+ 3.01 18.91% 2.71
Good pregnancy outcome group 65 287.42+ 50.28 17.29+ 3.82 14.10% 3.22
t 24.524 8.270 8.423
P 0.000 0.000 0.000

% 6 HDP BHEIHRE/FRIBERSH(n(%)]

Table 6 Univariate analysis of poor pregnancy outcome in patients with HDP[ n(%) ]

Indexes Poor pregnancy outcome Good pregnancy outcome 2 »
group(n=49) group(n=65)
Age(years) 8.785 0.003
<35 22(44.90) 47(72.31)
2 35 27(55.10) 18(27.69)
Pre pregnancy body mass
P ingldlex( l:,ymz})] 0.093 0.761
<26 33(67.35) 42(64.62)
=26 16(32.65) 23(35.38)
Primipara 0.478 0.489
Yes 27(55.10) 40(61.54)
No 22(44.90) 25(38.46)
Onset gestational week
(weeks) 0.391 0.532
<28 30(61.22) 36(55.38)
=28 19(38.78) 29(44.62)
Systolic blood pressure
(mmifg) 6.049 0.014
<158.02 18(36.73) 39(60.00)
=158.02 31(63.27) 26(40.00)
Diastolic blood pressure
(mmifg) 4.331 0.037
<104.32 19(38.78) 38(58.46)
=104.32 30(61.22) 27(41.54)
Serum BNP(ng/L) 19.968 0.000
<406.42 11(22.45) 42(64.62)
=406.42 38(77.55) 23(35.38)
Serum 25(OH)D( p.g/L ) 6.049 0.014
<14.94 31(63.27) 26(40.00)
>14.94 18(36.73) 39(60.00)
Serum Gal-3(ng/mL) 17.551 0.000
<16.17 13(26.53) 43(66.15)
=16.17 36(73.47) 22(33.85)
2.6 HDP B2EIFRE /AR RIS EE Logistic H I35 #7 LLFRS MR G AR L WARR (=35 % =1,<35 & =0) L4k

) HDP S U IRES A B As B (R . & =1,7% =0),  (=15802 mmHg=1,<15802 mmHg=0), 4} i /& (=104.32
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mmHg=1,<104.32 mmHg=0). [fi & BNP (=406.42 ng/L=1,
<406.42 ng/L=0) . I 3% 25 (OH)D (<14.94 pg/L~1,>14.94
wg/L=0) | [fil & Gal-3(=16.17 ng/mL=1,<16.17 ng/mL=0) }
ARIFHITRAE, IAZ FI 3 Logistic FIIHHrE R, HAE&E

BIBR oy =0.05, ZRGR, Rl =35 2 Wi =158.02
mmHg . £F 8K K = 104.32 mmHg . [fi 3 BNP =406.42 ng/L . [l i
25(OH)D < 14.94 ug/L  [fil7E Gal-3=16.17 ng/mL J& HDP &3
TEURES SRS R FER P R (P<<0.05), W& 7.

% 7 HDP BEFRLEF/ T RIIZ EE Logistic EIAS 4T

Table 7 Multivariate Logistic regression analysis of poor pregnancy outcome in patients with HDP

Factors B Standard error Wald »* P OR(95%CI)

Age 0.325 0.517 6.251 0.012 1.812(1.478~2.014)
Systolic blood pressure 0.623 0.605 10.886 0.000 2.562(2.022~3.034)
Diastolic blood pressure 0.594 0.517 4278 0.041 2.483(1.601~2.986)
Serum BNP 0.558 0.488 8.149 0.000 2.072(1.533~2.612)
Serum 25(OH)D 0.416 0.495 5.863 0.026 1.842(1.407~2.252)
Serum Gal-3 0.577 0.522 15.732 0.000 2.394(1.422~3.271)

3 Wi BNP .25 (OH)D,Gal-3 /K-35 5 2 0 JIEET 7K D REH AT A G

HDP (il PRFEI AL, & 7T B & T oK 2
PR TS Bk R EE AT G R NERRR 7 , BUP-EEME R BR
Iz 4 HDP 38 2 33— R F L AE , 21 s B A FG JLAE
ToR R EFE 2 —0, HAO T RERERG 2 HDP (4% UL A& e
s — SSEUTIRG RN R, 220 E Ak REIER O B L)
AELEIR (B RARFRY, (KI5 ZE % HDP % 20 D S &Pk T AE I
BHPEA , FE LA AR IR 45 T B 35 18 M iRYT , DS R E s,
FEARA RATURES ) & AR
AUFGTEE R KB . BEA I A NE , HDP 35 1 7 BNP
Gal-3 K-V Z#i Fhies , 25(0H)D 7K keI, Horf BNP J2 iy
LIRS T 00 () — b Z2 B, th 2 O LB 93 AL T RE R AIG
E FAARE S, ST, O NE D) RERREAS B INE BNP /K
2 E TV, M3 BNP Koo B A B - A2 Wi (509,
I HDP f5 35 Fifi 25 5 1 e mT B | Je 00 M T B e i 17, A Lt A
FHIME BNP /KB4 hf 2 B TR . 25(0H)D J2:I0fi R - i it
MUkRLEA: R D KT EZAEFRY, WFFT I, G ORI Lot Xt 4
A% D FRRE W W, 242218 25(0H)D KT R#AIRAT 7] fE
FRFI R FYL MilbA R B 55 /& HDP s 2 &N E 2P,
T3 HMIK 25(OH)D 7K V- 23 F2 i) I 48 N 2 A S g , 3 i £
HDP {4 & AP, Gal-3 &0 7 i R B ZE AR R, W] S e i 1)
DINRE®, BFFE R B Gal-3 AT LIl £F A, {00 AT 4
B, ARFFEEIFRY], BNP 25(0H)D Gal-3 145 HDP ik
A IR I SRR A O
Bz A, ARBFSESE R B8 HDP 5% 0 2230 Wil A ks
I E g E/A BEAIG, A TR, #2785 HDP B 2 Bl A O
EEP IR T RRRERT . B T ATEHALE A S LAD 3 e,
LVEDD LVEF g E &ML, (B{EAS 1 B R B PN ariig  id
PRI R ZH . %] #R4H LAD .LVEDD .LVPW IVST LVEF [,
BTG L, T IR B W] B R TR AL
SR IA S R 20 R R BN A2 D = AP S D B RS, i A HH 3
RSS2 BT AR Ak, T EE B TR AT A AR AT RE L th 0
WESSH A T AR, AR BT 45 5 s HDP (B3 1l 7

P, I BNP Gal-3 7K 9 B E A2 O B 47 ik Dh Rk 22 , 1l
1 25(0OH)D 7K IR B A O E APk D gt 2z . 43 H R A
AIRE Y A I A O BP R D REREAHAT , 0% R ) A far 1
L Bl WLZESL, il BNP 74P Gal-3 25602 EH,
HoKF A SO EE R IIEE T B, Ml 25(0H)D /K-
FEAR AT B O LS NIRRT AR R, 52 mC I A, 53K
JeU EET IR IRE T [,

ABFFEEE R BN, WHE =158.02 mmHg, 475K )% =
104.32 mmHg . [fil & BNP =406.42 ng/L . [fi.7& 25(0OH)D < 14.94
wg/L. I Gal-3=16.17 ng/mL & HDP 3% T URES /A BLAY
faREZE . Bt A PHRE B AT & TG 2, 11
TEATHRES JR T 22 , AR SR 45 /A5 LA HRED, [R) I X T-67 7K
FEFHE B AR 220 B SF IR T RE RS, [N &7 5K AR
e, 20D E AT IR DI RERE 2, R AR ST URES R AS B A RIS o st ik
BP9, XTI BNP=406.42 ng/L. [l 25(OH)D<14.94 ng/L
M3 Gal-3=16.17 ng/mL {34, 3em AR AR O NIEET K T BE
i, S0 T M6 J L I 3 AR g A A SR R, B R AT HRES SR X
i 3 SR AT RBAFTE MUAE N B0 0 L I 78 67 4 D RE R AT, "™ s
RES IR B, FIEsn 7 RIEIRS 5 X
5 o J391, 25(OH)D FEARCKE #E— 255 M il A5 PN B TG 3, 3k
M S5 R WA , 5% N i 2 T RN, B I R A R JRy XU i
IR EXTFEAE UL b R R A B3 R R 257 T30, BRI R AT R4S
JRIB RS o

25 bk  HDP .2 3% BNP Gal-3 /K F-F+ 5 ,25(0H)D
IKFEBEAR, HKF- 5 HDP (3 260 & &7 5Kk D REEAA FH G 1k
45 % =158.02 mmHg, 473K /% =104.32 mmHg, Ifli& BNP =
406.42 ng/L. IfiliE 25 (OH)D<14.94 pg/L. [fiiE Gal-3=16.17
ng/mL j& HDP B E LIRSS /A RIER F 2, XAEEL EF
RO BBERLFIAL T T I, FEARAS RATIRES R i UK
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