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Abstract

Objective This study aimed to assess the incidence, trends, and adverse pregnancy outcomes associated with
preeclampsia (PE), while further investigating whether these adverse outcomes differ by parity and the type of
pregnancy—twin or singleton.

Materials and methods A multicenter cross-sectional study was conducted in Hebei, China, spanning the years
2013 to 2022, enrolling a total of 455,456 women. The incidence rates and trends of PE and its subtypes were analyzed
utilizing joinpoint regression analysis, while modified Poisson regression was employed to assess the association
between PE and adverse pregnancy outcomes. Effect modification by parity, twin or singleton pregnancy was also
evaluated.

Results The prevalence of PE and its stratification by singleton pregnancies and parity (primiparas versus multiparas)
exhibited upward trends, with no statistically significant changes observed in the incidence of twins affected by PE
from 2013 to 2022 in Hebei Province. After adjusting for sociodemographic characteristics and other comorbidities
during pregnancy, patients with PE experienced significantly elevated risks of cesarean section (adjusted relative risk
[aRR], 4.78; 95% confidence interval [Cl], 4.54-5.02), postpartum hemorrhage (aRR, 1.97;95% Cl, 1.75-2.21), placental
abruption (aRR, 1.52; 95% Cl, 1.37-1.69), preterm birth (aRR, 5.35; 95% Cl, 5.14-5.56), small for gestational age (SGA)
newborns (aRR, 2.48; 95%Cl, 2.38-2.58), maternal near-miss events (MNM) (@RR, 1.18; 95% Cl, 1.01-1.38), and admission
to the neonatal intensive care unit (NICU) (@RR, 1.27; 95% Cl, 1.11-1.44). In contrast, the risk of placenta previa was
significantly lower (aRR, 0.26; 95% Cl, 0.21-0.32). The risks of cesarean section, postpartum hemorrhage, and preterm
birth ascribable to PE were conspicuously augmented in twin pregnancies; conversely, the risk of placental abruption
was more notable in singletons. The influence on cesarean delivery was pronounced in primiparas, while the risks of
MNM, placental abruption, and preterm birth related to PE escalated in multiparas.

Conclusions The incidences of PE in overall, singletons, primiparas and multiparas exhibited upward trends in Hebei

from 2013 to 2022. Women afflicted with PE demonstrated a conspicuously augmented risk of adverse pregnancy
outcomes and the magnitude of the influence of PE varied with singleton or twin pregnancies and parity.
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Introduction

Preeclampsia (PE) is a hypertensive disorder of preg-
nancy characterized by compromised placental perfusion
and subsequent multi-organ dysfunction, contributing to
approximately 14% of maternal mortality and 10-25% of
perinatal morbidity worldwide [1]. Increasing evidences
support that PE is associated with a substantial eleva-
tion in long-term cardiovascular and metabolic risks for
both the mother and offspring [2]. In recent years, not-
withstanding considerable breakthroughs in preeclamp-
sia research, the global prevalence of PE remains at 4.6%,
while the incidence and maternal mortality rates associ-
ated with PE in developing countries continue to alarm-
ingly elevated [3]. This may be ascribed to the presence of
various subtypes of PE and the heterogeneity inherent in
its clinical manifestations [4].

It is imperative to consider the diverse classifications
of PE to investigate potential subtypes, thereby facilitat-
ing tailored management strategies for the diagnosis and
prevention of PE, which has profound implications for its
progression [4, 5]. Both twin gestations and primiparity
are recognized risk factors for PE; however, marked dis-
parities prevail in the pathogenetic mechanisms of PE,
thereby making it imprudent to consolidate these high-
risk cohorts [5]. Twin pregnancies with PE might be
correlated with augmented placental mass and demand,
along with escalated production of anti-angiogenic fac-
tors, whereas primiparity is affiliated with a greater
immunological mismatch between the fetus and the
mother [6-8]. Although the association between PE and
adverse pregnancy outcomes has been extensively vali-
dated, significant geographical variations persist across
different regions. Furthermore, the existing research on
whether this interrelationship is associated with par-
ity and its impact on singleton versus twin pregnancies
remain relatively sparse.

Employing population-based datasets, this study sys-
tematically addressed the trends of PE incidence and
its correlation with adverse pregnancy outcomes, and
assessed whether the influence affected by maternal
characteristics. By elucidating the distinctive characteris-
tics of various PE populations, this study would establish
a foundation for enhancing the management of PE and
mitigating complications.

Materials and methods

Study population and data collection

Data collected from the Hebei Maternal Near Miss Sur-
veillance System (MNMSS) between January 2013 and
December 2022 encompassed 22 hospitals (tertiary, sec-
ondary, and primary) across Hebei province, capturing

information on a total of 491,182 maternal cases. The
dataset included maternal socio-demographic character-
istics, obstetric history, delivery facilities and modalities,
pregnancy outcomes, as well as complications occurring
during pregnancy or the postpartum period. The defini-
tions of the indicators and the data collection protocols
adhered to World Health Organization standards, while
the methodology for data acquisition has been com-
prehensively documented in prior literature [9]. Each
monitoring hospital assigns trained professionals, who
have completed standardized training, to fill out and
report maternal data. The submitted data must undergo
strict review by professional staff to ensure its accuracy.
This study encompassed pregnant women with a gesta-
tion of >28 weeks and live-born neonates. Meanwhile,
incomplete or inaccurately recorded data were excluded,
ultimately covering information of 455,456 pregnant
women(Fig. 1). This study was authorized by the Health
Center for Women and Children of Hebei Province to use
the database and approved by the Ethics Review Com-
mittee of Hebei General Hospital, following the princi-
ples of the Helsinki Declaration. Given the retrospective
design of this study, the Ethics Review Committee of
Hebei General Hospital opted to waive the requirement
for informed consent.

Definition of variables

We selected variables associated with preeclampsia
(PE), including marital status, hospital level (tertiary,
secondary, primary), educational attainment (<6 years,
7-9 years, 210 years), maternal age at delivery (<24
years, 25—29 years, 30—34 years, and > 35 years), gravid-
ity encompassing the current pregnancy (1, 2, >3), par-
ity (0 or >1), number of previous cesarean deliveries (0
or >1), fetal presentation (cephalic and non-cephalic),
and number of fetuses (singleton and twin). Pregnancy
comorbidities comprised chronic hypertension, ane-
mia (hemoglobin<110 g/L), heart disease, gestational
diabetes, and kidney disease. According to the 2014
International Society for the Study of Hypertension in
Pregnancy (ISSHP) criteria, PE is defined as the onset
of hypertension and proteinuria after 20 weeks of gesta-
tion, or hypertension accompanied by involvement of
at least one organ system [10]. We categorized PE into
singleton and twin classifications based on the num-
ber of fetuses, further distinguishing it into primiparous
and multiparous subtypes according to parity for subse-
quent analysis. Adverse maternal pregnancy outcomes
included: cesarean delivery, postpartum hemorrhage
(2500 ml for vaginal delivery and =1000 ml for cesarean
delivery), placental abruption, placenta previa, maternal
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Fig. 1 Flow chart of study population

ICU (intensive care unit) admission, and maternal near-
miss (MNM). The estimate of blood loss was based on a
combination of the scaled suction canisters for collecting
blood, the area of the surgical gauze impregnated with
blood, and the weighing of the blood dressing. MNM is
a life-threatening complication or comorbidity during
pregnancy, delivery and 42 days postpartum, with effec-
tive medical intervention for survivors, with criteria
defined by the WHO through the identification of mark-
ers of organ system dysfunction [11]. Adverse neonatal
outcomes are preterm birth (gestational age 28-36"°
weeks), neonatal asphyxia (Apgar<7), admission to
Neonatal Intensive Care Unit (NICU), neonatal death,
and small-for-gestational-age newborns(SGA). SGA is
defined as birthweights less than the 10th percentile of
the normal average weight for the same gestational age
according to the INTERGROW TH-21st standard [12].

Statistical analysis

First, the National Cancer Institute Surveillance Research
Program’s Joint Point Regression Program 5.0.2 (May
2023) was applied to determine the annual percentage
change (APC) and average annual percentage change
(AAPC) in the occurrence of PE and subgroups of
PE. Therein, AAPC represented the disease trend for
the entire period 2013-2022; APC indicated the dis-
ease trend for each segment/period identified by the

joint-point regression software. Second, the obstetric
characteristics (including sociodemographic charac-
teristics and maternal comorbidities) were presented as
frequencies (percentages), and intergroup comparisons
were conducted by x2 or Fisher’s exact test, a multivariate
modified Poisson regression analysis with robust error
variances was used to calculate of adverse pregnancy out-
comes in PE and its subtypes. In model A, we adjusted
for maternal age, education, parity, delivery hospital, fetal
presentation, multiple pregnancies. In model B, we extra-
adjusted for chronic hypertension, anemia, heart disease,
gestational diabetes, and kidney disease. Of these, the
overall PE group added an interaction term to the Pois-
son regression model to test for an interaction effect
between parity and multiple pregnancies. All analyses
were undertaken using SPSS 22 (IBM Corporation, Chi-
cago, USA) and R version 4.2.2 (R Project for Statistical
Computing), and a difference of P<0.05 was considered
statistically significant.

Results

During the period, 455,456 pregnant women were even-
tually enrolled in the study. As shown in Fig. 2, the
prevalence of PE was 2.91% (n=13234), and in the sub-
group analysis, the probability of PE was 2.76% in single-
tons (1=12386) and the highest risk of PE in twins at
12.67% (n=6695). Additionally, the subgroups divided by
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Fig. 2 The prevalence of preeclampsia in overall, singletons, twins, primiparas and multiparas in Hebei from 2013 to 2022. Note: The break symbol in the
ordinate indicated that the axis had been segmented, specifically omitting the incidence data between 5% and 10%

Table 1 Trends of preeclampsia in overall, singletons, twins,
primiparas and multiparas based on joinpoint regression analysis
in Hebei from 2013 to 2022

Variables and segments  Year APC (95% Cl) P

PE

Trend1 2013-2019 0.79(-7.29,3.82) 0.92
Trend2 2019-2022  14.85(542,30.09) <0.001*
AAPC (95% Cl) 2013-2022 5.27(2.57,7.25) <0.001*
PE in singletons

Trend1 2013-2019  0.89(-8.59,4.50) 0.98
Trend2 2019-2022 15.77(5.33,32.89) <0.001*
AAPC (95% CI) 2013-2022  5.63(2.60-7.89) <0.001*
PE in twins

Trend (AAPC) 2013-2022 0.17(-3.57,3.23) 0.94

PE in primiparas

Trend (AAPC) 2013-2022  6.19(1.77,10.10) 0.01*
PE in multiparas

Trend1 2013-2019 -1.69(-13.02,2.84) 032
Trend2 2019-2022 1649(3.51,37.05) 0.01*
Trend (AAPC) 2013-2022  4.03(0.37,6.74) 0.03*

APC: annual percentage change, AAPC: average annual percent change, Cl:
confidence interval

parity had incidences of PE of 3.15% (1 =6764) and 2.69%
(n=6470) in primiparas and multiparas, respectively.
Over the 10-year study period from 2013 to 2022, the
prevalence of PE in primiparas continuously increased by
73.30% [AAPC 6.19% (95%CI: 1.77,10.10)]. Concurrently,
the incidences of PE in overall, singletons, and multipa-
ras exhibited similar patterns. These trends remained
stable from 2013 to 2019(P,p->0.05), before increasing

significantly from 2019 to 2022(P,pc < 0.05), but the
overall trend were upward(P,pcc < 0.05). Meanwhile the
prevalence of PE in twins was relatively stable with no
statistically significant difference(P,p->0.05) (Table 1).

The demographic characteristics were summarized
in Table 2. The comparison of socio-demographic char-
acteristics in the study population revealed that marital
status was not statistically significant in both PE and sub-
group analyses. In contrast to the non-eclampsia cohort,
the PE cohort demonstrated a markedly elevated rate of
deliveries in tertiary care institutions, distinguished by a
higher prevalence of primiparous women, multiple ges-
tations, advanced maternal age, prior cesarean sections,
abnormal fetal positioning, and an increased propensity
for concomitant pregnancy-related comorbidities includ-
ing chronic hypertension, anemia, heart disease, gesta-
tional diabetes, and kidney disease (P<0.05). In the two
subgroup analyses, no statistically significant differences
were observed in pregnancies complicated by gestational
diabetes and kidney disease(P>0.05). Similarly, the pres-
ence of heart disease did not demonstrate any substantial
effects in the analyses involving primiparous and mul-
tiparous women with PE (P> 0.05)(Additional Table 1).
Finally, no statistically significant interaction between
parity and multiparity were found (P> 0.05).

The clinical analysis of adverse pregnancy outcomes
associated with PE and its subgroups were detailed
in Table 3. In the PE group, there was a pronounced
increase in the incidences of cesarean section, postpar-
tum hemorrhage, placental abruption, maternal ICU
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Table 2 Maternal clinical characteristics of women with PE and its subgroups stratified in Hebei Province, China, from 2013-2022

Characteristic Overall PE stratified by singleton or twins PE stratified by parity

(N, %) No PE PE Singletons Twins Primiparas Multiparas
(n=442222) (n=13234) (n=12386) (n=848) (n=6764) (n=6470)

Marital status

Single 1931(0.44) 69 (0.52) 62(0.50) 7(0.83) 50(0.74) 19(0.29)

Married 440,291(99.56) 13,165 (99.48) 12,324 (99.50) 841(99.17) 6714 (99.26) 6451 (99.71)

Education (year)

<6 138,837 (31.40) 4080 (30.83) 3856 (31.13) 224 (26.42) 1598 (23.63) 2482 (38.36)

7-9 132,193 (29.89) 4444 (33.58) 4133 (33.37) 311 (36.67) 2237 (33.07) 2207 (34.11)

>10 171,192 (38.71) 4710 (35.59) 4397 (35.50) 313 (36.91) 2929 (43.30) 1781 (27.53)

Maternal age (y)

<24 67,994 (15.38) 1966 (14.86) 1845 (14.90) 21(14.27) 1744 (25.78) 222 (343)

24-29 188,283 (42.58) 4672 (35.30) 4341 (35.05) 331(39.03) 3171 (46.88) 1501 (23.20)

30-34 131,011 (29.63) 3979 (30.07) 3704 (29.90) 275(3243) 1408 (20.82) 2571 (39.74)

>35 54,934 (12.42) 2617 (19.77) 2496 (20.15) 21(14.27) 41 (6.52) 2176 (33.63)

Gravidity

1 164,091 (37.11) 5098 (38.52) 4685 (37.82) 413 (48.70) 5098 (75.37) -

2 161,562 (36.53) 3809 (28.78) 3595 (29.02) 214 (25.24) 1166 (17.24) 2643 (40.85)

>3 116,569 (26.36) 4327 (32.70) 4106 (33.15) 221 (26.06) 500 (7.39) 3827 (59.15)

Parity

0 208,118 (47.06) 6764 (51.11) 6214 (50.17) 550 (64.86) -

>1 234,104(52.94) 6470 (48.89) 6172 (49.83) 298(35.14) -

Cesarean section history

0 336,696 (76.14) 9595 (72.50) 8907 (71.91) 688 (81.13) 6764 (100.00) 2831 (43.76)

>1 105,526 (23.86) 3639 (27.50) 3479 (28.09) 160 (18.87) 0 (0.00) 3639 (56.24)

Delivery hospital

Tertiary hospital 215,633 (48.76) 9347 (70.63) 8623 (69.62) 724 (85.38) 5013 (74.11) 4334 (66.99)

Secondary hospital 219,234 (49.58) 3783 (28.59) 3661 (29.56) 22 (14.39) 718 (25.40) 2065 (31.92)

Primary Hospital 7355 (1.66) 104 (0.79) 102 (0.82) 2(0.24) 33(049) 71(1.08)

Multiple pregnancies

Yes 5847 (1.32) 848 (6.41) 550 (8.13) 298 (4.61)

No 436,375 (98.68) 12,386 (93.59) 6214 (91.87) 6172(95.39)

Abnormal fetal position

Yes 12,342 (2.79) 794 (6.00) 588(4.75) 206(24.29) 407 (6.02) 387 (5.98)

No 429,880 (97.21) 12440(94.00) 11798(95.25) 642(75.71) 6357 (93.98) 6083 (94.02)

Maternal complications during pregnancy

Chronic hypertension 3419(0.77) 534 (4.04) 519 (4.19) 15(1.77) 189 (2.79) 345 (5.33)

Anaemia 142,120 (32.14) 4661 (35.22) 4288 (34.62) 373 (43.99) 2326 (34.39) 2335(36.09)

Cardiopathy 1081 (0.24) 162 (1.22) 144 (1.16) 18(2.12) 86 (1.27) 76 (1.17)

Nephropathy 1207 (0.27) 149 (1.13) 135 (1.09) 4(1.65) 83(1.23) 66 (1.02)

Gestational diabetes 26,670 (6.03) 1483 (11.21) 1394 (11.25) 89 (10.50) 747 (11.04) 736 (11.38)

admissions, and MNM, while the incidence of placenta
previa was relatively lower (P<0.05).(Additional Table 2).
Simultaneously, the probabilities of adverse neonatal
outcomes such as preterm birth, SGA, NICU admis-
sion, neonatal asphyxia, and neonatal death were con-
spicuously augmented (P<0.05) (Additional Table 2). As
shown in Table 4; Fig. 3,after adjusting for sociodemo-
graphic characteristics and pregnancy-related comorbid-
ities, patients with PE exhibited significantly higher risks
of cesarean section (adjusted relative risk [aRR], 4.78;
95% confidence interval [CI], 4.54-5.02), postpartum
hemorrhage (aRR, 1.97; 95% CI, 1.75-2.21), placental

abruption (aRR, 1.52; 95% CI, 1.37-1.69), preterm birth
(aRR, 5.35; 95% CI, 5.14-5.56), SGA (aRR, 2.48; 95%CI,
2.38-2.58), MNM (aRR, 1.18; 95% CI, 1.01-1.38), and
NICU (aRR, 1.27; 95% CI, 1.11-1.44). In contrast, the
risk of placenta previa was significantly lower (aRR, 0.26;
95% CI, 0.21-0.32). Concurrently, we observed that the
risks of maternal ICU admission (aRR, 1.28; 95% ClI,
0.93-1.78), neonatal asphyxia (aRR, 1.04; 95% CI, 0.90—
1.21), and neonatal death (aRR, 1.04; 95% CI, 0.78-1.38)
were not statistically significant. Adjusting for the vari-
ous covariates did not significantly impact the estimates,
as models A and B yielded comparable results (Table 4).
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Table 3 Adverse maternal and fetal outcomes in PE and PE stratified by parity and twin or Singleton
Outcomes Overall PE stratified by singleton or twins PE stratified by parity
(N, %) No PE PE Singletons Twins Primiparas Multiparas
(n=442222) (n=13234) (n=12386) (n=848) (n=6764) (n=6470)
Maternal outcomes
Cesarean delivery 230,583 (52.14) 11,468 (86.66) 10,650 (85.98) 818 (96.46) 5797 (85.70) 5671 (87.65)
PPH 4937 (1.12) 292 (2.21) 237 (1.91) 55 (6.49) 163 (241) 129 (1.99)
Placeta previa 1880 (0.43) 80 (0.60) 68 (0.55) 12(1.42) 27 (0.40) 53(0.82)
Placental abruption 914 (0.21) 295 (2.23) 290 (2.34) 5(0.59) 109 (1.61) 186 (2.87)
Maternal ICU 118 (0.03) 43(0.32) 38(0.31) 5(0.59) 15(0.22) 28(0.43)
MNM 703 (0.16) 169(1.28) 54 (1.24) 15(1.77) 59(0.87) 110 (1.70)
Fetal outcomes
Preterm birth 23,605 (5.34) 5003 (37.80) 4415 (35.65) 588 (69.34) 2278 (33.68) 2725 (42.12)
SGA 26,757 (6.05) 2403 (18.16) 2238(18.07) 165 (19.46) 1257 (18.58) 1146 (17.71)
NICU 4466 (1.01) 663 (5.01) 599 (4.84) 64 (7.55) 274 (4.05) 389 (6.01)
Neonatal death 326 (0.07) 44(0.33) 40(0.32) 4(047) 17 (0.25) 27 (042)
Neonatal asphyxia 3419 (0.77) 498 (3.76) 458 (3.70) 40 (4.72) 200 (2.96) 298 (4.61)

Abbreviation: PE: preeclampsia, PPH: postpartum hemorrhage, ICU: intensive care unit, MNM: maternal near-miss, SGA: small-for-gestational-age, NICU: neonatal

Intensive Care Unit

Table 4 Adjusted risk ratios for maternal and fetal adverse outcomes associated with PE and its subgroups

Outcome Model A [aRR (95% Cl)]

Model B [aRR (95% Cl)]

PE vs. No PE Twin vs. Primiparas vs. Multiparas  PE vs. No PE Twin vs. Primiparas vs.
Singletons Singletons Multiparas

Maternal outcomes
Cesarean delivery 488(464-513)" 309 (2.13-448)" 1.05(1.01-1.09) 478(454-502)" 3.13(216-454)" 1.05(1.01-1.09)"
PPH 2.08(1.85-2.33) " 391(3 14-489)"  1.03(0.94-1.14) 1.97(1.75-2.21) 3.32(2.62-4.19)" 05(0.96-1.16)
Placeta previa 0‘25(0 20-0. 31) 26(0.75-2.13) 0.82(0.62-1.07) 0‘26(0 21-0. 32) T 1.25(0.75-2.09) 0. 82(0 63-1.07)
Placental abruption 1.50(1.35-1.66) " 16(0.07-040) " 0. 82(0 71-094) 152(137-169) " 0.15(006-037)"  0.83(0.72-0.95)"
Maternal ICU 135(0 99-1.84) 48(0.60-3.70) 81(0.56-1.18) 128(0 93-1.78) 1.54(0.62-3.78) 0.81(0.56-1.18)
MNM 121(1.03-142)" 0. 83(0 52-1.33) 0. 79(0 67-0.94)" 1.18(1.0 38)"  0.79(0.50-1.23) 0.80(0.67-0.95) "
Neonatal outcomes
Preterm 545(525-570)  3.06(2.60-360)" 0. 85(0 82-0.88) " 535(5.14-556) 3.17(269-373)" 0. 85(0 82-0.88) "
SGA 2‘46(2 37-2. 57) 0. 85(0 72-1.01) 01(0.98-1.05) 2‘48(2 38-2. 58) 0.88(0.74-1.05) 01(0.98-1.05)
NICU 131011 50) " 30(0.89-1.91) 1 03(0 88-1.20) 1.27(11 44)"  134(0.92-1.95) 03(0.88-1.20)
Neonatal asphyxia 1‘01(0 87-1.17) 063(0 39-1.02) 0.97(0.81-1.17) 1‘04(0 90-1.21) 0.65(0.40-1.05) 097(0 81-1.17)
Neonatal death 1.06(0.81- .40) 0.88(0.34-2.31) 0.90(0.67-1.20) 1.04(0.78-1 .38) 0.92(0.35-2 41) 0.90(0.67-1.21)

Model A adjusted for age, education, gravidity, parity, delivery hospital, multiple pregnancy and abnormal fetal position

Model B adjusted for all maternal complications during pregnancy in addition to covariates in model A

Abbreviation: PE: preeclampsia, ICU: intensive care unit, MNM: maternal near-miss, NICU: neonatal Intensive Care Unit

*P<0.05

The subgroup analysis further substantiated that, in
contrast to PE in singletons, the probabilities of cesar-
ean section (aRR,3.13; 95%CI, 2.16-4.54), postpartum
hemorrhage (aRR, 3.32; 95% CI, 2.62—4.19), and preterm
birth (aRR, 3.17; 95% CI, 2.69-3.73) were augmented in
twins, concomitantly with a diminished risk of placental
abruption (aRR, 0.15; 95% CI, 0.06-0.37). Similarly, in
subgroups stratified by parity, primiparas afflicted with
PE manifested elevated a risk of cesarean delivery (aRR,
1.05; 95%CI, 1.01-1.09), alongside reduced risks of MNM
(aRR, 0.80; 95% CI, 0.67-0.95), placental abruption (aRR,
0.83; 95% CI, 0.72-0.95)and preterm birth (aRR, 0.85;
95% CI, 0.82-0.88) in comparison to those with multipa-
ras controls.

Discussion

Employing extensive and high-quality data from
MNMSS, this research disclosed that from 2013 to 2022,
the prevalence of PE and its associated subtypes in Hebei
Province demonstrated upward trends, with the excep-
tion of PE in twins. Women with PE were exposed to
significantly augmented risks of SGA and admission to
NICU, while the risk of placenta previa was reduced.
These outcomes were unaffected by parity or whether
the pregnancy was singleton or twin. Cesarean section,
postpartum hemorrhage, placental abruption, MNM and
preterm birth- these adverse outcomes of PE varied in
accordance with twin or singleton and parity.
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Outcome Subgroup aRR(95% CI) P.Value
Cesarean delivery All PE 4.78(4.54 to0 5.02) \ — <0.001

twin vs singleton 3.13(2.16 to 4.54) E —_ <0.001
primipara vs multipara 1.05(1.01 to 1.09) b 0.017
Postpartum hemorrhage All PE 1.97(1.75 t0 2.21) E — <0.001
twin vs singleton 3.32(2.62 10 4.19) E — <0.001
primipara vs multipara 1.05(0.96 to 1.16) H 0.271
Placenta previa All PE 0.26(0.21t00.32) = E <0.001
twin vs singleton 1.25(0.75 to 2.09) e 0.397
primipara vs multipara 0.82(0.63 to 1.07) '-4:' 0.146
Placental abruption All PE 1.52(1.37 to 1.69) E - <0.001
twin vs singleton 0.15(0.06 to 0.37) = | <0.001
primipara vs multipara 0.83(0.72 to 0.95) "‘i 0.006
Maternal near—-miss All PE 1.18(1.01 to 1.38) bt 0.045
twin vs singleton 0.79(0.50 to 1.23) |-E—| 0.282
primipara vs multipara 0.80(0.67 to 0.95) H: 0.011
Preterm birth All PE 5.35(5.14 to 5.56) | —  <0.001
twin vs singleton 3.17(2.69 to 3.73) E —t <0.001
primipara vs multipara 0.85(0.82 to 0.88) IE <0.001
SGA All PE 2.48(2.38 t0 2.58) \ H <0.001
twin vs singleton 0.88(0.74 to 1.05) r—il 0.147
primipara vs multipara 1.01(0.98 to 1.05) ¥ 0.566
admission to NICU All PE 1.27(1.11 to 1.44) EH <0.001
twin vs singleton 1.34(0.92 to 1.95) li—-—l 0.132
primipara vs multipara 1.03(0.88 to 1.20) H 0.732
001 2 3 4 5 6

Lower risk Higher risk

Fig. 3 Multivariable Poisson regression analysis of maternal and fetal adverse outcomes associated with PE and its subgroups after controlling for so-

ciodemographic characteristics and other comorbidities during pregnancy.

In this study, the overall prevalence of PE in Hebei
Province was found to be 2.91%, aligning with the results
of a cross-sectional survey conducted by Yang et al. in
2021, which divulged a prevalence ratio of 2.3% among
79,243 individuals across China [13]. Over the past
decade, coinciding with the relaxation of China’s “two-
child” family planning policy, the incidence of hyperten-
sive disorders in pregnancy escalated from 5.22% in 2011
to 6.40% during the period from 2014 to 2018 in China
[14]. Although our results indicated an overall upward
trend in PE incidence over the past decade, it exhib-
ited a pattern of initial stability followed by an increase.
The aforementioned findings may be attributed to two
factors. First, the Hebei Province Statistical Yearbook
revealed a steady economic and healthcare development

in Hebei Province from 2013 to 2022 [15]. This suggested
that despite the adjustments to China’s fertility policies
during this period, the high quality of maternal and child
healthcare services in Hebei Province likely contributed
to the stable incidence of PE. Second, accumulating lit-
eratures have substantiated the hypothesis that mater-
nal infection with COVID-19 may elevate the risk of PE,
potentially owing to the substantial overlap in endothe-
lial, vascular, and immune functions between the two
diseases [16]. The period from 2019 to 2022 marked the
peak of the COVID-19 pandemic, which may account for
the observed rise in PE incidence. Unexpectedly, the inci-
dence of PE in twin pregnancies did not demonstrate a
substantial augmentation in our study. This finding war-
rants further investigation to elucidate its underlying
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causes, but it also supports the heterogeneity of the
pathogenesis of PE in twin pregnancies [8]. It is crucial
to emphasize that across different birth policy periods,
while the proportion of primiparous women had progres-
sively diminished, the associated incidence of preeclamp-
sia had paradoxically escalated in the study (Additional
Table 3). This may be attributed to the global trend of
first-birth postponement, which is closely associated with
an increased risk of PE [17-19]. Such results motivated
obstetricians and scholars to work together to reverse
the rising trend of preeclampsia and ameliorate the preg-
nancy outcomes of PE.

Given the limitations of small sample sizes or racial
disparities, and the inconclusive or inconsistent findings
in previous literature regarding pregnancy outcomes
in twins affected by PE, we aimed to investigate inves-
tigate the disparities in adverse pregnancy outcomes
between singleton and twin pregnancies with PE [20, 21]
In comparison to non-PE patients, our findings revealed
a greater than four-fold increase in the risk of preterm
birth among pregnant women with PE. Furthermore,
subgroup analysis indicated that twins affected by PE dis-
closed a higher propensity for preterm birth compared
to singletons counterparts. Notably, we observed a lower
prevalence of extremely preterm births in twins with PE
compared to singletons (13.61% vs. 26.59%), which mark-
edly differed by gestational age at delivery, thereby reaf-
firming the etiological discrepancies between PE in twin
and singleton pregnancies [22]. Emerging researches
underscore that while PE is more prevalent in twins
than in singletons, the associated risks of adverse preg-
nancy outcomes have not been significantly elevated [20,
23]. The propensity for cesarean section and postpartum
hemorrhage was decidedly greater in twins as opposed
to singletons in the study, most likely ascribable to the
preexisting augmented risk affiliated with twin pregnan-
cies [23]. Furthermore, we ascertained that singletons
afflicted with PE were more prone to placental abruption
compared to twins. This intriguing finding was also cor-
roborated by a study conducted in Japan [24]. This result
may be attributed to the increased attention given to twin
pregnancies following the issuance of risk warnings in
clinical guidelines [25]. Additionally, the high caesarean
section rate in twin pregnancies reduces the risk of pla-
cental abruption occurring after the first fetus is deliv-
ered vaginally. Such findings will empower obstetricians
to offer more precise guidance during antenatal consulta-
tions for women with PE in twin pregnancies.

MNM is emerging as an imperative indicator of stan-
dardized outcomes for assessing and improving the qual-
ity of obstetric care, necessitating the identification of
factors associated with adverse maternal outcomes [26].
The primary cause of MNM in southern Ghana was pre-
eclampsia/eclampsia, accounting for 41.0%, and women
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afflicted with PE manifested an eightfold escalation in
the incidence of MNM in contrast to those devoid of
these conditions [27, 28]. Notwithstanding our findings
affirmed PE as a hazard factor for MNM, the effect esti-
mate obtained (1.18 times) was relatively modest. The
observed discrepancy may be attributed to the fact that
previous studies were conducted during an earlier period
(2004—2008) with a preeclamptic population. While our
cohort was more up-to-date, potentially allowing for a
higher prevalence of low-dose oral aspirin use among
high-risk PE patients, this may have mitigated the risk of
MNM events associated with PE. [29]. Simultaneously,
it was discerned in the subgroup analysis that the prev-
alence of MNM induced by PE in multiparas was 1.20
times higher than that in primiparas. Moreover, our find-
ings indicated that multiparas with PE were more predis-
posed to preterm birth and placental abruption compared
to primiparas. Previous studies have documented an
association between parity and adverse pregnancy out-
comes. However, there is a lack of research on the spe-
cific effects of parity on adverse pregnancy outcomes
related to PE [30-32]. These findings may be attributed
to the elevated risk of multiple pregnancy complications
and comorbidities observed among multiparas, which
subsequently results in more severe adverse pregnancy
outcomes in cases complicated by PE [33]. Additionally,
primipara with PE were more frequently subjected to
cesarean delivery in our study, which may be related to
the higher proportion of primipara requesting cesarean
section. These results emphasize the necessity for clini-
cians to appropriately encourage primipara to pursue
vaginal delivery. Simultaneously, efforts should focus on
mitigating severe obstetric complications and preventing
subsequent maternal mortality by addressing modifiable
risk factors in multipara.

The strengths of this study lie in its large sample size
and multicenter design, encompassing 455,456 represen-
tative pregnant women. This enabled a systematic inves-
tigation of PE and its rare pregnancy outcomes, thereby
ensuring the reliability and significance of our findings in
clinical practice. Moreover, despite the regional nature
of our study, our findings were influenced by global fac-
tors such as delayed childbearing and the COVID-19
pandemic. Therefore, the latest trends in PE incidence
identified in our study provided valuable insights for
international research on PE. Finally, this study provided
an in-depth analysis of how different stratified types
influenced PE-related adverse outcomes, which hold
crucial implications for preventing severe complications
associated with PE in pregnancy care regimens.

However, this study still has some limitations. First,
the treatment standard for PE in this study followed the
ISSHP management criteria, but detailed treatment pro-
tocols, frequency of PE assessment, history of COVID-19
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infection, history of PE, gestational age at onset of pre-
eclampsia, socioeconomic status, lifestyle behaviors,
genetic predispositions, and blood pressure status were
not collected, which in turn could have contributed to
potential biases in the results and the inability to classify
more subtypes. Second, Although our statistical meth-
ods and data collection strategies aimed to account for
temporal factors, the study still has limitations in fully
capturing the dynamic effects of time-related changes.
The dynamic changes in the individuals we failed to fol-
low in the study prevented us from combining longitu-
dinal approaches to strengthen causal inferences. Third,
In clinical practice for PE, individualized treatment
regimens may be employed. Due to the absence of spe-
cific treatment protocols in our data, we cannot rule out
the potential bias introduced by variations in treatment
approaches on study outcomes.

Conclusion

In conclusion, the incidences of PE in Hebei Province
exhibited upward trends over the past decade, both
overall and among women with singleton, primiparas
and multiparas. Women afflicted with PE demonstrated
a conspicuously augmented risk of adverse pregnancy
outcomes and the magnitude of the influence of PE var-
ied with singleton or twin pregnancies and parity. These
findings will hold substantial significance for the risk
assessment and management of PE, providing a basis for
targeted intervention measures.

Abbreviations
PE Preeclampsia
SGA Small for gestational age

MNM  Maternal near-miss

NICU Neonatal intensive care unit

APC Annual percentage change

AAPC  Average annual percentage change
ICU Intensive care unit

PPH Postpartum hemorrhage

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512884-025-07609-w.

[ Supplementary Material 1 ]

Acknowledgements
Special thanks to the staff of Hebei Center for Women and Children’s Health
for providing the data.

Author contributions

RFW: Designed study, analyzed data, and wrote the manuscript. LYD: data
collection. JYD and LL: data organization. YD, WNL, SXL, and YH: analyzed data.
DDY: statistical analysis, revised and proofread the manuscript.

Funding
This study was funded by the medical science research project of Hebei
Province (No, 20200740).

Page 9 of 10

Data availability
Data available from the corresponding author upon reasonable request.

Declarations

Ethical approval and consent to participate

This study was authorized by the Health Center for Women and Children

of Hebei Province to use the database and approved by the Ethics Review
Committee of Hebei General Hospital, following the principles of the Helsinki
Declaration. Given the retrospective design of this study, the Ethics Review
Committee of Hebei General Hospital opted to waive the requirement for
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Obstetrics and Gynecology, Hebei General Hospital,
Hebei 050057, China

’Department of Information Management, Hebei Center for Women and
Children’s Health, Hebei 050000, China

Department of Obstetrics and Gynecology, The Fourth Affiliated Hospital
of Soochow University (Suzhou Dushu Lake Hospital), Suzhou

215004, China

Received: 14 October 2024 / Accepted: 15 April 2025
Published online: 03 May 2025

References

1. BokudaK, Ichihara A: Preeclampsia up to date—What's going on? Hyperten-
sion Research 2023;46:1900-1907.

2. Ranas, Lemoine E, Granger JP, Karumanchi SA: Preeclampsia: Pathophysiol-
ogy, Challenges, and Perspectives. Circ Res 2019;124:1094-1112.

3. Wang W, Xie X, Yuan T, Wang Y, Zhao F, Zhou Z, Zhang H: Epidemiologi-
cal trends of maternal hypertensive disorders of pregnancy at the global,
regional, and national levels: a population-based study. BMC Pregnancy and
Childbirth 2021;21.

4. Roberts JM, Rich-Edwards JW, McElrath TF, Garmire L, Myatt L: Subtypes of
Preeclampsia: Recognition and Determining Clinical Usefulness. Hyperten-
sion 2021;77:1430-1441.

5. Roberts JM, Bell MJ: If we know so much about preeclampsia, why haven't
we cured the disease? J Reprod Immunol 2013;99:1-9.

6. LuoZC, AnN, Xu HR, Larante A, Audibert F, Fraser WD: The effects and
mechanisms of primiparity on the risk of pre-eclampsia: a systematic review.
Paediatr Perinat Epidemiol 2007;21 Suppl 1:36-45.

7. YuanT,Wang W, Li XL, Li CF, Li C, Gou WL, Han Z: Clinical characteristics of
fetal and neonatal outcomes in twin pregnancy with preeclampsia in a
retrospective case-control study: A STROBE-compliant article. Medicine
(Baltimore) 2016;95:25199.

8. Narang K, Szymanski LM: Multiple Gestations and Hypertensive Disorders of
Pregnancy: What Do We Know? Curr Hypertens Rep 2020;23:1.

9. ZhuJ Liang J,MuY, Li X, Guo S, Scherpbier R, Wang Y, Dai L, Liu Z, Li M, He
C, Deng G, YiL, Deng K, Li Q, Ma X, Wen C, Mu D, Ronsmans C: Sociodemo-
graphic and obstetric characteristics of stillbirths in China: a census of nearly
4 million health facility births between 2012 and 2014. Lancet Glob Health
2016;4:2109-118.

10.  Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, Zeeman GG,
Brown MA: The classification, diagnosis and management of the hyperten-
sive disorders of pregnancy: A revised statement from the ISSHP. Pregnancy
Hypertension: An International Journal of Women'’s Cardiovascular Health
2014;4:97-104.

11.  Heitkamp A, Meulenbroek A, van Roosmalen J, Gebhardt S, Vollmer L, de
Vries JI, Theron G, van den Akker T: Maternal mortality: near-miss events
in middle-income countries, a systematic review. Bull World Health Organ
2021,99:693-707 f.


https://doi.org/10.1186/s12884-025-07609-w
https://doi.org/10.1186/s12884-025-07609-w

Wang et al. BMC Pregnancy and Childbirth

20.

22.

23.

24.

(2025) 25:528

Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG,
Lambert A, Papageorghiou AT, Carvalho M, Jaffer YA, Gravett MG, Purwar M,
Frederick 10, Noble AJ, Pang R, Barros FC, Chumlea C, Bhutta ZA, Kennedy SH:
International standards for newborn weight, length, and head circumfer-
ence by gestational age and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st Project. Lancet 2014,384:857-868.

Yang Y, Le Ray |, Zhu J, Zhang J, Hua J, Reilly M: Preeclampsia Prevalence, Risk
Factors, and Pregnancy Outcomes in Sweden and China. JAMA Netw Open
2021;4:2218401.

Zhao W, Di J, Huang A, Yang Q, Hu H: Incidence and Risk Factors of Hyperten-
sive Disorders of Pregnancy —8 Provinces, China, 2014-2018. China CDC Wkly
2021;3:476-482.

Hebei_Provincial_Bureau_of_Statistics. Hebei Provincial Statistical Yearbook
2024.

Fields NJ, Palmer KR, Nisi A, Marshall SA: Preeclampsia to COVID-19: A journey
towards improved placental and vascular function using sulforaphane.
Placenta 2023;141:84-93.

Vignoli D, Tocchioni V, Mattei A: The impact of job uncertainty on first-birth
postponement. Adv Life Course Res 2020;45:100308.

Roustaei Z, Rdisdnen S, Gissler M, Heinonen S: Fertility rates and the post-
ponement of first births: a descriptive study with Finnish population data.
BMJ Open 2019,9:e026336.

Li H, Nawsherwan, Fan C, Mubarik S, Nabi G, Ping YX: The trend in delayed
childbearing and its potential consequences on pregnancy outcomes: a
single center 9-years retrospective cohort study in Hubei, China. BMC Preg-
nancy and Childbirth 2022,22.

Connolly KA, Factor SH, Getrajdman CS, Bigelow CA, Weintraub AS, Stone JL:
Maternal clinical disease characteristics and maternal and neonatal outcomes
in twin and singleton pregnancies with severe preeclampsia. European Jour-
nal of Obstetrics & Gynecology and Reproductive Biology 2016,201:36-41.
AvnonT, Ascher-Landsberg J, Yogev Y, Many A: Clinical characteristics of
preeclampsia in twin versus singleton pregnancies. J Matern Fetal Neonatal
Med 2022;35:2273-2277.

Tingleff T, Raisanen S, Vikanes A, Sandvik L, Sugulle M, Murzakanova G, Laine
K: Different pathways for preterm birth between singleton and twin pregnan-
cies: a population-based registry study of 481 176 nulliparous women. BJOG:
An International Journal of Obstetrics & Gynaecology 2022;130:387-395.
Aviram A, Berger H, Abdulaziz KE, Barrett JFR, Murray-Davis B, McDonald SD,
Geary M, Melamed N: Outcomes Associated With Hypertensive Disorders

of Pregnancy in Twin Compared With Singleton Gestations. Obstetrics &
Gynecology 2021;138:449-458.

Naruse K, Shigemi D, Hashiguchi M, Imamura M, Yasunaga H, Arai T, Yasuhi

I, Ozaki'Y, Sakajo A, Tajima A, Tsutsumi S, Nakayama S, Yamasaki T, Nakago S,
Hiramatsu Y, Mochizuki J, Hashiguchi M, Naruse K, Arai T: Placental abruption

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 10 of 10

in each hypertensive disorders of pregnancy phenotype: a retrospective
cohort study using a national inpatient database in Japan. Hypertension
Research 2020,44:232-238.

Weitzner O, Barrett J, Murphy KE, Kingdom J, Aviram A, Mei-Dan E, Hiersch L,
Ryan G, Van Mieghem T, Abbasi N, Fox NS, Rebarber A, Berghella V, Melamed
N: National and international guidelines on the management of twin preg-
nancies: a comparative review. Am J Obstet Gynecol 2023;229:577-598.
Owolabi O, Riley T, Juma K, Mutua M, Pleasure ZH, Amo-Adjei J, Bangha M:
Incidence of maternal near-miss in Kenya in 2018: findings from a nation-
ally representative cross-sectional study in 54 referral hospitals. Sci Rep
2020;10:15181.

Abalos E, Cuesta C, Carroli G, Qureshi Z, Widmer M, Vogel JP, Souza JP:
Pre-eclampsia, eclampsia and adverse maternal and perinatal outcomes: a
secondary analysis of the World Health Organization Multicountry Survey on
Maternal and Newborn Health. BJOG: An International Journal of Obstetrics &
Gynaecology 2014;121:14-24.

Oppong SA, Bakari A, Bell AJ, Bockarie Y, Adu JA, Turpin CA, Obed SA, Adanu
RM, Moyer CA: Incidence, causes and correlates of maternal near-miss mor-
bidity: a multi-centre cross-sectional study. BJOG: An International Journal of
Obstetrics & Gynaecology 2019;126:755-762.

Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey AB, Davis EM,
Donahue KE, Doubeni CA, Kubik M, Li L, Ogedegbe G, Pbert L, Silverstein

M, Simon MA, Stevermer J, Tseng CW, Wong JB: Aspirin Use to Prevent Pre-
eclampsia and Related Morbidity and Mortality: US Preventive Services Task
Force Recommendation Statement. Jama 2021;326:1186-1191.

Lin L, Lu C, Chen W, Li C, Guo VY: Parity and the risks of adverse birth out-
comes: a retrospective study among Chinese. BMC Pregnancy and Childbirth
2021;21.

Dai J, ShiY,WuY, Guo L, Lu D, ChenY,Wang Y, Lai H, Kong X: The interaction
between age and parity on adverse pregnancy and neonatal outcomes.
Frontiers in Medicine 2023;10.

Dai J, ShiY,WuY, Guo L, Lu D, Chen Y, Wang Y, Lai H, Kong X: The interaction
between age and parity on adverse pregnancy and neonatal outcomes.
Front Med (Lausanne) 2023;10:1056064.

Li ZX, Liu YN, Qin ST, Wei YM: Changes in the rates of preterm birth and
multiparity over a 10-year period and multiparity as a possible risk factor for
preterm birth. Zhonghua Fu Chan Ke Za Zhi 2024;59:682-691.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Trends and adverse pregnancy outcomes associated with preeclampsia: a multi-centre cross-sectional study in Hebei, China
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population and data collection
	﻿Definition of variables
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


