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: Background The prevalence of high-risk pregnancy increased after the im-

plementation of two-child policy in China, but the impact of this policy
change on the burden and profile of multiple high-risk factors in pregnancy
(MHFP) has been insufficiently explored. We hypothesised that the profile
of MHFP might have changed after the two-child policy was implement-
ed and aimed to estimate the prevalence, intercorrelation, and outcomes of
MHEFP before and after its introduction.

Methods We obtained data on the population of pregnant women before
(2015) and after (2020/2021) the implementation of universal two-child pol-
icy in Huai’an. We then included 33 risk factors in our analysis based on the
Five-Colour Management framework and defined MHFP as an individual
having two or more of these factors. We also estimated the changes of the
prevalence of each single factor and their coexistence. Lastly, we performed a
network analysis to assess the intercorrelations across these factors and used
logistic regression models to evaluate MHEP-related pregnancy outcomes.

Results We observed an increase in the prevalence of MHFP after the im-
plementation of the universal two-child policy (25.8% in 2015 vs 38.4% in
2020/2021, P<0.01). Chronic conditions (e.g. gestational diabetes mellitus,
abnormal body mass index) had the largest increase among the included
factors, while cardiovascular disease and hypertensive disorders were cen-
tral factors of the network structures. The correlations of advanced maternal
age with abnormal pregnancy histories and scarred uteri increased signifi-
cantly from 2015 to 2020/2021. MHFP was associated with multiple preg-
nancy outcomes, including preterm birth (adjusted odds ratio (aOR)=2.57,
95% confidence interval (CI)=2.39-2.75), low birthweight (aOR=2.77;95%
ClI=2.54-3.02), low Apgar score (aOR=1.41; 95% CI=1.19-1.67), perinatal
death (@OR=1.75;95% CI=144-2.12), and neonatal death (aOR=1.76; 95%
CI=1.42-2.18). Moreover, an increasing number and certain combinations
of MHFP were associated with higher odds of pregnancy outcomes. For ex-
ample, the aOR of preterm birth increased from 1.67 (95% Cl=1.52-1.87)
for one risk factor to 8.03 (95% CI=6.99-9.22) for >4 risk factors.

Conclusions Chinese women experienced a higher burden of multiple high-
risk factors after the introduction of the two-child policy, particularly those
with advanced maternal age, obesity, and chronic conditions. Strategies tar-
geting chronic conditions for women with MHFP should be prioritised and
a shift to a multiple-factor-oriented framework is needed in the expanding

¢ Chinese maternal health care system.
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A high-risk pregnancy (HRP) refers to the presence of risk factors such as coexisting health issues, advanced
maternal age, and pregnancy complications, that makes the mother, the fetus, or the newborn baby at higher
risks of adverse health outcomes [1,2]. There was an estimated 20 million women with HRPs worldwide in
2020, which are estimated to lead to over 800 maternal deaths every day [3—5]. The Chinese government has
proposed the ‘universal two child policy’ in October 2015, which lead to an increased rate of women with
multiparous births and advanced age [6]. Following this policy change, the National Health Commission
of China proposed the Five-Colour Management framework for pregnant women in 2017 to better screen,
assess, classify, and manage HRPs [7,8]. According to this framework, the estimated prevalence of HRPs
in China ranged from 54.5% to 65.0% in 2019 [7]. The upward trend in prevalence suggested that China
bears a higher burden of HRP, but the changes of the broad profile of these high-risk factors after the poli-
cy implementation remains unknown.

Recent studies have improved our understanding of some specific factors in pregnancy and their related out-
comes, such as gestational diabetes mellitus (GDM) and hypertensive disorders [9-12], with recent research
attention being diverted towards the coexistence of multiple high-risk factors in pregnancy (MHFP) [13-18].
For example, a cross-sectional study among the UK population estimated that the prevalence of coexist-
ing multiple chronic conditions ranged from 19.8% to 46.2% in pregnant women and was associated with
higher odds of preterm birth (adjusted odds ratio (aOR)=1.64; 95% confidence interval (CI)=148-1.82)
[13,14]. Similarly, maternal multimorbidity was found to associate with preterm birth, low birthweight, and
small for gestational age according to a study conducted in Japan [16]. Another study from India expanded
the spectrum of MHFP by including maternal risks, lifestyle risks, medical risks, current health risks, and
previous birth outcome risks, and found that 16.4% of the women in the study population had two or more
high-risk factors simultaneously [18]. However, previous studies included different factors for MHFP mea-
surement, making the comparison of MHFP prevalence and related causes and outcomes across different
regions difficult. Moreover, while existing studies have reported on the prevalence of HRP or several certain
risk factors in different areas of China, the exact prevalence of MHFP is not known. Considering that cur-
rent vertical strategies focus mainly on single specific risk factor during pregnancy, investigating combina-
tions of MHFPs, as well as MHFP-related causes and outcomes, could provide evidence for policy planning,
particularly in terms of complex profiles of HRP following the child policy change.

We hypothesised that the burden and profile of MHFP might change following the implementation of two-
child policy. Based on a population of pregnant women in Huai’an, a city in China, we aimed to assess the
burden of MHFP and its coexisting combinations and networks before and after the introduction of the two-
child policy, and to provide estimates for the associations of MHFP with pregnancy outcomes.

METHODS
Study population and data collection

We included pregnant women who had registered at maternity information system (MIS) in 2015 and
2020/2021 in Huai’an, China. The MIS is a regionally established maternal and child information system
which hosts information from 58 health care centres of level I-IIT hospitals (31 in townships, 18 in counties,
and 9 in municipalities) in Huai’an. The recorded information includes maternal characteristics; maternal
health status before, during, and after pregnancy; pregnancy outcomes; neonatal and anthropometric char-
acteristics; and neonatal health outcomes. Gynaecologists diagnosed diseases and anthropometric examina-
tions, and also collected data on maternal characteristics and disease history through face-to-face interview
when women were admitted. In our study, we enrolled pregnant women who gave birth between 1 Janu-
ary 2015 and 31 December 2015 or 1 July 2020 and 30 June 2021 in the samples for 2015 and 2020/2021,
respectively. After cleaning, the data set contained data on 57495 mothers in 2015 and 27 923 mothers in
2020/2021 (Figure S1 in the Online Supplementary Document).

Assessment of high-risk factors in pregnancy

Information on high-risk factors was collected according to the Jiangsu Maternal Healthcare manual (2012
edition) in 2015 [19] and the updated National Health Commissions of the People’s Republic of China (2017
edition) in 2020/2021 [20]. We selected the specific high-risk factors in pregnancy for our study based on
prior research [18] and the Five Colour Management framework, which is a case-by-case management
framework classifying pregnant women into five colours levels (green, yellow, orange, red, and purple) ac-
cording to their basic conditions and pregnancy complications [21]. The ‘yellow and above’ levels were con-
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sidered as denoting HRPs. Per this framework, we included a subset of 33 risk factors for which data were
available and grouped them into six categories: basic characteristics; pregnancy history; diseases history
in gynaecology and obstetrics; pregnancy comorbidities; pregnancy complications; and infectious diseases
(Table S1 in the Online Supplementary Document). We defined MHFP as the coexistence of two or more
of these risk factors.

Assessment of pregnancy outcomes

The pregnancy outcomes of interest were preterm birth, low birth weight/high birth weight, low score of
five-minute Apgar, perinatal death, and neonatal death. They were assessed by obstetrician at birth and ex-
tracted from MIS records. Preterm birth was defined as infants born alive between 24-37 completed weeks
of gestation [22]. Birth weight was measured using a digital scale and was categorised into three groups of
low birth weight (<2.5 kg), normal birth weight (2.5-4.0 kg), and high birth weight (>4.0 kg) [23,24]. Ob-
stetrician also assessed the five-minute Apgar scores, whereby a score <7 was considered low [25]. Perinatal
death was defined as the death of foetus between 28 weeks of gestation and seven days after birth; neonatal
death was defined as death within the first 28 days after delivery [26].

Assessment of covariates

We also collected covariates such as hospital levels, maternal education levels, maternal employment sta-
tus, gravidity and parity before current pregnancy. We retrieved data on hospital levels from the MIS. Ma-
ternal education levels (middle school and below, high school or technical secondary school, junior college
and above), employment status (unemployed, employed or self-employed, and others), gravidity (0, 1, 2,
>3) and parity (0, 1, >2) were obtained through face-to-face interview by gynaecologists. We also assessed
the socioeconomic status (SES) of participants using the summed score (0, 1, or 2) of education level (0:
high school and below; 1: college and above) and employment status (0: unemployed; 1: employed/self-em-
ployed/others), with a higher score indicating higher SES. We further classified the SES score into low (0)
vs middle or high (1-2) levels.

Statistical analysis

We summarised the basic characteristics of pregnant women as medians and interquartile ranges for con-
tinuous variables and as frequencies and percentages for categorical variables. We compared the variables
characterised by MHFP status and collection years using Wilcoxon’s test or X* test.

Our aim was to assess the changes of MHFP and its combinations before (2015) and after (2020/2021) the
implementation of universal two-child policy. To do this, we first calculated the prevalence of each single
risk factor and estimated changes of the prevalence for each factor between 2015 and 2020/2021, after which
we used UpSet plots to identify the most frequent combinations of these factors in 2015 and 2020/2021. We
then conducted network analysis to assess the complex intercorrelations across these 33 risk factors, with
risk factors being visualised as nodes and their interconnections being presented as edges across nodes. We
constructed Ising models to estimate the network structure, which combined logistic regression with mod-
el selection to identify the relationships between risk factors [27]. This approach was appropriate for binary
data. We then used the eLasso algorithm to confirm the best connection between each risk factor [27] and
the extend Bayesian information criterion for model optimisation [28]. The penalty parameter game was set
to 0.25 as recommended to obtain a sparse model [28]. Here we calculated the centrality indices to quan-
tify the centrality of nodes in the network with metrics of strength, betweenness, and closeness. The first
metric indicated directed connectivity, while the latter two denoted indirect connectivity. Among these, the
strength metric was suggested to be a more reliable metric to estimate the central role of nodes [29,30]. We
checked the accuracy of edge weights and stability of centrality indices using the bootstrapping method,
which was conducted 1000 times [31]. Lastly, we performed the network comparison test to evaluate the
difference of network structure between the two models in 2015 and 2020/2021.

In view of MHFP-related pregnancy outcomes, we set up multivariable logistic regression models to assess
the association of MHFP, number of risk factors, and different MHFP combinations with pregnancy outcomes
by calculating ORs and 95% Cls, adjusted for hospital level, education level, employment status, gravidity,
and parity. We used restricted cubic splines to estimate the dose-response relationship between number of
risk factors and different pregnancy outcomes, with four knots at the 25th, 50th, 75th, and 95th percentiles,
according to the smallest Bayesian information criterion and Akaike information criterion [32]. We addi-
tionally performed subgroup analyses to assess the associations between MHFP and pregnancy outcomes,
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stratified by socioeconomic factors, alongside a sensitivity analysis to assess the association of MHFP and
number of risk factors with pregnancy outcomes by imputing missing covariates through multiple imputa-
tion using the multiple imputation procedure [33]. Here we imputed the missing variables five times by the
fully conditional method, which is also known as chained equations [34].

We set our significance threshold at the 0.05 level, using two sided tests. We performed the statistical anal-
yses either in SAS, version 9.4 (SAS Institute Inc., North Carolina, USA) or R, version 4.1.2 (R Core Team,
Vienna, Austria) and its ‘IsingFit’ and ‘NetworkComparisonTest’ [35] packages.

RESULTS

Characteristics of participants

The prevalence of MHFP was 25.80% (n=14833) and 38.41% (n=10725) in 2015 and 2020/2021. Wom-
en with MHFP were more likely to be older; in grade III hospitals; unemployed; overweight, or obese; had
higher gravidity and parity before current pregnancy, and tended to deliver children with preterm birth;
low/high birth weight; low score of five-minute Apgar; perinatal death; and neonatal death, compared with
women without MHFP in both 2015 and 2020/2021. Moreover, women with MHFP in 2015 tended to have
lower education, while those in 2020/2021 tended to be higher educated (Table 1; Table S2 in the Online
Supplementary Document).

Changes of the prevalence for single high-risk factor

The top five most prevalent risk factors in 2015 were an abnormal body mass index (BMI) (>25 or <18.5)
(20.29%), scarred uteri (17.20%), polyhydramnios or oligohydramnios (14.94%), maternal age >35 or <18
(10.00%), premature ruptures of membranes (PROM) (8.95%). They were likewise the top five risk fac-
tory by prevalence in 2020/2021 (abnormal BMI: 26.97%, scarred uteri: 26.90%, GDM: 13.54%, PROM:
11.32%, maternal age >35 or <18: 10.94%). We observed the largest increase in prevalence from 2015 to
2020/2021 for GDM, scarred uteri, and abnormal BMIs (more than 6% increase), while polyhydramnios or
oligohydramnios, viral hepatitis, and hypertension disorders in pregnancy (HDP) had the largest declines.
In view of factors, comorbid chronic conditions saw the greatest increases, while infectious diseases main-
ly decreased (Figure 1).

Changes of the

2015 2020/2021 prevalence from
2015 to 2020/2021
1 BMI >25 or <18.5 1 BMI >25 or <18.5 6.68
2 Scarred uterus 2 Scarred uterus 9.70

3 Polyhydramnios/oligohydramnios

3 Gestational diabetes mellitus 11.99

4 Maternal age 235 or <18

4 Premature rupture of membranes 2.37

5 Premature rupture of membranes

5 Maternal age 235 or <18 0.94

6 Anemia during pregnancy

6 Polyhydramnios/oligohydramnion -5.60

7 Hypertension disorders in pregnancy

7 Anemia during pregnancy 1.77

8 History of abnormal pregnancy

8 History of abnoraml pregnancy 2.59

9 Viral hepatitis

9 Endocrine diseases 3.97

10 Gestational diabetes mellitus 10 Hypertension disorders in pregnancy -1.01
11 Abnormal pregnancy of this pregnancy 11 Abnormal pregnancy of this pregnancy 1.22
12 Placenta previa 12 Viral hepatitis -1.85
13 Endocrine di 13 Cardiovascular di 0.74
14 Reproductive malformation or contracted pelvis 14 Hematological diseases 0.46
15 Hematological di: 15 Uterine fibroids or ovarian cysts 25 cm 0.62

16 Syphilis (+) 16 Intrahepatic cholestasis of pregnancy 0.38

17 Digestive diseases 17 Intrauterine growth restriction 0.32

18 Neurological dit 18 Reproductive malformation or contracted pelvis 0.08

19 Intrauterine growth restriction 19 Placenta previa -0.64

20 Uterine fibroids or ovarian cysts 25 cm 20 Syphilis (+) 0.13

21 Height <145 cm 21 Respiratory di 0.24

22 Intrahepatic cholestasis of pregnancy 22 Uninary di 0.23

23 Cardiovascular di 23 Mental disorders 0.16

24 History of infertility 24 Height <145 cm -0.03

25 Other sexually transmitted di 25 Immune diseases 0.13

26 Mental disorders 26 Digestive di -0.22

27 Uninary di 27 Neurological diseases -0.16 Basic characteristics

28 Rh-negative 28 Other sexually transmitted diseases 0.03 Pregnancy history

29 Respiratory di ~ {29 History of infertility -0.02 Diseases history in

30 Immune di 30 Rh-negative 0.00 gynecology and obstetrics
31 HIV (+) M- 131 Cancer 0.01 Pregnancy comorbidities
32 Cancer T =32 HIV.(+) 0.00 Pregnancy complications
33 Tuberculosis 33 Tuberculosis 0.00 Infectious diseases

Figure 1. Ranks and changes of the prevalence of high-risk factors in pregnancy in 2015 and 2020/2021.
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Table 1. Basic characteristics of pregnant women by MHFP in Huai’an in 2015 and 2020/2021*
2020/2021
Total Women without MHFP ~ Women with MHFP  P-value Total Women without MHFP ~ Women with MHFP  P-value
57495 (100) 42662 (74.2) 14833 (25.8) 27923 (100) 17198 (61.6) 10725 (38.4)
Maternal age, median (interquartile range) 26.0 (5.0) 26.0 (4.0) 28.0 (8.0) <0.001 28.0 (6.0) 27.0 (5.0) 30.0 (6.0) <0.001
Hospital level <0.001 <0.001
Grade I 17567 (30.6) 13703 (32.1) 3864 (26.1) 2238 (8.0) 1588 (9.2) 650 (6.1)
Grade 11 23028 (40.1) 17280 (40.5) 5748 (38.8) 9341 (33.5) 5894 (34.3) 3447 (32.1)
Grade 111 16900 (29.4) 11679 274) 5221 (35.2) 16344 (58.5) 9716 (56.5) 6628 (61.8)
Education level 0.001 <0.001
Middle school and below 35419 (61.6) 26117 (61.2) 9302 (62.7) 10311 (36.9) 6426 (37.4) 3885 (36.2)
High school or technical secondary school 10628 (18.5) 7903 (18.5) 2725 (18.4) 7726 27.7) 4513 (26.2) 3213 (30.0)
Junior college and above 11448 (19.9) 8642 (20.3) 2806 (18.9) 9802 (35.1) 6204 (36.1) 3598 (33.5)
Missing - - - 84 (0.3) 55(0.3) 29(0.3)
Employment status 0.040 0.001
Unemployed 19754 (34.4) 14596 (34.2) 5158 (34.8) 609 (2.2) 328 (1.9) 281 (2.6)
Employed or self-employed 33335 (58.0) 24850 (58.2) 8485 (57.2) 15001 (53.7) 9226 (53.6) 5775 (53.8)
Others 4406 (7.7) 3216 (7.5) 1190 (8.0) 12222 (43.8) 7587 (44.1) 4635 (43.2)
Missing - - - 91 (0.3) 57 (0.3) 34(0.3)
BMI before pregnancy <0.001 <0.001
Normal weight 40587 (70.6) 33170 (77.8) 7417 (50.0) 17683 (63.3) 12988 (75.5) 4695 (43.8)
Underweight 4618 (8.0) 2150 (5.0) 2468 (16.6) 1794 (6.4) 821 (4.8) 973 (9.1)
Overweight 11124 (19.3) 6893 (16.2) 4231 (28.5) 6465 (23.2) 2925 (17.0) 3540 (33.0)
Obese 1166 (2.0) 449 (1.1) 717 (4.8) 1981 (7.1) 464 (2.7) 1517 (14.1)
Gravidity before current pregnancy <0.001 <0.001
0 23296 (40.5) 19113 (44.8) 4183 (28.2) 9301 (33.3) 6906 (40.2) 2395 (22.3)
1 19938 (34.7) 14762 (34.6) 5176 (34.9) 8094 (29.0) 5205 (30.3) 2889 (26.9)
2 8352 (14.5) 5429 (12.7) 2923 (19.7) 5570 (19.9) 3185 (18.5) 2385 (22.2)
>3 5909 (10.3) 3358 (7.9) 2551 (17.2) 4958 (17.8) 1902 (11.1) 3056 (28.5)
Parity before current pregnancy <0.001 <0.001
0 38879 (67.6) 28895 (67.7) 9984 (67.3) 13113 (47.0) 9382 (54.6) 3731 (34.8) =
1 17060 (29.7) 12841 (30.1) 4219 (28.4) 12482 (44.7) 6752 (39.3) 5730 (53.4) ;
>2 1556 2.7) 926 (2.2) 630 (4.2) 2328 (8.3) 1064 (6.2) 1264 (11.8) ;_"
Preterm birth 2158 (3.8) 1071 (2.5) 1087 (7.3) <0.001 1683 (6.0) 649 (3.77) 1034 (9.6) <0.001 S
Low birth weight 1518 (2.6) 779 (1.8) 139 (5.0) <0.001 900 (3.2) 295 (1.7) 605 (5.6) <0.001 -_E‘
High birth weight 5585 (9.7) 4007 (9.4 1578 (10.6) <0.001 2378 (8.5) 1342 (7.8) 1036 (9.7) <0.001 %
Low score of five-minute Apgar 402 (0.7) 248 (0.6) 154 (1.0) <0.001 201 (0.7) 108 (0.6) 93 (0.9) 0.022 ‘;
Perinatal death 287 (0.5) 167 (0.4) 120 (0.8) <0.001 164 (0.6) 77(0.5) 87(0.8) <0.001 5
Neonatal death 332 (0.6) 195 (0.5) 137 (0.9) <0.001 38 (0.1 11 (0.1) 27(0.3) <0.001 g
BMI — body mass index, MHFP — multiple high-risk factors in pregnancy §
*Presented as n (%) unless specified otherwise. ]
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Combinations of high-risk factors

The five most frequent combinations of MHFP in 2015 were the coexistence of an abnormal BMI and a
scarred uterus; an abnormal BMI and polyhydramnios or oligohydramnios; a scarred uterus and polyhy-
dramnios or oligohydramnios; an abnormal BMI and age >35 or <18; and polyhydramnios or oligohydram-
nios and PROM. Similarly, the most frequent combination in 2020/2021 was also the coexistence of an ab-
normal BMI and a scarred uterus, followed by the coexistence of an abnormal BMI and GDM, a scarred
uterus and age >35 or <18, a scarred uterus and anaemia, and an abnormal BMI and polyhydramnios or
oligohydramnios (Figure 2).

1200
1031 1200

a2 1065

©
<}
3

©

S

S}

582 568 565
528 510 504

396

@
S
S

31 66
o T s

©
=3
S

239 547

212

Number of pregnant women with MHFP
aa
2
S

o

Number of pregnant women with MHFP
@
3
3

I History of abnormal

o

pregnancy | ] History of abnormal
I Hypertension disorders pregnancy

in pregnancy I Polyhydramnios/

I ~nemia during pregnancy oligohydramnios

_ Anemia during pregnancy
Premature rupture of
membranes I Premature rupture of
_ Maternal age 235 or <18 membranes
I Maternal age 235 or <18
r— Polyhydramnios/
oligohydramnios I I Gestational diabetes mellitus
I scared uterus I I scared uterus I [ I

I Vi >25 0 <15

60 400 AW 0

I i >25 or <18.5
5000 4000 3000 2000 1000 O

Number of pregnant women Number of pregnant women
with specific risk factors with specific risk factors

2015 2020/2021

Figure 2. Ranking of the first ten leading combinations of high-risk factors in pregnancy in 2015 and 2020/2021.

Network structure of MHFP

Regarding the network structures of MHFP in 2015 and 202072021, the analysis of the centrality mea-
sures of nodes showed that cardiovascular disease and neurological diseases were the central factors with
the greatest connection on the overall structure of the network in 2015, while HDP and respiratory dis-
ease were the central factors in 2020/2021. The stability and accuracy of the network structure performed
well in this study. Specifically, the comparison of network in 2015 and 2020/2021 showed no significant
global difference (global strength: 2015=82.28, 2020/2021=61.52; P=0.78). The edge weight between
‘syphilis’ and ‘sexually transmitted diseases’ were the highest in both networks. Nevertheless, there were
several significant differences among the edges; for example, we saw significant increases (P<0.05) in the
correlations of maternal age >35 and history of abnormal pregnancy; maternal age >35 and scarred uteri;
and a BMI>25 and GDM (Figure 3; Figures S3—4 and Supplementary Data S1-2 in the Online Supple-
mentary Document).

Association of MHFP and number of risk factors with pregnancy outcomes

MHEFP was associated with higher odds of multiple pregnancy outcomes, including preterm birth (aOR=2.57;
95% Cl1=2.39-2.75), low birth weight aOR=2.77; 95% Cl=2.54-3.02), high birth weight @OR=1.14; 95%
CI=1.09-1.20), low score of five-minute Apgar (aOR=1.41;95% Cl=1.19-1.67), perinatal death (aOR=1.75;
95% Cl=144-2.12), and neonatal death (aOR=1.76; 95% Cl=1.42-2.18). Moreover, the odds of adverse
pregnancy outcomes tend to increase with the rise number of risk factors (Table 2). For example, the OR
of preterm birth ranged from 1.67 (95% Cl=1.52-1.87) for one risk factor to 8.03 (95% C1=6.99-9.22) for
>4 risk factors. The restricted cubic spline models also showed a dose-response relationship between num-
ber of risk factors and most adverse pregnancy outcomes (Figure 4). The subgroup analyses suggested that
the associations between MHFP and almost all adverse pregnancy outcomes (except for high birth weight)
were more evident among women with low SES, while the sensitivity analysis showed similar results to the
main findings (Figure S5 and Table S3 in the Online Supplementary Document).
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o C1_1: Materal age =18 o C2_1: History of infertility o C3_1: Reproductive malformation or contracted pelvis o C4_1: Cardiovascular diseases o C5_1: Gestational diabetes mellitus © C6_1: Viral hepatitis
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o C1_4:BMI>25 o C4_4: Urinary diseases o C5_4: Anemia during pregnancy o CB_4:HIV (+)
o C1_5:BMI<185 o C4_5: Hematological diseases o C5_5: Premature rupture of membranes o C6_5: Other sexually transmitted diseases
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o C4_10: Cancer

Figure 3. Network structure of MHFP in 2015 and 2020/2021. Panel A. The graph depicts the analysis network of MHFP in 2015. Pan-
el B. The graph depicts the analysis network of MHFP in 2020-21. The nodes represent each high-risk factor in the model, and the
edges connecting the nodes represent the effect size for the association between nodes. Blue and red edges represent positive and nega-
tive connections, respectively. The colours of the nodes correspond to the groups of each factor.

Association of MHFP combinations with pregnancy outcomes

Different MHFP combinations were associated with most of adverse pregnancy outcomes in both 2015 and
2020/2021 (Table S4 in the Online Supplementary Document). For the five most frequent combinations
of MHFP, the coexistence of an abnormal BMI and PROM was associated with the highest odds of preterm
birth (aOR=8.39; 95% CI=6.50-10.74), low birth weight (aOR=4.77; 95% CI=3.43-6.61), and low Ap-
gar score (aOR=243; 95% CI=1.26—4.68) in 2015, while the coexistence of a scarred uterus and anaemia
was associated with highest odds of preterm birth (aOR=2.95; 95% CI=2.21-3.94) and low birth weight
(aOR=3.89; 95% CI=2.61-5.82) in 2020/2021. Specially, the coexistence of abnormal BMI and GDM was
mostly associated with high birth weight of offspring (aOR=2.35; 95% CI=1.91-2.89).

DISCUSSION
Principle findings

Our results showed a higher burden of MHFP in China after two-child policy implementation, with the
prevalence increasing from 25.8% in 2015 to 38.4% in 2020/2021. Among the factors, GDM, a scarred
uterus, and abnormal BMI had the largest increase in prevalence. The top two most prevalent risk factors
(both in 2015 and 2020/2021) were abnormal BMI and scarred uterus, and the most frequent combina-
tion was the coexistence of abnormal BMIs and a scarred uterus. The network analysis showed that car-
diovascular and neurological diseases were the central factors with the greatest connection with other fac-
tors in 2015, while HDP and respiratory disease were the central factors in 2020/2021. The correlations
of advanced maternal age with abnormal pregnancy history and a scarred uterus increased significantly
from 2015 to 2020-21. Lastly, we found MHFP to be associated with higher risks of adverse pregnancy
outcomes, including preterm birth, delivering children with low birth weight, a low Apgar score, perina-
tal death, and neonatal death.
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Table 2. Association of MHFP and number of risk factors with pregnancy outcomes*

T T Total population 2015 2020/2021

n (%) aOR (95% CI) n (%) aOR (95% CI) n (%) aOR (95% CI)
Preterm birth 2121 (8.3) 2.57(2.39-2.75) 1087 (7.3) 2.75 (2.51-3.02) 1034 (9.6) 2.62(2.36-3.91)
Low birth weight 1344 (5.3) 2.77 (2.54-3.02) 139 (5.0) 2.58 (2.32-2.88) 605 (5.6) 3.61 (3.11-4.18)
High birth weight 2614 (10.2) 1.14 (1.09-1.20) 1578 (10.6) 1.10 (1.03-1.17) 1036 (9.7) 1.24 (1.14-1.36)
Low score of 5-min Apgar 247 (1.0) 1.41 (1.19-1.67) 154 (1.0) 1.61 (1.31-1.99) 93 (0.9) 1.36 (1.01-1.82)
Perinatal death 207 (0.8) 1.75 (1.44-2.12) 120 (0.8) 1.85 (1.45-2.36) 87 (0.8) 1.95 (1.42-2.69)
Neonatal death 164 (0.6) 1.76 (1.42-2.18) 137 (0.9) 1.80 (1.43-2.26) 27 (0.3) 4.36 (2.11-8.99)
Number of risk factors
Preterm birth
0 574 (2.1) ref 341 (1.7) ref 233(3.1) ref
1 1146 (3.6) 1.69 (1.52-1.87) 730 (3.3) 1.97 (1.73-2.25) 416 (4.3) 141 (1.20-1.66)
2 972 (5.8) 2.62(2.35-2.91) 568 (5.4) 3.19 2.77-3.67) 404 (64 2.20 (1.86-2.60)
3 658 (10.6) 4.52 (4.00-5.10) 327 (10.1) 5.69 (4.82-6.72) 331 (11.2) 3.97 (3.31-4.75)
>4 491 (12.8) 8.03 (6.99-9.22) 192 (18.1) 9.54 (7.73-11.78) 299 (20.0) 7.60 (6.25-9.23)
Low birth weight
0 372 (1.3) ref 271 (1.3) ref 101 (1.4) ref
1 702 2.2) 1.64 (1.44-1.86) 508 (2.3) 1.74 (1.50-2.02) 194 (2.0) 1.58 (1.23-2.01)
2 632 (3.8) 2.80 (2.45-3.20) 390 (3.7) 2.79 (2.38-3.28) 242 (3.9) 3.30 (2.60-4.19)
3 406 (6.6) 4.73 (4.07-5.49) 210 (6.5) 4.61 (3.80-5.59) 196 (6.6) 5.98 (4.65-7.70)
>4 306 (12.0) 8.48 (7.17-10.04) 139 (13.1) 8.59 (6.82-10.83) 167 (11.2) 10.69 (8.17-14.01)
High birth weight
0 2471 (8.8) ref 1905 (9.3) ref 566 (7.6) ref
1 2878 (9.1) 1.00 (0.95-1.06) 2101 (9.5) 0.99 (0.93-1.06) 776 (8.0) 1.02 (0.91-1.14)
2 1669 (9.9) 1.10 (1.03-1.17) 1097 (10.4) 1.06 (0.98-1.15) 572 (9.1 1.17 (1.04-1.33)
3 673 (10.9) 1.24 (1.13-1.36) 366 (11.3) 1.16 (1.03-1.31) 307 (10.4) 1.37 (1.18-1.60)
>4 272 (10.6) 1.28 (1.11-1.46) 115 (10.8) 1.17 (0.95-1.43) 157 (10.5) 144 (1.18-14.75)
Low score of five-minute Apgar
0 155 (0.6) ref 109 (0.5) ref 46 (0.6) ref
1 201 (0.6) 1.08 (0.87-1.33) 139 (0.6) 1.15 (0.89-1.48) 62 (0.6) 1.06 (0.72-1.56)
2 0.8 (0.8) 1.24 (0.98-1.58) 88 (0.8) 147 (1.11-1.97) 42 (0.7) 1.14 (0.74-1.75)
3 68 (1.1) 1.63 (1.21-2.19) 40(1.2) 2.00 (1.37-2.90) 28 (1.0) 1.54 (0.94-2.51)
>4 49 (1.9 2.59 (1.84-3.64) 26 2.4) 3.50(2.23-549) 23 (1.5) 2.34 (1.37-4.00)
Perinatal death
0 101 (0.4) ref 67 (0.3) rel 34 (0.5) ref
1 143 (0.6) 1.18 (0.92-1.53) 100 (0.5) 1.34 (0.98-1.83) 43(0.5) 1.04 (0.66-1.64)
2 106 (0.6) 1.59 (1.20-2.09) 67 (0.6) 1.82 (1.29-2.67) 39 (0.6) 1.57 (0.98-2.51)
3 64 (1.0) 240 (1.74-3.32) 34 (1.1) 2.72 (1.78-4.17) 30 (1.0) 2.54 (1.52-4.25)
>4 37 (1.5) 3.07 (2.06-4.57) 19 (1.8) 3.99 (2.34-6.79) 18(1.2) 2.95(1.61-5.43)
Neonatal death
0 78 (0.3) ref 74 (0.4) ref 4(0.1) ref
1 128 (0.4) 1.41 (1.06-1.87) 121 (0.6) 1.47 (1.09-1.96) 7(0.1) 147 (0.43-5.06)
2 89 (0.5) 1.84 (1.35-2.51) 79 (0.8) 1.93 (1.40-2.67) 10 (0.2) 3.54 (1.09-11.48)
3 46 (0.7) 2.50 (1.72-3.65) 36 (1.1) 2.60 (1.73-3.92) 10 (0.3) 7.88 (2.39-26.01)
>4 29 (1.1) 3.66 (2.34-5.74) 22.2.1) 4.18 (2.54-6.88) 7(0.5) 11.36 (3.13-41.20)

aOR — adjusted odds ratio, CI — confidence interval, MHFP — multiple high-risk factors in pregnancy, ref — reference
*Models were adjusted for hospital level, education level, employment status, gravidity, and parity.

Comparison with previous literature

We found a high prevalence of pregnant women with at least one risk factor during pregnancy, which also
increased from 64.18% in 2015 to 73.26% in 2020/2021. This aligns with a previous study reporting a HRP
prevalence of 54.5-65.0% in China across four cities in 2019 [7], and is similar to findings from other set-
tings such as Iran (75%) [36] and Korea (71.7%) [37]. However, this observed prevalence is higher than that
of countries like India (49.4%) [18], Nigeria (21.5%) [38], and Ethiopia (26.4%) [39]. These variations may
partly be explained by differences in the definitions and screening frameworks of HRP; diagnostic accura-
cy; the quality of antenatal, intranatal, and postnatal interventions; and socioeconomic differences across
different regions.
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Figure 4. Restricted cubic spline models of the association between number of risk factors and pregnancy outcomes
in the total population. Models were adjusted for hospital level, education level, employment status, gravidity, and

parity.

More importantly, we observed that over a quarter of women with HRP had two or more risk factors simul-
taneously; this rate increased with the introduction of the two-child policy. This growing prevalence may
be attributed to several causes. First, the higher burden of certain chronic conditions, such as obesity, hy-
pertension, diabetes, and heart diseases, has increased the proportion of HRP women accompanied with
related pregnancy comorbidities and complications [40]. Accordingly, a significant burden of multimorbid-
ity among pregnancy women was found in several contexts, with an estimated prevalence of 10.2% in UK
[14], 6.3% in Japan [16], and 2.3% in China [17]. Second, the easing of childbirth policy has directly led to
the increased proportion of multiparous pregnancies [6,41]. As a result, more women gave birth at older ages
after the policy change [41], contributing to the higher risk of age-related pregnancy complications, such as
pre-eclampsia and GDM [42]. Third, as China has been facing a relatively high rate of caesarean deliveries
[43], the rate of pregnant women with uterine scars has correspondingly doubled, which resulted in down-
stream adverse pregnancy outcomes [41,42].
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In terms of individual risk factors, we observed a high increase in the prevalence of GDM, scarred uteri, and
abnormal BMIs. The increase in the prevalence of GDM was also reported in other populations of China,
such as the one observed in Ningbo (from 4% in 2010 to 21% in 2020) [44]. We further found that most co-
morbid chronic conditions during pregnancy had increased ranks of prevalence for each factor in 2015 and
2020/2021, while infectious diseases had decreased ranks. This aligns with the spectrum changes of disease
burden in the general population and could possibly worsen in pregnant women with advanced maternal
age or obesity [44—46]. These changes remind us that strategies targeting chronic conditions should be pri-
oritised for women with MHFP.

Abnormal BMI and scarred uteri were the most frequent two risk factors in both 2015 and 2020/2021, while
the coexistence of an abnormal BMI and a scarred uterus was the most prevalent combination in both years.
The rising rate of underweight and overweight/obesity in Chinese women of reproductive age was also ob-
served in a previous study [22], while the increase in caesarean delivery rates and the higher proportion of
multiparas would contribute to the increasing prevalence of scarred uteri [47]. Regarding their close connec-
tion, maternal obesity was reported as an important predictor of caesarean delivery [41,48,49], thereby con-
tributing to the high prevalence of the combination of abnormal BMI and scarred uteri in subsequent births.
Managing obesity in women of reproductive age is a lengthy process, the monitoring of which may need to
be continually intensified.

The network analysis identified cardiovascular and neurological diseases as the central factors with the greatest
connection to other factors in 2015. According to the network structure, cardiovascular disease during preg-
nancy was positively correlated with seven factors: respiratory diseases; mental disorders; GDM; HDP; PROM,;
placenta previa; and syphilis. In line with a previous study, the rate of pregnant women who had some type of
heart disease as a comorbid condition increased sharply in 2014, mainly due to the increasing number of wom-
en with congenital heart disease reaching reproductive age [50]. Neurological disease was also positively cor-
related with seven factors, suggesting a great burden of these diseases among pregnant women in 2015, such as
epilepsy and hypophrenia, which were particularly prevalent in low- or middle-income areas in China [51,52].
In 2020/2021, HDP and respiratory disease were the central factors positively correlated with 14 and 3 other
factors, respectively. The prevalence of HDP in China has increased significantly in recent years following the
growing prevalence of obesity and advanced maternal age [53]. Our results further suggested that a strong as-
sociation exists between HDP and other factors affecting maternal health, which should be the core of maternal
care system. Furthermore, respiratory diseases were strongly associated with cardiovascular diseases, urinary
diseases, and immune diseases, which are all chronic diseases comorbid with pregnancy. This aligns with the
growing research interest in maternal multimorbidity that presents a significant health burden to women, as
the disease profile in this population changes over time [13,14,54]. By identifying these core factors in MHFP,
our study provides essential information for health care providers, highlighting which factors should be prior-
itised in the development of effective prevention and management strategies for pregnant women.

The comparison of MHFP network structure showed no significant global difference in 2015 and 2020/2021.
However, we identified several differences across edges between the factors. We found that significant in-
creases in the correlations of maternal age >35 and a history of abnormal pregnancy; maternal age =35 and
scarred uteri; and BMIs >25 and GDM. These changes may be associated with the change in the childbirth
policy in China signalling a trend of delayed childbearing age and higher rate of multipara women [6,55],
which would further stress the need for expanded maternal health care for the increasing proportion of old-
er maternal population.

We also found MHFP to be associated with multiple adverse pregnancy outcomes, including preterm birth,
delivery of children with low/high birth weight, low Apgar scores, perinatal death, and neonatal death. More
importantly, the risk of most adverse pregnancy outcomes would increase with the growing number of risk
factors, suggesting the synergistic or multiplicative effects rather than the additive effects among these fac-
tors. Therefore, our findings emphasise the importance of measures to avert the progression from one risk
factor to MHFP [15]. There is a need to balance the primary and secondary prevention against adverse preg-
nancy outcomes in pregnant women, especially in those who already have pre-pregnancy health problems.

Strengths and limitations

To our knowledge, this is the first study to assess the prevalence of MHFP and MHFP-related pregnancy out-
comes in China. One of its strengths is the assessment of the whole population of pregnant women in Huai’an,
which amounted to a relatively large sample size. Furthermore, the usage of the network analysis approach
allowed us to assess potential correlations across many risk factors and to identify critical factors in the net-
work structure, which could facilitate further considerations of which factors to be prioritised in future re-
search and policymaking. However, some limitations must be noted. First, we retrieved our data from the

2024 « VOL. 14 « 04134 10 www.jogh.org e doi: 10.7189/jogh.14.04134



High-risk factors in pregnancy in Chinese women

MIS, which has less information on disease severity and disease classification. For example, in view of men-
tal health disorders, the MIS hosts data for schizophrenia and lacks exact assessments and records for other
common conditions such as depression and anxiety. Also, due to the improvement in diseases diagnosis and
screening technology, we might have underestimated the prevalence for some diseases in 2015. Second, MHFP
is an emerging research area, which is why there is no standardised framework for identifying and categoris-
ing these factors. Although we have included 33 types of risk factors in the definition of MHFP based on the
Five Colour Management, we might have still neglected some risk factors. These issues may undermine the
validity of this study and make cross-study comparisons challenging. Systematic reviews and cohort studies
are needed to create a criterion for the measurement and definition of MHFP taking different types of physi-
cal, mental, and social-behavioural high-risk factors into consideration [56]. Third, the cross-sectional study
design only provided a snapshot of MHFP at two time points before and after the two-child policy was im-
plemented, limiting the predictions about future trends of MHFP. Future studies with a longitudinal study
design could provide more evidence on the relationship between this change in policy and MHFP, as well as
the long-term health outcomes for children born to mothers with MHFP. Moreover, we included six types
of adverse pregnancy outcomes to assess the influence of MHFP; therefore, some other outcomes should be
considered in future analyses. Additionally, the second set of data we used was from 2020/2021, which is the
period of the COVID-19 pandemic; this may have influenced the MHFP profile, as previous evidence sug-
gested that the COVID-19 pandemic brought an increased prevalence of pregnancy comorbidities and com-
plications [57]. However, the incidence of COVID-19 in Huai’an was low during the period of data collection,
likely making the impact of pandemic on our results relatively small [58]. Finally, this is a regional survey
which is not representative of the total Chinese population. Future studies would allow for comparisons of
the geographical variations in MHFP prevalence within China, which could provide valuable insights into
regional disparities and thereby inform intervention strategies targeted at different areas.

Implications

Previous studies have explored the prevalence of certain risk factors in pregnancy and their associations
with adverse outcomes, but few evaluated the whole risk factor profile and their coexistence. The novelty of
our study includes the measurement of multiple factors simultaneously and the comparison of complex net-
works of MHFP before and after the two-child policy had been implemented, which is important for future
considerations of which factors or combinations should be prioritised for policymaking and programme de-
velopment. Our findings imply that there is a need to shift the focus of research from single risk factors to a
broader spectrum of factors and identify their cross-associations. For example, Periyasamy and colleagues
have conducted research on HRP considering a broad profile of multiple factors based on a population from
India National Family Health Survey [18], while the MuM-PreDiCT Group has explored intervention strat-
egies or programmes to improve maternity care for pregnant women with two or more health conditions
[13,14,54]. Transnational and multidisciplinary studies could compare these findings with international data,
which could provide a broader understanding of how policy changes and socioeconomic factors impact ma-
ternal health globally.

This study also has public health implications, particularly for maternal and child health care systems. The
Chinese government has made great progress in maternal and child health care in the past few decades [59],
but some new challenges emerged after the introduction of the two-child policy, particularly for advanced
maternal age, scarred uteri, obesity, and chronic conditions, as we observed here as well. Corresponding
strategies and measures should correspond to the perceived needs and the policy change. This recommenda-
tion can be implemented by paying special attention to women with advanced maternal age who also have a
higher rate of caesarean delivery in previous pregnencies [6]; starting maternal health care before pregnancy,
thereby complying with the increased burden of chronic conditions [14]; and shifting the vertically structured
health care system towards horizontal frameworks beyond current HRP management based on individual
risk factors. Notably, the high prevalence of HRP after the policy implementation (73.26% in this study) may
cause increased risk of mental health disorders (such as stress and anxiety) [60]. Further studies to examine
the potential impact of MHFP on maternal and postpartum mental health disorders are warranted.

CONCLUSIONS

The burden of pregnancy with multiple high-risk factors has increased with the implementation of two-child
policy in Huai’an, China. In particular, factors associated with advanced maternal age, obesity, and chronic
conditions presented a significant health burden. The expanding Chinese maternal and child health care
system should reflect and monitor the changes of risk factors profiles following the introduction of the new
policy, and shift from a one-factor-focussed to a multiple-factor-oriented framework.
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