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Abstract

Hypertensive disorder in pregnancy is a disease that occurs during pregnancy. We
aimed to analyze the morbidity and maternal and infant outcomes with respect to the
hypertensive disorder in pregnancy in China in 2018. Clinical data of 38 590 cases
from 161 hospitals were retrospectively collected. The differences in morbidity and
maternal and infant mortality among the major regions and provinces were compared.
The overall national average morbidity was 4.74%, and the ratios of gestational hy-
pertension, preeclampsia, eclampsia, chronic hypertension, and chronic hypertension
with superimposed preeclampsia were 29.17%, 55.02%, 0.66%, 6.53%, and 8.62%,
respectively. The overall maternal mortality was 0.61/100 000, and the case fatal-
ity was 0.13%. Morbidity associated with hypertensive disorder in pregnancy was
7.74% in North China, 6.62% in Northwest China, 6.40% in Central China, 5.83% in
Northeast China, 4.28% in East China, 3.85% in South China, and 2.88% in Southwest
China. The morbidity in each province was 1.62-11.28%. The overall perinatal mortal-
ity was 3.59% (81.09% for stillbirths; 18.91% for neonatal deaths). Perinatal mortal-
ity decreased with increasing gestational weeks from 24 to 37 + 6 weeks. Perinatal
mortality for delivery at 32 weeks of gestation in all regions of the country was <10%.
Morbidity varied across regions in China, with the lowest in Southwest and the high-
est in North China. The low maternal mortality is related to the large-scale develop-
ment of standardized maternal health care in China. For severe hypertensive disorder
patients, gestation should be prolonged to 32 weeks as often as possible for better

neonatal survival rates.
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1 | INTRODUCTION

Hypertensive disorder of pregnancy (HDP) is a special disease, primarily
characterized by an increase in blood pressure that occurs in pregnant
women. It is often accompanied by functional damage of organs such
as the heart, liver, kidney, and brain as well as the hematologic system
unless it is treated in a timely and effective manner. It also affects intra-
uterine growth and fetal development, resulting in premature delivery,
fetal death, and stillbirth. Maternal-fetal safety is endangered in severe
cases. Currently, HDP is the main cause of maternal and perinatal mor-
bidity and mortality, especially in developing countries.’

Morbidity and mortality of HDP vary widely depending on the
region. A study by Umesawa et al showed that morbidity of HDP
was 5.2%-8.2%.2 There are 600 000 maternal deaths worldwide
every year, of which more than 70 000 (12%) are due to preeclamp-
sia and eclampsia. Though the morbidity and mortality of HDP have
been greatly reduced in developed countries, it remains a problem
in developing countries. The average morbidity reported in a large
sample survey of HDP from 1988 to 1989 in China was 9.4%.° HDP
maternal deaths include hemorrhagic stroke, cardiac and respiratory
arrest, disseminated intravascular coagulation, adult respiratory
distress syndrome, renal failure, liver hemorrhage, and hypoxic-
ischemic encephalopathy. The risk of severe complications in pa-
tients with preeclampsia and eclampsia increases by 3-25-fold for
pulmonary edema, placental abruption, aspiration pneumonia, renal
failure, liver failure, disseminated intravascular coagulation (DIC),
and stroke.! China is a large country with 15.20 million deliveries
in 2018.* Presently, HDP threatens the lives and health of mothers
and infants. The morbidity of HDP in China is mostly recorded in
single-center studies, and there are no large-scale, multicenter re-
search data, making it difficult to draw horizontal comparisons across
regions. Therefore, we collected data from many centers across dif-
ferent regions of China to analyze morbidity and maternal and infant

outcomes associated with HDP.

2 | MATERIALS AND METHODS

2.1 | Research objective

Under the leadership of the hypertensive disorder in pregnancy group
of the obstetrics and gynecology department of the Chinese Medical
Association, the project was designed by the obstetrics and gynecol-
ogy department of Renji Hospital affiliated with Shanghai Jiaotong
University School of Medicine. National second- and third-level gen-
eral hospitals and hospitals specializing in obstetrics and gynecology
participated in the project voluntarily. The participating units must
have had an annual delivery volume of more than 1000 cases, an an-
nual number of HDP of more than 30 cases, and a complete data for
2018. Finally, a total of 38 590 cases of hypertensive disorder com-
plicating pregnancy were collected from 161 hospitals (including five
branches) in 24 provinces from January 1 to December 31, 2018.
During the same period, there were 814 376 deliveries and 39 527
newborns.

2.2 | Diagnostic criteria

We referred to the 2015 guideline for the diagnosis and treatment
of hypertensive disorders in pregnancy in China.> This study defined
HDP and classified it into five categories: gestational hypertension
(GH), preeclampsia (including past, mild, and severe), eclampsia,
chronic hypertension, and chronic hypertension with superimposed

preeclampsia. Specific diagnostic criteria are shown in Table S1.

2.3 | Research method

Throughout 2018, we retrospectively collected the basic information,
including disease types, gestational weeks at delivery, neonatal condi-
tions, maternal and infant outcomes, and the total number of hospital
deliveries, of patients diagnosed with HDP. There are 34 provincial
administrative units in China: 23 provinces, 4 municipalities directly
under the central government, 5 autonomous regions, and 2 special
administrative regions. We calculated the morbidity, maternal mor-
tality, and neonatal outcomes with respect to HDP in various units,
provinces, regions, and the country. The study was approved by the
Renji Hospital Ethics committee and adhered to the principles of
the Declaration of Helsinki.

2.4 | Statistical methods

Using IBM SPSS Statistics 26 (Chicago, IL, USA) and SAS 9.4 software
package (SAS Institute Inc, Cary, NC, USA), the measurement data
are expressed as the mean = standard deviation. The Wilcoxon rank-
sum test was used to compare the two groups, Kruskal-Wallis test
(K-W) to compare multiple groups, and chi-square test to compare
the rates across nominal categories. The Cochran-Armitage trend
test was used to test whether proportions increased or decreased
across ordered groups. A p-value <.05 was considered significant.

3 | RESULTS

3.1 | General information of pregnant women and
states of multicenter hospitals

3.1.1 | Epidemiological characteristics of
pregnant women

We found that basic information of pregnant women, including
age, nationality, obesity rate, household registration, and standard-
ized birth inspection rates, in the seven major regions were differ-
ent (p < .01, K-W test was used for age comparison, and chi-square
test was used for the comparison of other general information).
Compared with those in other regions, the differences in ethnic mi-
norities' rate in the Northwest region, obesity rates in the Northeast
region, and the standardized birth examination rate in Central China
all reached difference (p < .01, chi-square test) (Table 1).
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TABLE 1 Characteristics of research population

North China Central South China Northeast Southwest Northwest Nationwide

East China

31.29 +5.345
(38 385)

31.46 +5.198

(1958)

31.80+5.310

(2379)

31.34+5.203

(2510)

31.87 £5.567
(11 257)

30.80 £ 5.473

(3953)

30.75+4.876

(7669)

31.07 £ 5.449

(8659)

Age (years) (n)

Nationality [% (n)]

LYU ET AL.

93.3 (35 950)
2.7 (1037)
4.0(1528)

64.4(1261)
10.9 (214)
24.7 (484)
27.0 (346)

91.8(2187)
2.3(55)

90.8 (2262)
1.6 (40)

7.6 (190)
35 (565)

95.1 (10 715)

2.5(283)
2.3 (264)

98.4 (4029)
1.0 (41)
0.6 (25)

92.9 (7122)
2.2 (167)

96.8 (8374)
2.7 (237)
0.5 (44)

Han
Hui

5.9 (140)

(381)
24.2 (1379)

5.0

Other

22.7 (497) 20.6 (6075)

14.4 (1316)

20.0 (648)

20.8 (1324)

Obesity rate? [% (n)]
Household registration [% (n)]

54.5 (19 894)
37.9 (13 851)
7.6 (2781)

56.3(11001)
38.7 (757)
5.0(98)

62.3(1478)
32.4(770)
5.3(12¢6)

67.8 (1462)
26.5(572)
5.7 (123)

55.0(5759)
37.7 (3948)
7.3 (765)

50.7 (2054)
42.3 (1715)
7.0 (285)

52.0(3887)
39.7 (2964)
8.3(623)

51.7 (4153)

City

38.9 (3125)
9.5(761)

Countryside

Urban-rural fringe

82.2(5478) 69.0 (2798) 84.4 (9480) 86.7 (2127) 90.3 (2153) 75.9 (1483) 82.6 (300 883)

85.3 (7364)

Standardized birth

inspection rate®

[% (n)]

20besity rate: The definition of obesity is BMI 228 kg/m?.; ®Standardized birth inspection rate: According to the current health care situation during pregnancy and the need for prenatal examination items
in China, 11 prenatal examinations during pregnancy are recommended, and those with high-risk factors should undergo a higher number of examinations as appropriate. The definition of standardized

birth inspection rate is the percentage of pregnant women who complete the above examination items on time during pregnancy.

3.1.2 | Level and type of hospital

We collected data from 161 medical institutions in 24 provinces
across the country, including 140 third-level hospitals (86.96%) and
21 second-level hospitals (13.04%). According to the classification of
hospitals, there were 129 general hospitals (80.75%) and 31 obstet-
rics and gynecology specialized hospitals (19.25%).

3.2 | Morbidity and composition ratio of morbidity
3.2.1 | Overall morbidity and composition ratio of
morbidity in China

The national overall HDP morbidity was 4.74%, and the rates of hy-
pertensive disorder complicating pregnancy, preeclampsia, eclamp-
sia, pregnancy complicated with chronic hypertension, and chronic
hypertension complicated with preeclampsia were 29.17%, 55.02%,
0.66%, 6.53%, and 8.62%, respectively. The morbidity rates were
1.38%, 2.61%, 0.03%, 0.31%, 0.41%, respectively.

3.2.2 | Morbidity and composition ratio of
morbidity by 7 major regions

There were differences in morbidity among the major regions, with the
highest rate in North China (7.74%) and the lowest rate in Southwest
China (2.88%). Among the several subtypes of HDP, preeclampsia ac-
counted for the highest proportion, followed by GH, chronic hyper-
tension with superimposed preeclampsia, and pregnancy complicated
with chronic hypertension. While the nationwide preeclampsia ratio
of HDP was 55.02%, it was 64.6% and 74.4% in the Northwest and
Northeast regions, respectively. The morbidity of eclampsia was the
lowest, and the proportion of other regions except Northwest China
was less than 1% of the total number of cases (Table 2).

3.2.3 | Provinces with high and low morbidity

China has 34 provincial administrative units. According to the statis-
tics collected from 24 provinces, the range of morbidity was 1.62%-
11.28%, with the lowest rates in the provinces of Chongging, Fujian,
Zhejiang, Shandong, and Guangdong. The five provinces with the high-

est morbidities were Shanxi, Jilin, Hebei, Xinjiang, and Hainan (Table 3).

3.3 | Gestational weeks and perinatal outcomes

3.3.1 | National perinatal outcomes

This study was based on the ICD-10 definition of the perinatal pe-
riod and statistics on perinatal infants who reached 22 weeks of ges-
tation. Reported mortalities are shown in Table 4. The overall rate



LYU ET AL.

WiLEY- "7

TABLE 2 Morbidity of HDP in 7 major regions [n (%)]

Chronic hypertension with

Pregnancy with chronic

hypertension

Gestational

Annual delivery

volume

superimposed preeclampsia

Eclampsia

Preeclampsia

hypertension

HDP

Area

0.35)
0.69)
0.54)
0.31)

0.50)
0.37)

720
684
343
899

216
304

0.20

2.23
4.19
3.53
2.01

4531
4152
2255
5896
1843
1291

0.86
0.74

1263

2829
2141
1227

4.28)
7.74)
6.40
3.85

8710
7669
4093
11 269

203 323
99 100
63960

292766

East China
North China
Central China
South China
Northeast

2511
2382

43038
82 629
29 560

Southwest

1956

Northwest

of perinatal mortality nationwide was 3.59%. The comparisons be-
tween the upper and lower groups are shown in Table 4. There were
no significant differences in perinatal death rates at <26 weeks or
>38 weeks of gestation. The Cochran-Armitage trend test showed
that perinatal mortality decreased across gestational weeks (p < .01)
(Figure 1). According to the Cochran-Armitage test, the statistical
z value of perinatal mortality was -24.33 (p < .001), indicating that

perinatal mortality decreased across gestational weeks.

3.3.2 | Perinatal outcomes across 7 major regions

Perinatal outcomes were compared across 7 major regions (Tables 5).
There were no differences in mortality across regions for infants
with less than 28 weeks or more than 36 weeks of gestation. The
perinatal mortality for 28-35 + 6 weeks and 28-33 + 6 weeks of
pregnancy differed across regions. The perinatal mortalities for 28-
29 + 6 weeks of pregnancy in Southwest, Northwest, North China
were 55.74%, 45.9%, 42.45%, respectively, which were higher than
the national average (p < .05). And the perinatal mortality in East
China were 19.33%, which was lower than the national average
(p < .05). The perinatal mortalities at 30-31 + 6 weeks of pregnancy
in East and Southwest China were 7.42% and 37.50%, which were
different when compared with the national average. The perinatal
mortality of East China was lower than the national average and the
Southwest China was higher than the national average (p < .01). The
difference in perinatal mortality at 32-33 + 6 weeks of pregnancy
between East China and nationwide reached significance (p < .01).
The perinatal mortality for 34-35 + 6 weeks of pregnancy differed
across regions, though there were no differences across the indi-

vidual regions and at the country level.

3.4 | Comparison of the stillbirth rate and live birth
neonatal mortality

Regarding outcomes for all perinatal infants, stillbirths accounted
for 81.09% (1145/1412) of perinatal infant deaths, and neonatal
death accounted for 18.91% (267/1412). The mortality of neonates
born alive in China was 0.70%, with the lowest in South China
(0.46%), followed by East China (0.47%). The highest mortality
was 1.50% in Northeast China, followed by 1.27% in Southwest
China (Table 6).

3.5 | Maternal mortality

The total number of deliveries in the investigation unit was 814 376,
and the total number of HDP cases was 38 590. Five patients died
of the disease. There were two patients in South China, one in the
Northeast, one in the Northwest, and one in the Southwest. The
overall mortality rate was 0.61/100 000, and the case fatality was
0.13%. The causes for the five deaths are listed in Table S2.
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TABLE 3 Provinces with higher and lower morbidity
Number of cases Incidence
Provinces Region Total delivery (n) (n) rate (%)
The five provinces with the Chongging Southwest 49 966 810 1.62
lowest morbidity Fujian province South China 169 505 6105 3.60
Zhejiang province East China 23230 922 3.97
Shandong province North China 59 732 2373 3.97
Guangdong province South China 111 802 4455 3.98
The five provinces with the Hainan province South China 4991 335 6.71
AN a7 Xinjiang Uygur autonomous ~ Northwest 20034 1394 6.96
region
Hebei province North China 28 137 1974 7.02
Jilin province Northeast 6790 568 8.37
Shanxi province North China 22 674 2558 11.28

Pregnant week Number of Perinatal

of delivery perinatal infants mortality (%)

22-23+6 124 100 -
24-25+6 229 99.11 291
26-27 + 6 408 7743 <.001
28-29 + 6 871 33.03 <.001
30-31+56 1393 13.28 <.001
32-33+6 2387 4.61 <.001
34-35+6 4536 1.61 <.001
36-37+6 9661 0.46 <.001
38-39+6 14 810 0.26 .009
240 weeks 4882 0.18 .370
Total 39301 3.59 -

p for trend <.001

4 | DISCUSSION

4.1 | Morbidity of hypertensive disorder
complicating pregnancy

The morbidity of HDP varies widely worldwide: 0.5%-2.3% in
Africa, 0.2%-6.7% in Asia, 2.8%-9.2% in Oceania, 2.8%-5.2% in
Europe, 2.6%-4.0% in North America, and 1.8%-7.7% in South
America and the Caribbean.? Among the various subtypes of
HDP, the highest is preeclampsia, which is 2.61%, and it accounts
for 55.02% of the total cases. Abalos® studied statistics on the
morbidity of preeclampsia worldwide, reporting that the overall
morbidity of preeclampsia is 2.3%, with the lowest being located
in the Eastern Mediterranean region with 1.2% and the highest
morbidity in the western Pacific region with 4.2%, followed by
Africa and Europe with 4.0% and 3.8%, respectively. However,
due to the limitation of data collection, the author estimated the
morbidity of preeclampsia to be approximately 5% by construct-
ing a model.

p-value (compared
with previous row)

TABLE 4 Perinatal mortality rate in
different pregnant weeks of delivery in
China

1.114
53.678
221.289
126.570
91.949
54.657
50.286
6.923
0.805

-24.329

Our study collected data from obstetrics departments in 161 (in-
cluding five branch hospitals) hospitals of 24 provincial administrative
units in China. The overall morbidity was 4.74% (38 590/814 376).
The average morbidity reported in the large sample survey from
1988 to 1989 was 9.4% (including mild, moderate, and severe pre-
eclampsia, eclampsia, and chronic hypertension with superimposed
preeclampsia). The national survey of HDP reported a morbidity of
5.22% in 2011.”7 The morbidity was lower than that in 1988. This
may be affected by the factors such as increased awareness of dis-
eases among pregnant women, improvement in preventive mea-
sures, emphasis on pre-pregnancy health care, and improvement in
living standards. The subtype with the lowest morbidity in this study
was eclampsia, with a morbidity of 0.03%. The morbidity of eclamp-
sia reported in the 1988-1989 survey was 2.6%, which was higher
than this study. This is closely related to the improvement in medical
technology, prevention and treatment of non-eclampsia, and close
patient monitoring.

According to statistics, morbidity varies across China. The low-
est morbidity was 2.88% in Southwest China, of which Chongging
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FIGURE 1 This study was based on the ICD-10 definition of the perinatal period and statistics on perinatal infants who have reached
22 weeks of gestation. The Cochran-Armitage Trend Test showed perinatal mortality decrease across gestational weeks (p < .01) as shown
in Figure 1. According to the Cochran-Armitage test method, the statistical z value of perinatal mortality is —24.33 (p <.001), indicating that
perinatal mortality decreased across gestational weeks [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 5 Number of perinatal deaths and mortality by region and gestation week of delivery (%)

By week East China North China gﬁ?:;al South China Northeast Southwest Northwest p

22-23+6 5(100%) 25 (100%) 17 (100%) 9 (100%) 13 (100%) 15 (100%) 0 (100%) -

24-25+6 0(93.75%) 44 (100%) 28 (100%) 59 (100%) 23 (100%) 17 (100%) 21 (100%) 0.097
26-27 + 6 5(82.09%) 52 (74.29%) 47 (77.05%) 0(69.57%) 29 (82.86%) 28 (93.33%) 8(82.35%) 0.105
28-29 +6 9 (19.33%) 59 (42.45%) 56 (28.57%) 8(30.85%) 24 (31.17%) 34 (55.74%) 28 (45.9%) <0.001
30-31+6 9 (7.42%) 30(12.88%) 28 (10.18%) 6 (11.65%) 15(12.82%) 36 (37.5%) 1(19.63%) <0.001
32-33+6 7 (1.64%) 15 (3.8%) 14 (3.66%) 42 (6.33%) 12 (6.12%) 13 (8.28%) 7 (4.24%) 0.003
34-35+6 8(0.81%) 14 (1.78%) 11 (1.92%) 5(1.22%) 11 (2.96%) 9 (2.88%) 5(1.77%) 0.042
36-37+6 7 (0.35%) 7 (0.38%) 7 (0.69%) 3(0.44%) 3(0.45%) 3(0.44%) 4(0.77%) 0.796
38-39+6 6(0.17%) 7 (0.23%) 4(0.31%) 9 (0.2%) 3(0.42%) 7(0.67%) 2(0.31%) 0.764
240 weeks 1(0.08%) 1(0.09%) 1(0.24%) 3(0.19%) 1(0.63%) 1(0.45%) 1(0.44%) 0.584
Total 177 (2.05%) 254 (3.30%) 213 (5.04%) 344 (2.95%) 134 (5.66%) 163 (6.16%) 127 (6.12%) <0.001

had the lowest morbidity (1.62%). The highest morbidity was 7.74%
in North China, with Shanxi Province having the highest morbid-
ity (11.28%). This is followed by 6.62% in Northwest and 6.4% in
Central China. The management of pregnant women varies region-

ally. The coverage of pregnancy health care in some economically

underdeveloped areas is relatively low, and patients' awareness is
poor. Chongging, as one of the municipalities directly under the
central government of China, has a dual economic structure with
large cities and large rural areas. As the municipality is directly
under the central government, maternal and child health care
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has been strengthened and medical resources have increased.
Nevertheless, there remain problems, such as poor infrastruc-
ture, insufficient equipment, low economic and social benefits for
maternal and child health care institutions, and insufficient ser-
vice capacity of maternal and child health care institutions, in the
growing medical and health care needs of the masses. Moreover,
patients in rural areas have poor awareness of seeking medical
treatment, lack of reasonable management, and missed diagnosis
of HDP patients. The low morbidity in this area may be related to
these problems. Shanxi Province, which has the highest morbid-
ity, is an inland province. It is located in the Loess Plateau region.
Wang® conducted a study on HDP in the plateau region and sug-
gested that the high altitude may give rise to greater morbidity and
maternal and perinatal mortality due to factors such as cold, dry-
ness, and low oxygen tension at high altitudes. This suggests that
regional factors play roles in the causes of increased morbidity in
Shanxi Province. Among the five subtypes of HDP, preeclampsia
is the most common in all regions, and the morbidity of eclamp-
sia is the lowest. We know that GH and pregnancy complicated
with chronic hypertension are usually manifested only by elevated
blood pressure, whereas preeclampsia is often accompanied by
damage to other organs. The morbidity of GH and pregnancy com-
plicated with chronic hypertension in Northeast and Northwest
regions is lower than that in other regions, the morbidity of PE is
higher than that in other regions, indicating that diseases in these
regions are more likely to be accompanied by damage to other or-
gans. Studies have shown that obese pregnant women are more
likely to have preeclampsia than normal weight pregnant women.’
For every increase in BMI of 5-7 kg/mz, the risk of preeclampsia
for patients doubles.’® In addition, it may also be related to fac-
tors, such as the level of medical care, monitoring of patients, and
early intervention.

Based on the analysis of the collected data and the basic informa-
tion of the population, we found differences across various regions.
Follow-up studies of patients with hospital deliveries in Shanghai
from 1989 to 1998 showed an average morbidity of 5.57%.1* A mul-
ticenter, prospective clinical study on HDP conducted by the na-
tional “Tenth Five-Year Plan” research project showed an average
morbidity of 3.91% in 24 tertiary hospitals in 11 provinces and cities
nationwide from April 2005 to July 2006.12 A study by the People's
Hospital of Tibet Autonomous Region on 318 pregnant women
who gave birth between March 2011 and March 2012 showed that
the morbidity of HDP was 7.23%.2% In this study, the Northwest,
Northeast, and Southwest regions included the gathering places of
ethnic minorities in our country; therefore, the rate of ethnic mi-
norities was higher than that in other regions. Owing to long-term
dietary differences across China, the obesity rate in the Northern re-
gion is generally higher than that in the Southern region. Regarding
the management of pregnant women, there are substantial differ-
ences across the country, such as in Henan Province, located in
Central China. Because it is a major agricultural province, there are
more pregnant women distributed in rural areas, and local standard
birth inspection cannot be well popularized. Only high-risk pregnant

women visit provincial capital cities temporarily for treatment,
thereby reducing the standardized birth inspection rate. There are a
large number of rural and floating populations in China. The manage-
ment of these patients remains a problem because of their greater
mobility, early-onset rapid progress, and heavy degree of HDP.

4.2 | Mortality due to hypertensive disorder
complicating pregnancy

If HDP is not effectively controlled, it will lead to serious complica-
tions and even threaten the lives of pregnant women. It is reported
that more than 70 000 patients worldwide die from HDP every year.
In Latin America and the Caribbean, hypertension causes nearly 26%
of maternal deaths, while in Africa and Asia, it causes approximately
9% of deaths.’ The pregnancy-related mortality of preeclampsia in
California, USA, was 1.6/100 000. In the United Kingdom, the death
rate from 2009 to 2013 was 0.25/100 000, and after the implemen-
tation of national guidelines, the rate dropped to 0.08/100 000 in
2012-2014.7 In the present study, there were five maternal deaths
attributable to HDP, with a mortality rate of 0.61/100 000 and case
fatality of 0.13%. China's control of the death rate has been among
the highest worldwide and even reached the level of developed
countries.

In developed countries, from 1997 to 2002, hypertension was
the main cause of death, followed by embolism and hemorrhage.* In
Africa and Asia, the main cause of death was hemorrhaging, followed
by infection and hypertension. In Latin America and the Caribbean,
hypertension was the main cause of death, followed by hemorrhage
and dystocia.r”'? Of the five deaths recorded in this study, two pa-
tients died of secondary intracranial lesions, one had eclampsia with
blood pressure as high as 220/120 mmHg and died owing to cardiac
arrest after being sent to a hospital, one died of disseminated intra-
vascular coagulation (DIC), and one died of heart failure and severe
pneumonia. According to a summary of 45 960 deliveries in India in
the past 20 years (1985-2005), 50 of the 62 maternal deaths caused
by hypertension were due to eclampsia stroke.?® According to a sta-
tistical report on the causes of death of HELLP, the causes of mater-
nal death include hemorrhagic stroke (45%), cardiac and respiratory
arrest (40%), DIC (39%), adult respiratory distress syndrome (28%),
renal failure (28%), liver hemorrhage (20%), and hypoxic-ischemic
encephalopathy (16%).! Owing to the small number of deaths in this
study, the proportion of death causes cannot be obtained, though it

is roughly consistent with the causes of death reported above.

4.3 | Perinatal outcome of hypertensive disorder
complicating pregnancy

HDP is a group of placental diseases. In severe cases, the placental
function is affected, resulting in fetal dysplasia, fetal growth re-
striction, fetal intrauterine distress, premature birth, intrauterine
death, and stillbirth. It is one of the important causes of perinatal
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death. Reportedly, the survival rate of babies born around 24-
28 weeks of pregnancy is only 19.7%, while the survival rate of
babies born around 32-34 weeks of pregnancy generally rises to
79.8%.22 This study shows that the overall perinatal mortality in
China was 3.59% (of which stillbirth accounted for 81.09% and
neonatal death accounted for 18.91%). The perinatal mortality for
those who gave birth at 24-37 + 6 weeks of gestation showed
a significant downward trend with the increase in gestational
weeks. There was no significant difference in the perinatal mor-
tality for those who gave birth at 22-23 + 6 and 24-25 + 6 weeks
of gestation. On comparing regions, there was no difference in the
mortality of perinatal infants with <28 and >36 weeks of gesta-
tion. The perinatal mortality during 28-31 + 6 weeks of pregnancy
in Southwest China was higher than the national average. The
perinatal mortality during 28-33 + 6 weeks of pregnancy in East
China was lower than the national average. The perinatal mortal-
ity during 34-35 + 6 weeks of pregnancy differed across regions,
though there was no significant difference across regions and at
the country level.

The distribution of medical resources and living standards in
China is uneven. There are substantial differences in the ability to
treat premature perinatal infants across the country, especially pre-
mature infants born before 34 weeks. The perinatal mortality in East
China, which is densely populated, economically developed, and rich
in medical resources, has been reduced. In contrast, the perinatal
mortality is relatively high in areas with relatively insufficient med-
ical resources, such as Southwest China. In this study, the perinatal
mortality was the highest in the underdeveloped Northwest and
Southwest regions, while morbidity was the lowest in the relatively
rich Eastern regions. Considering all regions nationwide, the peri-
natal mortality during delivery before 32 weeks of pregnancy was
lower than 10%; the data suggest that, for severe HDP patients,
gestation should be prolonged to 32 weeks as much as possible for

better neonatal survival rates.

5 | SUMMARY

China is a developing country with a large population and vast terri-
tory. Differences in culture, diet, lifestyle, and other aspects, includ-
ing the levels of medical care and economic status across regions,
were noted. Some studies have found that the risk of preeclamp-
sia in patients with lower educational levels was five times higher
than that in patients with higher educational levels.?® Because of
the increase in resources, China has a large itinerant population,
making the management of pregnant women challenging. All these
problems have caused differences in incidence rates across China;
these differences are key in reducing HDP morbidity and control-
ling disease development. On comparing different regions in China,
it could be seen that in economically developed regions, such as
East China, its development model was closer to that of developed
countries. Owing to organized health care services and the use of
advanced medical technology, the maternal lifestyle is healthier and

the maternal and neonatal mortality is equal to those of developed
countries. However, in areas with relatively backward economy,
such as Northwest China, owing to the common problems such as
insufficient medical resources, low economic and cultural levels,
and unsmooth traffic, the lack of maternal health care during preg-
nancy, delay in patients' receiving medical treatment, and lack of
medical workers' ability to deal with critically ill patients. These are
also problems faced by most developing countries. Recently, China's
management with respect to pregnancy health care and the rural
population has been strengthened, and the referral system for criti-
cally pregnant women has also been improved. The morbidity has
also decreased over time. In 2019, the overall maternal mortality
in China was 0.61/100 000, and it was O in East China, suggesting
that these efforts were productive, though further efforts are still
needed.

There are several challenges in predicting, preventing, and
treating HDP in developing countries. Overcoming the challenge of
controlling HDP in developing countries depends on improving the
health care system and the ability to identify and manage high-risk
women. The national government and supporting institutions should
make efforts to strengthen the public health system, and further re-
search is needed to understand the causes and prevention methods
of HDP in specific geographical areas. According to the current data,
it is very important to strengthen maternal health care during preg-
nancy, strengthen obstetric care during pregnancy, and enhance the
management ability of high-risk patients to reduce the incidence of

HDP in developing countries.

6 | LIMITATION

This study is the largest sample study of HDP in recent history in
China. Due to the large population, the annual delivery volume of
general second-level and third-level hospitals in China is over 1000.
Only a few hospitals have less than 1000 deliveries per year. Due
to their small scale, less inspection and lack of equipment, there
may be deviations in the evaluation and diagnosis and treatment
of HDP. Therefore, we excluded hospitals with less than 1000 de-
liveries per year. On the other hand, in recent years, the morbidity
of HDP in China shows about 4%-7%. According to the propor-
tion, the number of HDP cases in every 1000 delivery patients is
about 40-70. Therefore, we require that the number of HDP pa-
tients participating in hospitals should not be less than 30, so as
to avoid deviation. Most administrative regions of China were in-
cluded, though a few provinces could not participate. The prov-
inces of Tianjin, Gansu, Qinghai, Jiangxi, Ningxia Hui Autonomous
Region, Guizhou, Tibet Autonomous Region, Hong Kong, and Macao
Special Administrative Regions, and Taiwan had no units participat-
ing in the study. Therefore, our results may not represent the over-
all incidence in China. In addition, the number of participating units
varied across regions. For example, there were fewer participants
from Jilin, Heilongjiang, Hunan, and Hainan provinces, and Guangxi
Zhuang Autonomous Region than from other regions. They only had
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1-2 participating units, which cannot well represent the overall inci-
dence in the region. Therefore, further studies are required to inves-

tigate comprehensive HDP epidemiological rates.
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