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Jinan University, Shenzhen, China

Background: Shenzhen has the largest and youngest foreign population

among all cities in China. The reproductive health of pregnant women from

di�erent backgrounds is a social issue that deserves attention. In the past

decade, China has liberalized its population policies to stimulate population

growth, and the proportion of multiple births has continued to increase.

Method: This retrospective cohort included 526,654 newborns born in Baoan,

Shenzhen, from January 1, 2009, to December 31, 2019, including 515,016

singletons and 11,638 twins or triplets. Univariate regression models were

used to analyze the e�ects of maternal sociodemographic characteristics,

physiological characteristics, medical history, antenatal care and other factors

associated with single vs. multiple births and to elucidate the changing trends

of di�erent factors a�ecting multiple births in the past 11 years. Additionally,

fetal development in multiple births was analyzed by generalized linear

mixed models.

Results: The rates of pregnancy complications, preterm birth, and

advanced-age pregnancy were significantly higher in the multiple birth

mothers than in single birth mothers, and more multiple pregnancies were

achieved through assisted reproductive technologies. The rates of adverse

outcomes such as stillbirth, malformation, hypoxia, and ultralow body weight

in multiple fetuses were significantly higher than that in singleton fetuses.

The trend analysis from 2009 to 2019 showed that the socioeconomic status

and health level of mothers with multiple births improved over time, and the

risk during pregnancy generally decreased. Simultaneously, the development

indicators of multiple fetuses have improved year by year, and the proportion

of adverse outcomes has also decreased significantly. A low pre-natal care

utilization rate was shown to be detrimental to the development of multiple

fetuses. Independent risk factors for hypoxia and very low birth weight were

also identified. The di�erences in secular trends between two birth groups

were further revealed by time series models.

Conclusion: This study presented a comprehensive survey of multiple

pregnancies in the area with the largest population inflow in China. This study

identified the factors that a�ect the health of multiple birth mothers and their

fetuses, particularly suggesting that preterm birth rates and the use of assisted

reproduction remain high. The findings provide a basis for the formulation of
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individualized pre-natal care, assisted reproductive guidance and healthcare

policies for multiple births.

KEYWORDS

multiple births, secular trend, risk factor, very low birth weight, Apgar score,

height/head circumference ratio

1. Introduction

A multiple birth is the culmination of one multiple

pregnancy, wherein the mother gives birth to two or more

offspring that were gestated simultaneously. The rate of multiple

births in developed countries has continued to rise over the

past four decades, countries such as England, Wales, France,

and the United States have all seen a 50–60% increase in twin

birth rates (1–3), the global twin birth rate has risen by a third,

from 9 per 1,000 to 12 per 1,000 today, and triplet, quadruplet,

and high-order multiple births have increased at an even faster

rate (4, 5). In China, multiple pregnancies have not received

much attention during the long era of restrictive family planning

policies (6, 7). Since China proposed liberalizing the two-child

policy in 2014, the rate of multiple births has shown an upwards

trend. Although major medical advances have improved the

outcomes of multiple births, multiple births are still associated

with significant medical risks and complications for the mother

and children. The rates, causes and risks of multiple pregnancy

require more attention.

In recent years, issues related to multiple pregnancy, such as

fertility, preterm birth, congenital pancreatitis, low birth weight,

risk of cerebral palsy, and assisted reproductive technology, have

received increasing attention from international community

organizations and research institutions (8–11). In 2020, the

WHO released a series of new recommendations to improve

the quality of pre-natal care to reduce the risk of stillbirth

and pregnancy complications (12). In 2021, to promote

the long-term balanced development of the population,

China revised the “Population and Family Planning Law,”

formally implemented the three-child policy, and committed

to continuously improving the health of women and children

(13). Although increasing attention has been given to pregnant

women at home and abroad, there are very few large-scale

retrospective studies specifically aimed at evaluating the risks

of multiple fetus intrauterine development and asphyxia during

delivery, and the updates of various policies rarely give separate

consideration to pregnant women with multiple births. With the

implementation of the three-child policy, China may face more

challenges of multiple births.

Shenzhen is one of the fastest growing cities in China,

with a large floating and young population (14), and a

considerable number of babies are born every year. In Baoan

District, Shenzhen, there are more than 6 million permanent

residents, and more than 50,000 babies are born every year.

The government needs to constantly optimize policies to meet

the huge needs of maternal and infant healthcare. Therefore,

we selected the maternal data of this region in the past 11

years, focused on analyzing the factors influencing multiple

pregnancy and fetal development, and revealed the secular

trends of multiple pregnancy. We expect this study to provide

a reference for optimizing healthcare policies and approaches to

multiple pregnancies.

2. Materials and methods

2.1. Study population

This cohort study was based on data including all births

in Baoan from 1 January 2009 to 31 December 2019, extracted

from the Shenzhen Birth Registry Database, which has served

as a system for birth registration and maternal and infant

health management since 2000. The data are based on the

observations of the fetuses, and the number of mothers

includes duplications due to multiple birth records (15). We

collected 526,654 newborns born in Baoan, Shenzhen, from

January 1, 2009, to December 31, 2019, including 515,016

singletons and 11,638 twins or triplets. This standardized and

structured study collected a variety of information extracted

from medical records about demographic factors, reproductive

and medical history, environmental and lifestyle factors, birth

outcomes and maternal complications. We compiled maternal

sociodemographic and physiological characteristics and infant

clinical records for the analysis of fetal development and other

relevant aspects.

2.2. Definition

The Apgar score is a quick method to assess a newborn’s

post-natal and resuscitation response and has been endorsed by

the American College of Obstetricians and Gynecologists and

the American Academy of Pediatrics. Neonatal asphyxia was

defined as an Apgar score ≤7 within 1 or 5min. Very low birth

weight (VLBW) [8] infants were defined as infants born with

a body weight <1,500 g. Non-VLBW infants were those with a

birth weight≥1,500 g. The height/head circumference is defined

as the ratio of the height to the head circumference. According
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to the reference value of the height/head circumference ratio

of Chinese newborns, 80% of the newborns have a height/head

circumference between 1.35 (10%) and 1.55 (90%) (16). This

ratio balances the impact of pregnancy on individual aspects of

fetal head and body development. In this study, fetuses with a

height/head circumference outside the range of [1.35, 1.55] were

removed to allow for a focused analysis. Pre-natal care visits

were converted into pre-natal care utilization by calculating the

ratio of actual visits to the number of visits recommended by

the WHO (17). It was then classified into four categories: low

(<50%), substandard (50–80%), close to recommended (80–

110%), and appropriate (≥110%). Post-partum hemorrhage was

defined as bleeding of more than 500ml during natural delivery

or 1,000ml during cesarean section. Assisted reproductive

technology (ART) (18–21) refers to producing a pregnancy for

an infertile couple by medical assistance, including artificial

insemination (AI), in vitro fertilization and embryo transfer

(IVF-ET) and their various derivatives.

2.3. Statistical analysis

Numbers and frequencies (%) are reported for categorical

variables, and medians (Q1, Q3) are reported for continuous

variables with a non-normal distribution or uneven variance.

Pearson’s chi-square tests or Fisher’s exact test were used to

compare the selected characteristics between single births and

multiple births. Unconditional logistic regression models were

used to estimate the odds ratio (OR) and 95% confidence interval

(95% CI) for categorical outcomes. Significant variables found in

univariate analysis were incorporated into the multiple logistic

regression model to obtain independent factors influencing

multiple births.

Univariate analysis was used to analyze the influence of

maternal pregnancy socioeconomic indicators, physiological

status, pregnancy and childbirth history, living habits, etc., on

singleton and multiple births (one mother was observed once,

and any multiple records were deleted for repeated multiple

births) and used to analyze the distribution difference of fetal

development between multiple births and single births (one

observation of the fetus was carried out). Multivariate analysis

with a generalized linear mixed model (GLMM) was used to

study the effects of maternal pregnancy socioeconomic and

physiological factors on fetal ultralight birth weight, length-to-

head circumference ratio, and asphyxia at 1min and 5 min.

Sliding-window time series models were adopted to analyze

secular characteristics of maternal and fetal metrics. The

difference significance between the time trend slopes were tested

by using ANOVA test in a generalized linear model.

All analyses were conducted using R 4.2.0. Alpha levels of

0.001 and 0.05 indicate statistical significance for a two-tailed

test separately. Missing values of several variables were included

in the descriptive analysis but were removed from the logistic

regression analysis.

3. Results

From 2009 to 2019, 525,606 pregnant women in

Baoan, Shenzhen, were included in the birth population

registration database of Shenzhen, and 531,523 babies

were born, including 519,714 singletons, 5,867 pairs of

twins and 25 pairs of triplets. We excluded 73 pregnant

women with a gestational age of <24 weeks, 176 pregnant

women with a fetal weight <500 g, and 4,060 pregnant

women with incomplete fetal development indicators and

ultimately retained 520,860 pregnant women and 526,654

newborns. All collected indicators were manually reviewed to

ensure accuracy.

3.1. Comparison of demographic
characteristics between mothers with
multiple births and single births

We performed a comparative analysis of maternal

sociodemographic characteristics, health status, and delivery

indicators, as shown in Table 1 and Supplementary Table S1.

Since 2015, the proportion of multiple births has increased

significantly every year compared with 2009, increasing from

0.95% in 2009 to 1.52% in 2019 and from 1% before the two-

child policy to 1.35% after the policy. More than three-quarters

of multiple birth mothers gave birth between the ages of 23

and 35 (4,426/5,844), while the proportion of older mothers

reached 18.1% (1,056/5,844), which was significantly higher

than that of single birth mothers (10.9%). Multiple births

accounted for 1.31% of the women who gave birth for the

first time but decreased to 0.91% for the second time. Most

mothers with multiple births received 6–12 years of education,

while 31.8% had a college education, compared with only

26.7% of single birth mothers. Obviously, multiple births are

more likely to be conceived through assisted reproductive

technology than single births (OR = 47.91). The pre-natal

care utilization rate of multiple births is higher, with 45.1%

of multiple births using 80–100% and above, compared to

only 37.5% for single births. In addition, 75.0% of mothers

with multiple births belonged to the high-risk group, while

only 32.3% of mothers with singletons fell into this category.

Multiple pregnancies also caused higher rates of complications

for their mothers (OR = 3.41), hypertension (OR = 3.23),

eclampsia (OR = 5.83), anemia (OR = 1.63), cesarean section

(OR = 10.43), massive hemorrhage (OR = 3.87) and other

emergencies. Conspicuously, 46.2% of multiple birth mothers

had a premature birth event (2,700/5,844), which was 41.1%

higher than that of singleton birth mothers (5.07%). There

were no statistically significant differences in the distribution of

maternal GBS infections and deaths.

We carefully analyzed and compared various developmental

conditions of multiple fetuses and singleton fetuses and listed

Frontiers in PublicHealth 03 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1025867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tang and Zou 10.3389/fpubh.2022.1025867

TABLE 1 Monofactor analysis for mothers with multiple and single births in Baoan Shenzhen, 2009–2019.

Total Single birth Multiple births P OR (95%CI)

(N = 520,860, %) (N = 515,016, %) (N = 5,844, %)

Year of delivery

2009 37,809 (7.26) 37,451 (7.27) 358 (6.13) – –

2010 41,039 (7.88) 40,681 (7.90) 358 (6.13) 0.271 0.92 (0.79, 1.07)

2011 45,747 (8.78) 45,338 (8.80) 409 (6.99) 0.426 0.94 (0.82, 1.09)

2012 54,243 (10.41) 53,773 (10.44) 470 (8.04) 0.204 0.91 (0.8, 1.05)

2013 46,315 (8.89) 45,842 (8.9) 473 (8.09) 0.278 1.08 (0.94, 1.24)

2014 49,554 (9.51) 49,027 (9.52) 527 (9.02) 0.088 1.12 (0.98, 1.29)

2015 45,300 (8.70) 44,759 (8.69) 541 (9.26) 0.001 1.26 (1.11, 1.45)

2016 50,539 (9.70) 49,905 (9.69) 634 (10.85) <0.001 1.33 (1.17, 1.52)

2017 52,121 (10.01) 51,462 (9.99) 659 (11.28) <0.001 1.34 (1.18, 1.53)

2018 48,433 (9.31) 47,773 (9.28) 660 (11.29) <0.001 1.45 (1.27, 1.65)

2019 49,760 (9.55) 49,005 (9.52) 755 (12.92) <0.001 1.61 (1.42, 1.83)

Two-child policy

Before 340,680 (65.41) 337,275 (65.49) 3,405 (58.26) – –

After 180,180 (34.59) 177,741 (34.51) 2,439 (41.74) <0.001 1.36 (1.29, 1.43)

Maternal age*

<19 6,012 (1.15) 5,982 (1.16) 30 (0.51) <0.001 0.45 (0.31, 0.64)

19–23 54,586 (10.48) 54,244 (10.53) 342 (5.85) <0.001 0.57 (0.51, 0.63)

23–35 402,683 (77.31) 39,8267 (77.33) 4,416 (75.56) – –

35–40 48,649 (9.34) 47,809 (9.28) 840 (14.37) <0.001 1.58 (1.47, 1.71)

≥40 8,732 (1.68) 8,516 (1.65) 216 (3.7) <0.001 2.29 (1.99, 2.62)

Parity*

1 241,025 (46.27) 237,877 (46.19) 3,148 (53.87) – –

2 226,954 (43.57) 224,897 (43.67) 2,057 (35.2) <0.001 0.69 (0.65, 0.73)

3 44,410 (8.53) 43,880 (8.52) 530 (9.07) 0.053 0.91 (0.83, 1.00)

≥4 6,333 (1.22) 6,249 (1.21) 84 (1.44) 0.888 1.02 (0.81, 1.25)

Hypertension

No 498,414 (95.69) 493,297 (95.78) 5,117 (87.56) – –

Yes 22,446 (4.31) 21,719 (4.22) 727 (12.44) <0.001 3.23 (2.98, 3.49)

Education degree (years)

<6 10,286 (1.97) 10,179 (1.98) 107 (1.83) 0.011 0.77 (0.63, 0.94)

6∼12 371,525 (71.33) 367,649 (71.39) 3,876 (66.33) <0.001 0.78 (0.74, 0.82)

>12 139,049 (26.70) 137,188 (26.63) 1,861 (31.84) – –

Reproductive techniques

No 519,823 (99.80) 514,330 (99.87) 5,493 (93.99) – –

Yes 1,037 (0.20) 686 (0.13) 351 (6.01) <0.001 47.91 (41.97, 54.59)

Pre-natal care utilization rate*

≤50% 108,532 (20.84) 107,550 (20.88) 982 (16.80) <0.001 0.65 (0.6, 0.71)

50–80% 216,743 (41.61) 214,517 (41.65) 2,226 (38.09) <0.001 0.74 (0.69, 0.8)

80–110% 70,629 (13.56) 69,654 (13.52) 975 (16.68) – –

>110% 124,888 (23.98) 123,229 (23.93) 1,659 (28.39) 0.337 0.96 (0.89, 1.04)

Surgical indication

No 330,895 (63.53) 329,868 (64.05) 1,027 (17.57) – –

Yes 189,965 (36.47) 185,148 (35.95) 4,817 (82.43) <0.001 8.36 (7.81, 8.95)

(Continued)
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TABLE 1 (Continued)

Total Single birth Multiple births P OR (95%CI)

(N = 520,860, %) (N = 515,016, %) (N = 5,844, %)

Complication

No 442,014 (84.86) 438,355 (85.11) 3,659 (62.61) – –

Yes 78,846 (15.14) 76,661 (14.89) 2,185 (37.39) <0.001 3.41 (3.24, 3.6)

Eclampsia

No 514,840 (98.84) 509,352 (98.90) 5,488 (93.91) – –

Yes 6,020 (1.16) 5,664 (1.10) 356 (6.09) <0.001 5.83 (5.22, 6.5)

GBS infection

No 519,821 (99.8) 513,986 (99.8) 5,835 (99.85) – –

Yes 1,039 (0.2) 1,030 (0.2) 9 (0.15) 0.435 0.77 (0.37, 1.39)

Anemia

No 516,039 (99.07) 510,282 (99.08) 5,757 (98.51) – –

Yes 4,821 (0.93) 4,734 (0.92) 87 (1.49) <0.001 1.63 (1.31, 2)

High risk

No 352,621 (67.7) 351,158 (68.18) 1,463 (25.03) – –

Yes 168,239 (32.3) 163,858 (31.82) 4,381 (74.97) <0.001 6.42 (6.05, 6.81)

Emergency

No 519,822 (99.8) 514,027 (99.81) 5,795 (99.16) – –

Yes 1,038 (0.2) 989 (0.19) 49 (0.84) <0.001 4.39 (3.25, 5.79)

Pregnancy week

<28 317 (0.06) 266 (0.05) 51 (0.87) <0.001 29.5 (21.59, 39.51)

28–37 29,213 (5.61) 26,564 (5.16) 2,649 (45.33) <0.001 15.34 (14.55, 16.18)

37–42 485,797 (93.27) 482,660 (93.72) 3,137 (53.68) – –

≥42 5,533 (1.06) 5,526 (1.07) 7 (0.12) <0.001 0.19 (0.08, 0.38)

Delivery mode

Cesarean section 172,971 (33.21) 168,098 (32.64) 4,873 (83.38) <0.001 10.43 (9.74, 11.18)

Vaginal delivery 347,772 (66.77) 346,808 (67.34) 964 (16.50) – –

Else 117 (0.02) 110 (0.02) 7 (0.12) <0.001 22.89 (9.64, 45.74)

Post-partum hemorrhage*

No 515000 (98.87) 509,395 (98.90) 5,605 (95.90) – –

Yes 5,855 (1.12) 5,616 (1.09) 239 (4.09) <0.001 3.87 (3.38, 4.4)

Maternal outcome

No 520,815 (99.99) 514,972 (99.99) 5,843 (99.98) – –

Yes 45 (0.01) 44 (0.01) 1 (0.02) 0.492 2 (0.11, 9.17)

*The missing values of these terms are shown in Supplementary Table S1.

the results in Table 2 and Supplementary Table S2. During the

past 11 years, the proportion of multiple births has increased

yearly since 2013 compared with 2009 (p < 0.05). During

this period, the male-to-female ratio was 1.18 for singleton

births and 1.11 for multiple births. For multiple births, the

mortality rate (OR = 0.140, 7-day mortality OR = 3.66),

malformation rate (OR = 2.01) and neonatal asphyxia rate

(Apgar score at 1 and 5min) were higher than those of

single births. Additionally, the results of stratified analysis

showed that the main intrauterine growth and development

indicators of multiple fetuses were lower than those of singleton

fetuses, including weight, height, head circumference, chest

circumference, the height/head circumference ratio and the

weight/head circumference ratio.

3.2. Secular trends of multiple births in
Baoan, Shenzhen

We mapped the trends of maternal demographic

characteristics, pregnancy-related disorders and complications

over the past 11 years. The results of the annual trends are

shown in Figure 1. In addition, the secular trends for single and

multiple births were analyzed separately using a sliding-window
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TABLE 2 Monofactor analysis for newborns frommultiple births and singleton in Baoan Shenzhen, 2009–2019.

Total Single birth Multiple births P OR (95%CI)

(N = 526,654, %) (N = 515,016, %) (N = 11,638, %)

Year of delivery

2009 38,150 (7.24) 37451 (7.27) 699 (6.01) – –

2010 41,395 (7.86) 40,681 (7.90) 714 (6.14) 0.252 0.94 (0.85, 1.04)

2011 46,152 (8.76) 45,338 (8.80) 814 (6.99) 0.456 0.96 (0.87, 1.07)

2012 54,709 (10.39) 53,773 (10.44) 936 (8.04) 0.167 0.93 (0.84, 1.03)

2013 46,790 (8.88) 45,842 (8.9) 948 (8.15) 0.042 1.11 (1, 1.22)

2014 50,078 (9.51) 49,027 (9.52) 1,051 (9.03) 0.005 1.15 (1.04, 1.27)

2015 45,838 (8.71) 44,759 (8.69) 1,079 (9.27) <0.001 1.29 (1.17, 1.42)

2016 51,170 (9.72) 49,905 (9.69) 1,265 (10.87) <0.001 1.36 (1.24, 1.49)

2017 52,776 (10.02) 51,462 (9.99) 1,314 (11.29) <0.001 1.37 (1.25, 1.5)

2018 49,090 (9.32) 47,773 (9.28) 1,317 (11.32) <0.001 1.48 (1.35, 1.62)

2019 50,506 (9.59) 49,005 (9.52) 1,501 (12.89) <0.001 1.64 (1.5, 1.8)

Two-child policy

before 344,054 (65.33) 337,275 (65.49) 6,779 (58.25) – –

after 182,600 (34.67) 177,741 (34.51) 4,859 (41.75) <0.001 1.36 (1.31, 1.41)

Pregnancy week

<28 366 (0.07) 266 (0.05) 100 (0.86) <0.001 29.01 (22.93, 36.43)

28–37 31,835 (6.05) 26,564 (5.16) 5,271 (45.29) <0.001 15.31 (14.73, 15.92)

37–42 488,914 (92.83) 482,660 (93.72) 6,254 (53.74) – –

≥42 5,539 (1.05) 5,526 (1.07) 13 (0.11) <0.001 0.18 (0.1, 0.3)

Gender*

Male/female 1.17 1.18 1.11

Male 284,471 (54.01) 278,353 (54.05) 6,118 (52.57) – –

Female 242,173 (45.98) 236,653 (45.95) 5,520 (47.43) 0.002 1.06 (1.02, 1.1)

Fetal position*

LOA 437,871 (83.14) 429,077 (83.32) 8,794 (75.56) – –

LSA 12,650 (2.41) 11,711 (2.27) 939 (8.07) <0.001 3.91 (3.65, 4.19)

ROA 20,299 (3.85) 20,000 (3.88) 299 (2.57) <0.001 0.73 (0.65, 0.82)

RSA 1,164 (0.22) 985 (0.19) 179 (1.54) <0.001 8.87 (7.53, 10.38)

Tire 4,008 (0.76) 3,890 (0.76) 118 (1.02) <0.001 1.48 (1.22, 1.77)

Else 31,295 (5.94) 30,552 (5.93) 743 (6.38) <0.001 1.19 (1.1, 1.28)

Neonatal outcome*

Born alive 524,388 (99.57) 512,835 (99.58) 11,553 (99.27) – –

Early neonatal death 223 (0.04) 206 (0.04) 17 (0.15) <0.001 3.66 (2.15, 5.82)

Stillbirth 1,703 (0.32) 1,651 (0.32) 52 (0.45) 0.018 1.4 (1.05, 1.82)

Malformation

No 516,504 (98.07) 505,299 (98.11) 11,205 (96.28) – –

Yes 10,150 (1.93) 9,717 (1.89) 433 (3.72) <0.001 2.01 (1.82, 2.21)

Apgar score at 1 min

0–3 2,590 (0.49) 2,483 (0.48) 107 (0.92) <0.001 1.95 (1.59, 2.35)

4–7 4,123 (0.78) 3,856 (0.75) 267 (2.29) <0.001 3.13 (2.75, 3.54)

8–10 519,941 (98.73) 508,677 (98.77) 11,264 (96.79) – –

Apgar score at 5 min

0–3 2,194 (0.42) 2,115 (0.41) 79 (0.68) <0.001 1.67 (1.32, 2.07)

4–7 1,025 (0.19) 942 (0.18) 83 (0.71) <0.001 3.93 (3.12, 4.89)

8–10 523,435 (99.39) 511,959 (99.41) 11,476 (98.61) – –

(Continued)
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TABLE 2 (Continued)

Total Single birth Multiple births P OR (95%CI)

(N = 526,654, %) (N = 515,016, %) (N = 11,638, %)

Weight

<1,500 2,965 (0.56) 2,399 (0.47) 566 (4.86) <0.001 18.86 (17.13, 20.72)

1,500–2,500 23,994 (4.56) 18,788 (3.65) 5,206 (44.73) <0.001 22.15 (21.28, 23.05)

2,500–4,000 474,433 (90.08) 468,570 (90.98) 5,863 (50.38) – –

≥4,000 25,262 (4.8) 25,259 (4.9) 3 (0.03) <0.001 0.01 (0.00, 0.02)

Height (cm)

<28 Mean (SD) 34.04 (3.09) 34.33 (3.24) 33.29 (2.5) 0.836 1.009 (0.924, 1.105)

Median [Q1, Q3] 34 [32, 36] 35 [32, 36] 33 [31, 35]

28–37 Mean (SD) 45.99 (3.85) 46.16 (3.89) 45.11 (3.56) <0.001 1.613 (1.599, 1.627)

Median [Q1, Q3] 47 [44, 49] 47 [45, 49] 46 [43, 48]

37–42 Mean (SD) 50.06 (1.27) 50.09 (1.25) 48.11 (1.84) <0.001 1.613 (1.599, 1.627)

Median [Q1, Q3] 50 [50, 51] 50 [50, 51] 48 [47, 49]

≥42 Mean (SD) 50.49 (1.4) 50.49 (1.4) 49.08 (1.26) <0.001 1.613 (1.599, 1.627)

Median [Q1, Q3] 50 [50, 51] 50 [50, 51] 49 [48, 50]

Head circumference (cm)

<28 Mean (SD) 24.72 (2.59) 24.73 (2.61) 24.67 (2.57) 0.116 3.196 (0.76, 13.897)

Median [Q1, Q3] 25 [23, 26] 25 [23, 26] 25 [23, 26]

28–37 Mean (SD) 31.52 (2.34) 31.56 (2.38) 31.34 (2.13) <0.001 2028.382 (1479.079,

2779.825)

Median [Q1, Q3] 32 [30, 33] 32 [30, 33] 32 [30, 33]

37–42 Mean (SD) 33.88 (1) 33.89 (0.99) 32.83 (1.19) <0.001 2028.382 (1479.079,

2779.825)

Median [Q1, Q3] 34 [33, 34] 34 [33, 34] 33 [32, 34]

≥42 Mean (SD) 34.12 (1.1) 34.12 (1.1) 33.77 (0.93) <0.001 2028.382 (1479.079,

2779.825)

Median [Q1, Q3] 34 [34, 35] 34 [34, 35] 34 [33, 34]

Height/head circumference

<28 Mean (SD) 1.39 (0.13) 1.4 (0.14) 1.36 (0.12) 0.004 1.122 (1.038, 1.216)

Median [Q1, Q3] 1.38 [1.32, 1.46] 1.4 [1.32, 1.48] 1.36 [1.295, 1.43]

28–37 Mean (SD) 1.46 (0.08) 1.46 (0.08) 1.44 (0.09) <0.001 1.387 (1.38, 1.394)

Median [Q1, Q3] 1.47 [1.43, 1.5] 1.47 [1.44, 1.5] 1.45 [1.39, 1.48]

37–42 Mean (SD) 1.48 (0.04) 1.48 (0.04) 1.46 (0.05) <0.001 1.387 (1.38, 1.394)

Median [Q1, Q3] 1.47 [1.46, 1.5] 1.47 [1.46, 1.5] 1.47 [1.44, 1.48]

≥42 Mean (SD) 1.48 (0.04) 1.48 (0.04) 1.45 (0.05) <0.001 1.387 (1.38, 1.394)

Median [Q1, Q3] 1.47 [1.46, 1.5] 1.47 [1.46, 1.5] 1.45 [1.44, 1.5]

Weight/head circumference

<28 Mean (SD) 39.67 (6.78) 40.44 (6.95) 37.62 (5.85) 0.002 1.002 (1.001, 1.003)

Median [Q1, Q3] 39.2 [35, 43.75] 40.4 [35.42, 45.2] 37.5 [33.265, 41.55]

28–37 Mean (SD) 76.76 (14.51) 77.77 (14.69) 71.64 (12.39) <0.001 1.002 (1.002, 1.002)

Median [Q1, Q3] 78.13 [67.93, 86.67] 79.17 [68.97, 87.5] 72.81 [64.14, 80.3]

37–42 Mean (SD) 99.8 (10.84) 100.01 (10.7) 83.57 (9.41) <0.001 1.002 (1.002, 1.002)

Median [Q1, Q3] 100 [92.42, 106.25] 100 [93.33, 106.25] 83.33 [77.5, 90]

≥42 Mean (SD) 105.34 (11.68) 105.38 (11.65) 88.8 (9.85) <0.001 1.002 (1.002, 1.002)

Median [Q1, Q3] 105.71 [96.97, 112.5] 105.88 [96.97, 112.5] 89.06 [84.12, 96.77]

*The missing values of these terms are shown in Supplementary Table S2.
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FIGURE 1

Secular trends of maternal socioeconomic and biomedical characteristics among 520,860 participants sub-categorized by singletons and

multiple births in Baoan, Shenzhen, 2009–2019. * (A) Natality, (B) maternal age, (C) education level, (D) premature birth rate (<37 week), (E)

vaginal delivery rate, (F) pregnancy rate by assisted reproductive technology, (G) high risk factors during pregnancy, (H) maternal complications

rate, (I) pre-natal care utilization rate >80% during pregnancy, (J) antenatal hypertension (K) eclampsia rate, (L) post-partum hemorrhage rate.
†One puerpera giving birth to twins or triplets only counts as one multiple pregnancy. ‡Pre-natal care utilization rate is defined as the ratio

between the actual number of visits and the recommended number.

time series model (Supplementary Figure S1). The window

width is determined by the decreasing search, and a width of

30 yields the ideal trend curve. Differences in the slopes of

the time trend curves between groups were further calculated

using a generalized linear model. As shown in Figure 1, the

proportion of multiple births has been increasing, from 11.94‰

in 2015 to 15.17‰ in 2019, with an average annual increase

of ∼0.81‰. The average age of childbearing has gradually

increased since 2015 (Figure 1). In particular, as shown in

Supplementary Figure S1, the proportion of older parturients

has increased yearly and has been advanced by nearly 4 years

over the past 11 years, and the average childbearing age of

women with multiple births was 2 years older than that of single

births. It is particularly noteworthy that 18.07% (1,056/5,844) of

multiple birth mothers were ≥35 years old, while only 10.94%

(56,325/515,016) were single birth mothers. The proportion

with a pre-natal care utilization rate >80% is also increasing

yearly, and in 2019, it was nearly four times that in 2009. The

rate of premature births among multiple births (gestational age

≤37 weeks) was 10 times higher than that of single births. The

proportion of premature infants in multiple births has remained

at a high level for over a decade and exceeded 50% for the first
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time in 2017. The cesarean section rate of multiple births has

exceeded 80% since 2016, which is twice that of singletons.

After the full implementation of the two-child policy in 2015,

the use of assisted reproductive technology grew significantly.

The proportion of mothers with a college education or above

has increased, exceeding 55% in 2019 and doubling over 10

years. The incidences of maternal high-risk, hypertension and

eclampsia during pregnancy showed a downwards trend, but

this trend in multiple births was much higher and declined

faster than in single births. Complications and post-partum

hemorrhage had a similar trend both in multiple births and

in single births, with small fluctuations in multiple births and

an upwards trend in single births. In the past 10 years, the

incidence of pregnancy complications increased from 9.35%

in 2009 to 25.67% in 2019. Among the maternal indicators

included in the statistics, except for the education level, all

trend curve slopes of multiple births were significantly different

with single births (P < 0.05). And the p-values of these

slopes other than post-partum hemorrhage were all <0.001

(Supplementary Figure S1).

The trends of neonatal sex ratio, mortality, low birth weight,

premature birth and asphyxia over the past 11 years are also

mapped in Figure 2 and Supplementary Figure S2. These trends

and the significance of differences in slopes between groups

were calculated using the same method as in the maternal

trend analysis. The results showed that the sex ratio in Baoan,

Shenzhen, was basically consistent with the national average

level for the 0- to 4-year-old group (22), while this ratio in

multiple births was lower than the national level in most years.

The above indicators for singleton newborns have not changed

significantly in the past 11 years, while the mortality rate (0–

7 days) and hypoxia rate (Apgar score ≤7) of multiple fetuses

have shown a downwards trend, with a declining rate over 50%

since 2009. Multiple newborns with a birth weight of 1,500–

2,500 g or a gestational age of 28–37 weeks accounted for more

than 40%. This has increased continuously since 2015 and

reached more than 50% in 2019. From the perspective of secular

trends shown in Supplementary Figure S2, the slope changes of

mortality and post-natal asphyxia rate of multiple births were

significantly different from those of single births, while the

changes of sex ratio, preterm birth rate, and VLBW rate were

not significant.

3.3. Multivariate logistic regression
analysis for the development level of
multiple births

All multiple births in Baoan, Shenzhen, in 2009–2019

were used as the research object to evaluate the effects of

maternal demographic characteristics, pregnancy-related

complications and delivery on the fetal asphyxia rate (Apgar

score) at 1min and 5min after birth and the very low

body weight and intrauterine development (height/head

circumference ratio). All of these variables were first analyzed

by univariate analysis (Supplementary Tables S3–S6), with

control variables added to account for random effects.

Using the two levels of multiple births as the error source,

a generalized linear mixed model (GLMM) was constructed

for multivariate regression analysis. The results are shown in

Table 3.

The independent risk factors for the Apgar score and its

evaluation during the first minute of fetal delivery of a multiple

pregnancy for hypoxia were parity (2nd vs. 1st, OR = 0.84)

and natural birth (OR = 2.01). Compared to pre-natal care

utilization rates of 80–110%, there was a 2.25-fold increased risk

of neonatal hypoxia when the utilization rate was below 50%.

When the utilization rate was >110%, it was a protective factor,

and neonatal hypoxia was reduced by 51%. Independent risk

factors for hypoxia at 5min after birth were similar to those at

1min after birth.

The independent influencing factors of VLBW in multiple

birth newborns are the age of the parturient, parity, premature

birth, pre-natal care utilization rate, and high-risk factors. The

risk of VLBW inmultiple birth fetuses decreased with increasing

parity and the pregnant women’s age but it was 5.11 times

higher in premature fetuses than in full-term fetuses. Compared

with standard pre-natal care (utilization rate 80–110%), the risk

of VLBW increased 49% when the utilization rate was 50%-

80%, increased 91% when the utilization rate was <50%, and

decreased 17% when the utilization rate was >110%. When the

mother had high-risk factors (hyperglycemia, maternal obesity,

etc.) during pregnancy, the risk of VLBWwas reduced. Cesarean

section was a protective factor, which means that mothers with

surgical indicators had a reduced risk of having a VLBW fetus.

According to the medical reference value of neonatal height

and head circumference in China, we divided the height/head

circumference ratio into two grades: normal (P10–P90) as the

control group and abnormal (<P10 or >P90) as the observation

group. These results showed that multiple newborns had a lower

risk of an abnormal height/head circumference ratio than single

infants; however, this risk of prematurity was higher than that

of single infants (OR = 1.50). Compared with standard pre-

natal care times (80–110%), the risk of a fetus falling into the

abnormal ratio increased at a care utilization rate <50%. In

addition, the risk of a low height-to-head circumference ratio

was higher when the mother was educated for 6 years or less.

4. Discussion

Using the 2009–2019 maternal data collected from Baoan,

Shenzhen, we investigated the primary trends in singleton

and multiple births, the different characteristics between the

two groups, and the factors affecting the development of
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FIGURE 2

Secular trends of the demographic and developmental characteristics among 526,654 newborns in Baoan, Shenzhen, 2009–2019. (A) Gender

ratio, (B) Infant Mortality Rate (IMR), (C) neonatal weight, (D) neonatal gestational age, (E) asphyxia rate with Apgar score <7 at 1min after birth,

(F) asphyxia rate with Apgar score <7 at 5min after birth. *526,654 newborns includes 515,016 singletons and 11,638 multiple births. M: multiple

births; S: single birth. †Infant mortality refers to the death within 0–7 days of birth.

multiple births. This long-term large retrospective study showed

that the multiple birth rate has been increasing since 2014,

while the mother’s childbearing age has been significantly

increasing. During this period, the cesarean section rate,

the pre-natal care utilization rate, the application of assisted

reproductive technology and the mother’s education level

have all increased. Simultaneously, pregnancy complications,

fetal sex ratio, adverse outcomes and intrauterine adverse

events have individually shown a decreasing trend. These

changes reflect the improvement of reproductive health

in Baoan, Shenzhen, which is related to the advances

in medical care, the vigorous development of pregnant

healthcare, the implementation of health security measures

and the basic principles of attaching importance to education

in China.

The characteristics of both singleton and multiple births

changed periodically, but shown an upward or downward trend

in a long time. Some characteristics in the multiple birth data

show opposite trends to singleton data, such as birth rate,

maternal complication rate, and percentage of ultra-light fetuses,

all of which increase in multiple births and decrease in singleton

births, and the rate of change (slope) is significant difference.

There are also some characteristics that show an upward trend

in both sets of data, such as maternal age, education level,

preterm birth rate, pregnancy rate by assisted reproductive

technology, pre-natal care utilization rate, etc., but multiple

births trend to have larger slopes. The remaining characteristics

show a downward trend in both groups of data, such as the

vaginal delivery rate, the proportion of high-risk factors, the

incidence of hypertension and eclampsia, the male-to-female

ratio, etc., but the rate of decline exists significant differences.

These results suggest that some indications of multiple births

should be treated differently from singleton births in developing

a long-term program.

Compared with mothers with singleton births, mothers with

multiple births face higher reproductive risks, including higher

rates of older maternity, preterm birth, and complications.

Correspondingly, developmental indicators of multiple fetuses

are universally inferior to those of singleton fetuses, which

strongly suggests that during the pre-natal care of multiple

birth mothers, the health monitoring and growth management

of multiple fetuses should all be strengthened based on the

standards of singletons.

Notably, the utilization rate of pre-natal care has an impact

on the development of multiple births. When the utilization

rate was <80%, the risk of very low birth weight, asphyxia

or low height/head circumference in multiple births increased

accordingly. Conversely, this risk clearly decreased when the

utilization rate was >110%. This can be attributed to timely

pre-natal examinations providing doctors with more accurate

fetal development information, allowing for the adjustment of

healthcare measures during pregnancy, giving women more

scientific guidance, and improve the nutritional intake of

pregnant women (23–25).

Premature infants, especially multiple births, are prone to

hypoxia. This is consistent with the research showing that

premature infants are prone to respiratory distress syndrome,

which is caused by a lack of surfactant in fetal lungs. Pre-natal

glucocorticoids (GCs) or ambroxol hydrochloride (HCL) have

been well-documented to improve the synthesis of surfactant

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1025867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tang and Zou 10.3389/fpubh.2022.1025867

TABLE 3 Multivariate logistic analysis of multiple births in Baoan Shenzhen, 2009–2019.

Total

(N, %)

Control

(N, %)

Observation

(N, %)

B P OR

Apgar score at 1st min*a

Parity

1 3,126 (53.84) 2,996 (95.84) 130 (4.16) Reference – –

2 2,041 (35.15) 1,968 (96.42) 73 (3.58) −0.17 0.037 0.84 (0.72, 0.99)

3 529 (9.11) 505 (95.46) 24 (4.54) −0.14 0.211 0.85 (0.67, 1.09)

≥4 102 (1.76) 95 (93.14) 7 (6.86) −0.18 0.552 0.86 (0.53, 1.4)

Antenatal care utilization rate

1 989 (17.03) 894 (90.39) 95 (9.61) 0.45 <0.001 1.57 (1.23, 2.02)

2 2,206 (38) 2,112 (95.74) 94 (4.26) 0.15 0.182 1.16 (0.93, 1.44)

3 969 (16.69) 944 (97.42) 25 (2.58) Reference – –

4 1,642 (28.28) 1,622 (98.78) 20 (1.22) −0.41 0.003 0.67 (0.51, 0.87)

Delivery way#

Cesarean section 4,846 (83.47) 4,731 (97.63) 115 (2.37) Reference – –

Vaginal delivery 953 (16.41) 836 (87.72) 117 (12.28) 0.7 <0.001 2.01 (1.66, 2.43)

Apgar score at 5th min*a

Parity

1 3,125 (53.84) 3,078 (98.5) 47 (1.5) Reference – –

2 2,040 (35.15) 2,021 (99.07) 19 (0.93) −0.27 0.028 0.77 (0.6, 0.97)

3 529 (9.11) 520 (98.3) 9 (1.7) −0.13 0.481 0.88 (0.62, 1.25)

≥4 102 (1.76) 101 (99.02) 1 (0.98) −4.02 0.984 0.02 (0, inf)

Antenatal care utilization rate

≤50% 987 (17.01) 955 (96.76) 32 (3.24) 0.55 0.006 1.73 (1.17, 2.57)

50–80% 2,206 (38.01) 2,173 (98.5) 33 (1.5) 0.34 0.064 1.4 (0.98, 1.99)

80–110% 969 (16.7) 963 (99.38) 6 (0.62) Reference – –

>110% 1,642 (28.29) 1,637 (99.7) 5 (0.3) −0.3 0.197 0.74 (0.47, 1.17)

Delivery way#

Cesarean section 4,845 (83.48) 4,809 (99.26) 36 (0.74) Reference – –

Vaginal delivery 952 (16.4) 913 (95.9) 39 (4.1) 0.57 0 1.77 (1.35, 2.34)

VLBW*b

Parity#

1 3,132 (53.83) 2,926 (93.42) 206 (6.58) Reference – –

2 2,043 (35.12) 1,934 (94.66) 109 (5.34) −0.2 0.007 0.82 (0.7, 0.95)

3 532 (9.14) 512 (96.24) 20 (3.76) −0.58 <0.001 0.56 (0.42, 0.74)

≥4 103 (1.77) 96 (93.2) 7 (6.8) −0.22 0.373 0.8 (0.5, 1.3)

Antenatal care utilization rate

≤50% 994 (17.08) 857 (86.22) 137 (13.78) 0.65 <0.001 1.91 (1.49, 2.45)

50–80% 2,212 (38.02) 2,062 (93.22) 150 (6.78) 0.4 0.001 1.49 (1.19, 1.87)

80–110% 970 (16.67) 943 (97.22) 27 (2.78) Reference – –

>110% 1,642 (28.22) 1,612 (98.17) 30 (1.83) −0.19 0.173 0.83 (0.63, 1.09)

High risk

No 2,237 (38.45) 2,056 (91.91) 181 (8.09) Reference – –

Yes 3,581 (61.55) 3,418 (95.45) 163 (4.55) −0.28 <0.001 0.75 (0.65, 0.87)

Height /head circumference ratio*c

Parity#

1 3,113 (53.79) 2,894 (92.96) 219 (7.04) Reference – –

2 2,036 (35.18) 1,920 (94.3) 116 (5.7) −1.89 <0.001 0.15 (0.11, 0.21)

(Continued)
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TABLE 3 (Continued)

Total

(N, %)

Control

(N, %)

Observation

(N, %)

B P OR

3 529 (9.14) 492 (93.01) 37 (6.99) −1.82 <0.001 0.16 (0.11, 0.24)

≥4 101 (1.75) 96 (95.05) 5 (4.95) −2.06 <0.001 0.13 (0.07, 0.22)

Premature birth

No 3,128 (54.05) 3,008 (96.16) 120 (3.84) Reference – –

Yes 2,659 (45.95) 2,402 (90.33) 257 (9.67) 0.41 <0.001 1.5 (1.34, 1.68)

Hypertension

No 5,596 (96.7) 5,227 (93.41) 369 (6.59) Reference – –

Yes 191 (3.3) 183 (95.81) 8 (4.19) −0.35 0.039 0.7 (0.5, 0.98)

Antenatal care utilization rate

≤50% 971 (16.78) 862 (88.77) 109 (11.23) 0.36 <0.001 1.44 (1.19, 1.74)

50–80% 2,208 (38.15) 2,060 (93.3) 148 (6.7) 0.12 0.15 1.13 (0.96, 1.32)

80–110% 966 (16.69) 919 (95.13) 47 (4.87) Reference – –

>110% 1,642 (28.37) 1,569 (95.55) 73 (4.45) −0.01 0.898 0.99 (0.82, 1.18)

The above multi-factor model make multiple births (twins vs. triplets) as random variables.

*Apgar score at 1st min: NTotal = 5,806, NControl = 5,572, NObservation = 234.

Apgar score at 5th min: NTotal = 5,804, NControl = 5,728, NObservation = 76.

VLBW: NTotal = 5,818, NControl = 5,474, NObservation = 344.

Height /head circumference ratio: NTotal = 5,787, NControl = 5,410, NObservation = 377.
#There are missing values.
aAdjust the effect of year, maternal age, premature birth, complication, education, high risk, hypertension, anemia, eclampsia, GBS infection, surgical indication.
bAdjust the effect of year, maternal age, surgical indication, complication, education, hypertension, anemia, eclampsia, GBS infection.
cAdjust the effect of year, maternal age, surgical indication, complication, education, high risk, anemia, eclampsia, GBS infection.

to promote lung maturation in human fetuses (26–28). When

the mother suffers from pregnancy syndrome, the risk of fetal

hypoxia increases. The results of our study are similar to those

of a 5-year retrospective cohort study in Sweden (29). Perrine

Lorain confirmed at the molecular level that the umbilical artery

pH value of a hypoxic fetus is lower and the umbilical cord lactic

acid level is higher (30).

The birth weight of a newborn is an important parameter

to measure its health status. Multiple birth fetuses are more

likely to be underweight than singleton fetuses. We found that

multiparity is a protective factor against very low fetal birth

weight. Several studies (31–33) have found that the fetal birth

weight increases with the number of births of a mother. Johnson

et al. (34) believed that the increase in birth weight by birth

number was affected by the gradual increase in uterine blood

flow, which is related to the weight gain of the offspring. Olle

Hartvigsson et al. (35) also proved this by plasma metabolomics

of umbilical cords in arteries and veins.

The recommended pre-natal care number for pregnant

women in China is 10 times (4 ultrasounds included) (36),

and there is no difference in the recommendation between

singletons and multiple births. The WHO has suggested that

every pregnant woman should receive at least eight visits before

giving birth (17). From the data presented here, it is clear that

there may be a need to update the pre-natal care standard

for multiple births, such as by increasing the frequency of

ultrasonography to expose potential risks earlier. After changing

the population policy in China, the proportion of multiple births

among newborns is on the rise, which requires current maternity

care methods to keep up with this trend.

Since the initiation of the two-child policy in 2015, the use of

assisted reproductive technology has increased rapidly, resulting

in more multiple births. In 2022, China revised the Population

and Family Planning Law to promote the implementation of

the marriageable age, eugenics and three-child policy. With the

removal of birth restrictions, the use of assisted reproductive

technology may be more extensive. However, there is currently a

lack of comprehensive regulations to limit its extent, including

the number of implanted embryos, and the possibility of sex

selection, whichmay lead to greater physical burdens for women

(37). With the application of assisted reproductive technology,

human genetic material no longer undergoes natural selection

during reproduction. How to control resource spillover and

avoid unnecessary economic losses while giving full play to the

therapeutic effect of this technology on infertile families is a

question worth considering. Finally, how to reduce the risks

of stillbirth, miscarriage and deformity during the process of

implementing this technology is also an urgent problem.

5. Limitation

This is a retrospective cohort study that did not subdivide the

high-risk factors and syndrome subgroups of pregnant women.
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