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Abstract

Background: The One-Child Policy led to the imbalance of the sex ratio at birth (SRB) in China. After that, Two-
Child Policy was introduced and gradually liberalized at three stages. If both the husband and wife of one couple
were the only child of their parents, they were allowed to have two children in policy (BTCP). If only one of them
was the only child, they were allowed to have two children in policy (OTCP). The Universal Two-Child Policy (UTCP)
allowed every couple to have two children. The objective of this study was to explore the changing trend of SRB at
the stages of Two-Child Policy, to analyze the effect of population policy on SRB in terms of maternal age, delivery
mode, parity, maternal education, delivery hospital, and to figure out what factors have greater impact on the SRB.

Methods: The data of the study came from Hebei Province Maternal Near Miss Surveillance System, covered the
parturients delivered at 28 gestation weeks or more in 22 hospitals from January 1, 2013 to December 31, 2017. We
compared the SRB at different policy stages, analyzed the relationship between the SRB and population policy by
logistic regression analysis.

Results: Total 270,878 singleton deliveries were analyzed. The SRB, 1.084 at BTCP, 1.050 at OTCP, 1.047 at UTCP,
declined rapidly ()(2 =15.97, P<0.01). With the introduction of Two-Child Policy, the percentage of parturients who
were 30-34, 235 years old rose significantly, and the percentage of multiparous women increased significantly
(40.7, 47.2, 56.6%). The neonatal mortality declined significantly (8.4%o, 6.7%o, 5.9%o, XZ = 4449, P<0.01), the
mortality rate of female infant gradually declined (48.2, 43.7, 43.9%). The logistic regression analysis showed the SRB
was correlated to the three population policy stages in terms of maternal age, delivery mode, parity, maternal
education, delivery hospital.

Conclusions: The SRB has declined to normal level with the gradually liberalizing of Two-Child Policy in China.

Advanced maternal age, cesarean delivery, multiparous women, middle level education, rural hospital are the main
factors of effect on the decline of the SRB.
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Background
China has the largest population in the world, total 1,395,
380,000 people according to the Sixth Population Census in
2010 [1]. In order to control the population growth rate and
reduce the fertility rate, Chinese government implemented
the One-Child Policy since 1979, a couple was allowed to
have only one child [1]. The One-Child Policy has stopped
the births of 400 million babies, and therefore, reduced the
birth rate [2]. China’s birth rate has dropped significantly,
namely, to a level between 1.5 and 1.7 births per woman,
and it has remained the same until now [3]. Meanwhile, the
One-Child Policy has brought about some problems, such as
highly skewed sex ratio at birth, high sex ratio, ageing of
population, pension fund deficiency, shortage of labor force,
high Cesarean Delivery (CD) rate and rise of depression of
single men that could not find a wife, and etc. [2—6]. The
One-Child Policy have profound and lasting influence on
China’s population, economy, society, and the health of the
Chinese people etc. [2, 7, 8]. Since October 2015, Chinese
government implemented the Universal Two-Child Policy,
the 36-year One-Child Policy came to an end. The One-
Child Policy has led to an increased imbalance in the sex ra-
tio at birth (SRB). The SRB is defined as the ratio of newborn
boys to newborn girls [9], and the natural SRB should be
kept at 1.05 [10], which means the natural ratio of newborn
boys to newborn girls should be 1.05. The SRB peaked at
1.21 in the year of 2005 in china, even rose to 1.40 in some
rural areas of central China after the implementation of
One-Child Policy [3, 11]. The imbalance of SRB is a global
problem, it not only occurs in Asian countries, but also in
other countries, such as the United States and Australia [12—
18]. Some cultures have traditionally more preference of the
birth of boys over the birth of girls [17]. In some Asian and
Eastern European countries, such as China, South Korea,
India, and Azerbaijan, the sex-selective abortions have re-
sulted in a skewed SRB. The Government of India launched
a nationwide program named Beti Bachao Beti Padhao
(B3P), strictly prohibiting sex-selective abortion, and as a re-
sult, the SRB in Haryana, India decreased from 1.21 in Janu-
ary, 2005 to 1.11 in September, 2016, but still higher than
1.05 [16]. The Chinese government has taken various policies
and measures to reduce the SRB, for example, by providing
equal work opportunities for men and women, allowing cou-
ples in rural areas to have the second child if their first child
is a girl, and strictly prohibiting prenatal sex selection, but
the SRB remains skewed [2, 3, 19]. But with the implementa-
tion of Two-Child Policy, the SRB has declined gradually.
The decline of SRB can be attributed to the factors such as
policy, economic development, culture, residential area,
stress, hormonal variation etc. [3, 20—24]. Is there any rela-
tionship between SRB and Two-Child Policy of China?
Hebei Province, a moderately developed area, is lo-
cated in North China. Hebei Province has a population
of 75,195,200, the sixth largest province in population
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according to China’s population census [1]. The One-
Child Policy in Hebei Province was introduced in 1979
and ended in 2016. From April 28, 2011 to May 30,
2014, if both the husband and wife of one couple were
the only child of their parents, then the couple were
allowed to have Two Children in Policy (BTCP). From
May 30, 2014 to January 1, 2016, if only the husband or
wife of one couple was the only child of their parents,
the couple were also allowed to have Two Children in
Policy (OTCP). The Universal Two-Child Policy (UTCP)
allowed every couple to have two children since January
1, 2016. The objective of this study was to explore the
changing trend of SRB at the three stages of Two-Child
Policy that were liberalized gradually, and to analyze the
effect of population policy on SRB in terms of the sub-
groups such as maternal age, delivery mode, parity,
maternal education, the location of delivered hospital,
and to figure out what factors had greater influence on
the SRB after the implementation of Two-Child Policy.

Methods

Data collection

We utilized the data collected through Hebei Province
Maternal Near Miss Surveillance System (HBMNMSS),
which covered all the births in 22 hospitals during the
period from January 1, 2013 to December 31, 2017.
These 22 hospitals include 7 urban hospitals and 15
rural hospitals in 10 cities of Hebei Province, and the
number of annual deliveries in each hospital is more
than 1000. Doctors in charge of the patients collected
the data and reported to the system through internet.
The data included delivery date, delivery mode, maternal
education, marital status, maternal age, gestational age
at delivery, parity, single or multiple pregnancy, neonatal
status, baby sex, birth weight of the baby, hospital loca-
tion. The data was obtained by means of questionnaires.
HBMNMSS was managed by Hebei Women and
Children’s Health Center, the quality control of the data
was carried out by its staff. Every 6 months, they went to
the hospitals to check the accuracy and completeness of
the data. Women with singleton pregnancies were in-
cluded in this study. Women of multiple pregnancies, or
of less than 28 gestational weeks, or missing the data of
baby sex, gestational age, singleton or multiple delivery
and parity were excluded. Ethic approval was given by
Hebei Women and Children’s Health Center.

Definition of variables

According to the course of the population policy, the
three stages were defined as BTCP (January 1, 2013 -
May 29, 2014), OTCP (May 30, 2014 - December 31,
2015) and UTCP (January 1, 2016 - December 31, 2017).
The deliveries 228 gestational weeks in HBMNMSS were
enrolled, gestational weeks was based on the date of last
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menstrual period or ultrasonographic findings [25]. The
SRB =n (male) / n (female), was defined as the ratio of
newborn boys to newborn girls. We stratified the mater-
nal age into different subgroups according to the refer-
ence [26] (<20, 20-24, 25-29, 30-34, >35years old),
and also stratified the following factors into different
subgroups, such as delivery mode (vaginal delivery,
cesarean delivery), maternal education (high level (col-
lege and above), middle level (middle school), primary
level (primary school and below)), parity (nulliparous
(parity< 1), multiparous (parity>1)), and delivery hospi-
tals (located in urban or rural areas).

Statistical analysis

The study of birth sex is expressed in two different types
of variables, sex ratio at birth (SRB) for continuous vari-
able and rate of male birth for categorical variable. Data
description was presented as mean * standard deviation
(Mean + SD) or median (interquartile ranges (IQR)) for
continuous variables and percentages for categorical var-
iables. Group difference was analyzed using One-way
analysis of variance (ANOVA) for normally distributed
variables and Kruskal-Wallis H test for non-normally
distributed variables. Chi-square test was used for cat-
egorical variables as group comparison. Multivariable lo-
gistic regression model was used to assess the
relationship between population policy stages (BTCP,
OTCP and UTCP) and male birth with adjustment for
maternal age, delivery mode, parity, maternal education
and delivery hospital. To explore the relationship be-
tween population policy and male birth percentage in
different demographic characteristic, subgroup analysis
was performed based on subgroup in maternal age, de-
livery mode, parity, maternal education and delivery hos-
pital. Unadjusted Odds Ratio (OR) and adjusted OR and
95% Confidence Interval (CI) were used to expressed the
association in multivariable logistic models with BTCP
as control (OR =1.00). All statistical tests of hypotheses
will be two sided and criterion for statistical significance
is o = 0.05. Statistical analyses were done with SPSS ver-
sion 21.0 software (IBM Corp, Armonk, NY).

Results

From 2013 to 2017, there were 277,925 deliveries at >28
gestational weeks in 22 hospitals according to
HBMNMSS. Among them, 2912 deliveries that missed
the information about baby sex, gestational age, single-
ton or multiple pregnancy and parity were excluded, and
4091 twin pregnancies, 40 triplet pregnancies, and 1
quadruplet pregnancy were excluded. Total 270,878
singleton deliveries were included and analyzed in this
study. The SRB is the ratio of newborn boys to newborn
girls at birth. The SRB was 1.084 at BTCP stage, 1.050 at
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OTCP stage, 1.047 at UTCP stage, it declined rapidly at
the three stages (* = 15.97, P < 0.01).

The characteristics of demographics and obstetrics

As we showed in Table 1, with the gradually liberalizing
of the Two-Child Policy (BTCP, OTCP, UTCP), the age
of parturient increased, the percentage of parturient who
was at the age of 30—34, and > 35 years old increased sig-
nificantly, there were more women of advanced maternal
age giving birth. The percentage of CD has declined sig-
nificantly. After Two-Child Policy, more women gave
birth to their second child, the multiparous women in-
creased significantly, from 40.7% at BTCP stage, to
47.2% at OTCP stage, and 56.6% at UTCP stage. The
women with college and above education increased sig-
nificantly. The parturients who delivered in urban hos-
pital increased. There was statistically significant
difference in the average birth weight, but the regression
analysis showed the average birth weight was not related
to the SRB at different stages of population policy (Pear-
son’s correlation coefficient, r=0.002, P=0.246). The
neonatal mortality has declined significantly (8.4%o,
6.7%o, 5.9%o, x° = 44.49, P <0.01). The SRB of dead neo-
natal babies increased significantly at different stages,
the percentage of the death of the female babies was
48.2% at BTCP stage, and it decreased to 43.7% at OTCP
stage, and 43.9% at UTCP stage, this showed that the
proportion of death of female babies has gradually de-
clined (F=30.83, P <0.01).

Logistic regression analysis

Some factors were statistically different at three stages of
population policy, including maternal age, delivery
mode, parity, maternal education and delivery hospital.
These factors were divided into different subgroups. Fig-
ure 1 showed the changing trend of SRB at the three
stages of Two-Child Policy in 22 hospitals in Hebei
Province of China from 2013 to 2017. Most of factors
showed a declined trend in SRB, except for =35 years
group and urban group. The univariate and multivariate
logistic regression analyses were conducted in the sub-
groups to assess the strength of association between SRB
and the population policy.

Maternal age and SRB

According to our study, there was no statistically signifi-
cant difference of the SRB at three stages in the sub-
groups of maternal age <20, 25-29, >35. But the SRB
declined significantly in the subgroups of maternal age
20-24(1.079, 1.049, 1.012, P<0.01), 30—34(1.110, 1.049,
1.049, P=0.01). With BTCP stage as a control group,
the univariate logistic regression analysis showed that
the SRB was significantly correlated to the Two-Child
Policy in the subgroups of maternal age 20-24, 30-34,
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Table 1 The Characteristics of Demographics and Obstetrics

BTCP oTCP uTCP %% P value
n=76,466 n=77481 n=116931
Maternal age (year)® 272+46 277 + 474 287 + 4.6 92+ 2708.69 <001
<20years? 1453(1.9) 1294(1.7) 1277(1.1) 583292 <001
20-24 years® 19,958(26.1) 16,664(21.5) 17,486(15.0)
25-29 years® 36,188(47.3) 37,128(47.9) 55,035(47.1)
30-34 years® 14,059(18.4) 16,056(20.7) 29,702(254)
> 35 years” 4800(6.3) 6323(8.2) 13,405(11.5)
Unknown 8(0.0) 16(0.0) 26(0.0)
Delivery mode® 90.81 <001
Vaginal 35,616(46.6) 37,968(49.0)"! 57,112(48.8) °**
Cesarean 40,833(53.4) 39,510(51.0) 59,814(51.2)
Unknown 17(0.0) 3(0.0) 5(0.0)
Gestational age (weeks) ® 389419 389+17" 387+ 1.7 928 117.36 <001
Parity® 4824.41 <001
Nulliparous 45346(59.3) 40,944(52.8)"" 50,793(434) 92
Multiparous 31,120(40.7) 36,537(47.2) 66,138(56.6)
Education® 27.57 <001
College and above 21,564(28.2) 23,096(29.8)"" 43,140(36.9) 9%
Middle school 52,462(68.6) 51,683(66.7) 69,754(59.7)
Primary school and below 1963(2.6) 1767(2.3) 2041(1.7)
Unknown 477(06) 935(12) 1996(1.7)
Marital status® 397 <005
Married 76,013(99.4) 77,137(99.6)"" 116,430(99.6) 427
Single 438(0.6) 326(04) 473(04)
Unknown 15(0.0) 18(0.0) 28(0.0)
Delivery hospital® 40163 <001
Urban 33,537(43.9) 35,554(459)! 56,678(48.5) 924
Rural 42,928(56.1) 41,924(54.1) 60,249(51.5)
Unknown 1(0.0) 3(0.0) 4(0.0)
Baby sex® 1322 <001
Ferale 36,686(48.0) 37,790(48.8)" 57,133(48.9) %
Male 39,780(52.0) 39,691(51.2) 59,798(51.1)
SRB® @ 1.084 1.050¢" 1,047 92 1597 <001
Birth weight (kg) 334+052 33340529 3344051 2% 10.29 <001
Neonatal death® 0912 1.110 1.130
Male neonatal death® 283(44.0) 253(48.5) @' 340(49.7) 929 15.29 <001
Female neonatal death® 310(48.2) 228(43.7) 301(43.9) 3083 <001
Unknown® 50(7.8) 41(7.8) 44(64)
Deliveries per day® 1410121, 163) 11690, 162) ' 154(130, 181) 92 4798 <001

BTCP: Both the husband and wife of one couple were the only child of their parents, the couple were allowed to have Two Children in Policy (January 1, 2013 -
May 29, 2014); OTCP: only the husband or wife of one couple was the only child of their parents, the couple were allowed to have Two Children in Policy (May 30,
2014 - December 31, 2015); UTCP: the Universal Two-Child Policy, every couple were allowed to have two children (January 1, 2016 - December 31, 2017). SRB: Sex
Ratio at Birth. A analysis of variance test of Post Hoc Multiple Comparisons was used for normally continuous variables, and chi-square test for the categorical variables;
The normal distribution continuous data were presented as mean + standard deviation, the data were compared using independent t test (y);

The categorical data were presented as numbers (frequencies, %), Chi-square test was used for categorical data (F);

“n (male) / n (female);

®The non-normal distribution continuous data were presented as median (interquartile range), the data were compared using analysis of variance (F);
‘“Statistically significant when BTCP compared to OTCP (P < 0.05);

“2statistically significant when BTCP compared to UTCP (P < 0.05);

93statistically significant when OTCP compared to UTCP (P < 0.05);

fINot statistically significant when BTCP compared to OTCP (P>0.05);

2Not statistically significant when BTCP compared to UTCP (P>0.05);

BNot statistically significant when OTCP compared to UTCP (P>0.05)
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Fig. 1 The trend of SRB at three stages of Two-Child Policy (22 hospitals in Hebei Province of China, 2013-2017). a The gross SRB at three stages;
b The SRB in maternal age subgroups at three stages; ¢ The SRB in delivery mode subgroups at three stages; d The SRB in parity subgroups at
three stages; e The SRB in maternal education subgroups at three stages; f The SRB in urban or rural hospital at three stages. BTCP: Both the
husband and wife of one couple were the only child of their parents, the couple were allowed to have Two Children in Policy (January 1, 2013 -
May 29, 2014); OTCP: only the husband or wife of one couple was the only child of their parents, the couple were allowed to have Two Children
in Policy (May 30, 2014 - December 31, 2015); UTCP: the Universal Two-Child Policy, every couple were allowed to have two children (January 1,
2016 - December 31, 2017). SRB: Sex Ratio at Birth

>35. After adjusting the factors, multivariate logistic re-
gression analysis showed the SRB was independently
correlated to the three stages in the subgroups of mater-
nal age, AOR(95% CI) at OTCP stage was 0.98 (0.94—
1.02) at the age of 20-24, 0.94 (0.90-0.99) at the age of
30-34, and 0.89(0.82-0.96) >35; AOR(95% CI) at UTCP
stage was 0.94(0.90-0.98) at the age of 20-24, 0.94
(0.90-0.98) at the age of 30-34, and 0.93(0.87-0.99)
>35. The results were showed in Table 2.

Delivery mode and SRB

According to the delivery mode, the parturients were di-
vided into two subgroups: vaginal delivery and cesarean
delivery (CD). The SRB of the subgroup of vaginal deliv-
ery was lower than that of the subgroup of CD, and
there was no statistically significant difference at the
three stages. In the subgroup of CD, the SRB declined
significantly, from 1.160 to 1.119 and then to 1.096, and
much higher than that of the subgroup of vaginal sub-
group at the three stages. Univariate logistic regression

analysis showed the SRB was significantly correlated to
the Two-Child policy in this subgroup. After adjusting
the factors such as maternal age, parity, maternal educa-
tion and delivery hospital, multivariate logistic regression
analysis also showed significant correlation between the
SRB and the Two-Child Policy in the subgroup of CD.
With BTCP stage as a control group, AOR(95% CI) was
0.96(0.93-0.99) at OTCP stage, 0.94(0.92-0.97) at
UTCP. The results were showed in Table 3.

Parity and SRB

According to parity, the parturients were divided into
nulliparous and multiparous subgroup. The SRB signifi-
cantly declined in the multiparous subgroup at the three
stages, from 1.165 to 1.088 and then to 1.070, but the
SRB showed no statistically significant difference in
nulliparous subgroup. The SRB of multiparous subgroup
was higher than that of the nulliparous subgroup at the
three stages. Logistic regression analysis showed that the
SRB of nulliparous parturients was not correlated to the



Fan et al. BMC Public Health (2020) 20:789

Table 2 The trend of SRB in the subgroups of maternal age at
three stages of Two-Child Policy (22 Hospitals in Hebei Province
of China, 2013-2017)
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Table 3 The trend of the SRB in the subgroup of delivery mode
at the three stages of Two-Child Policy (22 Hospitals in Hebei
Province of China, 2013-2017)

SRB in subgroup BTCP  OTCP UTCP P SRB in subgroup BTCP OTCP UTcp P
< 20years (SRB) 1012 1.083 1.016 0.95 Vaginal delivery (SRB) 1.004 0984 0.996 065
20-24years (SRB)  1.079  1.049 101292 <001 Cesarean delivery (SRB) 1.160 1.119 1.096 <0.01
25-29years (SRB)  1.079  1.058 1.054 ©? 0.06 Unadjusted OR (95% Cl)
30-34years (SRB)  1.110  1.049 o1 1.049 2 0.01 Vaginal delivery 100  0.98(0.95-1.01) 099(0.97-1.02) 037
235 years (SRB) 1146 1016 ° 1,062 P2 0.10 Cesarean delivery 100 097(0.94-099) 0.95(0.92-097) <0.01
Unadjusted OR (95% Cl) Adjusted OR (95% Cl)
< 20years 1.00 1.07(0.91-1.25) 01(0.86-1.17) 067 Vaginal delivery 100 0.98(0.95-1.01) 098(0.95-1.01) 024
20-24 years 1.00 0.97(0.93-1.01) 0.94(0.89-098) <001 Cesarean delivery 1.00  0.96(0.93-0.99) 0.94(0.92-0.97) <0.01
25-29 years 1.00 0.98(0.95-1.01) 097(0.95-1.00) 0.13 BTCP: Both the husband and wife of one couple were the only child of their
parents, the couple were allowed to have Two Children in Policy (January 1,
30-34years 1.00 0.95(0.91-0.99) 095(091-098)  0.02 2013 - May 29, 2014); OTCP: only the husband or wife of one couple was the
> 35 years 1.00 0.80(0.82-0.95) 093(087-099) <001 only child of their parents, the couple were allowed to have Two Children in
- ’ ’ ’ ’ Policy (May 30, 2014 - December 31, 2015); UTCP: the Universal Two-Child
Adjusted OR (95% Cl) Policy, every couple were allowed to have two children (January 1, 2016 -
December 31, 2017). SRB: Sex Ratio at Birth (n (male) / n (female)); OR: Odds
< 20years 1.00 1.08(0.92-1.26) 02(0.87-1.19)  0.65 Ratio; 95% Cl: 95% Confidence Intervals
20-24 years 1.00 098(094_] 02) 0. 94(0 90—098) 0.01 A chi—square test was used in the SRB at the three stages of the Two-Child
Policy. BTCP acted as a control, Univariate logistic regression analysis was used
25-29 years 1.00 0.98(0.95-1.01) 0.97(095-099)  0.12 to examine the strength of association between the SRB and the Two-Child
Policy, and was showed in Unadjusted OR (95% Cl); After adjusting the factors
30-34years 1.00 094 (090-099)  0.94(090-0.98) <001 such as maternal age, parity, maternal education, delivery hospital,
> 35 years 1.00 0.89(0.82-0.96) 0.93(0.87-099) <001 multivariate logistic regression analysis was used, and was showed in Adjusted

BTCP: Both the husband and wife of one couple were the only child of their
parents, the couple were allowed to have Two Children in Policy (January 1,
2013 - May 29, 2014); OTCP: Only the husband or wife of one couple was the
only child of their parents, the couple were allowed to have Two Children in
Policy (May 30, 2014 - December 31, 2015); UTCP: the Universal Two-Child
Policy, every couple were allowed to have two children (January 1, 2016 -
December 31, 2017). SRB: Sex Ratio at Birth (n (male) / n (female)); OR: Odds
Ratio; 95% Cl: 95% Confidence Intervals

A chi-square test was used in the SRB at the three stages of Two-Child Policy.
BTCP acted as a control, Univariate logistic regression was used to examine
the strength of association between the SRB and the Two-Child Policy, was
showed in Unadjusted OR (95% Cl); After adjusting the factors such as delivery
mode, parity, maternal education, delivery hospital, multivariate logistic
regression analysis was used, and was showed in Adjusted OR (95% Cl)
b1Statistically significant when BTCP compared to OTCP;

P2statistically significant when BTCP compared to UTCP

Two-Child Policy. But there were significant correlation
between the SRB and the Two-Child Policy in multipar-
ous parturients by univariate and multivariate logistic re-
gression analysis. With BTCP stage as a control group,
AOR(95% CI) was 0.94 (0.91-0.96) at OTCP stage,
0.92(0.90-0.95) at UTCP stage. The results were showed
in Table 4.

Maternal education and SRB

Most women with higher level education were not
allowed to give birth to a second child at the stage of
One-Child Policy. At the three stages of Two-Child Pol-
icy, there was a statistically significant decline in the SRB
only in the women with middle level education, from
1.096 to 1.058 and then to 1.058. There was no statisti-
cally significant difference in the SRB in the women with
primary and high level education. The SRB of women

OR (95% Cl)

with primary level education remained higher than that

Table 4 The trend of SRB in the subgroup of parity at the three
stages of Two-Child Policy (22 hospitals in Hebei Province of
China, 2013-2017)

SRB in subgroup BTCP  OTCP uTcp P
Nulliparous (SRB) ~ 1.033  1.016 1.016 031
Multiparous (SRB) ~ 1.165  1.088 1.070 <001

Unadjusted OR (95% Cl)
0.99(0.96-1.01)
0.93(0.91-0.96)

0.99(0.96-1.01) 051
0.92(0.89-0.94)

Nulliparous 1.00

Multiparous 1.00 <001

Adjusted OR (95% Cl)
0.99(096-1.02)  0.99(0.97-1.02) 0.74
0.94(091-096)  0.92(0.90-0.95)

BTCP: Both the husband and wife of one couple were the only child of their
parents, the couple were allowed to have Two Children in Policy (January 1,
2013 - May 29, 2014); OTCP: only the husband or wife of one couple was the
only child of their parents, the couple were allowed to have Two Children in
Policy (May 30, 2014 - December 31, 2015); UTCP: the Universal Two-Child
Policy, every couple were allowed to have two children (January 1, 2016 -
December 31, 2017). SRB: Sex Ratio at Birth (n (male) / n (female)); OR Odds
Ratio; 95% Cl: 95% Confidence Intervals

A chi-square test was used in the SRB at the three stages of Two-Child Policy.
BTCP acted as a control, univariate logistic regression analysis was used to
examine the strength of association between the SRB and the population
policy, showed in Unadjusted OR (95% Cl); After adjusting the factors such as
maternal age, delivery mode, maternal education, delivery hospital,
multivariate logistic regression analysis was used, and was showed in Adjusted
OR (95% Cl)

Nulliparous 1.00

Multiparous 1.00 <001
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Table 5 The trend of SRB in the subgroup of material education at the three stages of Two-Child Policy (22 Hospitals in Hebei

Province of China, 2013-2017)

SRB in subgroup BTCP oTCP UTCP P
College and above (SRB) 1.041 1.032 1.024 0.30
Middle school (SRB) 109 1.058 ! 1.058 *? <001
Primary school and below (SRB) 1.137 1.070 1.062 0.27
Unadjusted OR (95% Cl)

College and above 1.00 0.99(0.95-1.03) 0.98(0.95-1.02) 0.58

Middle school 1.00 0.96(0.94-0.99) 0.96(0.94-0.99) <001

Primary school and below 1.00 0.94(0.83-1.07) 0.93(0.82-1.06) 049
Adjusted OR (95% Cl)

College and above 1.00 0.99(0.96-1.03) 0.98(0.95-1.01) 046

Middle school 1.00 0.96(0.93-0.98) 0.95(0.93-0.98) <001

Primary school and below 1.00 0.90(0.79-1.03) 0.90(0.79-1.03) 0.21

BTCP: Both the husband and wife of one couple were the only child of their parents, the couple were allowed to have Two Children in Policy (January 1, 2013 -
May 29, 2014); OTCP: only the husband or wife of one couple was the only child of their parents, the couple were allowed to have Two Children in Policy (May 30,
2014 - December 31, 2015); UTCP: the Universal Two-Child Policy, every couple were allowed to have two children (January 1, 2016 - December 31, 2017). SRB: Sex
Ratio at Birth (n (male) / n (female)); OR Odds Ratio; 95% Cl: 95% Confidence Intervals

A chi-square test was used in the SRB at the three Two-Child Policy stages. BTCP acted as a control, univariate logistic regression was used to examine the
strength of association between the SRB and the Two-Child Policy, and was showed in Unadjusted OR (95% Cl); After adjusting the factors such as maternal age,
delivery mode, parity, delivery hospital, multivariate logistic regression analysis was used, and was showed in Adjusted OR (95% Cl)

Plstatistically significant when BTCP compared to OTCP;
b2statistically significant when BTCP compared to UTCP

of other level education. Univariate and multivariate
logistic regression analysis showed the SRB in the sub-
group of women with middle level education was signifi-
cantly correlated to the Two-Child Policy. With BTCP
stage as a control group, AOR(95% CI) was 0.96(0.93—
0.98) at OTCP stage, 0.95(0.93-0.98) at UTCP stage.
The results was showed in Table 5.

Delivery hospital and the SRB

According to the location of hospital, delivery hospitals
were divided into two subgroups: urban hospital and
rural hospital. The SRB declined significantly in rural
hospitals at the three stages of Two-Child Policy, from
1.110 to 1.070 and then to 1.045. There were no signifi-
cant difference in urban hospitals. The SRB of rural hos-
pital was higher than that of the urban hospital at the
stages of BTCP and OTCP. The SRB of urban hospital
was not correlated to the Two-Child Policy, but the SRB
of rural hospital was significantly correlated to the Two-
Child Policy by univariate and multivariate logistic re-
gression analysis. With BTCP as a control group,
AOR(95% CI) was 0.96(0.94—0.99) at OTCP stage,
0.93(0.91-0.96) at UTCP stage. The results were showed
in Table 6.

Discussion

After 36 years of One-Child Policy, China unveiled the
Two-Child Policy. The Chinese government aimed to
raise the working-age population, curtail the ageing of
the population, and normalize the SRB in the future.

Whether the low birth rate is the result of One-Child
Policy has led to a debate recently. The results of statis-
tical calculations suggested that One-Child Policy had
less significant role in driving down the birth rate, but
others acknowledged that the One-Child Policy had

Table 6 The trend of SRB in urban and rural hospitals at the
three stages of Two-Child Policy (22 hospitals in Hebei Province
of China, 2013-2017)

SRBin subgroup  BTCP ~ OTCP UTCP P
Urban (SRB) 1.053  1.028 1.045 0.78
Rural (SRB) 1110 1.070 1.045 <001

Unadjusted OR (95% Cl)

Urban 1.00 0.97(095-1.00)  0.99(0.97-1.02) 0.08
Rural 1.00 097(0.94-0.99)  0.94(0.92-0.97) <001

Adjusted OR (95% Cl)

Urban 1.00 097(094-0.99)  0983(096-1.01)  0.13
Rural 1.00 0.96(0.94-0.99)  0.934(0.91-096) <001

BTCP: Both the husband and wife of one couple were the only child of their
parents, the couple were allowed to have Two Children in Policy (January 1,
2013 - May 29, 2014); OTCP: Only the husband or wife of one couple was the
only child of their parents, the couple were allowed to have Two Children in
Policy (May 30, 2014 - December 31, 2015); UTCP: the Universal Two-Child
Policy, every couple were allowed to have two children (January 1, 2016 -
December 31, 2017). SRB: Sex Ratio at Birth (n (male) / n (female)); OR Odds
Ratio; 95% Cl: 95% Confidence Intervals

A chi-square test was used in the SRB at the three Two-Child Policy stages.
BTCP acted as a control, univariate logistic regression was used to examine the
strength of association between the SRB and the Two-Child Policy, and was
showed in Unadjusted OR (95% CI); After adjusting the factors such as
maternal age, delivery mode, parity, education, multivariate logistic regression
analysis was used, and was showed in Adjusted OR (95% CI)
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numerous negative consequences and had significant
impact on childbearing decisions [20, 27]. Evidence
shows that China has entered an era of low birth rate
[28], any restriction policies on birth may no longer be
necessary. In fact, after the Two-Child Policy, the birth
rate did not increase sharply.

In most human populations worldwide, the SRB is
close to 1.05 [9, 10]. There are the problems of high SRB
in many countries and regions like India, Uganda,
Vietnam, Australia and USA [12, 13, 15, 29-35]. High
sex ratio have brought about many social, economic and
psychological problems, such as increased mortality in
adult male, reduced proportion of rural male marriage,
increased depression and suicide in male, and even in-
creased terrorism [4, 36, 37]. The reasons for high sex
ratio are complicated, mainly because of sex-selective
abortion, especially using ultrasound technology to judge
the sex of the fetus before delivery, or the poor care of
the baby girl after birth, etc. [18, 38—40]. Boys enjoy
more opportunities for work, education, and take more
responsibilities for supporting their parents [2, 14, 30,
38, 40]. Other socioeconomic and biological factors such
as economic depression, famine, ownership of dwelling,
assisted reproductive technologies, and temperature
might also affect the SRB [31, 40-48]. Even some festi-
vals can affect the SRB [49, 50]. Socioeconomic factor
may be a important factor for SRB at racial, national and
global levels. Improving economy lead to increasing edu-
cation, which in turn tends to lower birth rate in associ-
ation with a declining SRB. The global correlation of
health indicators with SRB suggests that SRB may be a
useful and sentinel health and socioeconomic indicator
[47, 48, 51]. SRB was a statistically significant variables
related to Gross Domestic Product (GDP) per capita,
childhood mortality, maternal mortality, life expectancy,
overall birth rate, human development index, population,
mean years in education [27].

Chinese national census showed that the SRB in
China experienced a long imbalance since the imple-
mentation of One-Child Policy in 1980s, and it
reached 1.202 in 2004. From 2008, China’s SRB fell
down gradually. A study of 5,338,853 deliveries in
China from 2012 to 2015 showed that the SRB was
1.110 in 2012, 1.102 in 2013, 1.088 in 2014, and
1.095 in 2015, but it was still higher than the normal
value [19]. In the past 30years, Chinese government
has taken many policies and measures to control the
increased sex ratio, for example, to provide equal
work opportunities for men and women, allow rural
couples with a girl to have a second child, strictly
prohibit prenatal sex identification and sex-selective
abortion for more than 14 weeks of gestation without
medical indications, and so on [38, 39]. The SRB has
dropped significantly, not only because of the
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prohibition of sex-selective abortion, but also because
of economic development, more education and work
opportunities for women, the changing of birth con-
cept, and the Two-Child Policy. Our study showed
that the Two-Child Policy was the important factor
related to the decline of SRB.

This study covers 5 years from 2013 to 2017, from the
stage of BTCP, to the stage of OTCP, and then to the
stage of UTCP when the Two-Child Policy was intro-
duced and liberalized gradually. The data was collected
from 22 hospitals in 10 cities of Hebei Province, located
in the central and eastern regions of China. The SRB de-
clined gradually with the liberalizing of the Two-Child
Policy, it was 1.084 at BTCP stage, 1.050 at OTCP stage,
and 1.047 at UTCP stage. The SRB reached a balance,
the number of births has increased significantly after the
Two-Child Policy. The average birth weight was about
3.3kgs at three different stages, and the birth weight was
not related to the SRB. The neonatal death rate has de-
clined, the proportion of female neonatal death has de-
creased from 482 to 43.9% after Two-Child Policy,
which indicated better health care for girls than before.

After the Universal Two-Child Policy, many women
gave birth to the second child which was prohibited be-
fore, women giving birth at this stage were more likely
to be multiparous, especially for those older than 35
years old [52]. From 2013 to 2017, the average maternal
age increased, the proportion of parturients >30 years
old increased from 24.7% at BTCP stage to 36.9% at
UTCP stage. With the adjustment of population policy,
the SRB has a downward trend, but the biggest decline
of SRB is in women >30 years old, especially in women
>35 year old, the SRB was 1.146 at BTCP stage, dropped
sharply to 1.062 at UTCP stage. Even after excluding the
confounding factors, the women =30 year old were still
the main factor in the decline of SRB. The SRB was close
to normal when women gave birth to the first child,
while many women have a stronger willing to have a boy
when giving birth to her second child. At the stage of
One-Child Policy, in rural areas, if the first child was a
girl, the government allowed the couple to have a second
child. Some couples kept having babies until the first
male baby was born [53]. This rule also resulted in the
increased SRB of the second child and increased the
gross SRB. After the Universal Two-Child Policy was
adopted, this rule was terminated, and the gross SRB
swayed back to normal. Women of advanced age in-
creased the rate of complicated pregnancy, such as infer-
tility, fetal malformation, gestational diabetes, placenta
previa, postpartum hemorrhage and hypertensive disor-
ders [36]. An expert consensus of healthcare and a prac-
tical guideline of the assisted reproductive technology
for women with advanced maternal age were published
in China, 2019 [54, 55].
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The Two-Child Policy also have effect on delivery
mode in Liang’s study [8], the rate of CD declined stead-
ily from 2012 to 2016, reaching an overall hospital-based
rate of 41.1% in 2016. The classification of CD was
modified after the implementation of Two-Child Policy,
thus, the rate of CD in nulliparous women decreased
[56], but rate in multiparous women increased [52]. The
gross rate of CD did not decline much in this study, just
from 53.4 to 51.2%, it was difficult to decline rapidly
after the Two-Child Policy, with the high rate of initial
CD at the stage of One-Child Policy [57]. Morbidly ad-
herent placenta increased in women who had a previous
CD. The management and maternal care of high-risk
pregnancies were required to ensure the successful im-
plementation of the Two-Child Policy and to improve
the maternal and perinatal outcomes in China [58].
There were more baby boys delivered by CD at the stage
of BTCP and UTCP, this might suggest that the choice
of CD was related to the baby sex. The SRB of vaginal
deliveries was below the normal level of 1.05 at all the
three stages (1.004, 0.984, 0.996), while the SRB of CD
was above the normal level of 1.05 at all the three stages
(1.160, 1.119, 1.096). There is a misconception that CD
is safer than vaginal delivery. With son preference, after
knowing it was a male fetus by prenatal sex determin-
ation, couples choose the mode of CD to ensure safe
birth of male babies. On the contrary, if it was a female
fetus, couples may try to have a vaginal delivery, consid-
ering giving birth later. This was one of the manifest-
ation of sex selection. Prenatal sex selection has reduced
the mortality of postnatal excessive female babies in
South Korea, Armenia, and Azerbaijan, but In India and
China, although the absolute number of death of female
babies showed a reduction, the mortality of relatively ex-
cessive female babies persisted with the increase of pre-
natal sex selection [14].

After the implementation of One-Child Policy, the SRB
was close to normal for the first baby, but it reached 1.46
(143 to 1.49) for the second baby, especially in rural areas.
The SRB in nine provinces had reached to 1.60 for the sec-
ond baby, sex selective abortion accounted for almost all the
extra male babies [11]. After the implementation of Two-
Child Policy, many women in urban areas gave birth to the
second child. There were 56.6% multiparous women at the
stage of UTCP, much more than 40.7% at the stage of BTCP.
The SRB of nulliparous women remained lower than 1.05 at
the three stages. Even the SRB of multiparous women de-
clined significantly, it was still much higher than that of the
nulliparous women, it was a contributor to the increased
SRB. At BTCP stage, the SRB of multiparous women was
1.165, then fell to 1.088 at OTCP stage, and 1.070 at UTCP.
This showed that the Universal Two-Child Policy led to the
decline of the SRB for the second child. The most male-
biased sex ratio and the elevated SRB were found
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among parity of two or more births, among Indian
and Chinese-born mothers, even among the migrants
to Australian and the U.S [13, 15].

The education level of the parturients improved. The
parturients with college and higher education increased
significantly, from 28.2 to 36.9% in 5 years, which indi-
cated more women with high level education had their
second babies. The SRB of the women with high level
education was the lowest at all stages of Two-Child Pol-
icy. More women with high level education were at
work, and were the only child of their parents, They had
better economic status, but had less willingness to select
the sex of the baby. The women with low level education
mostly lived in rural areas, the SRB of these women was
highest at all three stages. They had no job, no pension
insurance, relied on the boy’s pension, so they insisted
on giving birth to a boy at least, so the SRB was always
at a high level. The parturients with middle level educa-
tion accounted for 59.7 to 68.6% of the reproductive
population, they were the only declined group in SRB,
and were the main factor for the decline of SRB. Educa-
tion played a key role in reducing the degree of gender
inequality, the relationship between the SRB and educa-
tion in India followed an inverted U-shape, the women
with middle level education had a higher SRB [59]. The
culture of son preference is intricately linked with the
economic reality of each couple’s life, education, eco-
nomic situation, cultural beliefs and affect the entire so-
ciety, and may lead to the decrease in the country’s SRB
[9]. With the urbanization of China, many women with
middle level education went to work, and were covered
by pension insurance and medical insurance, the SRB of
the parturients with middle level education declined.

After the implementation of One-Child Policy, the
SRB has been rising for several decades in rural China
[9, 11]. Chinese government adopted a number of mea-
sures to provide fair working and education opportun-
ities, to preach the ideology of “Giving birth to a boy or
girl makes no difference” and change the traditional con-
cepts [2, 3]. With the urbanization of China, many
young rural women left home, went to work in cities,
and gave birth in urban or rural hospitals, and returned
back to work after some time, left their babies with the
grandparents in rural areas. The working opportunity
brought some income for the rural women, improved
their economic situation, and changed their concept of
“Preference for boys” and “More birth of sons, more
happiness”. At the stage of UTCP, the SRB of rural
women has declined to normal level, which is same as
that of the urban women. The average lifetime desired
birth for the rural women of childbearing age was about
1.71, below the total birth rate at the replacement level
[28]. Women’s marriage age, the pecuniary costs of hav-
ing children, and social security benefits available for
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rural residents at retirement age, were significantly and
negatively related to the willingness of giving birth.

Strengths and limitations

The five-year study has covered the three stages of Two-
Child Policy, which was liberalized gradually. It con-
firmed that the decline of the SRB was related to the ad-
justment of population policy, and showed the SRB has
returned to normal level after the implementation of
Two-Child Policy. The SRB of the women with advanced
age, of the multiparous women, of the women with mid-
dle education, and of the rural women declined signifi-
cantly, and had an obvious impact on the decline of the
overall SRB. The One-Child Policy was only imple-
mented in China, therefore, this study has a limited ref-
erence to other countries. We have not analyzed how
the Two-Child Policy made the SRB declined through its
impact on birth rate, society, economy, culture and med-
ical care. We have no data before April 28, 2011 when
the One-Child Policy was implemented, so the study
cannot show the change of SRB completely. We did not
consider the period from conception to delivery, and the
results might be biased.

Conclusions

Our study showed that in China, the overall SRB has de-
clined to normal level with the gradually liberalizing of
Two-Child Policy after the One-Child Policy. Two-Child
policy was a very important factor related to the decline
of SRB. Two-Child Policy also resulted in some good re-
sults, such as, lower rate of CD, less deaths of baby girl,
less sex-selective abortions. There was a lot of work to
do for the Chinese government to improve the level of
maternal health care, to ensure the welfare of childbear-
ing women, and to reduce the incidence of pregnancy
complications.
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