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Abstract
Background Antenatal care (ANC) plays a crucial role in ensuring maternal and child safety and reducing adverse 
delivery outcomes. This study aimed to analyze the association between the quality of ANC and the occurrence of 
preterm birth and low birth weight in a sample of the population from 16 regions in 8 provinces in China.

Methods Data from all closed cases of pregnant women and newborns reported in the Maternal and Child Health 
Monitoring System from January 1, 2018, to December 31, 2018, in 16 monitoring regions across 8 provinces in China 
were collected and included in the analysis, resulting in a total of 49,084 pregnant women and 49,026 newborns.

Results The mean number of ANC visits was 6.95 ± 3.45. By percentage, 78.79% of the women received ANC 
examinations at least five times. The percentage of normative ANC examinations and the percentage of qualified 
ANC examinations was 30.98% and 8.0% respectively. The gestational age(χ2 = 229.305, p<0.001), birth weight 
(χ2 = 171.990, p<0.001) and the occurrence of neonatal complications (χ2 = 53.112, p<0.001) were all significantly 
related to the number of ANC visits to mothers. There was a correlation between gestational age (χ2 = 1021.362, 
p<0.001;χ2 = 194.931, p<0.001) and birth weight (χ2 = 259.009, p<0.001; χ2 = 70.042, p<0.001) with normative ANC and 
qualified ANC examinations. As the number of ANC examinations increased, the rates of preterm birth and low birth 
weight decreased. Pregnant women who did not receive normative ANC examinations had a higher risk of preterm 
birth and neonatal low birth weight compared to those who did; Adjusted Odds Ratio (95%CI) was 23.33(16.97~32.07)
and 1.61(1.37~1.90) respectively. Pregnant women who did not receive qualified ANC examinations had a higher 
risk of preterm birth and neonatal low birth weight compared to those who did; Adjusted Odds Ratio (95%CI) was 
15.05(8.45~26.79)and 1.36 (1.02~1.82) respectively.

Conclusion The percentage of women who received normative ANC examination and qualified ANC examination is 
still low in China, and the quality of antenatal care significantly affects the occurrence of preterm birth and low birth 
weight in newborns.
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Birth weight and gestational age are key indicators of 
health care during pregnancy, as well as predictors of 
early-life and long-term morbidity and mortality [1, 2]. 
Children born preterm or with a low birth weight have a 
higher risk of childhood hypertension and neurodevelop-
mental disorders, as well as adulthood diseases and mor-
tality [3, 4]. Thus, reducing these adverse birth outcomes 
is a global public health priority. Antenatal care (ANC) 
plays a crucial role in ensuring maternal well-being and is 
a crucial measure in reducing adverse delivery outcomes. 
From a life-course management perspective, poor mater-
nal health during pregnancy can be transmitted to the 
fetus, increasing the risk of premature birth or low birth 
weight (LBW), and further impacting the general health 
of the newborn throughout their life. This forms a vicious 
cycle by causing poor outcomes in the succeeding genera-
tions. Providing the necessary interventions for ensuring 
a favorable pregnancy outcome during ANC can break 
this cycle [1].However, to achieve maximum effectiveness, 
the accessibility and quality of ANC must be ensured.

The maternal and child health service system was one 
of the earliest health service systems established in the 
country since the founding of the People’s Republic of 
China. Under the service system, MCH ( maternal and 
child health ) hospitals and maternity and children’s hos-
pitals stand as the backbone providing the core MCH 
services; the urban and rural community - based pri-
mary health facilities deliver the basic MCH services as 
the foundation of the system; and the large and medium-
sized general hospitals and relevant research and teaching 
institutions provide the key technical support, providing 
women and children with a continuum of proactive ser-
vices and management from birth to old age, covering 
both physical and mental health, guided by the concept 
of the life-cycle care and three levels of preventive care. 
The systematic maternal care management refers to the 
whole range of health care services for women and their 
infants from the time they are ready for pregnancy to 42 
days after childbirth. It includes systematic care during 
the pre-pregnancy, pregnancy, childbirth, and puerpe-
rium stages. In the 1980s, it began to implement the sys-
tematic maternal care management through pilots in the 
urban and rural areas, and then achieved the full cover-
age of systematic maternal care management nationwide 
in a relatively short period of time, and released a series 
of guiding documents, specific requirements for the 
conduct of prenatal check-ups are clearly defined. Since 
2009, the systematic maternal care management has been 
incorporated into the National Essential Public Health 
Service Programme, and implemented through the MCH 
service network consisting of hospitals of various levels 
and types charged with their respective responsibili-
ties to provide of free basic antenatal care for pregnant 
women. China has gradually established a systematic and 

standardized maternal care management system and ser-
vice model. Although ANC care are known to be effective 
in improving maternal or neonatal outcomes, the quality 
of ANC care is not yet supported by some evidence from 
studies in China.

Some studies have confirmed that standardized pre-
natal examinations during pregnancy can effectively 
improve the quality of prenatal care, reduce the incidence 
of pregnancy complications, and also improve both the 
pregnancy outcomes of pregnant women and the birth 
outcomes of newborns [5–8]. But, these studies lack strict 
definitions of quality indicators for ANC examinations 
from the perspective of maternal health management in 
China or are limited to studying specific populations in 
certain regions. In our study, two indicators – normative 
ANC and qualified ANC examination – which clearly 
defined the key points for timing, frequency, and items 
of ANC examination were used to measure the qual-
ity in order to comprehensively reflect the actual qual-
ity of the ANC examination in the monitoring area. This 
study aims of providing evidence at the national level for 
policy-making by the goverment through analyses the 
relationship between ANC examination quality and the 
occurrence of preterm births and low birth weight.

Methods
Data collection
The data of this study were drawn from the Maternal and 
Newborn Health Monitoring System (MNHMS) set up 
by the National Center for Women and Children’s Health 
(NCWCH), the data was collected from the Maternal 
and Child Care Records from 16 regions of 8 provinces 
in 2018. The 8 provinces were Hebei, Liaoning, Hunan, 
Hubei, Fujian, Guangdong, Sichuan, Yunnan, and two 
districts/counties were selected from each province. 
More details can be learned from our previous study [5]. 
Our study was approved by the Ethics Committee of the 
National Center for Women and Children’s Health, Chi-
nese Center for Disease Control and Prevention (No.
FY2015-007).

Data cleaning
A total of 52,144 women who delivered live births 
between January 1, 2018, and December 31, 2018 had 
received at least 1 antenatal examination during antena-
tal care. Women whose key information and indicators 
were missing (3060 persons) were excluded. In the end, 
the data of 49,084 pregnant women and 49,026 newborns 
were analyzed in this study. All pregnant women who 
were residents or who had lived more than six months 
at these places were enrolled at their first antenatal care 
(ANC) visit [5], and the information of delivery was col-
lected from their delivery registrations. The pregnancy 
information collected included age, pregnancy-labor 
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history, antenatal visits, mode of delivery and pregnancy 
outcomes. The newborns’ information collected included 
sex, gestational age, birth weight, and health status.

Measures
In 2016, WHO envisioned a world where “every pregnant 
woman and newborn receives quality care throughout 
the pregnancy, childbirth and the postnatal period”, in 
which antenatal care models with a minimum of 8 con-
tacts are recommended to reduce perinatal mortality 
and improve women’s experience of care [9]. China also 
proposed guidelines and regulations to regulate antena-
tal health services [10, 11] and implemented throughout 
the country. These guidelines suggested that all pregnant 
women attend no less than 5 times at antenatal health 
services provided by formal medical institutions. The 
guideline of pre-pregnancy and pregnancy care (2018) 
formulated by the Chinese Medical Association (CMA) 
recommends 7 ~ 11 ANC sessions. All these documents 
have specified the contents and requirements of the ANC 
examination. According to the Guidelines for Maternal 
Health Care Service (GMHCC) and the National Basic 
Public Health Service Project (BPHS) of China, two indi-
cators were used to measure the quality of antenatal care 
in this study: normative ANC and qualified ANC exami-
nation. For this study, the key indicators are interpreted 
as follow:

(1) Normative ANC examination is taken to mean 
that pregnant women receive at least five ANC examina-
tions in accordance with the given time required in the 
GMHCC and BPHS rules.

(2) Qualified ANC examination is taken to mean that 
pregnant women receive routine blood, urine, liver func-
tion, renal function, hepatitis B, syphilis, and HIV tests 
at their first ANC examination, and receive routine blood 
and urine tests at the rest of the four ANC examinations.

(3) Infants born with a birth weight less than 2500 g are 
defined as low birth weight(LBW).

(4) Infants born before 37 weeks of gestation are 
defined as preterm birth(PB).

(5) Newborns who experience conditions such as infec-
tion, birth asphyxia, respiratory distress, intracranial 
hemorrhage, and congenital abnormalities at birth are 
classified as newborn complications.

(6)Normal pregnancy is defined as: Spontaneous in 
onset, low-risk at the start of labour and remaining so 
throughout labour and delivery. The infant is born spon-
taneously in the vertex position between 37 and 42 com-
pleted weeks of pregnancy. After birth mother and infant 
are in good condition.

(7) Abnormal pregnancy is defined as: A pregnancy 
that is complicated and affected by an abnormal finding 
or disease condition in either the fetus and/or the mother.

(8) Birth defect: a physical or biochemical defect that is 
present at birth and may be inherited or environmentally 
induced.defined as structural or functional anomalies 
that occur during intrauterine life and can be identified 
prenatally, at birth, or sometimes may only be detected 
later in infancy.

Statistical analysis
Analysis of data was performed with the SPSS software 
(SPSS, version 18.0). Descriptive statistics of all study 
variables were calculated as proportions and chi-square 
for categorical variables. Logistic regression models were 
used to estimate the odds ratios(OR) and corresponding 
95% confidence interval(95%CI), measuring the associa-
tions of preterm birth and low birth weight with the fre-
quency and the quality of ANC, as well as the model that 
included other maternal and infants features(Table  1) 
were fitted, and the corresponding estimates were respec-
tively denoted(adjusted ones). The dependent variables 
PB and LBW are based on normal gestational age infants 
(37w-42w) and normal birth weight (2500–4000 g) as the 
reference. A cutoff p value of < 0.05 was considered of 
statistical significance, and all p-values were bilateral.

Table 1 Variable assignment introduction
Variables Variables Assignment Description
Normalized ANC 0 = No 1 = Yes
Qualified ANC 0 = No 1 = Yes
Number of ANC visits 1 = 1-2times 2 = 3-4times 3 = 5times 4 = 6-7times 5 = 8times 6=>8 times
Maternal Age Continuous variable
Maternal Education 1 = Junior high or lower 2 = Senior high 3 = University or above
Pregnancy-labor history 1 = Normal pregnancy 2 = Abnormal pregnancy
Mode of delivery 1 = Vaginal delivery 2 = Cesarean section
Gestational weeks of birth Continuous variable
Birth weight Continuous variable
Birth defect 0 = No 1 = Yes
Neonatal complications 0 = No 1 = Yes
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Results
Table  2 shows the characteristics of the 49,084 women 
and 49,026 newborns included in this study. The aver-
age age of these women was 28.76 ± 4.72 years. A total 
of 16,341 (33.29%) women had a history of abnormal 

pregnancy, and the proportion of cesarean deliveries was 
45.67%. The delivery outcomes were 49,026 live births 
(99.88%) and 58 stillbirths (0.12%). The mean number 
of ANC visits was 6.95 ± 3.45. By percentage, 78.79% 
(38,675) of the women received ANC examinations at 

Table 2 Characteristics of the pregnant women and newborns
Variables N %(95%CI)
Characteristics of the pregnant women
Age
≤ 19 697 1.42(1.32–1.52)
20–34 42,344 86.27(85.96–86.57)
≥ 35 6043 12.31(12.02–12.60)
Education
Junior high or lower 14,463 29.47(29.06–29.87)
Senior high 15,485 31.55(31.14–31.96)
University or above 18,919 38.54(38.11–38.97)
Unknown 217 0.44(0.38–0.50)
Pregnancy-labor history
Normal pregnancy 11,301 23.02(22.65–23.40)
Abnormal pregnancy 16,341 33.29(32.87–33.71)
Missing 21,442 43.68(43.25–44.12)
Mode of delivery
Vaginal delivery 26,596 54.18(53.74–54.63)
Cesarean section 22,414 45.66(45.22–46.11)
Missing 74 0.15(0.12–0.19)
Delivery outcome
Live birth 49,026 99.88(99.85–99.91)
Stillbirth 58 0.12(0.09–0.15)
Number of ANC visits
≥ 5 38,675 78.79(78.43–79.16)
≥ 8 19,603 39.94(39.50-40.37)
>11 5597 11.40(11.12–11.68)
Quality of ANC visits
Normalized ANC
Yes 15,207 30.98(30.57–31.39)
No 33,877 69.02(68.61–69.43)
Qualified ANC
Yes 3941 8.03(7.79–8.27)
No 45,143 91.97(91.73–92.21)
Characteristics of newborns
Gestational weeks of birth
<37w 2405 4.91(4.71–5.10)
37w-42w 45,990 93.81(93.59–94.02)
>42w 631 1.29(1.19–1.39)
Birth weight(g)
<2500 g 1798 3.67(3.50–3.83)
2500–4000 g 45,181 92.16(91.92–92.40)
>4000 g 2047 4.18(4.00-4.35)
Birth defect
No 48,899 99.74(99.70-99.79)
Yes 127 0.26(0.21–0.30)
Neonatal complications
No 48,696 99.33(99.25–99.40)
Yes 330 0.67(0.60–0.75)
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least five times, 39.93% (19,603) of the women received 
ANC examinations at least eight times and 11.40% (5597) 
of the women received ANC examinations more than 
11 times. The percentage of normalized ANC examina-
tions and the percentage of qualified ANC examinations 
was 30.98% and 8.03% of all examinations, respectively. 
The average gestational age and birth weight of new-
borns were 39week + 2 and 3270.80 g respectively. A total 
of 2405 (4.91%) newborns were PB infants, and 1798 
(3.67%) newborns were LBW infants.

Table  3 shows the ANC examination status of moth-
ers before the newborns with different characteristics. 
The results showed that gestational weeks(χ2 = 229.305, 
P<0.001), birth weight (χ2 = 171.990, P<0.001) , neonatal 
complications (χ2 = 53.112, P<0.001) were related to the 
number of ANC visits. There was a correlation between 
gestational age (χ2 = 1021.362, P<0.001;χ2 = 194.931, 
P<0.001) and birth weight (χ2 = 259.009, P<0.001; 
χ2 = 70.042, P<0.001) with normative ANC and qualified 
ANC examinations.

Single-factor logistic regression analysis showed that 
the number and quality of ANC examinations were 
related to the incidence of PB and LBW. Compared to 
pregnant women who received more than 8 ANC exami-
nations, those who received 1–2 ANC examinations had 
a higher risk of PB; Adjusted Odds Ratio(95%CI)was 
3.03(2.53~3.63). With the increase in the number of ANC 
examinations, the incidence of PB and LBW decreased. 
Among the pregnant women who underwent norma-
tive and qualified ANC examinations, the incidence of 
PB (0.29% and 0.36%, respectively) and the incidence 
of LBW (1.27% and 1.30%, respectively) were lower 

than among those who did not have such examinations 
(6.97% and 5.30%; 4.74% and 3.87%, respectively). The 
pregnant women who did not receive normative ANC 
examinations had a higher risk of PB and LBW com-
pared to those who did; Adjusted Odds Ratio(95%CI)
was 23.33(16.97~32.07)and 1.61(1.37~1.90)respectively. 
Pregnant women who did not receive qualified ANC 
examinations had a higher risk of PB andLBW com-
pared to those who did; Adjusted Odds Ratio(95%CI)
was 15.05(8.45~26.79)and 1.36 (1.02 ,1.82) respectively. 
A multivariate logistic regression analysis model showed 
that after controlling for maternal age, maternal educa-
tion, history of pregnancy and delivery, mode of deliv-
ery, neonatal complications, birth weight, gestational age 
at birth were related to the occurrence of PB and LBW. 
(Tables 4 and 5) .

The scatterplot analysis of the relationship between the 
number of ANC examinations and gestational age and 
birth weight showed that with an increase in the num-
ber of ANC examinations, there is a pyramid-shaped 
trend. With the increase in the number of antenatal 
examinations, the incidence of adverse pregnancy out-
comes decreases. However, the gestational weeks and 
birth weight were maintained in a reasonable range after 
reaching a certain number of ANC examinations.(Fig-
ures 1 and 2).

Discussion
Newborns who are preterm or have LBW account for 
most neonatal deaths worldwide [12]. This is a major 
global public health challenge. However, birth weight and 
gestational age are key indicators of health care during 

Table 3 The ANC examination status of mothers before the birth of newborns with different characteristics
Variables Number of ANC visits, N(%) Normalized ANC, N(%) Qualified ANC, N(%)

<5 ≥ 5 Yes No Yes No
Gestational weeks of birth
<37w 806(7.76) 1599(4.14) 44(0.29) 2361(6.98) 14(0.36) 2391(5.30)
37w-42w 9451(90.99) 36,539(94.57) 14,994(98.66) 30,996(91.63) 3885(98.68) 42,105(93.38)
>42w 130(1.25) 501(1.30) 160(1.05) 471(1.39) 38(0.97) 593(1.32)

χ2 = 229.305, P<0.001 χ2 = 1021.362, P<0.001 χ2 = 194.931, P<0.001
Birth weight(g)
<2500 g 603(5.81) 1195(3.09) 193(1.27) 1605(4.74) 51(1.30) 1747(3.87)
2500–4000 g 9382(90.32) 35,799(92.65) 14,371(94.56) 30,810(91.08) 3734(94.84) 41,447(91.92)
>4000 g 402(3.87) 1645(4.26) 634(4.17) 1413(4.18) 152(3.86) 1895(4.20)

χ2 = 171.990, P<0.001 χ2 = 359.009, P<0.001 χ2 = 70.042, P<0.001
Birth defect
No 10,359(99.73) 38,540(99.74) 15,162(99.76) 33,737(99.73) 3927(99.75) 44,972(99.74)
Yes 28(0.27) 99(0.26) 36(0.24) 91(0.27) 10(0.25) 117(0.26)

χ2 = 0.056, P = 0.812 χ2 = 0.419, P = 0.517 χ2 = 0.004, P = 0.948
Neonatal complications
No 10,371(99.85) 38,325(99.19) 15,041(98.97) 33,655(99.49) 3920(99.57) 44,776(99.31)
Yes 16(0.15) 314(0.81) 157(1.03) 173(0.51) 17(0.43) 313(0.69)

χ2 = 53.112, P = 0.001 χ2 = 42.677, P = 0.001 χ2 = 3.728, P = 0.053
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pregnancy, as well as predictors of early-life and long-
term morbidity and mortality [13]. Therefore, the impact 
of the quality of antenatal care(ANC) examination on PB 
and LBW deserves further exploration. Most of the cur-
rent epidemiological studies in China on the prevalence 
and temporal trends of PB and LBW are based on cross-
sectional and hospital-based data. In these studies, the 
prevalence at the local or regional level ranged from 6 to 
20% [14–18, 21], and there were significant regional dif-
ferences. In an observational study of more than 90,000 
women, Deng Kui et al. [19] found that the overall PB 
rate in China increased from 6.4% in 2012 to 8.8% in 
2018. Tang Wen et al. [20] in 2014 analysed birth data 
from 441 medical institutions and showed that the rate 
of LBW births in China was 5.36%. This study showed 
that the incidences of PB and LBW births in 2018 were 
4.91% and 3.67%, respectively. The proportions of both 

PB and LBW births were lower in our study than in these 
previous studies. The possible reason for this difference 
could be that this study enrolled pregnant women who 
had received at least one ANC examination during preg-
nancy. However, pregnant women who did not receive 
ANC often belong to a higher risk group for PB and 
LBW, so that their delivery information was not obtained 
in this study, leading to underestimated results.

PB and LBW are highly complex processes, influ-
enced by multiple factors. Unlike previous studies, the 
indicators collected by this study were based on con-
tinuous and systematic monitoring of individual cases, 
rather than the statistical data collected at all levels. 
It showed that 78.79% of pregnant women received at 
least 5 ANC examinations. However, the proportion of 
women who received a normalized ANC examination or 
a qualified ANC examination was only 30.98% and 8.03% 

Table 4 Association between ANC examination and preterm birth incidence
Variables Number of live births, N (%) Preterm birth, N(%) Single-factor model Multifactor model

OR(95%CI) P aOR(95%CI) P
Number of ANC visits
1–2 5472(11.16) 402(7.35) 3.50(3.02,4.06) <0.001 3.03 (2.53,3.63) <0.001
3–4 4915(10.03) 404(8.22) 3.91(3.37,4.54) <0.001 3.06 (2.57,3.66) <0.001
5 7741(15.79) 410(5.30) 2.46(2.12,2.84) <0.001 2.53(2.13,3.00) <0.001
6–7 11,313(23.08) 608(5.37) 2.47 (2.16,2.83) <0.001 2.52(2.16,2.95) <0.001
8 4802(9.79) 252(5.25) 2.41 (2.04,2.84) <0.001 2.24(1.86,2.71) <0.001
>8 14,783(30.15) 329(2.22) 1 1
Normalized ANC
No 33,828(69.00) 2361(6.97) 26.37(19.56,35.55) <0.001 23.33(16.97,32.07) <0.001
Yes 15,198(31.00) 44(0.29) 1 1
Qualified ANC
No 45,089(91.97) 2391(5.30) 16.01(9.46,27.11) <0.001 15.05(8.45,26.79) <0.001
Yes 3937(8.03) 14(0.36) 1 1
Note: The multifactor model included the factors for maternal age, education, birth defect, pregnancy-labor history, mode of delivery, neonatal complications, and 
birth weight

Table 5 Association between ANC examination and low birth weight infant incidence
Variables Number of live births, N (%) Low birth weight infant, N (%) Single-factor model Multifactor model

OR(95%CI) P aOR(95%CI) P
Number of ANC visits
1–2 5472(11.16) 298(5.45) 2.55(2.18,2.98) <0.001 1.12(0.91,1.38) 0.277
3–4 4915(10.03) 305(6.21) 2.88(2.46,3.37) <0.001 1.30(1.06,1.59) 0.010
5 7741(15.79) 284(3.67) 1.67(1.43,1.96) <0.001 1.07(0.88,1.29) 0.519
6–7 11,313(23.08) 404(3.57) 1.63(1.41,1.89) <0.001 1.01 (0.86,1.20) 0.876
8 4802(9.79) 175(3.64) 1.65(1.37,1.99) <0.001 1.15 (0.94,1.42) 0.184
>8 14,783(30.15) 332(2.25) 1 1
Normalized ANC
No 33,828(69.00) 1605(4.74) 3.90(3.36,4.53) <0.001 1.61(1.37,1.90) <0.001
Yes 15,198(31.00) 193(1.27) 1 1
Qualified ANC
No 45,089(91.97) 1747(3.87) 3.03(2.30,3.99) <0.001 1.36 (1.02 ,1.82) 0.034
Yes 3937(8.03) 51(1.30) 1 1
Note: The multifactor model included the factors for maternal age, education, birth defect, pregnancy-labor history, mode of delivery, neonatal complications, and 
gestational weeks at birth
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respectively. This a reminder that in order to achieve a 
high antenatal care coverage, many health institutions 
focus only on the number of ANC examinations, ignore 
the distribution and continuity of ANC services, and do 
not pay enough attention to the content and quality of 
ANC services [5].

This study explores the relationship between the qual-
ity of antenatal care and the occurrence of PB and LBW 
births in a large sample of the Chinese population. The 
results of this study show that compared with those who 
received normalized ANC examination or qualified ANC 
examination, pregnant women who did not receive such 
services had a higher risk of PB and LBW births. It sug-
gests that the quality of ANC (reasonable number of 
visits, normalized ANC, and qualified ANC) is a protec-
tive factor against the occurrence of PB and LBW births. 

Similar results have been found in other studies. Zhou 
Miao et al. [7] found that normalized ANC examination 
was a protective factor for premature birth, and the inci-
dence of PB in the normalized ANC examination group 
was lower than in the other group. Zhou Hong et al. [6], 
in their study of poor rural areas in western China, found 
that insufficient ANC visits and incomplete service items 
were associated with LBW births. Huang Aiqun et al. 
[21] while evaluating the association between ANC and 
adverse delivery outcomes found an increased risk of 
LBW births among pregnant women who received inter-
mediate or inadequate ANC. Although these studies also 
mentioned the concept of normalized ANC examination, 
they did not cover the required items, content, frequency, 
and timing of ANC examinations, and some studies 
lacked representation of national population samples. 
Our study further showed that although the incidence of 
PB and LBW births decreased with increasing number of 
ANC examinations, the gestational age and birth weight 
remained in a similar range above a certain number of 
ANC examinations. Therefore, simply increasing the 
number of ANC visits will not necessarily improve the 
quality of birth outcomes.

Poor perinatal health indicators are linked to health 
system factors such as healthcare coverage and access 
to health services [22]. A policy of service expansion 
was expected to improve perinatal outcomes through 
increased use of healthcare services leading to better care 
[13]. For this reason, China began to implement system-
atic maternal care management through pilots projects 
in urban and rural areas in the 1980s. In 2009, maternal 
health management was included in the National Basic 
Public Health Service Project, providing services such 
as basic antenatal care, and ANC examinations (one or 
more times). Coverage of ANC examinations increased 
from 83.7% of births in 1996 to 96.6% in 2018 [23]. 
However, despite the significant increase in the antena-
tal examination rate, however, the incidence of PB and 
LBW has not decreased. Currently, there are still more 
than one million preterm and low birth weight infants 
born each year in China. The most effective methods 
to prevent preterm birth depend on the obstetric his-
tory, which makes the identification of women at risk of 
preterm birth an important task for antenatal care pro-
viders [24]. Proper antenatal care coverage during preg-
nancy is also beneficial for preventing low birth weight 
in low and middle-income countries [25, 26]. If a quality 
assessmentthrough continuous ANC is not established, 
resulting in a late initiation of ANC, insufficient visits, 
and incomplete examination, pregnant women may not 
receive adequate ANC at the appropriate time. In this 
case, the benefits of antenatal examination in improving 
the occurrence of preterm birth and LBW adverse out-
comes will not be maximized.

Fig. 2 Scatter diagram of the relationship between number of ANC ex-
aminations and birth weight

 

Fig. 1 Scatter diagram of the relationship between number of ANC ex-
aminations and gestational age
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Using a relatively large sample is one of the major 
strengths of this study. Another strength is that the data 
source of this study is real-time monitoring data, and 
there is no recall bias. In addition, in our study, we used 
objective definitions of quality indicators for ANC exami-
nations from the perspective of maternal health manage-
ment in China. These definitions allow us to better reflect 
the real situation. There are inevitable limitations to this 
study that should be considered in this study: due to data 
limitations, this paper was not able to control the factors 
of pregnancy complications, nor could it distinguish iat-
rogenic preterm birth from spontaneous preterm birth, 
which may affect the effect value of the results.

Conclusions
This study shows that the impact of ANC on PB and LBW 
is not only related to the number of ANC visits but also 
closely related to the quality. Reinventing ANC as a flex-
ible model, with content, frequency, and timing tailored 
to maternal and fetal risk, may reduce the frequency of 
adverse birth outcomes [27]. Without quality assurance, 
it would be difficult to achieve good outcomes and ben-
efits even with a high number of ANC visits. Therefore, 
the government needs to strengthen the quality of ANC 
in policy-making, intervention measures, and assessment 
plans. Timeliness and standardization of ANC should be 
included in the assessment criteria to improve the effec-
tiveness of ANC for high-risk populations. This will have 
a significant impact on reducing adverse birth outcomes.
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