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Abstract  

Objective: To investigate the epidemiological characteristics and associated factors of small for gestational age ( SGA) in Hebei China. Methods：463,284 individuals from 22 hospitals of Hebei Province China with singleton live births from Jan 1st, 2013 to Dec 31th, 2023 were included in the study,We analyzed the epidemiological characteristics and associated factors of SGA. Results：68,423 were diagnosed with SGA, with an incidence rate of 14.7%.The incidence of SGA varies in different regions of Hebei Province, with Shijiazhuang having the highest incidence of 17.40%.The incidence of SGA in provincial and municipal hospitals is higher than that in township hospitals, and the difference is statistically significant( P<0.001). The incidence rates of SGA in pregnant with reproductive ages<20 years old, 20-34 years old, and ≥ 35 years old are 22.8%, 14.7%, and 14.5%, respectively. The incidence of SGA in the preterm delivery, PE, anemia, diabetes, placenta previa, placental abruption group was significantly higher (P<0.01). The multivariable logistic regression analysis showed that low age, low education level, preterm delivery, PE, placenta previa, placental abruption were risk factors for SGA (P<0.05), and multiple times of gravidity, multipara women, and gestational diabetes were protective factors for SGA (P<0.05). Conclusion：There are significant regional and population differences in the incidence of SGA. Personalized preventive measures should be taken for different regions and populations, timely conception, early detection of potential high-risk factors, timely prevention and treatment, to reduce the incidence of SGA.
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INTRODUCTION
The birth weight of newborns is an important indicator for measuring the level of economic and social development, maternal health care, and the quality of the birth population in a country or region[1]. It is also an important predictor of the health level and survival rate of newborns. Small for Gestational Age (SGA) refers to infants whose birth weight is below the 10th percentile of the reference value for newborns of the same gestational age and gender[1]. SGA is not only closely related to perinatal adverse outcomes (such as neonatal asphyxia, hypoglycemia, polycythemia, feeding difficulties, etc.), but also may have a profound impact on childhood and adult health, including cognitive retardation, neurological dysfunction, metabolic syndrome (such as insulin resistance, type 2 diabetes, hypertension), and increased risk of cardiovascular disease[2-8].

From a global epidemiological perspective, the incidence of SGA is about 10% -15%, but there are significant differences in different regions and socio-economic conditions[1，9]. In low - and middle-income countries, due to maternal malnutrition, chronic infections (such as malaria and HIV), hypertensive disorders during pregnancy, and lack of medical resources, the incidence rate of SGA can be as high as 20% -30%, much higher than that in high-income countries (about 5% -10%). In addition, in recent years, with the wide application of environmental factors (such as air pollution, endocrine disruptors)[10-13], maternal metabolic diseases (such as pregnancy diabetes, obesity) and assisted reproductive technology, the epidemiological characteristics of SGA may be changing[14-16].
Although advances in prenatal monitoring technology (such as ultrasound fetal growth assessment, Doppler blood flow monitoring) and optimization of perinatal management have reduced the incidence of SGA to some extent, its etiology still exhibits high heterogeneity, involving complex interactions between maternal factors (such as advanced age, low body mass index, chronic diseases), placenta (such as dysfunction, vascular disease), fetus (such as genetic abnormalities, epigenetic regulation), and environmental factors (such as smoking, occupational exposure)[1,5,15]. At present, most epidemiological studies on SGA are still based on single center or regional data, lacking large-scale, long-term follow-up cohort studies, especially systematic evaluations of the long-term health effects on SGA children. Therefore, in-depth exploration of the incidence trend, risk factors, and intervention strategies of SGA is of great clinical and public health significance for optimizing perinatal management, reducing adverse pregnancy outcomes, and improving the long-term health of offspring.This study analyzed the epidemiological characteristics and risk factors of SGA in Hebei Province from 2013 to 2023, aiming to identify high-risk pregnant women, provide a reliable basis for maternal and child health care institutions to formulate intervention policies, so as to reduce the incidence rate of SGA in Hebei Province, and effectively protect maternal and infant health..
METHODS
Data source, study design, and participants
This was a retrospective cohort study of pregnancies delivered from 2013 to 2023  from the monitoring information management system for pregnant women in 22 hospitals of Hebei Province China. 519,024 newborns were hospitalized and delivered in 22 monitoring hospitals. The inclusion criteria covered delivery over 28 weeks and singleton live birth, Exclusion criteria included stillbirth, multiple births, and incomplete data. We informed consent from all subjects. This study was approved by the ethics committee of Hebei Women and Children’s Health Center (Ethical approval number:2023-2).The screening flow chart was shown in Figure 1.
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Figure 1The flow chart of cases enrolled





Diagnostic Approaches and Criteria 

SGA refers to newborns whose birth weight is lower than the 10th percentile of the average weight of infants of the same gestational age[1]. This study refers to the standards and curves of growth reference for birth weight, body length, and head circumference of newborns of different gestational ages in China[3] to determine infants under gestational age. Premature birth: 28 weeks ≤ birth gestational weeks ＜ 37 weeks. 
Statistical Analyses
Statistical analysis was conducted using SPSS 20.0 software.The data description was presented as mean± standard deviation (Mean± SD) for continuous variables. The counting data are expressed in percentage (%).χ2-test is used for the comparison between groups of counting data. The dependent variable (SGA) and the independent variables were shown in table 1. Multivariable logistic regression analysis was performed to analyze the associated factors of SGA. Any value of p<0.05 was considered statistically significant.

Table 1 Statistical Variables and Assignments

	Variables
	assigned value

	SGA
	no=0, yes=1

	Maternal age
	20-34y =1,<20 y=2, ≥ 35y=3)

	education level
	College and above=1, Senior and below=2

	Gravidity(number)
	0 =1, 1 =2, ≥ 2 =3

	Parity
	primipara=1, multipara=2

	Premature delivery
	no=0, yes=1

	PE
	no=0, yes=1

	GDM
	no=0, yes=1

	Placenta previa
	no=0, yes=1

	Placental abruption
	no=0, yes=1


RESULTS
General Information

A total of 463,284 newborns were included in the study, of which, 68,423 were diagnosed with SGA, with an incidence rate of 14.7%, and were included in the SGA group; The remaining 395,025 newborns were included in the Non SGA group.The flow chart of cases registration was shown in Figure 1.
Epidemiological characteristics

The incidence rate of SGA from 2013 to 2023 was 14.7 (68,247/463,284). There was a statistically significant difference in the incidence rate of SGA among different years (χ 2=2850.55, P<0.001); The incidence of SGA was the highest in 2021 (17.20%) and the lowest in 2022 (6.10%). (Table 2).

Table 2 Incidence rate of SGA in different years of Hebei Province from 2013 to 2023
	
	Total cases 
	SGA
	Incidence rate
	χ2
	P

	Year
	
	
	
	
	

	2013
	49,677
	7,281
	14.70%
	2850.55
	＜0.001

	2014
	60,085
	9,300
	15.50%
	
	

	2015
	37,077
	5,869
	15.80%
	
	

	2016
	60,833
	9,282
	15.30%
	
	

	2017
	54,242
	8,489
	15.70%
	
	

	2018
	46,458
	7,232
	15.60%
	
	

	2019
	46,427
	7,394
	15.90%
	
	

	2020
	34,258
	5,565
	16.20%
	
	

	2021
	27,631
	4,758
	17.20%
	
	

	2022
	24,233
	1,477
	6.10%
	
	

	2023
	22,363
	1,600
	7.20%
	
	


The incidence of SGA varies in different regions of Hebei Province, with Shijiazhuang having the highest incidence of 17.40%, followed by Baoding 15.10% (13,871/91,991), Hengshui 14.9%(3,004/20,149), Cangzhou 14.40%(1,799/12,484), Chengde 12.7%(1,544/12,141), Zhangjiakou 12.5%(2,524/20,262), Tangshan11.50% (2,384/20,797), Handan 11.40%(4,244/37,231), Qinhuangdao 10.50%(3,305/31,489), and Xingtai 9.3%(2,379/25,640). The difference in SGA incidence among different regions is statistically significant（ χ 2=2754.463, P<0.001).(Figure 2).
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Figure 2 Prevalence of SGA in Hebei Province in different area from
2013 to 2023




Among the 463,284 hospitalized newborns, 229,921 were born in provincial and municipal hospitals, of which 40,668 (17.7%) were diagnosed with SGA; 233,351 cases were born in county-level hospitals, of which 27,577 cases (11.8%) were diagnosed with SGA; The incidence of SGA in provincial and municipal hospitals is higher than that in township hospitals, and the difference is statistically significant（

χ 2=3176.89, P<0.001).

The average reproductive age of mothers is (29.29 ± 4.62) years old. The average reproductive age of SGA mothers was (29.01 ± 4.81) years, while that of Non SGA mothers was (29.34 ± 4.58) years. The difference between the two groups was statistically significant (F=168.179, P<0.001). The incidence rates of SGA in pregnant with reproductive ages<20 years old, 20-34 years old, and ≥ 35 years old are 22.8%, 14.7%, and 14.5%, respectively. There is a statistically significant difference in the incidence rates of SGA among pregnant women of different reproductive ages（

χ 2=190.491, P<0.001) (Table 3).

Table 3 Comparison of related factors between SGA and non-SGA from 2013 to 2023

	Characters
	SGA group
	non-SGA group
	F/χ 2
	P-value

	Maternal age
	
	
	190.491
	＜0.001

	＜20
	832（22.8%）
	2823（77.2%）
	
	

	20-34
	58233（14.7%）
	338158（85.3%）
	
	

	≥35
	9182（14.5%）
	54056（85.5%）
	
	

	Educational status
	
	
	5.309
	0.021

	College and above
	27057（14.6%）
	158464（85.4%）
	
	

	Senior and below
	41190（14.8%）
	236573（85.2%）
	
	

	Marital status
	
	
	1335.876
	＜0.001

	Married
	66460（15.2%）
	370949（84.8%）
	
	

	Unmarried
	1787（6.9%）
	24088（93.1%）
	
	

	Gravidity(number)
	
	
	766.92
	＜0.001

	0
	28138（16.5%）
	142755（83.5%）
	
	

	1
	21936（14.1%）
	145504（86.9%）
	
	

	≥2
	18173（14.5%）
	106778（85.5%）
	
	

	Parity
	
	
	898.555
	＜0.001

	Primipara
	35137（16.4%）
	178912（83.6%）
	
	

	Multipara
	33110（13.3%）
	216125（86.7%）
	
	

	Premature delivery
	
	
	66669.031
	＜0.001

	Yes
	18128(70.0%)
	7779（30.0%）
	
	

	No
	50119(11.5%)
	387258(88.5%)
	
	

	PE
	
	
	11011.777
	＜0.001

	Yes
	6043（47.1%）
	6784（52.9%）
	
	

	No
	62204（13.8%）
	388253(86.2%）
	
	

	GDM
	
	
	37.275
	＜0.001

	Yes
	4728（13.6%）
	30000（86.4%）
	
	

	No
	63519（14.8%）
	365037（85.2%）
	
	

	Placenta previa
	
	
	1993.752
	＜0.001

	Yes
	965（51.1%）
	925（48.9%）
	
	

	No
	67282（14.6%）
	394112（85.4%）
	
	

	Placental abruption
	
	
	1768.17
	＜0.001

	Yes
	692（57.7%）
	507（42.3%）
	
	

	No
	67555（14.6%）
	394530（85.4%）
	
	


Moreover, The incidence of SGA varies among pregnant women with different levels of education. The incidence of SGA in pregnant women with low educational levels is higher than that in pregnant women with high educational levels, and the difference between the two groups is statistically significant (P<0.01). In addition, the incidence of SGA in high education level, multiple times of gravidity, and multipara women was lower (P<0.05). While the incidence of SGA in the preterm delivery, PE, anemia, diabetes, placenta previa, placental abruption group was significantly higher (P<0.01). (Table 3).
Multivariable logistic regression analysis of the associated factors of SGA

For factors that have statistical significance in univariate analysis, we will conduct a multivariate logistic regression analysis. Multivariable logistic regression analysis showed that low age, low education level, preterm delivery, PE, placenta previa, placental abruption were risk factors for SGA (P<0.05), and multiple times of gravidity, multipara women, and gestational diabetes were protective factors for SGA (P<0.05)(Table 4).

Table 4 Multivariate logistic regression analysis of SGA associated factors

	Variables
	B
	S.E.
	Wald
	OR
	95%CI
	P

	Maternal age
	
	
	
	
	
	＜0.001

	20-34y
	
	
	
	1
	
	

	＜20
	0.369
	0.043
	72.17
	1.446
	1.328-1.574
	

	≥35
	-0.059
	0.015
	16.386
	0.943
	0.917-0.97
	

	Educational level
	
	
	
	
	
	＜0.001

	College and above
	
	
	
	1
	
	

	Senior and below
	0.075
	0.009
	62.838
	1.078
	1.058-1.098
	

	Gravidity(number)
	
	
	
	
	
	＜0.001

	0
	
	
	
	1
	
	

	1
	-0.109
	0.015
	50.319
	0.897
	0.870-0.924
	

	≥2
	-0.086
	0.017
	24.206
	0.918
	0.887-0.95
	

	Parity
	
	
	
	
	
	＜0.001

	Primipara
	
	
	
	1
	
	

	Multipara
	-0.24
	0.015
	249.065
	0.787
	0.764-0.81
	

	Premature delivery
	2.775
	0.015
	34759.843
	16.032
	15.571-16.507
	＜0.001

	PE
	1.062
	0.022
	2311.282
	2.892
	2.77-3.02
	＜0.001

	GDM
	-0.271
	0.018
	218.639
	0.762
	0.735-0.79
	＜0.001

	Placenta previa
	0.802
	0.058
	190.904
	2.23
	1.99-2.499
	＜0.001

	Placental abruption
	0.862
	0.075
	131.164
	2.369
	2.044-2.745
	＜0.001


Discussion
SGA is a common adverse birth outcome that has received widespread attention from healthcare professionals. SGA not only leads to a significant increase in the perinatal morbidity and mortality rate of newborns, but also increases their risk of developing metabolic diseases in adulthood[17]. According to research[18], the global incidence of SGA in newborns is approximately 16%, with developed countries having an incidence of around 7%. The highest incidence is in South Asia, where the incidence of SGA is as high as 44.5%. Studies have shown that the incidence of SGA in newborns in China ranges from 6% to 18.8%[19].This study shows that the incidence of SGA in newborns in Hebei Province is 14.7%, which is within the scope of relevant research reports, but at a high level. Perhaps due to 17 out of 21 monitoring hospitals being critical care centers for pregnant women, the proportion of pregnant women with pregnancy complications is higher, resulting in a higher incidence of SGA.

Consistent with previous studies [20], this study shows that young age (<20 years old) is a risk factor for SGA, which may be due to: 1) insufficient awareness of prenatal examinations during pregnancy may lead to or to a certain extent increase the occurrence of various pregnancy risks; 2) Women who are too young are still in the developmental stage and have low BMI or weight. Studies have shown that pre pregnancy low BMI individuals have a higher risk of SGA than those with normal BMI and overweight/obese individuals[21]. 3) Women who are too young are still in the developmental stage, and their gonads and reproductive organs are not fully mature. Pregnancy not only affects the mother's health and development, but also affects the health and normal development of the next generation.

Multiple studies [22-24] have shown that maternal education level is related to the occurrence of SGA, and the incidence of SGA decreases with increasing education level. The reason may be that: 1) the level of education is closely related to the occupational nature and living standards of pregnant women. Pregnant women with a high level of education may have relatively higher economic levels, better living conditions, and sufficient nutritional intake, which is conducive to fetal development and growth [25]; 2) The higher the education level of the mother, the more advanced the concept of disease prevention, the higher the awareness of self-care and prenatal examination, the more emphasis on nutrition management and self-regulation, and the higher the initiative and opportunity to obtain effective health resources when risk factors arise during pregnancy, thus effectively avoiding the occurrence of adverse pregnancy outcomes [26].

This study indicates that women with a history of previous pregnancies have a lower risk of giving birth to SGA newborns compared to first-time pregnancies, which is consistent with the results of relevant domestic and foreign studies [27,28]. The study [28] showed that as the number of previous pregnancies increased, the birth weight of newborns increased. However, this study did not find that an increase in previous pregnancies would reduce the risk of SGA, which is inconsistent with the results of this study.

This study shows that mothers with complications have a higher risk of developing SGA than those without complications. The risk of SGA in mothers with combined placenta previa, placental abruption, and pre-eclampsia may increase due to the following reasons: (1) placenta previa is attached to the lower segment of the uterus with insufficient blood supply, and the attachment site is prone to recurrent bleeding, which can lead to insufficient placental perfusion, thereby affecting fetal growth and development, and increasing the risk of SGA [29,30]; (2) Pregnant women with pre-eclampsia have diffuse swelling of glomerular capillary endothelial cells, reduced renal blood flow, increased vascular wall permeability, and are prone to producing a large amount of proteinuria, leading to placental hypoperfusion and affecting fetal growth and development, resulting in low birth weight and ultimately leading to SGA[31,32].
This study shows that the risk of SGA in GDM pregnant women is reduced, which may be because the high glucose status of diabetes mothers can stimulate the pancreatic islets in the fetus through the placenta β-cell proliferation and hypertrophy produce a large amount of insulin, inhibit fat breakdown, promote protein and fat synthesis, and thus increase birth weight in newborns[33,34].

This study is a retrospective study with certain limitations, including the lack of basic clinical data such as maternal BMI, weight gain during pregnancy, smoking status, and family economic status, which may lead to incomplete analysis and research. However, this study has a wide coverage, a large sample size, and strong population representativeness, and the analysis results have certain clinical significance.

Conclusions 

There are many risk factors for SGA, and the age, education level, and pregnancy complications are closely related to the occurrence of SGA. we need to strengthen pre pregnancy education and encourage eligible childbirth and strengthen health education for pregnant women with different education levels, and improve their awareness of antenatal care. In addition, medical personnel should early identify high-risk pregnant women, provide health education and personalized guidance to high-risk pregnant women, aiming at reducing the incidence of neonatal SGA.
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