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Abstract

IMPORTANCE Being born small for gestational age (SGA) is a risk factor for neonatal mortality and
adverse outcomes in the short and long term. The maternal profile in China has substantially changed
over the past decade, which may affect the risk of infants born SGA.

OBJECTIVES To analyze the prevalence of infants born SGA from 2012 through 2020 and explore
the association of maternal sociodemographic characteristics and other factors with that prevalence.
DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study examined data from the
National Maternal Near Miss Surveillance System on women who delivered singleton live births at
gestational ages of 28 to 42 weeks from January 1, 2012, through December 31, 2020, in China.
Statistical analysis was performed from December 2022 to September 2023.

EXPOSURES Characteristics of delivery (year, region of country, and hospital level), mother (age.
educational level, marital status, prenatal visits, parity, preexisting diseases, or prenatal
complications), and newborn (birth weight, sex, and gestational age).

MAIN OUTCOMES AND MEASURES Prevalence of infants born SGA stratified by severity and by
region of the country, changes in prevalence based on log-linear Poisson regression with robust
variance, and association of maternal characteristics with changes in prevalence of infants born SGA
between 2012 and 2020 based on the Fairlie nonlinear mean decomposition.

RESULTS Among 12 643 962 births (6 572 548 [52.0%] male; median gestational age, 39 weeks
[IQR, 38-40 weeks]), the overall weighted prevalence of infants born SGA was 6.4%, which
decreased from 7.3% in 2012 to 5.3% in 2020, translating to a mean annual decrease rate of 3.9%
(95% Cl, 3.3%-4.5%). The prevalence of infants born SGA decreased from 2.0% to 1.2% for infants
with severe SGA birth weight and from 5.3% to 4.1% for those with mild to moderate SGA birth
weight. The mean annual rate of decrease was faster for infants with severe SGA birth weight than for
those with mild to moderate SGA birth weight (5.9% [95% Cl, 4.6%-7.1%] vs 3.2% [95% ClI,
2.6%-3.8%]) and was faster for the less developed western (5.3% [95% Cl, 4.4%-6.1%]) and central
(3.9% [95% Cl, 2.9%-4.8%]) regions compared with the eastern region (2.3% [95% Cl, 1.1%-3.4%)]).
Two-thirds of the observed decrease in the prevalence of infants born SGA could be accounted for
by changes in maternal characteristics, such as educational level (relative association, 19.7%), age
(relative association, 18.8%), prenatal visits (relative association, 20.4%), and parity (relative
association, 19.4%). Conversely, maternal preexisting diseases or prenatal complications
counteracted the decrease in the prevalence of infants born SGA (-6.7%).

CONCLUSIONS AND RELEVANCE In this cross-sectional study of births in China from 2012 to 2020,
maternal characteristics changed and the prevalence of infants born SGA decreased. Future
interventions to reduce the risk of infants born SGA should focus on primary prevention.
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Key Points

Question Are maternal characteristics
associated with the prevalence of
infants born small for gestational age
(SGA) in China?

Findings This cross-sectional study of
more than 12.5 million singleton live
births at 28 to 42 gestational weeks
found that the prevalence of SGA infants
decreased from 7.3%in 2012 t0 5.3%in
2020. Maternal characteristics
associated with this decrease included
maternal educational level, age, parity,
and prenatal visits, particularly among
mothers of mild to moderate SGA
newborns and particularly in eastern
parts of the country.

Meaning This study suggests that
changes in maternal characteristics were
associated with the decrease in the
prevalence of SGA infants in China and
that the strength of the association
varied with geographic region and SGA
severity.
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Introduction

Being born small for gestational age (SGA) increases the risk of stillbirth and neonatal mortality,
especially in countries with less health infrastructure,? and it increases risk of morbidity in the short
and long term.37 Just over 17% of all live births globally involve SGA birth weight,? so reducing the
prevalence of SGA birth weight is important in its own right® and for achieving the internationally
agreed-on goal of reducing neonatal mortality.®

Reducing the future prevalence of infants born SGA requires understanding how the prevalence
has evolved until now. Such understanding is lacking for most countries because of insufficient data,
including for China, which is home to 20% of the world's population. The prevalence of infants born
SGA across China has been estimated at 4.6%, but this estimate has come from modeling based on
data biased toward more economically developed cities.'®'? Health care infrastructure and access
vary strongly across China, making regional assessments critical.

Reducing the prevalence of infants born SGA also requires identifying what factors are
associated with its evolution. Many variables have been associated with infants born SGA, including
economic conditions, health care quality, access to health care, maternal sociodemographic
characteristics, and preexisting diseases or prenatal complications.'>® Many of these factors have
changed substantially through China’s rapid socioeconomic development and adjustments in the
traditional 1-child policy. On one hand, the proportions of mothers aged older than 35 years and who
have other pregnancy-related complications have increased,'®2° which may be associated with the
risk of infants born SGA.™ On the other hand, the proportions of mothers with higher educational
levels and better access to high-quality health care have also increased, which may decrease the risk
of infants born SGA. These considerations argue for a comprehensive assessment of factors
associated with infants born SGA in China.

To address these knowledge gaps, we drew on a comprehensive national database in China to
analyze singleton live births across the country from 2012 through 2020. Our aim was to evaluate the
prevalence of infants born SGA for the entire country but also by region and by SGA severity, whether
mild to moderate or severe. We wanted to assess how the prevalence of infants born SGA has
changed during the study period and identify which maternal characteristics may have been
associated with those changes. The results of our analysis may guide future public health
interventions and health care policy.

Methods

Data Source

This cross-sectional study was approved by the Ethics Committee of West China Second University
Hospital in Chengdu, China, which waived the requirement for informed consent because the data
had been collected with mothers' consent through government-approved procedures and were
maintained in a government-curated database. This study was reported according to the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Data came from the National Maternal Near Miss Surveillance System (NMNMSS) database in
China,'22 from January 1, 2012, through December 31, 2020. The NMNMSS covered 326 urban
districts and rural counties in 30 provinces in mainland China (excluding Tibet). At each surveillance
site, 2 health facilities reporting more than 1000 births per year were randomly selected for
inclusion, or 1facility if only 1was available (eAppendix 1in Supplement 1). The NMNMSS contains
438 health facilities at the county level or above. Given that nearly all births in China occur in
hospitals, the NMNMSS can be estimated to cover approximately 10% of all births in China
every year.

The NMNMSS is biased toward births in urban areas because hospitals in some rural areas did
not report a sufficient number of annual births to be included in the database. To correct for this
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urban sampling bias, we weighted data according to the distribution of live births between urban and
rural settings in the given year. The distributions in 2010 and 2020 were taken from national census
data, and the distributions in 2012 to 2019 were estimated through linear interpolation (eAppendix 2
and eTable 1in Supplement 1).

Data in the NMNMSS were prospectively collected from mothers before or after birth by
obstetric departments in participating hospitals before hospital discharge. Specially trained
physicians attending the women completed a specially designed data collection form. Data from
each hospital were entered into a web-based reporting system centralized at the National Office for
Maternal and Child Health Surveillance (Chengdu, China); data collection and quality control have

been detailed elsewhere.?%2'

Definitions of Variables

Maternal educational level was categorized as up to primary school, middle school, high school, or
college or higher. Maternal marital status was categorized as married or single, widowed, or divorced.
Maternal age at delivery was categorized as younger than 20, 20 to 24, 25 to 29, 30 to 34, or older
than 34 years. Prenatal visits were categorized as fewer than 5, 5 to 9, 10 to 14, or more than 14. Parity
before the current pregnancy was categorized as primiparous or multiparous and did not
differentiate between live births or stillbirths. Mothers were assigned to 1 of 3 categories of
complications: (1) prenatal complications, including placenta previa, placental abruption, chronic
hypertension, gestational hypertension, preeclampsia, eclampsia, or HELLP (hemolysis, elevated
liver enzymes, and low platelets) syndrome; (2) preexisting disease, including heart disease,
embolism, hepatic disease, severe anemia (hemoglobin concentration <7.0 g/dL [to convert to grams
per liter, multiply by 10.0]), diabetes, urinary tract infection or other kidney disease, upper
respiratory tract infection or other lung disease, HIV, connective tissue disorder, cancer,
hypothyroidism, syphilis; or (3) none of these. Women who had preexisting disease and who
experienced prenatal complications were assigned only to the prenatal complications category.

Some analyses were stratified by eastern, central, or western regions of China based on the
regions defined by the China Maternal and Child Health Statistics Standards.? This stratification
reflected the substantial geographic disparities in economic development across the country; the
median per capita gross domestic product is $8546 in 2020 US dollars (USD) in the eastern region,
$4394 USD in the central region, and $3949 USD in the western region.*

The quality of the health care infrastructure at the delivering hospitals was categorized in terms
of a hospital level from 1to 3, with 3 indicating the highest quality. Gestational age was estimated
from the last menstrual period or, if this was unknown, from prenatal ultrasonography. Births were
categorized as preterm if they occurred below the gestational age of 37 weeks; otherwise, they were
categorized as term.

Birth weight was measured within 1 hour after birth. Small for gestational age weight for all years
was defined as birth weight below the 10th percentile according to the INTERGROWTH-21st
standards.?*?° The severity of SGA birth weight was categorized as mild to moderate if birth weight
fell between the 3rd and 10th percentiles (=3% and <10%) or severe if birth weight fell below the

3rd percentile (<3%)."26%7

Statistical Analysis
Statistical analysis was performed from December 2022 to September 2023. Data were missing on
educational level for 249 683 mothers (2.0%); on marital status for 2277 mothers (0.02%); on age
for 2886 mothers (0.02%); on prenatal visits for 412 898 mothers (3.3%); and on parity for 3780
mothers (0.03%). These variables were analyzed by assigning missing data as a separate level. Data
were analyzed using Stata, version 16.0 (StataCorp LLC), and results associated with a 2-tailed P < .05
were considered statistically significant.

The prevalence of infants born SGA was calculated by dividing the number of SGA births by the
total number of births. The prevalence was then weighted by the distribution of live births between
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urban and rural settings. The evolution of prevalence during the 9-year study period was modeled
using log-linear Poisson regression models with robust variance,?® which led to a rate ratio that was
subtracted from 1to yield the mean annual rate of decrease for the study period. Where appropriate,
results were reported together with 95% Cls.

We explored potential associations of variables with infants born SGA using logistic regression
that accounted for the distribution of live births between urban and rural settings and for clustering
of births within hospitals. The resulting odds ratios were adjusted for the following variables in
multivariable logistic regression: region, hospital level, maternal educational level, maternal marital
status, maternal age, prenatal visits, parity, preexisting diseases or prenatal complications, sex,
and births.

The association of maternal characteristics with the observed change in the prevalence of
infants born SGA between 2012 and 2020 was estimated using the nonlinear Fairlie extension?%-°
of the regression-based decomposition approach of Blinder and Oaxaca,"3* to be able to account for
the dichotomy of the dependent variable, which was SGA birth weight.>* The independent variables
defined in the previous subsection were ordered randomly in the nonlinear decomposition model,
and modeling was performed 1000 times to minimize the association of path dependence.
Decomposition modeling was performed using the coefficients estimated by the full sample over the
entire 9-year study period to minimize the association of sample weighting. The robustness of these
analyses was checked by repeating them after defining mild to moderate or severe SGA birth weight
according to growth standards from China's National Health Commission.®

Results

We restricted our analysis to pregnancies with singleton live births from January 1, 2012, through
December 31, 2020. Of the 12 735 055 singleton live births in the NMNMSS during the study period,
we excluded 91093 for various reasons (eFigure in Supplement 1), leaving 12 643 962 newborns
delivered at gestational ages of 28 to 42 weeks and their mothers in the final analysis. Of the
newborns, 6 572 548 (52.0%) were male, and their median gestational age was 39 weeks (IQR,
38-40 weeks).

Temporal Changes in SGA Birth Weight

A total of 791986 newborns were SGA, corresponding to a weighted prevalence of 6.4% (Table 1).
Of these SGA births, 202 731 (25.6%) were severe, corresponding to a weighted prevalence of 1.6%;
and 589 255 (74.4%) were mild or moderate, corresponding to a weighted prevalence of 4.8%. The
weighted prevalence of infants born SGA decreased from 7.3% in 2012 to 5.3% in 2020 for the 2
categories of severity combined, from 2.0% to 1.2% for infants with severe SGA birth weight and
from 5.3% to 4.1% for those with mild to moderate SGA birth weight. The mean annual rates of
decrease were 3.9% (95% Cl, 3.3%-4.5%) for both categories of SGA severity combined, 5.9% (95%
Cl, 4.6%-71%) for infants with severe SGA birth weight and 3.2% (95% Cl, 2.6%-3.8%) for those with
mild to moderate SGA birth weight.

The weighted prevalence of infants born SGA during the study period was highest in the
western region (8.3%). The mean annual rate of decrease was also highest in the western region
(5.3% [95% Cl, 4.4%-6.1%]) and central region (3.9% [95% Cl, 2.9%-4.8%]) compared with the
eastern region (2.3% [95% Cl, 1.1%-3.4%]). In all 3 regions, prevalence decreased faster for infants
with severe SGA birth weight than for those with mild to moderate SGA birth weight.

Maternal Characteristics and Decrease of SGA Birth Weight

Small for gestational age birth weight was significantly associated with prenatal visits as well as
educational level, age, parity, and preexisting disease or prenatal complications in the mother
(Figure 1; Table 2). Changes in maternal characteristics accounted for two-thirds of the observed
decrease (2.0 per 100 live births) in prevalence between 2012 and 2020; the characteristics most
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associated with the prevalence of infants born SGA were maternal educational level (relative
association, 19.7%), age (relative association, 18.8%), and parity (relative association, 19.4%), as well
as prenatal visits (relative association, 20.4%) (Figure 2). The proportions of women with lower

Figure 2. Radar Charts of Relative Associations of Maternal Characteristics With Changes in Prevalence
of Small for Gestational Age (SGA) Birth Weight
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educational level, younger age, primiparity, or fewer prenatal visits, all of which are associated with
higher risk of infants born SGA, decreased during the study period. In parallel, the proportions of
women with higher educational level, older age, multiparity, or more prenatal visits, all of which are
associated with lower risk of infants born SGA, increased during the study period. The association of
these variables with the decrease in prevalence of infants born SGA was slightly counteracted by the
increase in proportions of women with preexisting disease or prenatal complications (relative
association, -6.7%).

Together, these variables accounted for more of the observed decrease in the prevalence of
mild to moderate SGA birth weight (83.3%) than of the observed decrease in prevalence of severe
SGA birth weight (49.7%). The association of all these variables with a decrease in the prevalence of
SGA infants between 2012 and 2020 was stronger in the eastern region (relative change, 108.9%)
thanin the central (relative change, 58.3%) or western region (relative change, 62.4%) (Table 3).

Sensitivity Analysis

We obtained similar mean annual rates of decrease and similar profiles of maternal characteristics as
in the abovementioned analyses when we defined SGA according to the growth standard from
China's National Health Commission, although using this standard was associated with a higher
prevalence of infants born SGA (eTables 2-4 in Supplement 1).

Discussion

To our knowledge, this is the most detailed analysis so far of the prevalence of infants born SGA in
China, permitting stratification based on SGA severity and on regions. Our results indicate that from
2012 to 2020, the overall weighted prevalence of infants born SGA was 6.4% and that the annual
prevalence decreased. The decrease was faster for infants with severe SGA birth weight than for
those with mild to moderate SGA birth weight. The characteristics most strongly associated with a
decrease in the prevalence of infants born SGA were prenatal visits as well as maternal educational
level, age, parity, and preexisting disease or prenatal complications. The association of these factors
with a decrease in the prevalence of infants born SGA depended on SGA severity and the region
under consideration.

The prevalence of infants born SGA across China in 2012 exceeds the 4.6% estimated in a
different study™ that sampled primarily hospitals in cities where the per capita gross domestic
product was at least 10% higher than the national average. The prevalence across the entire study

Table 3. Relative Associations of Maternal Characteristics With Changes in Prevalence of Infants Born SGA by Region of China

Eastern region Central region Western region
Characteristic Absolute change (95% Cl)® Relative change, % Absolute change (95% CI) Relative change, %  Absolute change (95% CI) Relative change, %
Hospital level -0.07 (-0.15t0 0.01) 6.9 0.04 (-0.01 to 0.09) -2.0 -0.13 (-0.24 t0 -0.02) 3.8
Maternal education level -0.22 (-0.38 to -0.05) 21.2 -0.31(-0.38to -0.24) 16.1 -0.62 (-0.72 to -0.51) 19.0
Maternal marital status 0.00 (Not applicable) -0.1 0.00 (Not applicable) -0.2 0.00 (Not applicable) -0.3
Maternal age -0.27 (-0.33 t0 -0.21) 26.4 -0.40 (-0.44 to -0.35) 20.7 -0.46 (-0.54 to -0.38) 13.8
Prenatal visits -0.27 (-0.52 t0 -0.03) 26.8 -0.31(-0.46 to -0.15) 15.8 -0.57 (-0.81t0-0.33) 17.2
Parity -0.37(-0.47 t0 -0.27) 36.1 -0.36 (-0.41 to -0.30) 18.4 -0.44 (-0.49 t0 -0.39) 13.2
Preexisting disease or 0.07 (0.00-0.14) -6.7 0.18(0.15-0.22) -9.5 0.13(0.08-0.18) -4.1
prenatal complications
Sex 0.01 (0.00-0.01) -0.5 0.01 (0.00-0.01) -0.5 0.01 (0.00-0.02) -0.3
Births 0.01 (0.00-0.02) -1.2 0.01(0.01-0.02) -0.7 0.00 (-0.01 to 0.00) 0.1
Total difference -1.03 100.0 -1.93 100.0 -3.37 100.0
Part explained =112 108.9 =112 58.3 -1.90 62.4
Part unexplained 0.09 -8.9 -0.81 41.7 -1.47 37.6

Abbreviation: SGA, small for gestational age.
2 Per 100 births.
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period is comparable to the 6.6% reported for 2020 in North America, Australia, New Zealand, and
Europe?'?2* and much lower than the 19.3% reported for 2012 in low- and middle-income countries
or the 17.4% reported for 2020 globally.>™ Those previous studies highlight an inverse association
between economic development and prevalence of infants born SGA, which we also observed.

We examined the potential association of maternal characteristics with the decrease in the
prevalence of infants born SGA, going beyond previous work that focused on temporal trends among
mothers stratified by race and ethnicity or among individuals with gestational diabetes.>53° We
found that several maternal factors accounted for two-thirds of the observed decrease in prevalence
of infants born SGA between 2012 and 2020. Consistent with our results, previous studies have
linked higher risk of infants born SGA with lower maternal educational level,*° perhaps because
women with more education are more likely to seek and follow medical advice during pregnancy,*##
and with younger maternal age, which may reflect inadequate maternal physical condition or
malnutrition.*>*® In contrast to previous work,*” this study found a lower risk of infants born SGA
among women older than 35 years. A plausible explanation is that women with advanced age,
although at intrinsically higher risk of having an infant born SGA, are more likely to comply with
medical advice and to maintain a healthy lifestyle, counteracting their higher age-related risk.

Our analysis linked more prenatal visits with lower risk of infants born SGA, consistent with
international consensus guidelines.*® Such care typically includes maternal and fetal health
assessments, health education and guidance, and preventive or therapeutic interventions to mitigate
preexisting disease or prenatal complications.*® For example, the proportion of prenatal screening
institutions in China that measure fetal nuchal translucency in the first trimester increased from 56%
in 2015 to 86% in 2020,%° which implies increasing use of ultrasonography to determine gestational
age. In 2015, the Chinese national guideline began to recommend prophylactic aspirin for pregnant
women at high risk of preeclampsia.®! These measures are associated with lower risk of infants born
SGA.">52 Nevertheless, while a larger number of prenatal visits was associated with lower risk of
infants born SGA, there was a limit; risk was higher among women who had more than 15 visits than
among those with fewer visits, which may reflect more intensive monitoring due to slow fetal
growth, possibly associated with underlying disease.

Preexisting disease or prenatal complications among women in our study were associated with
the prevalence of infants born SGA, which highlights the importance of regular prenatal monitoring
and appropriate prenatal interventions for such women. Future work should clarify which maternal
preexisting diseases or prenatal complications may require more intensive prenatal management to
minimize risk of infants born SGA. For example, hypertensive disorders of pregnancy have been
shown to increase the risk of infants born SGA,> whereas gestational diabetes may decrease
the risk.>*

The prevalence of severe SGA birth weight decreased faster than that of mild to moderate SGA
birth weight. This difference may reflect a focus of screening, diagnosis, and management programs
for newborns with severe SGA birth weight.>>>” Approximately 30% of infants born SGA show
abnormal placental function, and most of these births involve severe SGA birth weight, which are
targeted by screening and by interventions, such as low-dose aspirin®® and antihypertensives,>® to
treat prenatal complications. Another explanation may be an increase in interventions that shorten
gestation, such as elective cesarean delivery, given that the mean gestational age among infants with
severe SGA birth weight decreased slightly from 39.0 to 38.4 weeks during the study period. These
interventions may shift severe SGA to mild or moderate SGA birth weight, so they may help explain
why a greater number of prenatal visits were associated with a lower prevalence of severe SGA birth
weight than a lower prevalence of mild to moderate SGA birth weight in our sample.

Purely sociodemographic characteristics of women (educational level, age, and parity) have
been associated less with the prevalence of severe SGA birth weight than with the prevalence of mild
to moderate SGA birth weight (50% vs 83%), which may reflect specific biochemical or cellular
factors that cause severe SGA birth weight by compromising placental function. The same factors
may also explain why women in our sample with prenatal complications experienced a higher rate of
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severe SGA than mild to moderate SGA birth weight. Future work should explore whether increasing
the number of prenatal visits can improve early detection, management, and even prevention of
prenatal complications.

There was a faster decrease in the prevalence of infants born SGA in less-developed western
China than in more developed eastern regions in this study. Our observation that maternal
characteristics have been less associated with the decrease in the prevalence of infants born SGA in
less developed regions may be explained by the improvement in diet and nutrition intake of pregnant
women in these regions.>®¢° Other possible explanations are improvements in health conditions
and urbanization, which imply increases in health awareness, access to health care, and quality of
prenatal care. Future research should explore what factors have been associated with the decreasing
prevalence of infants born SGA in central and western China, which may help policymakers tailor
interventions regionally.

Limitations

Our findings should be interpreted with caution given several limitations. One is that our sample was
biased toward urban women, among whom the risk of delivering an infant classified as SGA should
be lower because of better nutrition and access to comprehensive prenatal care. We tried to
minimize urban bias by weighting prevalence according to the distribution of live births between
urban and rural settings. Another limitation is that gestational age among a substantial proportion of
infants was estimated based on the last menstrual period rather than on more accurate prenatal
ultrasonography.>26"62 Nevertheless, the gestational ages determined by the 2 techniques tended
to agree within 1 week.%2 A third limitation is that we were unable to take into account several
variables that were missing from the NMNMSS, such as fetal complications or maternal nutritional
status and body mass index.

Conclusions

In this cross-sectional study of singleton live births in China, the prevalence of infants born SGA
decreased from 2012 through 2020; this decrease was associated with changes in maternal
characteristics. The insights from this work may help target public health campaigns and
interventions to specific subsets of women in particular parts of the country to further reduce the risk
of infants born SGA.
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