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Abstract: Socioeconomic disparities in birth weights (BWs) are

associated with lifelong differences in health and productivity. Under-

standing socioeconomic disparities in BW is presently of concern to

develop public health interventions that promote a good start in life in

Northwest China. In the study, our objective is to investigate the

socioeconomic disparities in low and high BW from 2010 to 2013 in

this region.

Those single live births were recruited using a stratified multistage

sampling method in Shaanxi province from August to December 2013.

Data were collected with a structured questionnaire and a review of birth

certificates. Socioeconomic status (SES) was stratified based on the

calculated household wealth index. Prevalence differences (PDs) and

concentration indices (CIs) were used to depict the SES inequality of

low BW (LBW) and macrosomia.

Information for 28722 single live births born were obtained in

Shaanxi province. From 2010 to 2013, the overall rates of LBW

decreased, and the difference in LBW across differing SES groups

decreased by 0.7% (boys, 0.4%; girls, 0.8%). From 2010 to 2013, the

overall rates of macrosomia increased by 14.3% (boys, 17.5%; girls,

7.8%), whereas the PDs in macrosomia across various SES groups

remained unchanged. From 2010 to 2013, concentration indices for SES

inequalities in LBW and macrosomia confirmed the results shown by

differences in prevalence. Compared with mothers of high SES, those in

low SES group were significantly older, less educated, engaged in

farming with less availabile healthcare, and engaged in unhealthy

lifestyles (eg, exposure to secondhand smoke) during pregnancy,

regardless of the baby’s sex.
PhD, Yue Cheng, PhD, and Hong Yan, PhD

insignificantly over the same time. Our findings may provide valuable

insights to direct healthcare policies for pregnant women to reduce

inequalities in health, quality of life, and productivity for their children

as they age into adulthood.

(Medicine 95(5):e2471)

Abbreviations: ANC = antenatal care, BW = birth weight, CI =

concentration indices, HWI = household wealth index, LBW = low

birth weight, PD = prevalence difference, SES = socioeconomic

status.

INTRODUCTION

B irth weight (BW) is an important indication of mothers’ and
neonates’ nutritional status, and may be the important

determinant of infant’s survival and future health, growth,
and development.1 Studies have shown that both low BW
(defined as weight <2500 g at the time of birth) and high
BW (defined as weight>4000 g at the time of birth) are strongly
associated with various short-term and long-term health pro-
blems, including delays in the development of motor, cognitive,
and social skills, birth injuries, and obesity and chronic diseases
as the child ages.2–4 It appears that conditions in utero and BW
at birth may be a harbinger of much later problems in health,
education, and achieving success in the labor market.5,6

It is commonly known that changes in physiological,
nutritional, and sociocultural factors involved in the reproduc-
tive pattern of women are pivotal causes of neonatal BW
variation.7 In fact, there is now fairly substantial evidences that
BW tends to rise with socioeconomic status (SES) as reflected
by income, education, and employment status.6,8–9 Given the
long-lasting effects of early life conditions, it may be that BW,
rather than the SES of the mother per se, more directly corre-
lates with the socioeconomic disparity in health in adulthood.
Thus, if the socioeconomic disparities in BW could be elimi-
nated, longevity, quality of life, and labor market productivity
might be improved.6

China is the populous country in the world, and economic
development varies greatly by region, with particularly low SES
levels in Northwest China. However, to our best knowledge,
there are few, if any, investigations of BWs in Northwest China,
or other areas of China, as they relate to the SES of different
groups. With growing concern for promoting a good start in life
for all its people, China’s public health intervention programs
presently seek to understand how SES disparities affect BW in
Northwest China. According to the Sixth National Population
Census of China of 2010, the population of Shaanxi province
ound half that of all Northwest China.10

lation-based sampling survey was con-
vince to assess birth outcomes. In the
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current study, we investigated the SES discrepancies in low and
high BWs from 2010 to 2013 in Shaanxi province of Northwest
China. To some extent, careful measurement of such inequal-
ities for low and high BW, one of the most salient manifes-
tations of poor early life health conditions, may provide
valuable policy insights.

METHODS

Study Design
A cross-sectional population-based epidemiological sur-

vey with the purpose to assess the birth outcomes, such as birth
defects, BW, was conducted in Shaanxi province, in Northwest
China, from August to December in 2013. Those infants born
during 2010 to 2013 and their mothers were randomly sampled.
Because of the population density of Shaanxi province, with
rural and urban regions and a fertility rate of �9.73%, a
stratified multistage sampling method was adopted.

Within China’s rural areas, there is a 3-level administrative
structure consisting of county, township, and village. Independent
of rural areas, in urban areas, the administrative structure consists
of district, street, and community. For the present study, we first
randomly selected from throughout the province 20 counties in
rural areas and 10 districts in urban areas. In the rural areas, from
each of the 20 counties, 6 villages each from 6 townships were
then sampled randomly. Similarly, in the urban areas, from each
of the 10 districts, 6 communities in each of 3 streets were selected
randomly for sampling. A completely random sampling method
was adopted to extract data for babies born between 2010 and
2013 and their mothers, specifically for 30 and 60 infants in each
selected village and community, respectively.

It was expected that the sampling population would be
�32,400 infants and their mothers. In our present study, the
inclusion criterion was a single live birth. Excluded were cases
of stillbirth, odinopoeia, abortion, multiple birth, or neonates
without a recorded BW.

Data Collection
All data collection was completed at the local village

clinics and community health service centers. Ten field teams
consisted of 10 to 12 trained investigators, a supervisor from
Xi’an Jiaotong University Health Science Center, and a
pediatric doctor from local maternal and child health hospital.

All maternal sociodemographic data, and information
regarding access to healthcare, health status, and lifestyles
during pregnancy were reported by the mothers of the sampled
children through a precoded structured family questionnaire
(Xi’an Jiaotong University Health Science Center). Only after
obtaining written informed consent, face-to-face interviews
were performed by the field investigators. Additional child-
level data such as birth date and BW were found through a
review of birth certificate. The supervisors reviewed each
questionnaire immediately after completion for errors or miss-
ing values. The pediatric doctors of each team helped investi-
gators collect information regarding birth outcomes. Our work
was undertaken with the full support of the local hospitals and
health administrative departments, as well as the Ministry of
Health in Shaanxi province. The Human Research Ethics
Committee of the Xi’an Jiaotong University Health Science
Center reviewed and approved the study.

Pei et al
Study Variables
The main outcome variables of study were low BW (LBW,

neonates weighing <2500 g at birth, irrespective of gestational
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age), and macrosomia (>4000 g). The SES of the participants
was assessed based on the Demographic and Health Survey
household wealth index (HWI).11 Through principal component
analysis, an HWI was calculated using 5 variables of family
economic level: housing conditions, type of vehicle, income
resources, and type and number of household appliances. The
SES of the participants was ranked according to the value of
the HWI, divided into thirds: low, medium, and high (poor,
middle-income, rich, respectively).

Sociodemographic Characteristics
Neonatal characteristics such as sex, prematurity (yes or

no), and gestation (weeks) were considered as the important
explanatory (ie, independent) variables. Moreover, the follow-
ing maternal sociodemographic variables were entered:
maternal age at child-bearing (<25, 25–29, and �30 years);
education (�primary, secondary and � high education),
employment (farming and other occupations which included
teacher, official, commercial and service staff, and pro-
fessional), and residence during pregnancy. For residence,
mothers who had been living in surveyed areas during preg-
nancy were recorded as permanent in the study, otherwise as
transient.

Maternal Health Status in Pregnancy
During pregnancy, maternal health status is an important

predictor of LBW and macrosomia. Thus, the mothers were
required to report maternal health conditions such as anemia
and negative (adverse) life events during pregnancy (yes or no,
for both). Data regarding negative life events were obtained by
asking the respondents whether they experienced bereavement,
marriage crisis, family violence, unemployment, or debt dis-
putes (using a yes/no response format) during pregnancy.

Maternal Lifestyles in Pregnancy
Data regarding maternal lifestyles during pregnancy,

which included alcohol intake and passive (secondhand)
exposure to smoke, were also acquired. In China, approximately
two-thirds of men are regular smokers, whereas few women
smoke; therefore, passive exposure to smoke by women is more
pervasive.12 Passive exposure to smoke was defined as being
exposed to another person’s tobacco smoke for �15 min/d,
>1 day/wk, and classified as yes or no.13 The mothers
were also asked about the frequency (times/wk) and amount
(grams/time) of a wide range of alcoholic beverages consumed
during pregnancy, including liquor, wine, and beer. Alcohol
intake during pregnancy was also considered a binary variable
(yes or no).

Access to Healthcare in Pregnancy
We also collected the month antenatal care (ANC) was

initiated, the number of ANC visits (<7 or �7), and folic acid
supplementation before and during pregnancy, as a reflection of
maternal access to healthcare.

Statistical Analysis
First, we examined the baseline characteristics from 2010

to 2013 in Shaanxi province of Northwest China. Linear trend
and intersubgroup differences in baseline characteristics were

Medicine � Volume 95, Number 5, February 2016
examined using x2 and analysis of variance. Then, the preva-
lence differences (PDs) in LBW and macrosomia by sex and
across SES were calculated to assess the inequality. To evaluate

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



the changing trends of inequalities in LBW and macrosomia
over time, after adjusting for all possible confounding factors
(ie, sociodemographic characteristics, and maternal health
status, lifestyles, and access to healthcare during pregnancy),
the PDs across SES during 2010 to 2013 were obtained using a
generalized linear model.

To provide a clear depiction of SES inequality of LBW and
macrosomia, we further calculated overall and sex-specific
concentration indices (CIs). A CI may range from �1 to 1,
and is defined as twice the area between the concentration curve
and the diagonal line of equality (the 45-degree line). The
absolute value of the CI represents the severity of socioeco-
nomic inequality, that is, the larger the absolute value, the
greater the disparity. That CI equals zero means no socio-
economic inequality in LBW or macrosomia. CI <0 suggests
that LBW or macrosomia is more concentrated in the low-SES
group. At CI values >0, LBW or macrosomia is more concen-
trated in high-SES groups.

RESULTS

Baseline Characteristics
Of the total sampled population, 28,722 single live births

occurring from 2010 to 2013 in Shaanxi province were even-
tually included in the study (Table 1), after the following
exclusions: 2374 refused to participate; 349 were multiple
deliveries; 756 resulted in loss of the fetus; and 199 had missing

Medicine � Volume 95, Number 5, February 2016
BW data. Of the live-born neonates, more than half were boys
(54.8%) and premature births accounted for �5.9%. The aver-
age gestation was close to 39.6 weeks (range: 28–44 weeks).

TABLE 1. Baseline Characteristics of the Participants, Each Year F

2010

Sex (boys)z 2258 (57.1)
Gestational duration, wk 39.6 (1.3)
Premature birth 205 (5.2)
Residence during pregnancy (transient)§ 3513 (89.2)
Maternal employment (farmer)z 2561 (65.3)
Maternal educationz

�Primary 662 (16.8)
Secondary 2099 (53.1)
�High education 1191 (30.1)

Childbearing age, yz

<25 565 (14.5)
25–29 1549 (39.9)
�30 1773 (45.6)
�7 ANC visitsz 1311 (34.2)
Initiation of ANC, moz 2.7 (1.2)
Pregnancy features

Folic acidz 2318 (58.6)
Anemia§ 469 (11.9)
Negative life events§ 297 (7.5)
Secondhand smokez 985 (25.1)
Alcohol 49 (1.2)

Total 3959

ANC¼ antenatal care.�
Values are given as mean (SD) or the n (%) of the study population.
yLinear trend in baseline characteristics was tested using x2 and ANOV
zP< 0.01.
§ P< 0.05.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
The mean�SD of childbearing age of the mothers was about
28.0� 4.86, and more than 38.0% had at least a high school
education. Among the mothers, 63.6% were involved in
agriculture work, and 88.7% were members of the transient
population.

With regard to access to healthcare during their preg-
nancy, �41.5% of the mothers attended�7 ANC visits, which
were initiated an average of 2.54� 1.15 months after con-
ception, and 67.7% of mothers had begun folic acid supple-
mentation at least 3 months before the pregnancy. During
pregnancy, 14.8% experienced anemia and 7.6% negative life
events,�23.0% were exposed to secondhand smoke, and 1.1%
drank alcohol. Based on HWI, the SES of the mothers was
divided into three categories: low (�32.8%), medium (32.9%),
and high (33.3%).

Socioeconomic Inequality in LBW and
Macrosomia

Prevalence of LBW Across SES Groups by
Sex Over Time

In the overall population, the prevalence of LBW
decreased from 4.4% in 2010 to 3.6% in 2013. Among girls,
the rates of LBW decreased from 4.6% in 2010 to 3.7% in 2013,
a decrement rate of nearly 20.0%. Among boys, the prevalence
of LBW reduced from 4.3% to 3.5% over the same time, a
relatively lower descent rate of 16.3% compared with girls.

Evaluation of Birth weight Equity in Northwest China
Table 2 showed significant differences in the prevalence
of LBW across SES groups by sex. Overall, differences in
the prevalence of LBW among SES groups increasingly

rom 2010 to 2013 in Shaanxi Province, Northwest China
�,y

2011 2012 2013

3808 (55.9) 5763 (53.7) 3889 (54.0)
39.6 (1.3) 39.6 (1.3) 39.6 (1.3)
388 (5.7) 658 (6.1) 446 (6.2)

6057 (89.4) 9400 (88.2) 6345 (88.5)
4377 (64.5) 6822 (63.9)) 4395 (61.3)

1020 (15.0) 1195 (11.1) 604 (8.4)
3648 (53.7) 5261 (49.1) 3202 (44.5)
2130 (31.3) 4266 (39.8) 3390 (47.1)

1371 (20.5) 2992 (28.3) 2236 (31.4)
2862 (42.7) 4600 (43.5) 3127 (44.0)
2466 (36.8) 2977 (28.2) 1750 (24.6)
2419 (36.6) 4472 (42.7) 3431 (48.3)

2.6 (1.2) 2.5 (1.1) 2.4 (1.1)

4264 (62.6) 7520 (70.1) 5332 (74.0)
976 (14.4) 1632 (15.3) 1148 (16.0)
483 (7.1) 793 (7.4) 608 (8.4)

1765 (26.1) 2374 (22.3) 1444 (20.1)
78 (1.1) 132 (1.2) 68 (0.9)
6821 10730 7212

A.
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TABLE 2. Prevalence of LBW Across SES Levels and by Sex, Each Year From 2010 to 2013
�,y

2010 2011 2012 2013 PD Across SES during 2010–2013, %z

Overall
HWI

Low 77 (5.3)§ 107 (4.5) 129 (3.6) 90 (4.0)
Medium 60 (4.9) 104 (4.7) 120 (3.4) 80 (3.3)
High 36 (2.9) 90 (4.1) 106 (3.0) 91 (3.6)

PD
Low-medium, % 0.4 �0.2 0.2 0.7 0.1
Medium-high, % 2.0 0.6 0.4 �0.3 �0.7§

Low-high, % 2.4 0.4 0.6 0.4 �0.3§

Boys
HWI

Low 42 (5.2)§ 65 (5.0) 66 (3.5) 41 (3.5)
Medium 37 (5.0) 62 (5.0) 73 (3.7) 50 (3.9)
High 17 (2.4) 48 (3.9) 51 (2.7) 47 (3.3)

PD
Low-medium, % 0.2 0 �0.2 �0.4 �0.2
Medium-high, % 2.6 1.1 1.0 0.6 �0.7
Low-high, % 2.8 1.1 0.8 0.2 �0.4§

Girls
HWI

Low 35 (5.3) 42 (3.9) 63 (3.8) 49 (4.6)§

Medium 23 (4.7) 42 (4.3) 47 (3.0) 30 (2.6)
High 19 (3.6) 42 (4.4) 55 (3.3) 44 (3.9)

PD
Low-medium, % 0.6 �0.4 0.8 2.0 0.5
Medium-high, % 1.1 �0.1 �0.3 �1.3 �0.8§

Low-high, % 1.7 �0.5 0.5 0.7 �0.2

HWI¼ household wealth index, LBW¼ low birth weight, PD¼ prevalence difference, SES¼ socioeconomic status.�
Values are given as the number (%) of LBW.
yDifferences in LBW across SES each year using x2 tests.
z Prevalence differences in LBW across SES during 2010–2013 were obtained using generalized linear model adjusting for baseline characteristics.
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declined from 2010 to 2013. Disparities in the prevalence of
LBW babies among SES groups in Table 2 were greater for
boys than girls.

We used a generalized linear model, adjusting for con-
founding factors (sociodemographic characteristics and
maternal health status, lifestyles, and access to healthcare
during pregnancy), to determine the changes in PD in LBW
across SES over the studied period. In almost all cases, the PD in
LBW increasingly, compared with previous years, became
weaker over time. From 2010 to 2013, the overall difference
in LBW rates between the low and high SES groups decreased
by �0.3%. Moreover, the difference in prevalence between the
medium and high SES groups from 2010 to 2013 reduced by
0.7%. Among boys, we could observe a significant decrement in
PDs between the low and high SES groups of about 0.4% from
2010 to 2013. Similarly, a reduction rate of �0.8% over the
same time was observed in the PD between the medium and
high SES groups among girls.

Prevalence of Macrosomia Across SES Groups by
Sex Over Time

§ P< 0.05.
According to a pooled analysis, in the general population,
the prevalence of neonatal macrosomia increased by 14.3%
between 2010 and 2013 (boys, 17.5%; girls, 7.8%; Table 3).

4 | www.md-journal.com
Table 3 displayed a nonsignificant SES discrepancy in macro-
somia between different SES groups in almost all cases. After
controlling for confounding factors, the generalized linear
model also showed no changes in PDs in macrosomia across
the SES groups from 2010 to 2013.

Concentration Index for the Whole Sample
We also employed concentration indices to illustrate how

SES might influence differences in LBW and macrosomia. As
shown in Figures 1 and 2, CIs varied considerably by sex and
over time. In the overall population, the CIs for LBW for each of
the years 2010 to 2013 were, �0.120, �0.010, �0.047, and
�0.058, respectively (Figure 1); the CIs for macrosomia were
0.037, 0.038, 0.058, and 0.026 (Figure 2). Regarding LBW for
boys, each of the years from 2010 to 2013 showed CIs of
�0.148, �0.043, �0.055, and �0.040, respectively; for girls,
the analogous CIs were �0.084, 0.033,�0.034, and �0.082
(Figure 1). In reference to macrosomia, for boys, the CIs from
2010 to 2013 were 0.060, 0.029, 0.035, and 0.034, respectively;
for girls, the CIs were 0.009, 0.052, 0.086, and 0.016 (Figure 2).
Thus, the strength of the association between LBW and low SES

appeared to weaken during this period, whereas there was no
significant change in the association between macrosomia and
high SES.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Prevalence of Macrosomia Across SES and by Sex, Each Year From 2010 to 2013
�,y

2010 2011 2012 2013 PD across SES during 2010–2013, %z

Overall
HWI

Low 85 (5.8) 131 (5.5) 228 (6.4)§ 153 (6.9)
Medium 74 (6.0) 154 (6.9) 223 (6.3) 174 (7.2)
High 89 (7.3) 143 (6.6) 280 (7.8) 188 (7.4)

PD
Low-medium, % �0.2 �1.4 0.1 �0.3 0.0
Medium-high, % �1.3 0.3 �1.5 �0.2 0.4
Low-high, % �1.5 �1.1 �1.4 �0.5 0.2

Boys
HWI

Low 45 (5.6)§ 81 (6.2) 136 (7.2) 86 (7.3)
Medium 39 (5.3) 95 (7.6) 128 (6.5) 89 (6.9)
High 56 (8.1) 89 (7.2) 155 (8.2) 113 (8.0)
PD
Low-medium, % 0.3 �1.4 0.7 0.4 0.0
Medium-high, % �2.8 0.4 �1.7 �1.1 0.6
Low-high, % �2.5 �1.0 �1.0 �0.7 0.3

Girls
HWI

Low 40 (6.0) 50 (4.6) 92 (5.5)y 67 (6.3)
Medium 35 (7.1) 59 (6.1) 95 (6.0) 85 (7.5)
High 33 (6.3) 54 (5.7) 125 (7.4) 75 (6.7)

PD
Low-medium, % �1.1 �1.5 �0.5 �1.2 0.0
Medium-high, % 0.8 0.4 �1.4 0.8 0.0
Low-high, % �0.3 �1.3 �1.9 �0.4 0.0

HWI¼ household wealth index, PD¼ prevalence difference, SES¼ socioeconomic status.�
Values are given as the number (%) of macrosomia.
yDifferences in macrosomia across SES each year using x2 tests.
zPrevalence differences in macrosomia across SES during 2010–2013 were obtained using generalized linear model adjusting for baseline

Medicine � Volume 95, Number 5, February 2016 Evaluation of Birth weight Equity in Northwest China
Socioeconomic Disparities in Baseline

characteristics.
§ P< 0.05.
Characteristics
We investigated the differences in sociodemographic

characteristics and maternal health status, lifestyles, and
access to healthcare during pregnancy across SES subgroups

FIGURE 1. Trends in the concentration indices of low birth weight in th
CIs¼ concentration indices.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
by sex (Table 4). Compared with mothers of high SES,
those in low SES group were significantly older, less

educated, engaged in farming with less available
healthcare, and engaged in unhealthy lifestyles, regardless
of baby’s sex.

e overall population and among boys and girls, from 2010 to 2013.
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Regarding the availability of healthcare, mothers of high
SES were significantly more likely than low SES mothers to
have taken folic acid and attend �7 ANC visits. In addition,
there was a significant linear correlation between exposure to

FIGURE 2. Trends in the concentration indices of macrosomia in t
CIs¼ concentration indices.
secondhand smoke during pregnancy and SES, and alcohol

drinking and SES. There was no significant difference in
maternal health status across SES among boys and girls.
DISCUSSION
In the largest population-based study in Shaanxi province

to date, we investigated whether socioeconomic disparities in

TABLE 4. Characteristics of Mothers and Pregnancies Across SES

Boys

Low Medium High P

Gestational duration, mo 39.6 (1.2) 39.6 (1.3) 39.5 (1.3)
Premature birth 324 (6.2) 300 (5.7) 356 (6.8)
Household residence

(transient)
4572 (88.6) 4632 (88.7) 4641 (88.8)

Maternal employment
(farmer)

3766 (72.7) 3325 (63.6) 2933 (56.3)

Maternal education
�Primary 964 (18.5) 570 (10.9) 428 (8.2)
Secondary 2798 (53.8) 2621 (50.0) 2427 (46.3)
�High education 1440 (27.7) 2055 (39.2) 2387 (45.5)

Maternal age, y
<25 1235 (24.1) 1318 (25.6) 1324 (25.6)
25–29 2031 (39.6) 2261 (43.9) 2333 (45.0)
�30 1864 (36.3) 1574 (30.5) 1522 (29.4)
�7 ANC visits 1576 (30.9) 2158 (42.1) 2536 (49.4)
Initiation of ANC, mo 2.7 (1.2) 2.5 (1.1) 2.5 (1.1)
Pregnancy features

Folic acid 3247 (62.4) 3584 (68.2) 3639 (69.3)
Anemia 795 (15.4) 763 (14.6) 738 (14.1)
Negative life events 421 (8.1) 368 (7.0) 410 (7.8)
Secondhand smoke 1300 (25.2) 1227 (23.5) 1185 (22.7)
Alcohol 54 (1.0) 67 (1.3) 60 (1.1)

ANC¼ antenatal care, SES¼ socioeconomic status.�
Values are given as mean (SD) or the n (%) of the study population.
yLinear trend in baseline characteristics across SES was tested using x2
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LBW and macrosomia existed, and whether inequalities
increased, decreased, or remained constant from 2010 to
2013. Our results revealed a clear link between LBW and
SES, whereby mothers of low SES experienced greater rates
of LBW babies than did mothers of high SES. However, this
SES disparity in LBW decreased from 2010 to 2013. Further-
more, although macrosomia was far more likely in wealthier
households, the trends in SES gradients remained sustained
over time.

verall population and among boys and girls, from 2010 to 2013.
Our study confirmed that the overall prevalence of LBW
had been reduced from 4.4% to 3.6% between 2010 and 2013.
The figures in our study appear to be much lower than those of

Groups by Sex
�

Girls

for trendy Low Medium High P for trendy

<0.001 39.6 (1.3) 39.6 (1.3) 39.6 (1.3) 0.500
0.244 249 (5.5) 238 (5.7) 229 (5.3) 0.689
0.746 4000 (89.3) 3669 (88.0) 3794 (88.6) 0.240

<0.001 3209 (71.8) 2553 (61.3) 2362 (55.2) <0.001

<0.001 808 (18.0) 400 (9.6) 310 (7.2) <0.001
2340 (52.1) 2096 (50.2) 1919 (44.7)
1347 (30.0) 1682 (40.3) 2065 (48.1)

<0.001 1100 (24.8) 1100 (26.7) 1086 (25.6) <0.001
1776 (40.0) 1791 (43.5) 1938 (45.7)
1561 (35.2) 1226 (29.8) 1217 (28.7)

<0.001 1413 (32.3) 1827 (44.8) 2119 (50.4) <0.001
<0.001 2.7 (1.2) 2.5 (1.2) 2.5 (1.1) <0.001

<0.001 2922 (64.9) 2931 (70.0) 3102 (72.2) <0.001
0.068 670 (14.9) 636 (15.2) 622 (14.5) 0.585
0.591 341 (7.6) 297 (7.1) 342 (8.0) 0.510
0.003 1032 (23.1) 910 (21.9) 914 (21.4) 0.04
0.618 40 (0.9) 46 (1.1) 60 (1.4) 0.024

and ANOVA.
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other studies from developing and developed countries in 2012,
for example, 6.0% in Russia, 8.0% in Spain, 7.0% in Germany,
and 10.0% in Japan.14 Furthermore, in the present study from
2010 to 2013, the rates of macrosomia rose from 6.3% to 7.2%,
which was likely to be much higher than reported in Guang-
dong, China, in 2012 (2.3%) and South China in 2011
(5.6%).15–16 They were also higher than that reported by the
2008 World Health Organization global survey for India
(0.5%), Vietnam (3.4), and Thailand (2.2%).17 Although
LBW rates have been decreasing in Northwest China, macro-
somia may become an important problem there.

To our best knowledge, this is the first documentation in
China of a decreasing trend in SES disparity in LBW by sex, but
unchanged SES gradient of macrosomia, using generalized
linear model adjusted for risk factors including sociodemo-
graphic characteristics and maternal health status, lifestyles, and
access to healthcare during pregnancy. These results were
supported by the CI approach, in which results were consistent
with those above. To date, there is substantial evidence from
other countries that BW and SES are positively related; rates of
LBW decrease as SES increases, and rates of macrosomia
increase with measures of SES such as income, education,
and employment status.6,18 For example, in Denmark, all
measures of social disadvantage (including low education
and poverty) were associated with decreased fetal BW.19 In
studies conducted across larger geographic areas in the United
States and Canada, where socioeconomic gradients were com-
monly considered to be low, similar socioeconomic disparities
for BW had been reported.20–21 In general, our results seemed to
be similar to previous research. Our study is unique in showing
that, in Northwest China, SES disparities in LBWs have
decreased annually, whereas the SES gradient of macrosomia
has been sustained.

The bulk of epidemiological evidence suggested that
changes in physiological, nutritional, and sociocultural factors
involved in the reproductive pattern of women are the con-
tributing factors of BW variation.7,22–24 To understand such
complex SES-LBW and SES-macrosomia relationships in our
study, we analyzed, for a 4-year period, the influence of socio-
demographic features, and maternal health status, lifestyles, and
access to healthcare during pregnancy across SES. According to
the SES levels, firstly, we found that mothers of higher SES had
achieved higher levels of education, were younger at child-
bearing, and were less likely to have an occupation in farming
compared with women with poor SES. One study in Poland
reported that being younger than 20 years was a protective
factor for women against bearing LBW infants.25 Another study
found that for mothers older than 40 years, there was a strong
risk for extreme LBW.15 Highly educated mothers are more
likely to have better jobs and higher incomes, as well as more
knowledge of prenatal care. According to epidemiologic evi-
dence, BW increased with mothers’ education level.26–27 Sim-
ilarly, it was evident in our present study that from 2010 to 2013,
maternal educational levels progressively improved, whereas
the age at childbearing became lower and population perform-
ing agricultural work gradually decreased. These are the
maternal sociodemographic characteristics that, at least in part,
contribute to differences in BW related to SES and the trends we
observed lead to higher BWs over time. 26–27

Second, it has been consistently shown that adequate
prenatal care reduces the risk of prematurity and leads to

Medicine � Volume 95, Number 5, February 2016
increased BWs.28,29 The adequacy of prenatal care depends
on establishing the mother as a patient early in the pregnancy,
the number of prenatal visits, and the quality and content of

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
care. In our present study, compared with the women of low
SES, women from wealthier households attended prenatal care
earlier and the percentage of women who had �7 prenatal care
visits was higher. In addition, women of low SES were less
likely to use folic acid as a supplement before and during
pregnancy, which was found to be associated with BW.30 A
significant temporal trend in improved utilization of ANC
among mothers was observed in this study.

Third, socioeconomic-associated differences in BW are
likely mediated by maternal lifestyles such as exposure to
secondhand smoke and alcohol intake during pregnancy.6,31–

32 Passive exposure to secondhand smoke is an important
component in the association between SES and BW. This
was shown by our present study, although this was found to
decrease from 2010 to 2013. It is also worth noting that the
percentage of women who drank alcohol during pregnancy was
higher in women of the high SES group. However, previous
studies have indicated that drinking alcohol in pregnancy might
not be associated with BW growth.33,34 Unfortunately, it is not
possible to draw conclusions from the present study regarding a
linear trend in alcohol intake during pregnancy.

In general, mothers at lower socioeconomic levels are
characterized by less education, inadequate care during preg-
nancy, higher unemployment and passive exposure to smoke,
and other factors that may lead to reduced BW and other adverse
birth outcomes. These findings support the view that economic
growth also does not resolve differences in BWs. What is
important is to eliminate the socioeconomic-associated differ-
ences in health by ensuring that those with lower SES have as
much access to improved health, prenatal care, and healthier
lifestyles before and during pregnancy as those of higher SES.

The primary strength of the present analysis is the large
sample size (28722 single live births occurring from 2010 to
2013), which accounted for �9% of neonates in Shaanxi
Province. Therefore, our results can be generalized to the entire
province as well as Northwest China. Another strength of this
study is that the BW data collected from birth certificates was
precise to the nearest 10 g. However, this study of changes in
BWs associated with SES is limited, in that data were analyzed
for only the years 2010 to 2013, and a long-term study is
warranted. Second, we lacked data on maternal prepregnancy
body mass index, diet, and placental weight that could be
important factors in a study of SES inequalities and BW.
Nevertheless, the current study is the first and largest survey
that has presently been conducted in Northwest China, and
provides the best information on how SES affects LBW and
macrosomia during this period in this geographical region.

In conclusion, although LBWs remained more prevalent in
women of low SES compared with those of high SES, this
negative association weakened from 2010 to 2013 in Shaanxi
province of Northwest China. Rates of macrosomia were higher
in those of high SES, but the SES disparities varied insignificantly
over the same time. Disparities in BWs across SES levels may be
more directly addressed by noting the differences in demo-
graphic, healthcare availability, and lifestyles during pregnancy
that characterize these groups. Thus, efforts to improve SES-
associated disparities in birth weight in Shaanxi province of
Northwest China may require eliminating inequities in healthcare
availability, encouraging healthy lifestyles, and providing health
education for women before and during pregnancy.

Evaluation of Birth weight Equity in Northwest China
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