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Abstract

Importance—Exposure to ambient particulate matter during pregnancy has been suggested as a
risk factor for preterm birth. However results from limited epidemiologic studies have been
inconclusive. Very few studies have been conducted in areas with high air pollution levels.

Objective—We investigated the hypothesis that high level exposure to particulate matter with
aerodynamic diameter no larger than 10um (PM1g) during pregnancy increases the risk of preterm
birth.
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Methods—A birth cohort study was carried out between 2010-2012 in Lanzhou, China,
including 8,969 singleton live births with available information on daily PMqq levels from four
monitoring stations, individual exposures during pregnancy were calculated using inverse-distance
weighting based on both home and work addresses. Unconditional logistic regression modeling
was used to examine the associations between PM1g exposure and risk of preterm birth and its
clinical subtypes.

Results—Increased risk of very preterm birth was associated with exposure to PM1g during the
last two months of pregnancy (OR, 1.07; 95%CI, 1.02-1.13 per 10pg/m?3 increase for last four
weeks before delivery; 1.09; 1.02-1.15 for last six weeks before delivery; 1.10; 1.03-1.17 for last
eight weeks before delivery). Compared to the U.S. National Ambient Air Quality Standard
(150ug/m3), higher exposure level (=150ug/m3) of PM during entire pregnancy was associated
with an increased risk of preterm birth (1.48; 1.22-1.81) and the association was higher for
medically indicated preterm birth (1.80, 1.24-2.62) during entire pregnancy and for very preterm
during last 6 weeks before delivery (2.03, 1.11-3.72).

Conclusions and relevance—Our study supports the hypothesis that exposure to high levels
of ambient PMqq increases the risk of preterm birth. Our study also suggests that the risk may vary
by clinical subtypes of preterm birth and exposure time windows. Our findings are relevant for
health policy makers from China and other regions with high levels of air pollution to facilitate the
efforts of reducing air pollution level in order to protect public health.

Keywords
China; Epidemiology; PM;q; Preterm birth; Birth cohort; Air pollution

1. Introduction

A recent systematic analysis of major global health risk factors has indicated that ambient
particulate matter (PM) pollution is among the top public health risks and contributes
annually to over 3.1 million premature deaths worldwide with 1.2 million occurring in China
(Lim et al.,2012). The health burden from ambient PM has declined from 1990 to 2010 in
many parts of the world, however, the health burden from ambient PM in China has
increased (Greenberg et al.,2011). While the Global Burden of Disease Project estimated
mortality by age and sex for regions of the world, it identified a literature gap in air pollution
studies, for which most of the existing epidemiological studies investigated ambient PM and
health outcomes were conducted in areas with relatively low concentrations of ambient PM.
There is an urgent need to elucidate health consequences in regions with high ambient PM
such as in China.

Preterm birth (PB) is a leading cause of neonatal morbidity and mortality (Mathews and
MacDorman,2006). It has also been linked to adult chronic diseases including
cardiovascular diseases, diabetes, and certain forms of cancers (Falah et al.,2013). A rising
trend of PB has been observed worldwide during the past decade (WHO,2009). A solution
to this growing problem is a priority for Millennium Development Goal 4 by the World
Health Organization (WHO) (WHO,2012b), as PB continues to emerge as a major public
health concern. Several risk factors have been suggested to be associated with PB risk,
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including younger or older maternal age, alcohol consumption, cigarette smoking,
preeclampsia, diabetes, birth defects, infections during pregnancy, and problems with uterus
or cervix, etc. (Goldenberg et al.,2008; Shiono PH,1995). However, these factors cannot
explain all PBs.

While environmental chemical exposures have been suggested as potential risk factors for
PB, such as phthalate diesters (Ferguson et al.,2014), organochlorine pesticides, (Kadhel et
al.,2014; Longnecker et al.,2001), and polychlorinated biphenyls (PCBs) (Helmfrid et al.,
2012; Taylor et al.,1984), recent evidence suggests that ambient air pollution may play a role
in PB (Brauer et al.,2008; Dadvand et al.,2013; Darrow et al.,2009; Hannam et al.,2014;
Hansen et al.,2006; Hyder et al.,2014; Jiang et al.,2007; Kim et al.,2007; Lee et al.,2013;
Pereira et al.,2014; Ritz et al.,2000; Rojas-Rueda et al.,2013; Rudra et al.,2011; Sagiv et al.,
2005; Schifano et al.,2013; Suh et al.,2009; van den Hooven et al.,2012; Wilhelm and Ritz,
2005; Wilhelm et al.,2011; Yorifuji et al.,2011; Zhao et al.,2011). Further, air pollution has
been associated with other adverse birth outcomes such as low birth weight, small for
gestational age, and birth defects (Ha et al.,2014; Harris et al.,2014; Hwang et al.,2011;
Vinikoor-Imler et al.,2014).

While a majority of the preterm birth studies suggested that maternal exposure to high levels
of PM with aerodynamic diameter no larger than 2.5um (PM> 5) or 10um (PM1g) during
pregnancy was a risk factor for PB (Brauer et al.,2008; Dadvand et al.,2013; Hansen et al.,
2006; Hyder et al.,2014; Jiang et al.,2007; Kim et al.,2007; Lee et al.,2013; Pereira et al.,
2014; Ritz et al.,2000; Rojas-Rueda et al.,2013; Sagiv et al.,2005; Schifano et al.,2013; Suh
et al.,2009; van den Hooven et al.,2012; Wilhelm and Ritz,2005; Wilhelm et al.,2011; Zhao
et al.,2011), others found no association (Darrow et al.,2009; Hannam et al.,2014; Rudra et
al.,2011). Most of these studies were conducted in Europe and United States where the air
pollution levels are generally low. In addition, the majority of early studies were based on
registry or administrative databases (Brauer et al.,2008; Darrow et al.,2009; Hannam et al.,
2014; Hansen et al.,2006; Hyder et al.,2014; Jiang et al.,2007; Pereira et al.,2014; Ritz et al.,
2000; Rojas-Rueda et al.,2013; Sagiv et al.,2005; Suh et al.,2009; Wilhelm and Ritz,2005;
Wilhelm et al.,2011; Zhao et al.,2011). These databases, while useful, have limitations
including lack of detailed information on confounding factors. Further, use of such
databases introduces potential exposure misclassification as residential address at delivery is
used to assign exposure, as data on work addresses and residential mobility during
pregnancy are often unavailable. In light of the inconsistent results linking ambient PM to
PB and very few studies conducted in high PM level areas, we conducted a birth cohort
study in Lanzhou, China with detailed information on both home and work addresses as well
as potential confounders to investigate the association between PM1q and the risk of PB.

2. Material and methods

2.1. Study population

The study population has been described previously (Qiu et al.,2014). In brief, pregnant
women who came to the Gansu Provincial Maternity & Child Care Hospital (GPMCCH) in
Lanzhou, China for delivery in 2010-2012, who were 18 years or older with a gestational
age of = 20 weeks and without mental illness were eligible. A total of 10,542 (73.4%)
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women participated in the study. All study procedures were approved by the Human
Investigation Committees at the GPMCCH and Yale University. After obtaining written
consent, an in-person interview was conducted at the hospital by trained study interviewers
using a standardized and structured questionnaire to collect information on demographics,
reproductive and medical history, lifestyle factors, occupation, and residential history. The
majority of women (84%) were interviewed within one to three days after delivery, while
others were interviewed within 2 days before delivery. Information on birth outcomes and
maternal complications were abstracted from the medical records.

2.2. Exposure Assessment

Data on ambient air pollutants were obtained from the Gansu Provincial Environmental
Monitoring Central Station, which collects 24-hr average concentration for PMy, sulfur
dioxide (SO5), and nitrogen dioxide (NO,) through an automated data reporting system from
four monitoring stations in Lanzhou. The 24-hour average PM1 was measured for the
period April 1, 2009 to December 31, 2012 for two stations, and January 1, 2011 to
December 31, 2012 for the two additional stations. The monitors were located in the
southern part of Lanzhou in the metropolitan area with high population density (Figure 1) (Y
Zhang et al.,2014). Though the distance from the participant’s home and work addresses to
the nearest monitors ranged from 0.1 to 88.5 km (mean: 5.0 km, median: 3.3 km), the
majority (90%) of participants lived within 5.5 km from the nearest monitors. Values from
these monitors were used to represent community-level exposure for Lanzhou, to investigate
the association between outdoor air exposure and PB.

Each subject’s residences throughout pregnancy, as measured by move-in and move-out
dates, and work addresses were collected. We used the earth online sharing website provided
by Google (www.earthol.com) to obtain longitude and latitude coordinates for each subject's
home and work addresses. Individuals who resided outside of Lanzhou during pregnancy
were excluded from analysis (N=1,344) due to lack of information on air pollution. We
calculated daily PM1q concentration at each subject’s home and work addresses using 1) the
nearest monitor, 2) all four monitors with the inverse-distance weighting approach, and 3)
the two monitors in operation the full study period (April 2009 to December 2010) and
inverse distance weighting.

For each subject we calculated the overall exposure level during pregnancy by considering
exposure time at home and work. Since the regular working hours are about 8 hours/day, we
used a time-weighted approach to calculate daily PM1 on weekdays for each subject (i.e.,
two-thirds of exposure at home address and one-third exposure at work address). Weekend
exposures were based on home address. Residential mobility was considered as time-
weighted averaging to account for changes in residence during pregnancy. Finally, the daily
exposures were averaged over seven exposure windows based on a priori decisions: entire
pregnancy; last four, six, or eight weeks before delivery; and each trimester. Exposures for
each subject to NO, and SO, were generated in the same manner as PMqq. Exposures to
PMjo was analyzed as a continues variable and as a binary variable meeting or exceeding
the 24-h, health-based U.S. National Ambient Air Quality Standard (NAAQS) (150ug/m3,
equivalent to the China NAAQS Grade 11 level) (EPA,2012).
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PB (case) was defined as delivery prior to 37 completed weeks of gestation (Beck et al.,
2010). Gestational age at delivery was calculated in completed weeks from the first day of
the last menstrual period. According to gestational age, PB can be categorized into moderate
preterm (32 to 36 completed weeks of gestation), very preterm (28 to 31 completed weeks),
and extremely preterm (<28 completed weeks) (WHO,2012a). Very preterm and extremely
preterm were combined as very PB to increase statistical power. Term birth (control) was
defined as delivery at 37 or more completed weeks of gestation. PB was further classified as
medically indicated (iatrogenic) PB and spontaneous PB with or without premature rupture
of membrane (Goldenberg et al.,2008). Medically indicated preterm, which relates to
maternal or fetal complications, includes placenta abruption, placenta previa, placental
accreta, pregnancy hypertension and preeclampsia, intrauterine growth restriction,
oligohydramnion, uterine rupture, and pre-gestational diabetes.

2.4, Statistical Analysis

3. Results

After excluding multiple births (n=323) and still births (n=53), the final sample size was
8,969. Univariate-analysis (3 test) was conducted to examine the distributions of selected
characteristics for cases and controls. Unconditional logistic regression model was used to
calculate the odds ratios (OR) and 95% confidence intervals (Cl) for association between
PM o exposure during pregnancy and risk of PB and its clinical subtypes, adjusting for
maternal age (<25, 25-35, >35 years), education levels (<college, >college), family monthly
income per capita (<3000, =3000RMB), active smoking (yes, no), and passive smoking (yes,
no) during pregnancy, season of conception (fall/winter, summer/spring), parity
(primiparous, multiparous), previous PB (yes, no), cooking fuel (gas/electricity, coal/
biomass, others), and daily average temperature over pregnancy (continuous variable). For
the final model selection, we set multivariate regression models adjusting each risk estimate
for all putative risk factors included one at the time, and a forward step-wise single
regression model including all putative risk factors. We examined the association by
different exposure windows: entire pregnancy; last four, six, or eight weeks before delivery;
and each trimester. Models with and without adjustment for SO, and NO, were fitted, and
similar associations were observed, so the results from single-pollutant model were
presented. All analyses were performed using SAS software, version 9.3 (SAS Institute,
Inc., Cary, NC).

Of 8,969 singleton live births, 677 (7.5%) were preterm and 8,292 were term births. Among
PBs, moderate and very PBs were 571 (84.3%) and 106 (15.7%) respectively. Medically
indicated PBs (n=185) accounted for 27.3% of PBs while spontaneous PBs (n=492)
accounted for 72.7% of all cases. The concentrations of exposure to PM1q using different
approaches (nearest monitors vs. inverse-distance weighting) were similar (Table 1).

Compared to women who delivered term babies, women who delivered preterm babies were
more likely to be older, have lower education and less income, and be unemployed during
pregnancy (Table 2). The percentages of women who had preeclampsia, who were
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multiparous, and who were overweight were higher among the PB group than term birth
group. Women who had PB were more likely to use biomass or coal as cooking fuels, have
previous pregnancies with PB, and have cesarean delivery. No significant differences in
season of conception, and smoking were observed between the preterm and term groups.
Distributions of the selected characteristics between the cases and controls in the current
study population were similar to the distributions in the overall population (Qiu et al.,2014).

Per 10ug/m? increase in PMyq during the last four, six or eight weeks before delivery, the
risk of PB increased 1%—-2% (OR, 1.02; 95% Cls, 1.00-1.04, 0.99-1.04, and 1.01; 0.98-
1.04, respectively; Table 3). A significantly increased risk was mainly seen for very PB
(1.07; 1.02-1.13, 1.09; 1.02-1.15, and 1.10; 1.03-1.17 respectively). A larger association
was observed for medically indicated PB during the entire pregnancy (1.14; 1.02-1.28), first
trimester (1.07; 1.01-1.14), third trimester (1.05; 0.99-1.12), last 4 weeks (1.04; 1.00-1.09),
and last 6 weeks (1.04; 1.00-1.09).

Women with PMqq averages over pregnancy higher than the U.S. 24-h NAAQS had
increased PB risk (Table 4, OR, 1.48; 95% CI, 1.22-1.81) compared to pregnancies that
averaged below the NAAQS. The risk was slightly higher for medically indicated PB (1.80;
1.24-2.62). When examining the association by various exposure time windows, we found
that exposure to higher PM1 concentration during the last six weeks was associated with
increased risk of very PB (2.03; 1.11-3.72).

We conducted sensitivity analysis by excluding the subjects with estimated conception dates
20 weeks before the data collection started or 43 weeks before it ended to avoid “fixed-
cohort bias”(Barnett,2011) and reached the same conclusion (data not shown). Similar
results were observed after exclusion of subjects with birth defects (data not shown). Similar
results were also observed based on the nearest monitors and by using data for the women
lived within 5.5 km (90% of the subjects) or 12.9 km (95% of the subjects) to the nearest
monitors (data not shown).

4. Discussion and conclusions

Our study results support the hypothesis that maternal exposure to high levels of ambient
PMyg is associated with an increased risk of PB. We also found that the risk was higher for
very PB and medically indicated PB.

PB is a syndrome initiated by multiple mechanisms, including infection or inflammation,
uteroplacental ischaemia or haemorrhage, uterine overditension, stress and other
immunologically mediated processes (Romero et al.,2006). Higher particulate matter
exposure during pregnancy has been linked to impaired immune competence and
subsequently enhanced susceptibility to infection (Sagiv et al.,2005). It has been reported
that exposure to PM1q during pregnancy is associated with higher natural Killer cell fractions
in cord blood and lower percentages of T-cells and CD3+ CD4+ cells, and CD4+: CD8+ cell
ratio in maternal blood (Hertz-Picciotto et al.,2002). Thus, it is biologically plausible that
exposure to high levels of PMyg is associated with an increased risk of PB.
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Several studies have investigated the relationship between ambient PM;q and risk of PB and
reached inconsistent results (Brauer et al.,2008; Darrow et al.,2009; Hansen et al.,2006;
Jiang et al.,2007; Kim et al.,2007; Ritz et al.,2000; Sagiv et al.,2005; Schifano et al.,2013;
Suh et al.,2009; van den Hooven et al.,2012; Wilhelm and Ritz,2005; Zhao et al.,2011). Two
registry-based studies in California reported about a 15% increase in PB per 50 pg/m3
increase in PMyq averaged over 6 weeks before birth or over the first month of pregnancy
(Ritz et al.,2000; Wilhelm and Ritz,2005). A study from Pennsylvania observed a non-
significant 7 to 10% elevated risk for preterm per 50 pg/m?3 increase in PMyg in the 6 weeks
before birth (Sagiv et al.,2005). A study from Atlanta found no association (Darrow et al.,
2009). Five non-US population registry-based studies also reported mixed results (Brauer et
al.,2008; Hannam et al.,2014; Hansen et al.,2006; Schifano et al.,2013; Suh et al.,2009). A
study from Canada reported a non-significant 13% increase in PB per 1 ug/m3 increase in
PM1q (Brauer et al.,2008); a study from Australia reported a 15% increased risk of PB per
(4.5ug/m3) increase in PM1 during the first trimester (Hansen et al.,2006); a Korean study
found a 7% increase in PB per 16.53pg/m?3 increase in PM;q during the first or third
trimesters (Suh et al.,2009); while a study from a UK cohort observed no association
(Hannam et al.,2014). Our study addresses some key limitations in these earlier studies
using registry or administrative databases, by assessing exposure based on work and
residential addresses throughout pregnancy and with detailed confounder information from a
cohort.

In addition, three previous cohort studies were conducted: a hospital-based birth cohort
study in Seoul (Kim et al.,2007) and two prospective cohort studies in Netherlands (van den
Hooven et al.,2012) and Rome (Schifano et al.,2013). Kim et al. (Kim et al.,2007) observed
a 5% increase in the risk of PB per 10 pg/m?3 increase in PMyq during the third trimester,
which is consistent with our results. VVan den Hooven et al. (van den Hooven et al.,2012)
reported that the third and fourth quartiles of PM1q exposure during entire pregnancy were
associated with 40% and 32% increased risk of PB, respectively. Schifano et al. (Schifano et
al.,2013) detected a non-significant 69% increased risk of PB per 1 pg/m?3 increase of PMyg
at a lag period of 12-22 days during the warm season in the month preceding delivery in
Rome. However, such associations were not replicated in our study.

To date, only two studies on preterm and PMg have been conducted in China. Zhao et al.
(Zhao et al.,2011) reported a 7% increased risk of PB associated with per 100 pg/m3
increase in PMyq on day 4 of the week before delivery in Guangzhou. Jiang et al. (Jiang et
al.,2007) observed about a 4% increased risk of PB associated with per 10 ug/m3 increase in
PM( averaged over 8 weeks before birth in Shanghai. However, both studies were based on
registry databases.

A variety of exposure assessment approaches have been used in different studies, which
complicates comparison of results across studies. Seven studies used city-level average of
PM1o (Darrow et al.,2009; Hansen et al.,2006; Jiang et al.,2007; Sagiv et al.,2005; Schifano
et al.,2013; Suh et al.,2009; Zhao et al.,2011), five studies assigned individual exposure
level from air monitors based on home address or zip code of residence at delivery (Brauer
et al.,2008; Kim et al.,2007; Ritz et al.,2000; van den Hooven et al.,2012; Wilhelm and Ritz,
2005). One study estimated residential exposures using land use regression modeling, which
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provided improved local spatial resolution (Brauer et al.,2008). However, land use
regression models are not developed in the current study area. To evaluate whether the four
monitors provided reasonable spatial coverage in our study, we calculated coefficient of
divergence, which provides the diversity between concentrations at sampling site-pairs
(Pinto et al.,2004). We found that coefficients of divergence for all site-pairs were lower
than 0.20, indicating low spatial heterogeneity of PMqq in our study (Figure 1). In our study,
air pollution data for two of the four monitors was unavailable for the first 21 months of the
study timeframe; results using all available data were similar to those using data from only
two monitors with data for the full study. We conclude that potential exposure
misclassification resulting from possible spatial heterogeneity and fewer monitors seems
unlikely.

Most of the early studies were conducted in areas with low air pollutant levels. For example,
mean PM1q exposure over gestation for previous studies on PB ranged from 13ug/m?3 to
90ug/m3 (Brauer et al.,2008; Darrow et al.,2009; Hansen et al.,2006; Kim et al.,2007; Ritz et
al.,2000; Sagiv et al.,2005; Schifano et al.,2013; Suh et al.,2009; van den Hooven et al.,
2012; Wilhelm and Ritz,2005), versus 142.1 pg/m?3 in the current study. In addition,
chemical compositions of PM1g may vary in different areas, which could affect health
effects (Furness et al.,2012). Health impacts associated with particulate matters can vary by
area (Dominici et al.,2006), which may relate to differences in chemical composition or
populations. Given that a large percent of the world’s population is exposed to high level of
air pollution and that relatively few studies have been conducted in such areas, our study is a
timely effort to address this understudied issue.

Previous studies mainly focused on overall PB (<37 gestational weeks) (Darrow et al.,2009;
Hansen et al.,2006; Jiang et al.,2007; Ritz et al.,2000; Sagiv et al.,2005; van den Hooven et
al.,2012; Wilhelm and Ritz,2005; Zhao et al.,2011). Only three previous studies explored the
effect of PM1q exposure on very PB (Brauer et al.,2008; Schifano et al.,2013; Suh et al.,
2009) and two of them suggested a higher association with very PB (Brauer et al.,2008; van
den Hooven et al.,2012), which was consistent with our study. We also found a higher
association for medically indicated PB, which has not been explored in previous studies.
While it is unknown why associations could vary by different clinical subtypes of PB,
different clinical subtypes of PB might have different etiology.

We observed that various exposure time windows might have different impact on the risk of
PB. Consistently, several early studies suggested that exposure to high levels of PMyq
during the first trimester and/or the third trimester had a stronger impact on PB than
exposure during the second trimester (Hansen et al.,2006; Jiang et al.,2007; Kim et al.,2007;
Suh et al.,2009; Wilhelm and Ritz,2005).

Our study included a relatively large sample size (N=8,969), which allowed exploration of
associations by various clinical subtypes. A key strength of the study was assessment of
exposure based on both home and work addresses, as well as residential mobility, which
minimized potential exposure misclassification, whereas most previous studies used
residence at birth to assign exposure for the whole pregnancy. Detailed information on
potential confounding factors such as smoking and cooking fuels were collected and
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controlled for in our analysis. Birth outcomes and maternal complications during pregnancy
were obtained from medical records, which minimized potential disease misclassification.

Limitations should be considered when interoperating the study results. The accuracy of
exposure estimation might be limited by the lack of monitors in rural areas in Lanzhou city.
However, more than 90% of the women lived within 5.5 km of a monitor. Sensitivity
analyses using the data from different exposure assessment approaches (nearest monitors,
inverse-distance weighting using two or four monitors, using data for the women lived
within 5.5 km or 12.9 km of a monitor) showed consistent results. PMqq exposure estimated
using data from government monitors, which although the most commonly used method in
air pollution epidemiology, may not represent the actual individual exposure level, which
would include differences in indoor/outdoor activity patterns. However, measurements
through personal air monitors in this setting (over pregnancy in a large population) may be
impractical as well as expensive and numerous studies have used the monitoring approach
successfully. Future work may investigate PM sources, which have different chemical
structures and possibly different health impacts. Finally, the study population was recruited
from the largest maternity and child hospital in Lanzhou, the capital city of Gansu Province.
Although the study was hospital-based, which might affect generalizability, the preterm rate
(8.2%) in our study population was within the range of the reported preterm rate (4.1%-
18.9%) in other Chinese populations (Blencowe et al.,2012).

In conclusion, our study supports the hypothesis that exposure to high levels of ambient
PMyq during pregnancy increases the risk of PB. The risk might vary by different clinical
subtypes and by different exposure time windows. The findings from our study have
important public health implications and are relevant for policy makers who design air
pollution policies for China and other high air pollution regions to protect public health from
air pollution. Future multi-site studies with different types of air pollutants are needed to
fully understand the impacts of air pollution mixture on PB in China.
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Figure 1.
Population of Lanzhou City center and placement of monitors
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Descriptive statistics of PMyq (ug/m3) at various pregnancy periods

Pregnancy period PM;p2 PMyP
Mean(SD)  Mean(SD)
Entire pregnancy 142.1(17.6)  140.5(21.7)
1st trimester 140.1(42.3)  139.7(40.8)
2nd trimester 144.7(39.7)  141.5(39.7)
3rd trimester 141.5(40.8)  138.0(39.7)
Last 4 weeks before delivery  139.5(51.7)  137.8(53.9)
Last 6 weeks before delivery  139.7(48.5)  137.2(49.5)
Last 8 weeks before delivery  140.1(46.0) 137.1(45.8)

Abbreviation: PM, particulate matter

aCaIcuIated by using inverse-distance weighting approach

b . .
Calculated by using the nearest monitor
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Table 2

Distributions of selected characteristics between cases and control

Cases (n=677)  Controls (n=8292)

Characteristics P value
N (%) N (%)
Maternal age (years)
<30 394 (58.2) 5300 (63.9) 003
=230 283 (41.8) 2992 (36.1) '
Highest education level
< College 356 (52.6) 2987 (36.0)
<.001
=>College 321 (47.4) 5305 (64.0)
Family monthly income (RMB per capita)
<3,000 456 (67.4) 4705 (56.7)
<.001
=3,000 221 (32.6) 3587 (43.3)
Employment during pregnancy
No 368 (54.4) 3786 (45.7)
<.001
Yes 309 (45.6) 4506 (54.3)
Pre-pregnancy BMI
<185 133 (19.7) 1708 (20.6)
18.5-24.0 448 (66.2) 5502 (69.1) .006
>24.0 96 (14.2) 851 (10.3)
Smoking during pregnancy
No 532 (78.6) 6732 (81.2) 10
Yes 145 (21.4) 1560 (18.8) '
Season of conception
Fall 176 (26.0) 2280 (27.5)
Winter 169 (25.0) 1882 (22.7) ”
Spring 151 (22.3) 1723 (20.8) '
Summer 181 (26.7) 2407 (29.0)
Pre-history of preterm
No 644 (95.1) 8267 (99.7)
<.001
Yes 33 (4.9) 25(0.3)
Parity
Primiparous 452 (66.8) 6282 (75.8) -
<.
Multiparous 225 (33.2) 2010 (24.2)
C-section
No 366 (54.1) 5307 (64.0)
<.001
Yes 311 (46.0) 2985 (36.0)
Preeclampsia
No 612 (90.4) 8152 (98.3)
<.001
Yes 65 (9.6) 140 (1.7)
Cooking fuel
Gas or electricity 538 (79.5) 7173 (86.5) <.001
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Cases (n=677)  Controls (n=8292)
Characteristics P value
N (%) N (%)
Biomass or coal 41 (6.1) 196 (2.4)
Others 98 (14.5) 923 (11.1)
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