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a b s t r a c t

Lead (Pb) is a well-known developmental toxicant. The aim of the present study was to analyze the
association between maternal serum Pb level and risk of preterm birth in a population-based birth
cohort study. The present study analyzed a sub-study of the China-Anhui Birth Cohort that recruited
3125 eligible mother-and-singleton-offspring pairs. Maternal serum Pb level was measured by graphite
furnace atomic absorption spectrometry. All subjects were classified into three groups by tertile division
according to serum Pb level: Low-Pb (L-Pb, <1.18 mg/dl), Medium-Pb (M-Pb, 1.18e1.70 mg/dl), and High-
Pb (H-Pb, �1.71 mg/dl). The rate of preterm birth was 2.8% among subjects with L-Pb, 6.1% among subjects
with M-Pb, and 8.1% among subjects with H-Pb, respectively. After controlling confounding factors, the
adjusted OR for preterm birth was 2.33 (95%CI: 1.49, 3.65) among subjects with M-Pb and 3.09 (95%CI:
2.01, 4.76) among subjects with H-Pb. Of interest, maternal Pb exposure in early gestational stage than in
middle gestational stage was more susceptible to preterm birth. Moreover, maternal serum Pb level was
only associated with increased risk of late preterm birth. The present study provides evidence that
maternal serum Pb level during pregnancy is positively associated with risk of preterm birth in a Chinese
population.

© 2017 Published by Elsevier Ltd.
1. Introduction

Lead (Pb) is one of important heavy metals that can be detected
in almost all environmental compartments including surface water,
soil, and atmosphere (Cheng et al., 2015; Dang et al., 2015; Marx
et al., 2016; Romero-Freire et al., 2015). Workers in paints, weld-
ing, electroplating, smeltering, pigments, battery and e-waste
recycling workshops are generally exposed to fairly high concen-
trations of Pb (Grashow et al., 2014; Julander et al., 2014; Kazi et al.,
2015; Martin et al., 2005; Zhang et al., 2016). On the other hand, the
general population is exposed to relatively low concentrations of Pb
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work.
through polluted air, food, drinking water and cigarette smoking
(Augustsson et al., 2015; Cheng et al., 2015; Clark et al., 2014;
Mohmand et al., 2015; Pinto et al., 2017).

Accumulating evidence suggests that maternal Pb exposure
could produce a developmental toxicity in the fetuses (Chen et al.,
2011). According to several reports from rodent animals, maternal
Pb exposure during gestational period disturbed brain and neuro-
behavioral development in offspring (Kasten-Jolly et al., 2012;
Schneider et al., 2016). A recent epidemiological report showed
that maternal blood Pb (B-Pb) level in the first trimester was
negatively correlated with the scores of neonatal behavioral
neurological assessment (Liu et al., 2014). Preterm birth, defined as
a live birth at less than 37 gestational weeks, is a major reason for
low birth weight and neonatal death (Goldenberg et al., 2008). In
addition, preterm birth is associated with the adverse neuro-
developmental and behavioral outcomes (Anderson et al., 2003;
Bora et al., 2014; Welch et al., 2015). A prospective birth cohort
study showed that pregnant womenwith high B-Pb level increased
risk of preterm birth but not of having a low birth weight baby
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(Taylor et al., 2015). A recent report from a matched case-control
study found that maternal Pb concentration in urine was associ-
ated with risk of preterm low birth weight (Zhang et al., 2015).
Nevertheless, the association between maternal serum Pb con-
centration and risk of preterm birth needs to be determined.

The aim of the present study was to analyze maternal serum Pb
level in different trimesters and to evaluate the association be-
tween maternal serum Pb level and risk of preterm birth in a Chi-
nese population. Our results demonstrate that maternal serum Pb
level is positively associated with risk of preterm birth.

2. Materials and methods

2.1. Study population

The present study analyzed a sub-study of the China-Anhui
Birth Cohort Study (C-ABCS) that recruited 4358 pregnant women
from Hefei city from January 1 to December 31 in 2009 (Tao et al.,
2013). Exclusion criteria were as follows: inability to provide
informed consent, alcohol drinking and cigarette smoking during
pregnancy, mental disorders, pregnancy-induced hypertension and
preeclampsia, gestational diabetes, heart disease, thyroid-related
disease, a history of �3 previous miscarriages, or plans to leave
local places before delivery (Tao et al., 2013). For this study, eligible
participants were mother-and-singleton-offspring pairs, in which
serum samples from mothers were available for subsequent anal-
ysis and their offspring had a detailed birth record. Thirty-six
pregnant women giving birth to twins, 15 dead fetuses, 2 still-
births, 58 abortions and 589 withdrew were excluded from this
study. In the current study, pregnant women were enrolled
throughout pregnancy, and sera at different gestational stages were
collected from different pregnant women. In addition, 439 un-
available for maternal serum and 94 maternal serum collected at
the third trimester were also excluded. The median time for serum
collection is 14 weeks (Minimum 4 weeks, Maximum: 27 weeks).
Total 3125 mother-and-singleton-offspring pairs were eligible for
this study. The present study was approved by the ethics com-
mittee of Anhui Medical University (permit 08-1026). The methods
were carried out in accordance with the approved guidelines.

2.2. Definition of preterm birth

Gestational week was calculated using mother's last menstrual
period. Preterm birth was defined as a live birth at less than 37
completed gestational weeks (Athalye-Jape et al., 2014). In this
study, total 177 premature infants with spontaneous and non-
medical preterm birth were identified. According to a recently
described method (Katz et al., 2013), preterm birth can be further
sub-divided into early preterm birth (EPTB, <32 gestational weeks),
moderate preterm birth (MPTB, 32 to <34 gestational weeks) and
late preterm birth (LPTB, 34 to <37 gestational weeks).

2.3. Serum Pb measurement

Maternal fasting blood was collected in the first and second
trimesters (median time for serum collection: 14 gestational
weeks; Range from 4 to 27 gestational week). After discarding
hemolytic specimens, available sera were stored at �80 �C until
analysis. In this study, total 3125 samples were measured for serum
lead level by graphite furnace atomic absorption spectrometry
(GFAAS; model: TAS-990; Purkinje General Instrument Co., Ltd,
Beijing, China) coupled with a deuterium-lamp background
correction system. All samples were prepared and analyzed ac-
cording to previously described method with minor modification
(Sakellari et al., 2016). Serum samples were diluted with 1% HNO3
(including 0.5% TritonX-100) according to 1:4 (v/v). Matrix modi-
fiers, mixed with 0.5% NH4H2PO4 and 0.2% Mg (NO3)2, were added
to each standard, blank and sample dilution. Following diluted
solutionwas then detected using GFAAS. To avoid contamination of
exogenous lead, all volumetric flasks, polypropylene tubes and
pipette tips were soaked for at least 24 h in 15% HNO3 at room
temperature and rinsed persistently in ultrapure water before use.
Each samplewas analyzed in triplicate. Precision of themethodwas
measured by coefficients of variation. Mean CV for serum lead
measurement was 9.3% for within-day determinations and 5.5% for
day-to-day determinations. The limit of detection for this method
was 0.020 mg/dl. The accuracy of the GFAAS method was evaluated
by the recovery rate of the standard addition method for lead. The
average recovery percentage using standard addition method is
104.7%. According to previously described methods, All subjects
were classified into three groups by tertile division according to
maternal serum Pb level: L-Pb (Low-Pb <1.18 mg/dl), M-Pb (Me-
dium-Pb 1.18e1.70 mg/dl) and H-Pb (High-Pb �1.71 mg/dl).

2.4. Statistical analysis

The proportions of maternal and neonatal characteristics and
the rate for preterm birth among different groups were analyzed
using the chi-square test. The means of characters and maternal
serum lead level between two groups were analyzed using
independent-sample t-test. For multiple comparisons, we used
one-way ANOVA followed by Bonferroni's or Tamhane's T2 post hoc
test. The odds ratios (OR) and 95% confidence intervals (CI) for the
association between maternal serum lead level and risk of preterm
birth were estimated using multiple logistic regression models. We
calculated unadjusted and adjusted estimates using exact methods
and asymptotic methods, respectively (Kernan et al., 2000). Ac-
cording to previous findings (Hammond et al., 2013; Henderson
et al., 2012; Koullali et al., 2016), there were associations between
some confounding factors and preterm birth. As a result, the po-
tential factors were chosen for inclusion in the base model. We
sequentially tested each maternal characters listed in the basic
model, which included maternal age, pre-pregnancy BMI, monthly
income, gravidity and parity. We also adjusted for the variables
that, when added to this model, changed the OR for preterm birth
by more than 10% (Kernan et al., 2000). To control potential con-
founding factors that influence the association between maternal
lead exposure during pregnancy and preterm birth, we adjusted for
maternal age, pre-pregnancy BMI, monthly income, gravidity and
parity. We preformed all statistical analyses with Empower Stats or
SPSS 16.0. All statistical tests were two-sided using an alpha level of
0.05.

3. Results

In this study, 3125 pregnantwomenwere recruited for serum Pb
measurement. The mean serum Pb level was 1.50 mg/dl (minimum:
0.020 mg/dl; maximum: 5.46 mg/dl) among all subjects. The de-
mographic characteristics of pregnant women and their newborns
were analyzed among different groups (L-Pb, M-Pb and H-Pb). No
statistically significant difference on mother's age, pre-pregnancy
BMI and monthly income was observed among three groups
(Table 1).

The association between maternal serum Pb level during preg-
nancy and risk of preterm birth was analyzed. As shown in Table 2,
the rate of preterm birth among subjects with L-Pb, M-Pb and H-Pb
was 2.8%, 6.1%, and 8.1%, respectively. The OR for preterm birth was
2.29 (95%CI: 1.46, 3.58; P < 0.001) in subjects with M-Pb and 3.07
(95%CI: 1.99, 4.72; P < 0.001) in subjects with H-Pb. To analyze the
influence of confounding factors on the risk of preterm birth, the



Table 1
Maternal serum lead level according to maternal characteristics.

Maternal characteristics n (%) Maternal serum lead level (mg/
dl)

Median (IQRa) P-value

Age (y)
�24 485 (15.5) 1.43 (1.19, 1.69) 0.47
25-29 1963 (62.8) 1.45 (1.18, 1.72)
�30 677 (21.7) 1.41 (1.15, 1.67)

Prepregnancy BMI (kg/m2)
<18.5 671 (21.5) 1.43 (1.18, 1.72) 0.78
18.5e24.9 2360 (75.5) 1.44 (1.18, 1.69)
>25 94 (3.0) 1.40 (1.21, 1.75)

Gravidity
Primigravida 1625 (52.0) 1.42 (1.17, 1.67) 0.23
Multigravida 1500 (48.0) 1.46 (1.20, 1.72)

Parity
Nulliparous 3033 (97.1) 1.43 (1.18, 1.70) 0.92
Multiparous 92 (2.9) 1.46 (1.12, 1.81)

Monthly income
Lowb 1422 (45.5) 1.41 (1.17, 1.67) 0.35
Middleb 1275 (40.8) 1.46 (1.18, 1.74)
Highb 428 (13.7) 1.44 (1.19, 1.79)

Time of serum collection
First trimester 1083 (34.7) 1.43 (1.18, 1.74) 0.99
Second trimester 2042 (65.3) 1.43 (1.18, 1.69)

a IQR denotes interquartile range.
b Low income for <2000 RMB per month; middle income for 2000-4000 RMB per

month; high income for �4000 RMB per month.

Table 2
Association between risk for preterm birth (<37 gestational weeks) and maternal
serum lead level during pregnancy.

Maternal serum lead levela P-value

L-Pb M-Pb H-Pb

Newborns, n 1042 1042 1041
Preterm births, n 29 64 84
Rate, % 2.8 6.1 8.1 <0.001
Univariate OR (95% CI) 1.00 2.29 (1.46, 3.58) 3.07 (1.99, 4.72) <0.001
Adjusted OR (95% CI)b 1.00 2.33 (1.49, 3.65) 3.09 (2.01, 4.76) <0.001

a According to tertile division, maternal serum lead level was classified as L-Pb
(<1.18 mg/dl), M-Pb (1.18e1.70 mg/dl) and H-Pb (�1.71 mg/dl).

b Adjusted for prepregnancy BMI, maternal age, time of serum collection,
gravidity, parity, and monthly income.

Table 3
Association between maternal characteristics and risk for preterm birth (<37
gestational weeks).

Maternal characteristics n (%) Preterm birth

OR (95% CI) P-value

Age
�24 y 485 (15.5) 0.94 (0.60, 1.47) 0.80
25e29 y 1963 (62.8) 1.00 e

�30 y 677 (21.7) 1.24 (0.86, 1.77) 0.25
Prepregnancy BMI (kg/m2)
<18.5 671 (21.5) 1.42 (1.00, 2.01) 0.049
18.5e24.9 2360 (75.5) 1.00 e

�25 94 (3.0) 2.50 (1.30, 4.81) 0.006
Gravidity
Primigravida 1625 (52.0) 1.00 e

Multigravida 1500 (48.0) 0.81 (0.59, 1.09) 0.17
Parity
Nulliparous 3033 (97.1) 1.00 e

Multiparous 92 (2.9) 1.61 (0.77, 3.39) 0.21
Monthly income
Lowa 1422 (45.5) 1.16 (0.72, 1.88) 0.82
Middlea 1275 (40.8) 1.09 (0.67, 1.78) 0.74
Higha 428 (13.7) 1.00 e

Time of serum collection
First trimester 1083 (34.7) 1.00 e

Second trimester 2042 (65.3) 1.22 (0.88, 1.70) 0.23

a Low income for <2000 RMB per month; middle income for 2000-4000 RMB per
month; high income for �4000 RMB per month.
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association of maternal characteristics with risk of preterm birth
was analyzed. As expected, the risk of preterm birth was negatively
associated with pre-pregnancy BMI (Table 3, P ¼ 0.007). Interest-
ingly, no association was observed between the risk of preterm
birth andmaternal age, gravidity, parity andmonthly income in this
study (Table 3). After controlling for pre-pregnancy BMI, maternal
age, time of serum collection, gravidity, parity, and monthly in-
come, the adjustedOR for preterm birth was 2.33 (95%CI: 1.49, 3.65;
P < 0.001) in subjects with M-Pb and 3.09 (95%CI: 2.01, 4.76;
P < 0.001) in subjects with H-Pb (Table 2).

Serum Pb level in the first trimester was analyzed among 1083
pregnant women. Mean serum Pb level in the first trimester was
1.52 mg/dl (median: 1.43 mg/dl; minimum: 0.025 mg/L; maximum:
5.16 mg/dl). Serum Pb level in the second trimester was analyzed
among 2042 pregnant women. Mean serum Pb level in the second
trimester was 1.49 mg/dl (median: 1.43 mg/dl; minimum: 0.022 mg/
dl; maximum: 5.46 mg/dl). No significant difference on serum Pb
levels was observed between the first trimester and the second
trimester. The association between maternal serum Pb level in the
first trimester and the risk of preterm birth was analyzed. As shown
in Table 4, the rate of preterm birth among subjects with L-Pb, M-Pb
and H-Pb was 1.4%, 6.1%, and 7.4%, respectively. The adjusted OR for
preterm birth was 4.69 (95%CI: 1.75, 12.60; P ¼ 0.002) in subjects
with M-Pb and 5.77 (95%CI: 2.20, 15.13; P < 0.001) in subjects with
H-Pb in the first trimester (Table 4). The association between
maternal serum Pb level in the second trimester and risk of preterm
birth was then analyzed. As shown in Table 4, the rate of preterm
birth among L-Pb, M-Pb and H-Pb was 3.5%, 6.2%, and 8.4%,
respectively. The adjusted OR for preterm birth was 1.83 (95%CI:
1.10, 3.05; P ¼ 0.02) in subjects with M-Pb and 2.55 (95%CI: 1.56,
4.17; P < 0.001) in subjects with H-Pb in the second trimester
(Table 4).

The association for maternal serum Pb level and risk of EPTBwas
analyzed. As shown in Table 5, the rate of EPTB among subjects with
L-Pb, M-Pb and H-Pb was 0.8%, 0.8%, and 0.7%, respectively. No
association between maternal serum Pb level and risk of EPTB was
observed (Table 5). The association between maternal serum Pb
level and risk of MPTB was then analyzed. As shown in Table 5, the
rate of MPTB among subjects with L-Pb, M-Pb and H-Pb was 0.7%,
1.08%, and 1.7%, respectively. No association between maternal
serum Pb level and the risk of MPTB was observed (Table 5). Finally,
the association between maternal serum Pb level and risk of LPTB
was analyzed. As shown in Table 5, the rate of LPTB among subjects
with L-Pb, M-Pb and H-Pb was 1.3%, 4.4%, and 5.7%, respectively.
The OR for LPTB was 3.40 (95%CI: 1.86, 6.23; P < 0.001) in subjects
with M-Pb and 4.46 (95%CI: 2.47, 8.04; P < 0.001) in subjects with
H-Pb. The adjusted OR for LPTB was 3.51 (95%CI: 1.92, 6.44;
P < 0.001) in subjects with M-Pb and 4.62 (95%CI: 2.56, 8.34;
P < 0.001) in subjects with H-Pb (Table 5).
4. Discussion

A recent birth cohort study showed thatmaternal B-Pb level was
positively associated with risk of preterm birth (Taylor et al., 2015).
According to another report from a matched case-control study,
maternal urinary Pb concentration was associated with risk of
preterm low birth weight (Zhang et al., 2015). The present study
analyzed the association between maternal serum Pb concentra-
tion and risk of preterm birth in a population-based birth cohort
study. We found that the rates of preterm birth were elevated



Table 4
Association between risk for preterm birth (<37 gestational weeks) and maternal serum lead level at different gestational stages.

Maternal serum lead levela P-value

L-Pb M-Pb H-Pb

First trimester
Newborns, n 363 343 377
Preterm births, n 5 21 28
Rate, % 1.4 6.1 7.4 <0.001
Univariate OR (95% CI) 1.00 4.67 (1.74,12.53) 5.74 (2.19,15.05) 0.002
Adjusted OR (95% CI)b 1.00 4.69 (1.75,12.60) 5.77 (2.20,15.13) 0.002

Second trimester
Newborns, n 679 699 664
Preterm births, n 24 43 56
Rate, % 3.5 6.2 8.4 <0.001
Univariate OR (95% CI) 1.00 1.79 (1.07,2.98) 2.51 (1.54,4.11) 0.0011
Adjusted OR (95% CI)b 1.00 1.83 (1.10,3.05) 2.55 (1.56,4.17) <0.001

a According to tertile division, maternal serum lead level was classified as L-Pb (<1.18 mg/dl), M-Pb (1.18e1.70 mg/dl) and H-Pb (�1.71 mg/dl).
b Adjusted for prepregnancy BMI, maternal age, parity, gravidity and monthly income.

Table 5
Association between risks for early, moderate and late preterm birth and maternal serum lead level during pregnancy.

Parameters Maternal serum lead levela P-value

L-Pb (n ¼ 1042) M-Pb (n ¼ 1042) H-Pb (n ¼ 1041)

Early preterm birthb

Number 8 8 7 e

Rate, % 0.8 0.8 0.7 0.976
Univariate OR (95%CI) 1.00 1.04 (0.39, 2.77) 0.93 (0.34, 2.56) 0.976
Adjusted OR (95%CI)c 1.00 1.04 (0.39, 2.78) 0.92 (0.33, 2.56) 0.974

Moderate preterm birthb

Number 7 10 18 e

Rate (%) 0.7 1.0 1.7 0.047
Univariate OR (95%CI) 1.00 1.48 (0.56, 3.90) 2.72 (1.13, 6.55) 0.056
Adjusted OR (95%CI)c 1.00 1.48 (0.56, 3.92) 2.75 (1.14, 6.62) 0.056

Late preterm birthb

Number 14 46 59 e

Rate (%) 1.3 4.4 5.7 <0.001
Univariate OR (95%CI) 1.00 3.40 (1.86, 6.23) 4.46 (2.47, 8.04) <0.001
Adjusted OR (95%CI)c 1.00 3.51 (1.92, 6.44) 4.62 (2.56, 8.34) <0.001

a According to tertile division, maternal serum lead level was classified as L-Pb (<1.18 mg/dl), M-Pb (1.18e1.70 mg/dl) and H-Pb (�1.71 mg/dl).
b Preterm birth can be further sub-divided into early preterm birth (<32 gestational weeks), moderate preterm birth (32 to <34 gestational weeks) and late preterm birth

(34 to <37 gestational weeks).
c Adjusted for pre-pregnancy BMI, maternal age, monthly income, time for collecting serum, parity and gravidity.
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among subjects with M-Pb and H-Pb as compared with subjects
with L-Pb. The adjusted OR for preterm birth was 2.33 (95%CI: 1.49,
3.65) among subjects with M-Pb. Surprisingly, the adjusted OR for
preterm birth was 3.09 (95%CI: 2.01, 4.76) among subjects with H-
Pb. These results suggest that maternal serum Pb level is positively
associated with risk of preterm birth.

In the last decades, B-Pb has been used to evaluate the accu-
mulated body burden in humans (Taylor et al., 2015; Zhu et al.,
2010). On the other hand, urinary Pb is an accurate biomarker for
recent Pb exposure and is positively correlated with B-Pb level
(Yorita Christensen, 2013; Zhang et al., 2015). An early study indi-
cated that the adverse effects of environmental Pb exposure were
mainly associated with the most rapidly exchangeable Pb fraction
in serum or plasma (Bergdahl et al., 1999). Indeed, Pb in maternal
serum or maternal plasma was more freely available for exchange
with target tissues, such as the placenta and the developing fetus
(Chuang et al., 2001; Hernandez-Avila et al., 1998; Smith et al.,
2002). A recent study found that maternal serum Pb level was
positively correlated with serum Pb level in the umbilical cords
(Amaral et al., 2010). Thus, the present study measured maternal
serum Pb rather than B-Pb level or urinary Pb as an estimator for
maternal Pb exposure during pregnancy.

Increasing evidence indicates that cigarette smoking is associ-
ated with maternal Pb exposure during gestational period
(Mortada et al., 2004). On the other hand, numerous studies
demonstrated that alcohol drinking and cigarette smoking were
important risk factors for preterm birth (Janisse et al., 2014; Nykjaer
et al., 2014). Thus, alcohol drinkers and cigarette smokers were
excluded from the present study to control the influence of alcohol
drinking and cigarette smoking as confounding factors. Several
studies showed that preterm birth was associated with pre-
pregnancy BMI and maternal education (Liu et al., 2016; Pan
et al., 2016; Poulsen et al., 2015). Indeed, the present study
showed that preterm birth was associated with both prepregnancy
overweight and underweight. To control the influence of con-
founding factors including pre-pregnancy BMI, maternal age,
monthly income, time for collecting serum, gravidity and parity, the
adjusted OR for preterm birth was estimated using multiple logistic
regressions. Our results showed that the adjusted OR for preterm
birth remained 2.33 in subjects withM-Pb and 3.09 in subjects with
H-Pb, respectively. These results suggest that maternal serum Pb
level is an independent risk factor for preterm birth.

Until now, no report analyzed the association betweenmaternal
serum Pb level in different gestational stages and risk of preterm
birth. The present study measured maternal serum Pb level in the
first trimester among 1083 subjects and that of the second
trimester among 2042 subjects. Although maternal serum Pb level
in the first trimester was not different from that of the second
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trimester, the adjusted OR for preterm birth was 4.69 (95%CI: 1.75,
12.60) among subjects withM-Pb in the first trimester, significantly
higher than 1.83 (95%CI: 1.10, 3.05) among subjects with M-Pb in
the second trimester. Correspondingly, the adjusted OR for preterm
birth was 5.77 (95%CI: 2.20, 15.13) among subjects with H-Pb in the
first trimester, significantly higher than 2.55 (95%CI: 1.56, 4.17)
among subjects with H-Pb in the second trimester. These results
suggest that maternal Pb exposure in early gestational stage than in
middle gestational stage is more susceptible to preterm birth. Our
findings might be very interesting, and need to be confirmed by
further investigations.

Recently, preterm birth has been further sub-divided into EPTB,
MPTB and LPTB according to gestational weeks (Katz et al., 2013;
Sauber-Schatz et al., 2012; Yang et al., 2016a). An early report
showed that EPTB elevated risk of severe adverse neuro-
developmental outcomes in offspring (Andrews et al., 2008). The
present study analyzed the association betweenmaternal serum Pb
concentration and risk of EPTB. Unexpectedly, no association be-
tween maternal serum Pb level and risk of EPTB was observed. By
contrast, the rates of LPTBweremarkedly increased among subjects
with M-Pb and H-Pb. The OR for LPTB was 3.51 (95%CI: 1.92, 6.44)
among subjects with M-Pb. Interestingly, the OR for LPTB was as
highly as 4.62 (95%CI: 2.56, 8.34) among subjects with H-Pb. These
results suggest that maternal serum Pb level is only associated with
risk of LPTB.

The present study has several limitations. First, the present
study did not exclude the influence of other metals including
cadmium, arsenic, zinc and selenium, on preterm birth. Indeed,
several studies showed that maternal exposure to cadmium and
arsenic elevated risk of preterm birth (Ahmad et al., 2001; Wang
et al., 2016b; Yang et al., 2016b). By contrast, maternal serum se-
lenium and zinc levels during pregnancy were inversely associated
with risk of preterm birth (Rayman et al., 2011; Wang et al., 2016a).
Second, serum Pb levels at different gestational periods were
measured among different pregnant women. Although there is no
difference in the characteristics of mothers among different tri-
mesters, further research is required to explore the association
between maternal serum Pb level at different gestational periods
and preterm birth among the same pregnant women. Third, the
present study had not explored the mechanism through which
maternal Pb exposure induced preterm birth. Several studies
demonstrated that Pb was an inducer of endoplasmic reticulum
(ER) stress (Liu et al., 2013; Mostafalou et al., 2015). According to a
recent report, prolonged ER stress induces preterm birth in mice
(Kawakami et al., 2014). Thus, it is plausible to speculate that
maternal Pb exposure during pregnancy promotes preterm birth
through inducing placental ER stress. Additional research is
necessary to explore how maternal Pb exposure induces placental
ER stress and preterm birth in animal experiments.

In summary, the present study investigated the association be-
tween maternal serum Pb concentration and risk of preterm birth
in a population-based birth cohort study. Our results showed that
the rates of preterm birth were elevated among subjects with M-Pb
and H-Pb. Moreover, maternal Pb exposure in early gestational
stage than in middle gestational stage was more susceptible to
preterm birth. We found that maternal serum Pb level was only
associated with risk of LPTB. Our results provide evidence that
maternal serum Pb level is positively associated with risk of pre-
term birth in a Chinese population.
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