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a  b  s  t  r  a  c  t

This  study was  to investigate  whether  exposure  to cadmium  (Cd)  during  pregnancy  is associated  with
an  increased  risk  of  adverse  birth  outcomes  in a sex-dependent  manner.  Cd concentrations  in maternal
urine  (U-Cd)  samples  were  measured  in  237  subjects  from  Guiyu  (e-waste  area)  and  212  subjects  from
Haojiang.  A  significance  level  of  p <  0.05  was  used  for all analyses.  The  maternal  U-Cd  levels  in  Guiyu
residents  were  significantly  higher  than  Haojiang.  We  found  significant  inverse  associations  between  U-
eywords:
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regnancy
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ex-specific
-waste

Cd concentrations  and birth  anthropometry  (birth  weight,  birth  length,  Head  Circumference  and  Apgar
scores  with  1 min  and  5 mins)  in  female  neonates,  but  no  significant  associations  were  observed  in  male
neonates  except  Apgar  (1  min)  score  after  adjustment.  The  association  was  more  pronounced  among
female  neonates  than  male  neonates,  suggesting  an  association  between  Cd  and  adverse  birth  outcomes
may  be sex-specific.

© 2017 Elsevier  Inc.  All  rights  reserved.
. Introduction

Electronic waste (e-waste) is defined as any end-of-life equip-
ent which is dependent on electrical currents or electromagnetic

elds in order to work properly [1]. Sources of exposure to e-waste
an be classified into three sectors: informal recycling, formal recy-
ling and exposure to hazardous e-waste compounds remaining
n the environment [2]. E-waste is an emerging environmental
ealth issue, in both developed and developing countries, because
f its massive production volume and insufficient management
olicy [3–5]. Guiyu is one of the largest e-waste destinations and
ecycling areas in China. In addition, Guiyu has a decades-long his-

ory of primitive e-waste recycling activities, and nearly 70–80% of
amilies are involved in the business of e-waste recycling [6,7]. Con-
idering the potential chemical contamination in e-waste recycling
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areas, over the past decade we  have been investigating the health
effects of heavy metals and organic pollutants on children, as well
as pregnant women. Our previous studies reported that living in an
e-waste recycling site substantially increases exposure of children
and pregnant women  to cadmium (Cd), lead (Pb), and other organic
pollutants [6,8–14], but the adverse effects of these chemicals on
fetal development remain to be determined.

Cd is extensively used as important raw materials in the manu-
facture of electronic devices, such as rechargeable nickel-cadmium
batteries, surface mount device chip resistors, infrared detectors,
printer inks and toners, and many other devices [15]. Exposure to
Cd has been shown to adversely affect the liver, bladder, stomach,
heart, renal system, and reproductive system in adults [3,16]. The
effects of Cd toxicity on fetal development have received much
attention due to the observation of Cd accumulation in the pla-
centa during gestation [17]. However, little information is available
on Cd levels among pregnant women. To date, several previous

studies have evaluated the association between maternal Cd con-
centrations and birth outcomes. These studies have reported that
exposure to Cd during pregnancy significantly decreases birth

https://doi.org/10.1016/j.reprotox.2017.11.003
http://www.sciencedirect.com/science/journal/08906238
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Table  1
Descriptive statistics of pregnant women in Guiyu (exposed group) and Haojiang (reference group), China.

Characteristics Haojiang Guiyu Statistic P-value

n Mean ± SD or (%) n Mean ± SD or (%)

Maternal characteristics
Maternal age 207 28.52 ± 4.33 231 26.29 ± 4.27 t = −5.438 0.000**

Maternal weight (kg) 180 52.96 ± 8.00 197 49.27 ± 5.38 t = −5.294 0.000**

Maternal height (cm) 186 158.77 ± 4.63 185 158.34 ± 3.49 t = −0.017 0.310
BMI  (Kg/m2) 179 20.99 ± 2.88 174 19.68 ± 1.95 t = −4.979 0.000**

Socio-economic variables
Education 202 225 �2 = 51.366 0.000**

Less than primary school 3 1.49 1 0.44
Primary school 37 18.32 68 30.22
Junior high school 101 50.00 142 63.11
Senior high school 37 18.32 12 5.33
University and above 24 11.88 2 0.89
Occupation 186 206 �2 = 0.550 0.458
Farmers 30 16.13 19 9.22
Industrial workers 34 18.28 48 23.30
Employed participants 21 11.29 28 13.59
Unemployed participants 101 54.30 111 53.88
Household income (RMB) 131 86 �2 = 61.105 0.000**

<30,000 68 51.91 6 6.98
30,000–60,000 34 25.95 29 33.72
60,000–90,000 16 12.21 31 36.05
90,000–120,000 7 5.34 7 8.14
120,000–150,000 5 3.82 7 8.14
>150,000 1 0.76 6 6.98

B ared b

w
[
R
s
S
i
i

T
L

P

MI: Body mass index, RMB: Renminbi (currency of China). Proportions were comp
** p < 0.01.

eight [6,18–20], birth length [21,22], and head circumference
23–25] as well as increases the risk of preterm birth[19,26,27].
ecently, Romana et al. conducted a prospective study in which
ex-specific effects of Cd exposure on weight were suggested.

pecifically, they observed a decrease in birth weight with increas-
ng maternal urinary Cd among female neonates and no clear
mpact of Cd on fetal growth among male neonates [28]. In con-

able 2
ife style factors of pregnant women in Guiyu (exposed group) and Haojiang (reference g

Characteristics Haojiang 

n (%) 

Alcohol consumption 

No  192 98.97 

Yes  2 1.03 

Smoking status 

No  190 98.96 

Yes  2 1.04 

Food  (fish, and meat) consumption (g/day) 

No 2 1.12 

100  94 52.81 

101–200 69 38.76 

>201  13 7.30 

House as e-waste workshop 

No 197 100.00 

Yes  0 0.00 

Work  related to e-waste during pregnancy 

No 195 99.49 

Yes  1 0.51 

Distance between house and e-waste site (m)  

>2000 130 79.27 

1000–2000 18 10.98 

200–999 6 3.66 

<200  10 6.10 

Distance between house and highway (m)  

>5000 86 49.71 

2000–5000 33 19.08 

500–1999 24 13.87 

200–499 19 10.99 

<200  11 6.36 

roportions were compared by Pearson chi-square test.
y Pearson chi-square test. Means were compared by one-way ANOVA.

trast, there are numerous others that have reported no association
between maternal Cd levels and adverse birth outcomes [21,29,30].

Results can be conflicting and inconsistent because blood Cd
concentrations largely reflect recent exposure [31].In the blood Cd

has a half-life of 3–4 months and is later transported to other parts
of the body, chiefly kidney where its half-life is 10–30 years. Cd in
blood reflects recent exposure, whereas urinary Cd levels can serve

roup), China.

Guiyu Statistic P-value

n (%)

�2 = 0.06 0.798
228 98.70
3 1.30

�2 = 0.55 0.457
230 99.57
1 0.43

�2 = 30.27 0.000**

1 0.45
157 71.36
62 28.19
0 0.00

�2 = 29.36 0.000**

31 13.84
193 86.16

�2 = 27.33 0.000**

32 14.29
192 85.71

�2 = 116.45 0.000**

24 17.65
16 11.77
48 35.29
48 35.29

�2 = 62.94 0.000**

11 11.11
17 11.17
10 10.10
27 27.27
34 34.34
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s a stable biomarker for assessing the lifetime body burden of Cd
32]. Further, epidemiological investigations concerning the inter-
ctions between Cd exposure during pregnancy and adverse birth
utcomes in a sex-dependent manner are extremely limited. There-
ore, we measured Cd concentrations in maternal urine during
regnancy, and evaluated the potential effect of maternal urinary
d on neonate anthropometry (birth weight, birth length, head
ircumference, and neonatal body mass index) in a sex-specific
anner.

. Materials and methods

.1. Study area and participants

A total of 449 subjects were recruited before birth in this
tudy from September 2011 to June 2012. Among these, 237
other-neonate pairs were recruited from Guiyu township (e-
aste recycling area) and 212 mother-neonate pairs from Haojiang
istrict (referenced area), China. The sampling site Guiyu is located

n the southern coast of Guangdong province in China. Haojiang
as selected as a reference area because of its lack of e-waste

ecycling activities. Haojiang is approximately 31.6 km from Guiyu
nd is famous for its tourism and fishing. Subjects were inter-
iewed by using a structured questionnaire to collect information
ncluding demographic (e.g. maternal age), socioeconomic (e.g.
ducation, occupation, and household income), and other lifestyle
actors (Tables 1 and 2). Additional relevant information, such as,
arity, illness during pregnancy, medical history, and family hered-

ty history, as well as the pre-pregnancy body mass index (BMI),
as recorded. The questionnaire included the factors those might

nfluence Cd levels as working and living in the e-waste area,

nvolvement in e-waste activities, distance between house and e-

aste site and house as e-waste storage. Alcohol consumption,
moking and their dietary intake (fish and meat) were measured. All
articipants provided written informed consent before enrollment

Fig. 1. Flow chart of recruitment and fol
xicology 75 (2018) 49–55 51

in this study (Fig. 1). This study procedure was  approved by the
Human Ethics Committee of Shantou University Medical College,
Shantou, China.

2.2. Birth outcomes

As part of the birth outcomes, each neonate weight, length, BMI,
and Apgar scores were measured. Birth weight was  determined
by an electronic neonate-weighing scale (Misaki neonate scale,
Japan). Length was measured in the recumbent position using a
calibration wooden length board. We also examined head circum-
ference which is commonly used in clinical practice as a measure
of head development. The Apgar score test was performed in order
to evaluate a newborn’s physical condition, including the neonates
breathing effort, heart rate, muscle tone, reflexes, and skin color, by
specially trained nurses. This test was  given to babies twice; first at
1 min  after birth, and again at 5 min  after birth. Further, gestational
age at birth was recorded using both the woman’s last menstrual
period (LMP) and ultrasound data.

2.3. Sample collection and analysis

Maternal urine samples were collected in the morning (7.00
a.m.–8.00 a.m.) into polypropylene conical centrifuge tubes from
the hospitals on the date of delivery. To avoid contamination,
we used all plastic tubes and containers for urine collection and
froze the samples at −25 ◦C until further analysis. Urine Cd (U-Cd)
concentrations were estimated by using graphite furnace atomic
absorption spectrophotometry (GFAAS, Jena Zeenit 650, Germany),
according to our previous publications [3,33]. Briefly, urine sam-
ples (0.2 mL volume of each subject) were digested in 3.84 mL

nitric acid (65%) followed by vortexing and subsequent digestion
for 10 min. Then samples were dried at different temperatures,
including 90 ◦C, 105 ◦C, 120 ◦C, followed by ashing at 400 ◦C, atom-
ization at 1100 ◦C, and cleaning out at 2200 ◦C. U-Cd was measured

low-up in this birth cohort study.
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Table  3
Maternal urinary cadmium (U-Cd) levels (�g/g creatinine) from Haojiang (reference group) and Guiyu (exposed group), China.

n Mean ± SD Max. Min. Median/25th, 75th Z p-value

Mothers with male
neonates

Haojiang 111 0.75 ± 0.05 2.77 0.06 0.67/0.31,1.05 −4.217 0.000*

Guiyu 123 1.38 ± 0.74 16.47 0.05 0.92/0.55,1.66
Haojiang 101 0.76 ± 0.06 3.20 0.04 0.59/0.29,0.90 −5.779 0.000*

14.39 0.10 1.00/0.69,1.77
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Table 4
Spearman correlations between different factors and U-Cd levels.

Variables rs p-value

Residence in Guiyu while pregnant 0.275** 0.000
House as e-waste workshop 0.070 0.152
Work related to e-waste during pregnancy 0.086 0.079
House close to e-waste site 0.137* 0.018
House close to highway 0.145* 0.017
Education −0.089 0.066
Income 0.158* 0.020
Smoking 0.033 0.505
Mothers with female
neonates Guiyu 114 1.59 ± 0.92

* p < 0.01; Min: minimum; Max: maximum.

t a wavelength of 228.8 nm and the concentration of U-Cd was
djusted to urine creatinine concentration. Urine creatinine con-
entrations (g/L) were determined by using commercially available
its (Cayman Chemical Company, China). The concentrations of Cd
n urine are expressed as �g per g (�g/g) creatinine.

.4. Statistical analyses

Data were expressed as means ± standard deviation (SD) and
requencies (percentages). We  performed all statistical analyses
ith SPSS statistical software (version 19.0, SPSS Inc, Chicago,

L, USA). A significance level of p < 0.05 was used for all analy-
es. Sample t-test and chi-square analyses were employed in the
omparison of the difference between the two groups. Mater-
al U-Cd data were indicated with medians and quartiles, and
ompared by the Mann-Whitney U-test between the two  groups.
pearman correlation coefficients were used to evaluate the rela-
ionship between U-Cd levels and, also a potential association with
ifferent life style factors. A linear regression model is used to eval-
ate the relation between maternal U-Cd levels and sex-specific
dverse birth outcomes; adjustments were used for maternal fac-
ors (maternal age, height, weight, BMI  and education) to assess the
ontributions of U-Cd concentrations to the birth outcome indices.

. Results

The selected characteristics of the 449 mother-neonate pairs
re presented in Tables 1 and 2. The pregnant women  in Guiyu
exposed group) ranged from 18 to 38 years of age, with a mean
verage of 26.29 ± 4.27 years. Women  from Haojiang averaged
8.52 ± 4.33 years of age, with the range being 18–33 years. The
eference group, Haojiang had a mean maternal body weight and
eight of 52.96 kg and 158.77 cm whereas those in Guiyu group had

 lower mean body weight and height of 49.27 kg and 158.34 cm,
espectively (Table 1). Further, Guiyu mothers had a lower pre-
regnancy BMI  (19.68 ± 1.95) than Haojiang group (20.99 ± 2.88).

n all, the pregnant women from an e-waste area had signifi-
antly lower maternal age (p < 0.001), maternal weight (p < 0.001),
nd pre-pregnancy BMI  (p < 0.001), compared to the Haojiang
roup. However, no significant difference was observed in mater-
al height between both groups of pregnant women (Table 1). An
ssessment of the education levels and household income showed
hat pregnant women from Guiyu had a lower educational level
nd household income than Haojiang women (Table 1). We  also
xamined smoking status, alcohol consumption and fish and meat
onsumption of pregnant women in both Guiyu and Haojiang
Table 2). There were no significant differences observed in smok-
ng status and alcohol consumption, but significant differences

ere observed in fish, meat consumption and maternal life styles
etween both groups of pregnant women (p < 0.001, Table 2).

Maternal urinary Cd (U-Cd) levels were significantly higher
mong mothers from Guiyu than mothers from Haojiang (Table 3).

nterestingly, mothers with female neonates had higher Cd levels
han those with male neonates (1.59 ± 0.92 vs. 1.38 ± 0.74 �g/g cre-
tinine, p < 0.05, Table 3) from Guiyu. Correlation analysis revealed

 significant association between maternal U-Cd levels and lifestyle
Alcohol consumption −0.062 0.202
Meat and fish intake during pregnancy −0.025 0.617

factors (Table 4). Among these, residence in Guiyu while pregnant
(rs = 0.275; p = 0.000), and residing in a house near an e-waste site
(rs = 0.137; p = 0.018), and highway road (rs = 0.145; p = 0.017) were
most important variables that positively correlated with maternal
U-Cd levels (Table 4).

The association of maternal U-Cd concentration during preg-
nancy and the risk of abnormal birth outcomes, such as deviations
in birth weight, birth length, head circumference, neonatal BMI,
Apgar scores and gestational age were analyzed in both Guiyu and
Haojiang groups (Table 5). Both male and female neonates showed
a significant decrease in birth weight (p < 0.001), neonatal BMI
(p < 0.001) and head circumference (p < 0.001), whereas birth length
(p < 0.001) was  increased in Guiyu group, compared to the Haojiang
group. A significant increase in gestational age was  found for male
neonates in Guiyu. However, we found a significant decrease in
Apgar score at 1 min  in Guiyu group (p < 0.001), but no significant
differences in Apgar score between the two groups at 5 min  after
birth (Table 5).

To examine the relationship between U-Cd concentrations and
birth outcomes, a linear regression was  used for analysis (Table 6).
As shown in Table 6, maternal U-Cd concentrations were inversely
associated with birth weight (p = 0.036), birth length (p = 0.036),
head circumference (p = 0.000), Apgar (1 min) score (p = 0.002), and
Apgar (5 min) score (p = 0.000) in female neonates after adjust-
ments of maternal characteristics (age, weight, height, BMI  and
education). No significant associations were observed between
maternal U-Cd concentrations and male newborns anthropome-
try, but significant association was  observed only in Apgar (1 min)
score (p = 0.004) in adjusted models (Table 6).

4. Discussion

The present study finds that increased maternal Cd con-
centrations in urine are associated with sex-specific differences
in pregnancy outcomes. To best of our knowledge, this is the
first study investigating adverse effects of urinary Cd levels on
adverse birth outcomes among women  of childbearing age from
an e-waste recycling area. In this study, we find that women
living in Guiyu have elevated urinary Cd levels when compared

with Haojiang area. This concentration is greater than levels
reported in pregnant women of the US-based population study,
Bangladesh (0.31ug/g) [28], Japan (0.766 ug/g) [34], Washington,
USA (0.29 ug/g) [35,36], Wuhan, China (0.54 ug/g) [37,38], Jiangsu
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Table  5
Birth outcomes.

Haojiang Mean ± SD Guiyu Mean ± SD p-value

Birth Weight (g)
Male 3425.45 ± 343.07 3132.52 ± 365.75 0.000**

Female 3341.09 ± 364.1 3148.25 ± 341.17 0.000**

Birth Length (cm)
Male 50.56 ± 1.02 51.55 ± 1.99 0.000**

Female 50.44 ± 0.99 51.25 ± 2.02 0.001**

Birth BMI
Male 13.38 ± 1.09 11.80 ± 1.33 0.000**

Female 13.12 ± 1.25 11.98 ± 1.09 0.000**

Head Circumference (cm)
Male 35.53 ± 1.50 34.03 ± 2.16 0.000**

Female 35.41 ± 1.64 32.47 ± 3.39 0.000**

Apgar (1 min) score
Male 9.96 ± 0.38 9.60 ± 0.76 0.000**

Female 9.97 ± 0.30 9.55 ± 0.64 0.000**

Apgar (5 min) score
Male 10.00 ± 0.00 9.96 ± 0.33 0.191
Female 9.97 ± 0.30 9.98 ± 0.19 0.717
Gestational Age (weeks)
Male 39.37 ± 1.25 39.79 ± 0.79 0.003**

Female 39.77 ± 1.09 39.87 ± 0.78 0.439

Table 6
Linear Regression Analysis for urinary cadmium levels and birth outcomes.

Unadjusted model Adjusted modela

B � 95%CI p B � 95%CI p

Birth Weight Male −18.657 −0.066 −55.327,18.013 0.317 912.811 −0.049 −49.839,24.217 0.496
Female −48.609 −0.204 −80.079,−17.138 0.003** −8.792 −0.165 −75.112,−2.471 0.036*

Birth Length Male 0.080 0.064 −0.081, 0.240 0.330 0.064 0.056 −0.104,0.232 0.453
Female −0.119 −0.102 −0.276, 0.038 0.137 −0.188 −0.175 −0.362,−0.013 0.036*

Birth BMI Male −0.112 −0.104 −0.251, 0.027 0.113 −0.084 −0.086 −0.222,0.555 0.235
Female −0.143 −0.168 −0.255, −0.030 0.013* −0.078 −0.094 −0.209,0.053 0.242

Head  Male −0.201 −0.136 −0.393, −0.010 0.039 −0.124 90.112 90.285,0.038 0.132
Circumference Female −0.482 −0.240 −0.746, −0.218 0.000** 90.505 −0.381 −0.704,−0.306 0.000*

Apgar(1 min) Male −0.074 −0.157 −0.135, −0.013 0.017* −0.092 −0.216 −0.154,−0.031 0.004*

Score Female −0.076 −0.211 −0.123, −0.028 0.002** −0.093 −0.258 −0.151,−0.034 0.002*

Apgar (5 min) Male −0.008 −0.048 −0.031, 0.014 0.464 −0.009 −0.049 −0.036,0.019 0.524
Score  Female −0.049 −0.306 −0.070, −0.028 0.000** −0.077 −0.431 −0.105,−0.050 0.000*

B: unstandardized coefficients; �: standardized coefficients; CI: confidence interval.
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* p < 0.05.
** p < 0.01.
a Adjusted for maternal age, maternal weight, height, BMI, maternal education.

rovince, China (0.62 ug/g) [36] and in the pacific north-west (0.55
g/g) [39]. It suggests that the elevated maternal U-Cd levels are
he result of environmental Cd contamination in the e-waste site of
uiyu. We  examined several factors to explain this phenomenon.
he relatively high U-Cd concentrations were found to correlate
ith mother’s living in e-waste recycling area, involvement in e-
aste recycling activities or residing in a house near an e-waste

ite. We  have previously shown that women in this area have an
levated heavy metal and organic pollutant body burden, likely
ue to involvement in e-waste recycling and residence in e-waste
rea [6–9]. In this study, our results once again show that ele-
ated Cd concentrations, in urine of pregnant women, are strongly
nfluenced by e-waste recycling activities and residence in an e-

aste area. Higher urinary Cd levels reported in Haojiang may  be
ttributed to a high prevalence of coal mines within this long costal
egion.

We therefore tested whether the U-Cd concentration is
ssociated with negative effects on pregnancy outcomes in a sex-
ependent manner. We  observed significant decreases in birth
eight, neonatal BMI  and head circumference, and an increase in
irth length in both male and female neonates of Guiyu group
hen compared with Haojiang. Low birth weight is an impor-

ant determinant of mortality, morbidity and disability in infancy,
nd also has a long-term impact on health outcomes in adult
life [40]. Recently, Romano et al. observed a 50 g decrease in
birth weight with increasing maternal U-Cd levels among female
neonates only, with no clear impact observed that on birth weight
of male neonates [28]. Further, this study observed maternal U-Cd
is inversely associated with birth length among female neonates
but not significantly associated with male neonates after adjust-
ment. Another prospective cohort study, of 1616 pregnant women
in Bangladesh, reported that each one �g/L increase in maternal
U-Cd is associated with a decrease in birth weight and birth length
that is limited to girls, whereas an increased trend is observed in
male neonates [23]. Rollin et al. also investigated sex-related dif-
ferences following Cd exposure and reported reduced birth weight,
birth length and head circumference among female neonates, but
no significant trend was  observed for any of the three birth out-
comes in male neonates [38]. The Apgar score assessments involve
evaluation of the neonate heart rate, muscle tone and activity, reflex
irritability, skin coloration and breathing rate. We  found that both
male and female neonates from Guiyu had lower Apgar scores com-
pared to the Haojiang group. In the regression analysis, U-Cd levels
were inversely associated with Apgar scores in female neonates

but only Apgar (1 min) score in male neonates (Table 6). Studies
have previously reported an association between cord blood Cd
and 5-min Apgar scores with low birth weight [18,41]. Our pre-
vious studies also show significant decreases in Apgar scores in
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uiyu neonates with increased Cd levels in placenta [8,12]. Reduced
irth head circumference has been associated with delayed neu-
odevelopment [42]. From the results of regression analysis, we
bserved a significant inverse association of birth head circumfer-
nce with U-Cd levels among female neonates in both unadjusted
nd adjusted models whereas male neonates showed a significant
ssociation in unadjusted model. In addition, prior studies have
eported an inverse association between U-Cd and head circumfer-
nce among female neonates but not males [23–25,43], but other
tudies observe increasing head circumference with increasing U-
d [27], and several suggest no association between U-Cd levels
nd head circumference [18,28]. Nevertheless, these studies have
ndicated that alterations in neonatal head circumference may  have

 detrimental effect on child motor ability and cognitive functions
ater in life.

In addition, similar to reduced birth weight, we  report a decreas-
ng trend in both male and female newborn BMI in the current
tudy, which did not reach full significance. Three prior studies have
ssessed maternal Cd exposure during pregnancy and modification
f the neonatal BMI. In contrast to our study, Romano et al. (2016)
uggested that male neonates have decreased ponderal index, or
MI, with greater maternal U-Cd than females. In a cross-sectional
tudy, Odland et al. reported a statistically insignificant increase in
eonatal BMI  with each �g/g increase in placental Cd [44]. Recently,
nother study on among Saudi Arabian Women  reported that no
ssociation exists between ponderal index and maternal Cd [18].

There are various possible mechanisms by which Cd exposure
uring pregnancy can affect fetal growth. Sex-specific changes

n adverse birth outcomes may  be accomplished by Cd-induced
hanges to the epigenetic regulation of genes responsible for
rowth [45]. Dio et al. and Ooi et al. reported that Cd down-regulates
ene expression of DNA methyltransferases [46,47], which are cru-
ial for normal embryogenesis. Cd may  also interfere with the
nsulin like growth factor axis and thereby reduce fetal growth
n a sex-specific manner [48]. Another possible mechanism for
ur findings may  be the endocrine disrupting properties of Cd,
hich may  reduce in utero gene and protein expression linked to

etal growth [26]. We  have also previously shown that pregnant
omen from an e-waste area have elevated concentrations of Cd

n placental tissue, and that this metal level is inversely associ-
ted with different proteins in placenta related to mitochondria,
otentially leading to persistent health problems later in life [49].

t has also been demonstrated that higher Cd levels can lead to
nsufficient transfer of essential nutrients to the fetus, which can
etard intrauterine growth [50]. However, our study draws on sev-
ral important strengths: (1) this is the first study, to the best of
ur knowledge, to report sex-specific differences in adverse birth
utcomes among women of childbearing age from an e-waste recy-
ling area; (2) the study populations are fairly homogeneous for
renatal-care profiles. This study also has several limitations: (1)
e did not fully examine the nutritional status (calcium, zinc and

ron) among the women in our population, which may  affect Cd
bsorption as well as neonatal outcome, (2) we lacked of data on
d concentrations at different time points during pregnancy, which
ould help to evaluate the critical exposure window for the effect of
d on fetal development, (3) we were unable to explore the influ-
nce of the co-exposure to additional heavy metals and organic
ollutants in this cohort. These aspects will be considered in future
echanistic studies.

. Conclusions
We  found significant inverse associations between maternal U-
d concentrations and birth anthropometry in female neonates, but
o significant associations were observed in male neonates except

[

[
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Apgar (1 min) score. However, associations appeared to be more
apparent in female neonates with little evidence of effects in male
neonates. These findings, along with previous experimental stud-
ies, suggest that there may  be sex differences in both absorption
and metabolism of Cd. Our findings have important implications
for protecting fetal health in e-waste areas. The results of this study
indicate that it is necessary to pay more attention to develop pro-
tective methods and suitable policies for e-waste recycling, and
increase health education in women  of reproductive age in order
to help improve the quality of health. Further studies are needed to
conduct well-designed studies with a larger sample size in diverse
populations to further clarify the potential mechanism of Cd expo-
sure on fetal health.
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