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Abstract The objective of the present study was to evaluate the potential effect of maternal
cadmium exposure on pregnancy outcome and development in the offspring at age
4.5 years. Between November 2002 and December 2003, 109 normal pregnant women
were enrolled in our cohort from Da-Ye Country, Hubei Province in Central China. The
placental, whole blood, and cord blood levels of cadmium were determined by inductively
coupled plasma mass spectrometer (ICP-MS). The 106 children at 4.5 years of age given
birth by the aforementioned women were followed up and the following rate was 97.25%.
Detailed questionnaire surveys, anthropometric measurements were performed, and IQ
development was evaluated by Wechsler Preschool and Primary Scale of Intelligence
Revised Edition (WPPSI-R). Multiple linear regression analysis indicated that cord blood
cadmium level was significantly negatively correlated with fetus development. Low birth
weight (less than 2,500 g) occurred significantly more frequently in infants with higher cord
blood cadmium than in those exposed to lower levels of cord blood cadmium. Significantly
negative correlation was found between cord blood cadmium exposure and WPPSI-R 1Q
full score after controlling for confounding variables. It was concluded that cord blood
cadmium concentration was a factor that influenced fetus growth and later IQ development.
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Introduction

Many studies have indicated that even low-level exposure to heavy metals, such as lead,
cadmium, and mercury, have some toxic effects on development. Cadmium is a ubiquitous
environmental pollutant that has no known biological function in human beings, and it is
listed in the seventh place in the hazardous substances register of the United States Agency
for Toxic Substances and Disease Registry (US-ATSDR) [1, 2]. Environmental and
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occupational exposure to cadmium is implicated in a number of clinical conditions,
primarily renal dysfunction and bone disease [3], but also some cancers [4]. Compared with
postnatal exposure, prenatal exposure to various toxins often has more adverse
developmental effects [5]. Cadmium was found to be toxic to the fetus prior to and during
gestation in rats and mice, resulting in reduced fetal or pup weights, malformations, and
impaired neurobehavioral development [6—9]. Several epidemiological studies showed that
cadmium exposure of pregnant women might influence pregnancy outcome and neonatal
birth weight. A study on pregnant women living in an area close to a copper smelter
suggested that exposure to lead and cadmium could influence the development of
complications in pregnancy such as threatened spontaneous abortion, toxemia, and anemia,
by increased lipid peroxidation [10—12]. Laudanski et al. [13] found that the mean blood
concentration of cadmium in mothers delivered of preterm infants was higher than that of
women who went to full term in an area with high amounts of lead and cadmium in the soil.
Nishijo et al. reported that maternal exposure to cadmium seems to increase early delivery
and transfer in part to the next generation through breast milk after birth [14].

However, most of conclusions about the relationship between cadmium exposure and
fetus development were obtained from analyzing maternal blood cadmium concentration. In
fact, placenta acts as a barrier protecting the fetus from toxic metals, such as mercury and
cadmium. Grandjean et al. [15] reported that cord blood mercury was a better measure of
fetal exposure than maternal blood mercury. Our early studies with limited samples
revealed that higher cord blood cadmium level might be associated with a significant
decrease in neonatal birth height [16]. Moreover, the relationship between children’s IQ and
their prenatal cadmium exposure has not been studied. Given this point, the purpose of our
study was to evaluate the effects of prenatal cadmium exposure on pregnancy outcomes and
child development.

Materials and Methods
Subjects and Data Collecting

The prospective cohort study was conducted from November 2002 to August 2007. The
Da-Ye county of Hubei Province in Central China was chosen as the study area. In 2002,
the cadmium levels in water used for irrigation in this area were 0.26 mg/L, and those in
soil were 1.41-9.01 mg/kg as a result of the operation of a metal smelter operating in Da-
Ye. All healthy pregnant women with single birth, aged 20-34 years, and had lived in Da-
Ye city at least 15 years were included in this study. Those with stillbirth, or with a history
of occupational cadmium exposure, or with a history of calcium, iron, vitamin D, or
compound trace element supplement were excluded. Those with hepatic disease, or
nephropathy and endocrine disease were also excluded. According to this criterion, 109
pregnancy women were included in the study. The questionnaire and interview provided the
necessary information about the subjects’ demographics, general state of health, history of
past diseases and medication, habits of smoking and drinking, reproductive history, and
gestational age, etc.

Follow-up information about their children’s development was obtained when the
children were, on average 54 months of age. Three children were excluded, one of them
changed residence, the other two died from leukemia and drowning, respectively. 106
children were followed-up and all these children lived in their birthplace. The follow-up
questionnaire and interview provided the necessary information about the children’s general
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state of health, variables likely to affect children’s development such as maternal gestational
weeks, gravidity, breast feeding, method of delivery, maternal educational status,
environmental tobacco smoke (ETS) exposure, per capita annual income of family, and
so on were obtained. The performance, verbal, and full IQ scores from the WPPSI-R
administered were used to evaluate IQ development of these children. We used the WPPSI-
R (Wechsler 1989), rather than the third edition (Wechsler 1991) because it is widely used
in China [17]. Assessments were performed at the children’s home; on the WPPSI-R
(standardized mean, 100£15), a score of 89-80 is low average, 79-70 is borderline, and <69,
intellectually deficient.

Biological Sample Collection

Hospital staff collected maternal blood within 1 week before delivery and cord blood at
delivery. Cord blood samples were drawn by puncture right after parturition. In each case,
3 ml blood was collected and stored at —20 until needed for analysis. The placentas were
divided into eight average-size sections through the center, from which two symmetric
sections were sampled. The sampled two sections were freeze-dried, ground to a powder,
and stored at —20 . The blood and placental samples were digested by HNO;/HClO,, and
diluted with HNOs.

Elements Determination

The cadmium at m/z 111 and lead at m/z 208 in blood and tissue samples were measured by
means of inductively coupled plasma mass spectrometer (ICP-MS) model DRCII from Perkin-
Elmer (USA). The detection limits of cadmium and lead were 0.005 and 0.0007 ng/mL,
respectively. Certified Reference Materials GBW09133 (Beijing, China) and GBW08551 were
used for quality control. The analytical results of Certified Reference Materials were along
with the certified values (Table 1). In addition, 10% of the samples were selected for parallel
analysis. The coefficient of variance for the duplicate determinations of maternal blood
cadmium, cord blood cadmium, placenta cadmium, and cord blood lead was 6.7%, 5.7%,
2.5%, and 1.4%, respectively.

Statistical Analysis
If needed, variables were natural log-transformed, and nonparametric test was used.
Student’s ¢ test was used in the analysis of data to find differences between two groups.

Stepwise multiple linear regression was used to analyze the influence of the gestational

Table 1 Quality Control for Elemental Analysis

Sample Element  Certified reference  Certified values  Detection values
materials
Times Range Mean+SD
Maternal or ~ Cd GBW09133 4.22+0.33 10 4.06~4.53 4.18+0.14
Cord blood
Pb 284+18 10 268.4~294.2  283.5+20
Placenta Cd GBWO08551 0.067+0.004 10 0.067~0.068  0.066+0.001
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cadmium exposure. The significance level for entering the regression model was set as 0.30
and for staying it was set as 0.10. Statistical analyses were performed with SPSS 13.0
software, and p<0.05 indicated statistical significance.

Results
General Characteristics of the Subjects

The average height and weight of the women prior to delivery was 159.5 cm and 66.0 kg.
Of the 109 pregnant women, 45.9% were farmers, and 13.8% had over 9 year of schooling.
In addition, 48.6% had a history of previous gestation, 43.1% had a history of previous
lactation. None of the women participating in the study had a history of smoking, which is a
factor resulting in elevated levels of cadmium. The cadmium and lead concentration in
maternal blood, cord blood, and placenta were shown in Table 2.

Correlations Between Cord Blood Cadmium Concentration and Pregnancy Outcomes

Given that cord blood cadmium, in fact, represents the absolute amount of cadmium that
reaches the fetus through the placenta, we used cord cadmium for all outcome analyses. The
infants were divided into two groups according to the median of cord blood cadmium
concentration (0.6 pug/L).

No significant differences was found in the sex constituent ratio between the low- and
high-cadmium groups (x*=0.0324, p>0.05). Length and weight at birth of the infants
exposed to higher cord blood cadmium concentration were significantly lower than those of
infants exposed to lower cord blood cadmium (1=2.89, p<0.01; t=4.58, p<0.01). Similarly,
Fisher’s exact test revealed that the rate of low birth weight (less than 2500 g) of infants
with higher cord blood cadmium was significantly higher than those of infants with lower
cord blood cadmium (x°=6.829, p<0.05) (Table 3).

We also analyzed the relationship between maternal blood cadmium level and fetus
growth. The neonatal birth height was negatively associated with the concentration of
maternal blood cadmium (»=0.2568, r=2.71, p<0.01). Negative correlation was found
between the weights of neonates with maternal blood cadmium level. No correlation was
found between the weight and height of neonates with the level of placenta cadmium (data
not shown).These data further confirmed that cord blood cadmium level was a more
reasonable marker in the evaluation of the effect of prenatal cadmium exposure.

Multiple linear regression analysis showed that cord blood cadmium level, cord blood
lead level, maternal age, height, weight, gravidity, and gestational weeks, EST, could
explain 83.62% and 78.40% of the variation of neonatal birth length and weight,

Table 2 Cadmium and Lead Concentration in Maternal Blood, Cord Blood and Placenta

Sample Cd Pb

Range Median Range Median
Maternal blood (ng/L) 0.43~25.25 1.80 23.1~186.5 72.4
Cord blood (ng/L) 0.02~1.78 0.60 17.2~98.2 43.6
Placenta (ng/g dry weight ) 0.03~3.97 0.15 0.5~1.35 0.6
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Table 3 Effects of Cord Cadmium on Infant Growth at Birth and Children Development at 4.5 YEARs

Item Cord cadmium

<0.6pg/L >0.6 pg/L

Infant growth at birth

Subjects (1) 55 54

Length (cm) 51.843.4 49.8+1.2%

Weight (g) 3511£210 32724+305%

Low birth weight infant (<2500 g, n (%) 1 (1.82%) 8 (14.81%)*
Children development at 4.5 years

Subjects (1) 53 53

Height (cm) 100.2+4.1 96.2+2.4%*

Weight (kg) 13.542.1 12.9+1.8
4.5 years WPPSI-R 1Q

Performance score 100+12 95+10%*

Verbal score 97+11 96+9

Full 1Q score 99+8 95+6*
*p<0.05

respectively. After control of those potential confounding factors, cord blood cadmium level
was still significantly negatively associated with neonatal birth height (=-2.79, p<0.05)
and weight (z=-2.05, p<0.05), showing that cord blood cadmium concentration was an
independent factor affecting fetus growth (Table 4). These results are partially consistent
with our early study [16].

Table 4 Multiple Linear Regression of Effect of Cord Blood Cadmium on Infant Length and Weight

Independent  Infant length (R*=0.8362) Infant weight (R*=0.7840)
variables
Partial Standard partial ¢ P Partial Standard partial ¢ P
regression  regression regression  regression
coefficient coefficient coefficient coefficient
Cord blood —1.0411 —0.3597 -2.79 <0.01 -1.3101 —0.3145 —2.05 <0.05
cadmium
Cord blood —0.9431 —0.0202 -0.38 >0.05 —0.8521 —0.0103 —0.85 >0.05
lead
Maternal age  —0.2570 —0.2418 -2.35 <0.05 -0.2359 —0.0211 —2.01 <0.05
(years)
Maternal 0.0454 0.0435 2.13  <0.05 0.8732 0.0024 0.44 >0.05
height (cm)
Maternal 1.065 0.0034 1.62 >0.05 0.0115 0.0342 2.40 <0.05
weight
Gravidity —0.6552 —0.0011 -1.92 >0.05 —0.0126 —0.0039 —0.77 >0.05
Gestational 0.9547 0.3314 2.51 <0.05 0.9714 0.3321 1.99 <0.05
weeks
Method of 0.5610 0.0004 0.22 >0.05 0.5368 0.0008 1.51 >0.05
delivery
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Correlations Between Cord Blood Cadmium Concentration and Children Development
at 4.5 Years Old

The height of children in higher cord blood cadmium group was significantly lower than
those in lower group (t=4.44, p<0.01). Moreover, the WPPSI-R IQ full score and
performance of children in lower cord blood cadmium group was significantly higher than
those in higher group (1=2.44, p<0.05; t=2.04 p<0.05). No significant differences were
found in verbal abilities between higher and lower cord blood cadmium groups (Table 3).
After adjustment for cord blood lead, maternal age, height, weight, gestational weeks,
maternal educational status, method of delivery, feeding methods, nursery school age, ETS
and per capita annual income of the family, a significantly negative correlation was found
between cord blood cadmium and children’s height. Similarly, significantly negative
correlations were found between cord blood cadmium and WPPSI-R 1Q full and
performance score (Tables 5 and 6).

Discussion

Exposure to cadmium is a serious public health concern, and a number of previous studies
have reported an inverse relationship between maternal cadmium exposure and infant body
weight [11, 13, 18-22]. In addition to occupational and environmental exposure, pregnant
women are also exposed through smoking. In the present study, no subject has the history
of occupational exposure and smoking. So cadmium exposure of these subjects mainly
came from environmental exposure. It has been reported that maternal cadmium exposure
can produce several adverse reproductive outcomes, including preterm deliveries and
reduced infant body weight. But most of studies mainly analyzed the correlation between
maternal blood or placenta cadmium level and pregnancy outcome. In fact, placenta acts as

Table 5 Multiple Linear Regression of Effect of Cord Blood Cadmium on Children Height at 4.5 YEARS
(R*=0.6729)

Independent variables Children height at 4.5 yr

Partial regression Standard partial t P

coefficient regression coefficient
Cord blood cadmium —2.1000 —0.3322 —2.55 <0.05
Cord blood lead —0.4298 —0.0234 —1.88 >0.05
Maternal age (years) —0.0321 —0.0279 -0.97 >0.05
Maternal height (cm) 0.4723 0.1004 2.00 <0.05
Maternal weight 0.0064 0.0076 0.82 >0.05
Gravidity —0.0932 —0.0247 -1.73 >0.05
Gestational weeks 0.5503 0.1114 2.14 <0.05
Method of delivery 0.0009 0.0154 0.93 >0.05
Breast feeding 1.5438 0.2001 2.37 <0.05
Maternal educational status 0.0065 0.0038 0.69 >0.05
ETS 0.1005 0.1005 1.55 >0.05
Per capita annual income 0.1007 0.0342 2.52 <0.05
Nursery school age 0.0025 0.0069 0.96 >0.05
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Table 6 Effects of Cord Blood Cadmium on Children’s Full IQ and Performance Score at 4.5 Years

Independent Children’s full IQ (R*=0.6646) Performance score (R*=0.6925)
variables
Partial Standard partial ¢ P Partial Standard partial ¢ P
regression regression regression regression
coefficient coefficient coefficient coefficient
Cord blood -2.75 —0.1824 -2.18 <0.05 -3.76 —0.1127 -2.11 <0.05
cadmium
Cord blood lead -3.00 —0.1948 —2.56 <0.05 —4.05 —0.1082 —2.41 <0.05
Maternal age -1.52 —0.0917 -1.26 >0.05 -2.56 —0.1201 -2.57 <0.05
(years)
Maternal 1.73 0.0023 0.85 >0.05 0.93 0.0258 0.44 >0.05
height (cm)
Maternal weight 2.86 0.0016 0.63 >0.05 0.54 0.0009 0.65 >0.05
Gravidity —1.46 —0.0748 -1.77 >0.05 -1.85 —0.0091 —0.95 >0.05
Gestational weeks 3.43 0.1537 3.18 <0.01 2.34 0.0106 1.79 >0.05
Method of 2.04 0.0009 0.96 >0.05 0.01 0.0032 0.86 >0.05
delivery
Breast feeding 1.94 0.0128 1.53 >0.05 1.25 0.0126 0.49 >0.05
Maternal 1.26 0.1805 2.18 <0.05 4.23 0.1686 2.81 <0.01
educational
status
ETS 2.24 0.0191 1.76 >0.05 2.18 0.1340 0.86 >0.05
Per capita 2.48 0.0913 2.49 <0.05 1.99 0.0098 1.87 >0.05
annual income
Nursery 1.42 0.0168 1.82 >0.05 0.98 0.0011 0.67 >0.05
school age

a barrier protecting the fetus from toxic metals, such as lead, cadmium, and mercury [15,
23, 24]. These metals, especially cadmium, accumulate in human placenta [24-26]. Cord
blood cadmium, in fact, represents the absolute amount of cadmium that reaches the fetus
through the placenta. So in the present study, we analyzed the effect of cord blood cadmium
on pregnancy outcomes and later development of children.

Pregnancy outcome and development in children were affected by a lot of heredity and
environmental factors. To study the effects of cadmium exposure duration pregnancy on
offspring, many variables that we could measure were introduced into the analysis, such as
maternal age, gravidity, gestational weeks, maternal educational status, methods of delivery,
feeding methods, nursery school age, EST, and per capita annual income. It is known to all
that no level of lead exposure appears to be “safe,” and even the current “low” levels of
exposure in children are associated with neurodevelopmental deficits [27]. Besides postnatal
exposure, prenatal exposure to lead also has adverse effects on the IQ development of
children. A Yugoslavia study found that increased maternal blood Pb concentration in mid-
pregnancy (12-20 weeks) was significantly associated with decreased 3- to 7-year 1Q
regardless of pattern of postnatal exposure [28]. Another Cincinnati, Ohio (USA) study
showed lasting significant effects of maternal blood Pb between 6 and 28 weeks on factor
scores representing attention and visuoconstruction in adolescents when prenatal blood Pb
was tested without simultaneously considering postnatal blood Pb exposure history [29]. So
in the present study, cord blood Pb has been controlled when evaluating the effects of Cd
exposure on pregnancy outcome and 1Q development of offspring,
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Compared with infant exposed to lower cord blood cadmium concentration, the body
weight of infant exposure to higher cord blood cadmium was lower, and the body length
was shorter. After excluding the effects of potential confounding factors, cord blood
cadmium level was still an independent factor influencing fetal development. But Nishijo et
al. reported that cadmium exposure did not greatly affect fetal development [14]. The
reason leading to these different results may be due to the fact that a different biological
sample (maternal urinary cadmium) was analyzed in their study.

We also observed the long-term effects of prenatal cadmium exposure on anthropometric
measurement results and their offspring’s later IQ development. The height and WPPSI-R
IQ full score of children at 4.5 years in the higher cord blood cadmium group were
significantly lower than those of children in the lower group. This kind of correlation did
not change after controlling potential confounding factors. Most researches about the
adverse effects of prenatal low-level exposure to heavy metals on later IQ development
have focused on lead. Needleman et al reported an adverse impact of low-level lead
exposure on the intellectual and behavioral functioning of children with no overt lead-
related symptomatology [30]. Many, but not all subsequent studies have found that low-
level lead exposure did adversely impact on functioning in otherwise asymptomatic
children [31]. But to our knowledge, there were few reports about the effects of prenatal
cadmium exposure on later IQ development. Our results in the present that cadmium
exposure during embryonic period had negative effects on offspring’s development are
innovative, which made the understanding of cadmium toxic effect go a step further.

Nonetheless, it is clear that various other social, familial, and hereditary factors can
make a contribution to pregnancy outcome and development in the offspring, and their
effects should be controlled in future research about the adverse developmental effects of
prenatal cadmium exposure.
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