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Background & aims: Growing evidence suggests that essential trace element imbalance during preg-
nancy may contribute to fetal malformations, but the role of essential trace elements in the occurrence of
orofacial clefts (OFCs) is unknown. We aimed to examine the association between concentrations of zinc
(Zn), manganese (Mn), selenium (Se), cobalt (Co), molybdenum (Mo), and nickel (Ni) in placental tissues
and the risk for OFCs in offspring in a rural population in northern China with a high prevalence of OFCs.
Methods: The caseecontrol study subjects were 103 OFC infants and 206 non-malformed infants. The
concentrations of selected trace elements in placental tissues were determined using inductively coupled
plasma-mass spectrometry. Sociodemographic information was collected from the mothers through
face-to-face interviews using a structured questionnaire. The risk for OFCs in association with higher
concentrations of the trace elements was estimated using the odds ratio (OR) with its 95% confidence
interval (95% CI).
Results: The placental median concentrations of Se and Ni were significantly lower, but those of Mo were
significantly higher in OFC cases than in controls (all P < 0.05). A Se concentration above the median of all
subjects was associated with a 58% reduced risk for OFCs (adjusted OR 0.42, 95% CI 0.23, 0.77) after
adjusting for potential confounding factors. The risk for OFCs decreased with increases in placental Se
concentrations, with adjusted ORs of 0.45 (95% CI 0.22, 0.92) for the second tertile and 0.22 (95% CI 0.10,
0.49) for the top tertile of Se concentration, with the lowest tertile concentration as the referent
(Ptrend < 0.001). No association was observed between placental Zn, Mn, Co, Mo, or Ni concentration and
risk for OFC.
Conclusions: The concentration of Se in placental tissues was dose-dependently associated with
decreased risk for OFCs in offspring. This finding suggests that maternal Se intake during pregnancy may
protect against OFCs in offspring.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Orofacial clefts (OFCs), the most common craniofacial anomalies
in humans, result from the failure of the lip and/or palate to grow or
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fuse by the 4th to 8th and/or 6th to 12th week of gestation [1]. The
etiology of OFCs is multifactorial and involves the environment,
genetics, and the interaction between them. It is well documented
that maternal nutritional status during pregnancy not only has a
profound effect on mothers' health but also affects the organo-
genesis, growth, and health of the fetuses and newborns [2e4].
Essential trace elements, mainly derived from various foods in diet,
are important micronutrients in fetal development [5]. Thus,
micronutrient deficiencies during pregnancy may contribute to the
occurrence of fetal malformations.

Animal experiments have shown that adequate zinc (Zn) has a
protective effect on palate development, while Zn deficiency or
ism. All rights reserved.
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insufficiency during pregnancy can induce cleft palate (CP) [6e9].
No reports are available on teratogenicity in animals regarding the
inadequacy or excess of manganese (Mn), selenium (Se), cobalt
(Co), molybdenum (Mo), or nickel (Ni). Moreover, there have been
no epidemiological studies on the associations among any of these
trace elements and OFC risk in offspring. There are reports on the
associations between these trace elements and other congenital
malformations. For example, Zn, Se, Co, and Ni deficiency and
excess of Mn have been reported to be associated with elevated risk
for neural tube defects (NTDs) and diaphragmatic hernia [10e16].
Therefore, it is of interest to knowwhether these trace elements are
associated with the risk for OFCs. Knowledge in this area could
inform nutritional interventions for OFCs.

The placenta is responsible for the exchange of nutrients and
waste products between the fetus and the mother. As a birth bio-
specimen, the placenta does not block the transport of the afore-
mentioned trace elements to the fetus, and it has the ability to store
biochemical information about events during gestation [17e20].
Therefore, placental concentrations of trace elements may be used
as a biomarker to reflect the intrauterine environment and
maternal nutritional status during pregnancy.

We hypothesized that higher concentrations of selected trace el-
ements in placental tissues may be associated with increased or
decreased risk for OFCs in offspring. To test this hypothesis, we
measured the concentrations of Zn, Mn, Se, Co, Mo, and Ni in
placental tissues of newborns with or without OFCs and examined
the association between these trace elements and the risk for OFCs in
a rural area of China,where the prevalence rate ofOFCswashigh, 3.27
per 1000 births in 2003e2004 [21], compared to the average birth
prevalence rates ranging from1.57 to 0.57 per 1000 births among the
six continents around the globe during 1950 and 2015 [22].

2. Material and methods

2.1. Study design and participants

We used a caseecontrol study design, which has been described
in more detail elsewhere [23]. Briefly, the participants were
recruited from five rural counties (Pingding, Taigu, Shouyang,
Xiyang, and Zezhou) of Shanxi Province in northern China, where a
population-based birth defects surveillance program was estab-
lished to monitor major external structural birth defects (OFCs,
NTDs, congenital hydrocephalus, etc.) in 2003. County healthcare
workers made diagnoses of newborns or terminated fetuses with
birth defects through physical examinations, supplemented with
prenatal ultrasound scans. When a newborn or fetus affected by a
major external birth defect was ascertained, a newborn with no
congenital malformation was selected as a control to match the
case by residence of the mother (the same county), date of last
maternal menstrual period (±4 weeks), and newborn sex. Maternal
peripheral blood samples, placental tissue, and umbilical cord
blood samples were requested after informed consent had been
obtained from the mother.

In this study, we included all 103 OFC cases with available
placental tissues as the case group (16 OFC cases had other mal-
formations, i.e., NTDs) and 206 newborns that were randomly
selected from among 509 non-malformed newborns with available
placental tissues as the control group, enrolled from January 2003
through December 2016.

2.2. Questionnaire interview

Participants received face-to-face interviews before discharge
(1e10 days after delivery) from the hospital, using a structured
questionnaire to collect sociodemographic information by trained
healthcare workers. Maternal age was determined at delivery (<25,
25e29, �30 years). Educational status was classified into three
categories (junior high or lower, high school, college or higher).
Folic acid use was defined as having ever taken folic acid supple-
ments or multivitamins containing folic acid during the peri-
conceptional period (1 month before, to 2 months after,
conception) (yes/no). Influenza or fever was defined as having a
fever 38.5 �C or higher lasting >24 h or having a cold or the influ-
enza during the periconceptional period (yes/no). Passive smoking
was restricted to exposure to secondhand smoke on average at least
once per week and at least 1 cigarette each time from other people
at home or in public places during the periconceptional period (yes/
no). Alcohol drinking included use of liquor, beer, or wine during
the periconceptional period (yes/no). Body mass index (BMI) was
calculated as weight (kg)/height (m)2. Before data collection, in-
terviewers helped women confirm the exposure period according
to the date of the last menstrual period.

2.3. Placenta sample preparation and trace element assessment

Placentas were collected immediately after delivery and stored
frozen at �20 �C up to the time of the measurement. After thawing
at 4 �C, approximately 6 g wet samplewithin 3 cm around the point
of cord attachment on the fetal portion of the placenta was cut,
using a titanium tool to avoid external metal contamination. The
specimens were cleansed of blood three times using deionized
water, blotted on clean tissue paper, and freeze-dried (ALPHA2-4
LD plus, Christ, Germany) for 24 h to remove water.

Approximately 0.2 g (CP225D, Sartorius, Germany) lyophilized
placental tissuewas digestedwith 2.0mL nitric acid (UP-grade) and
0.5 mL hydrogen peroxide (UP-grade) in quartz digestion vessels
under a high-pressure microwave digestion system (Ultra WAVE,
Milestone, Italy). The dissolved placental tissues reached 15 mL
volume and were diluted four times with deionized water. Finally,
the concentrations of Zn, Mn, Se, Co, Mo, and Ni were evaluated via
inductively coupled plasma-mass spectrometry (ICP-MS, 7700x,
Agilent, USA). A blank solution alongside each of 15 placenta
samples, standard material made from pig liver (GBW10051) with
known concentrations of trace elements of interest, and certified
standard from Chinese national reference materials (GSB 04-1767-
2004 for Zn, Mn, Co, and Ni, 100 mg/mL; GSB 04-1737-2004 for Mo,
1000 mg/mL; GSB 04-1751-2004 for Se, 1000 mg/mL) were also
simultaneously analyzed on the instrument to check for possible
contamination during the digestion procedure and sample opera-
tion, to guarantee the accuracy of the results, as well as to generate
and validate the standard curves, respectively.

During the whole process, the operators were masked to the
group information (i.e., case or control) of the placenta samples.
Rhenium (GSB 04-1745-2004) was used as an internal reference to
calibrate and check the stability of the ICP-MS. All correlation co-
efficients of the regression lines for the calibration curves of the six
trace elements were greater than 0.999. The limits of detection for
Zn, Mn, Se, Co, Mo, and Ni were 0.022 ng/mL, 0.028 ng/mL,
0.328 ng/mL, 0.000 ng/mL, 0.002 ng/mL, and 0.016 ng/mL,
respectively. The detection rate was 100% for Zn, Mn, Se, Co, and
Mo, but 85% for Ni. Samples with a concentration of Ni lower than
the detection limit were recorded as zero in data analyses.

The study was approved by the Institutional Review Board of
Peking University (Beijing, China). All participants provided written
informed consent.

2.4. Statistical analysis

The differences in sociodemographic characteristics between
the case and control groups were tested using Chiesquare or
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Fisher's exact tests. Descriptive statistics for the concentrations of
the six trace elements in the two groups were shown as medians
along with lower quartile (P25) and upper quartile (P75) due to a
skewed distribution. The ManneWhitney U test was used to
compare the differences in the median concentrations of the six
trace elements between OFC cases and controls.

The median concentration of a given trace element for all
subjects was used as the cutoff value to estimate the associations
between a higher concentration of each of the six trace elements
and the risk for OFCs in offspring. The risk was evaluated using
the odds ratio (OR) with its 95% confidence interval (CI) with
unconditional logistic regression. The selection of potential con-
founders was based on literature and the significant association
with outcome and exposure in univariate analyses, including
maternal age, BMI, farming occupation, influenza or fever, passive
smoking, and alcohol drinking during periconceptional period,
gestational age, and previous history of pregnancy affected by
birth defects. In doseeresponse relationship analyses, specific
trace element concentrations in all subjects were divided into
tertiles. A two-sided P value of <0.05 was considered statistically
significant. All data were analyzed using SPSS Statistics 20 (IBM
Corp., NY, USA).
Table 2
Concentrations of elements in placental tissues (dry weight) of infants with or
without orofacial clefts in northern rural China, 2003e2016.

Elements Median (P25eP75) Pa

Controls (n ¼ 206) Cases (n ¼ 103)

Zn (mg/g) 68.3 (62.1e75.0) 69.2 (63.0e77.5) 0.224
Mn (mg/g) 0.54 (0.46e0.63) 0.55 (0.48e0.63) 0.133
Se (mg/g) 1.11 (1.02e1.24) 1.03 (0.90e1.13) <0.001
Co (ng/g) 16.59 (12.47e22.07) 14.61 (11.34e21.20) 0.124
Mo (ng/g) 32.1 (27.3e37.0) 35.9 (31.7e41.8) <0.001
Ni (ng/g) 12.89 (7.92e20.70) 10.20 (7.27e13.79) 0.011

Abbreviations: Co, cobalt; Mn, manganese; Mo, molybdenum; Ni, nickel; P25, 25th
percentile; P75, 75th percentile; Se, selenium; Zn, zinc.

a Comparison of median values of controls by ManneWhiney U test.
3. Results

The characteristics of the cases and controls are presented in
Table 1. Almost all (99.7%) of the subjects were of the Han ethnic
group, the largest in China. No differences were found between the
case and control groups with regard to maternal age, BMI, or ed-
ucation. Active smoking was rare in both groups. OFC infants were
more likely than control infants to experience shorter gestation,
and their mothers had higher proportions of self-reported previous
history of pregnancy affected by birth defects, influenza or fever, or
passive smoking during the periconceptional period; however,
more control mothers delivered female newborns and worked as
farmers (all P < 0.05). About half of all mothers reported using folic
acid during the periconceptional period; the proportions in each
group did not significantly differ.
Table 1
Characteristics of mothers of infants with or without orofacial clefts in northern rural Ch

Characteristics Controls

No. (%)

Maternal age (years)
<25 91 (44.2
25e29 63 (30.6
�30 51 (24.8

Maternal BMI (kg/m2)
<18.5 26 (12.6
18.5e24.9 129 (62.
�25.0 50 (24.3

Maternal education
Junior high or lower 134 (65.
High school 39 (19.0
College or higher 33 (16.0

Maternal farming occupation 165 (80.
Newborn male sex 102 (49.
Gestational age < 37 weeks 9 (4.4)
Primigravida 85 (41.3
Primiparas 107 (51.
Previous history of pregnancy affected by birth defects 2 (1.0)
Maternal folic acid use 111 (53.
Maternal influenza or fever 30 (14.6
Maternal passive smoking 69 (33.5
Maternal alcohol drinking 14 (6.8)

a Values for some characteristics may not be equal to total numbers of OFC cases or c
b Comparison between the case and control groups using the Chiesquare or Fisher's e
The concentrations of the six trace elements in placental tissues
in cases and controls are shown in Table 2. The concentrations of Se
(1.03 mg/g) and Ni (10.20 ng/g) were significantly lower in OFC cases
than in controls (Se 1.11 mg/g, Ni 12.89 ng/g), while placental Mo
concentrations were significantly higher in the case group (35.9 ng/
g) than in controls (32.1 ng/g) (all P < 0.05). No significant differ-
ences in Zn, Mn, and Co concentrations were found between the
groups.

Because concentrations of trace elements may change over the
course of a pregnancy, and mean and median gestational age were
shorter in OFC cases than in controls, we further examined the
correlation between concentrations of trace elements in placental
tissues and gestational age in the case group, which had wider
variation in gestational age, enabling us to do an analysis by
gestation. The concentrations of Zn, Mn, and Mo decreased with
gestation, while the concentration of Co increased with gestation
(Table 3).

The associations between trace element concentrations in
placental tissues and the risk for OFCs are listed in Table 4. In
univariate analyses, higher concentrations of Se and Ni were
associated with decreased risk while higher concentrations of Mo
were associated with increased risk for OFCs. After taking into ac-
count potential confounders, higher concentrations of Se were
ina, 2003e2016.

(n ¼ 206)a Cases (n ¼ 103)a Pb

No. (%)

0.142
) 44 (42.7)
) 41 (39.8)
) 17 (16.5)

0.918
) 12 (11.7)
6) 66 (64.1)
) 23 (22.3)

0.991
0) 67 (65.0)
) 19 (18.5)
) 17 (16.5)
1) 66 (64.1) 0.002
5) 64 (62.1) 0.017

26 (25.2) <0.001
) 45 (43.7) 0.684
9) 62 (60.2) 0.170

5 (4.9) 0.031
9) 53 (51.5) 0.475
) 36 (35.0) <0.001
) 58 (56.3) <0.001

12 (11.7) 0.151

ontrols because of missing or unknown data. BMI, body mass index.
xact tests.



Table 3
Spearman correlation between concentrations of elements in placental tissues (dry weight) and gestational age in northern rural China, 2003e2016.

Elements Gestational agea r

20e27 weeks (n ¼ 15) 28e36 weeks (n ¼ 11) �37 weeks (n ¼ 77)

Zn (mg/g) 78.2 (68.4e83.0) 74.2 (66.4e83.0) 67.4 (61.9e74.8) �0.318c

Mn (mg/g) 0.62 (0.53e0.66) 0.64 (0.56e0.71) 0.54 (0.48e0.62) �0.242b

Se (mg/g) 1.04 (0.90e1.10) 1.06 (0.91e1.13) 1.03 (0.90e1.13) �0.004
Co (ng/g) 10.27 (7.98e11.67) 11.93 (8.40e21.17) 17.18 (13.18e22.28) 0.478c

Mo (ng/g) 39.5 (35.6e49.5) 39.2 (35.7e43.3) 35.3 (29.1e39.5) �0.343c

Ni (ng/g) 12.43 (6.92e16.58) 7.84 (6.44e13.36) 10.03 (7.39e13.31) �0.029

Abbreviations: Co, cobalt; Mn, manganese; Mo, molybdenum; Ni, nickel; Se, selenium; Zn, zinc.
a Data are shown as medians (lower quartileeupper quartile).
b P < 0.05.
c P < 0.01.

Table 4
Element concentrations in placental tissues (dry weight) and risk for orofacial clefts in northern rural China, 2003e2016.

Elements Cutoff valuea No. of cases/controls Crude ORb (95% CI) Adjusted ORb,c (95% CI)

Zn (mg/g) �68.6 54/101 1.15 (0.71, 1.84) 0.90 (0.50, 1.60)
Mn (mg/g) �0.54 59/106 1.27 (0.79, 2.04) 1.44 (0.80, 2.59)
Se (mg/g) �1.09 38/120 0.42 (0.26, 0.68) 0.42 (0.23, 0.77)
Co (ng/g) �15.75 44/111 0.64 (0.40, 1.03) 0.93 (0.52, 1.66)
Mo (ng/g) �33.6 65/90 2.20 (1.36, 3.58) 1.42 (0.78, 2.59)
Ni (ng/g) �11.39 37/94 0.58 (0.35, 0.97) 0.62 (0.33, 1.16)

Abbreviations: Co, cobalt; CI, confidence interval; Mn, manganese; Mo, molybdenum; Ni, nickel; OR, odds ratio; Se, selenium; Zn, zinc.
a Cutoff value: the median of all subjects.
b ORs were from an unconditional logistic regression.
c Adjusted for maternal age, BMI, farming occupation, flu or fever, passive smoking, and alcohol drinking during periconceptional period, newborn sex, gestational age, and

previous history of pregnancy affected by birth defects.
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associated with a 58% (95% CI 0.23, 0.77) decreased risk for OFCs.
However, the associations for Mo and Ni became nonsignificant
(adjusted OR 1.42, 95% CI 0.78, 2.59 forMo; adjusted OR 0.62, 95% CI
0.33, 1.16 for Ni). No associations were observed between higher
concentrations of Zn, Mn, and Co and the risk for OFCs in either
univariate or multivariate analyses.

To investigate possible doseeresponse relationships between
concentrations of Se, Ni, andMo in placental tissues and the risk for
OFCs, we further categorized the concentrations of these trace el-
ements according to the tertiles of each trace element in all subjects
and calculated the corresponding ORs and adjusted ORs for each
category (Fig. 1 and Supplementary Table 1). A decreasing trend in
OFC risk with the tertile of Se in placental tissues was observed
(Ptrend < 0.001).

Next, we investigated correlations between the consumption
frequencies of certain foods by mothers during the periconcep-
tional period and concentrations of trace elements in placental
tissues (Supplementary Table 2). Only Co was positively correlated
with higher consumption of bean or bean products and pickled
vegetables.

The results did not change materially when cases with other
malformations were excluded for all trace elements, except Ni. The
association between Ni concentrations in placental tissues and the
Fig. 1. Adjusted odds ratios of orofacial clefts in association with the tertiles of selenium (
tertile of all subjects were recorded as T1 (lowest), T2 (second), and T3 (top).
risk for isolated OFCs became significant before (Crude OR 0.41, 95%
CI 0.23, 0.74) and after (adjusted OR 0.34, 95% CI 0.16, 0.70)
adjusting for potential confounders (Supplementary Table 3).
However, in doseeresponse analyses, only the top tertile of Ni was
associated with a decreased risk for isolated OFCs (Supplementary
Table 4).

4. Discussion

In this study, we used placental concentrations of Zn, Mn, Se, Co,
Mo, and Ni as an internal exposure marker to investigate the as-
sociation between exposure to these trace elements and the risk for
OFCs in offspring. We found that higher Se concentrations in
placental tissues were associated with reduced risk for OFCs in a
dose-dependent manner. The associations between placental Mo
and Ni concentrations and OFC risk became nonsignificant after
adjusting for potential confounders, and no associations between
placental Zn, Mn, and Co concentrations and OFC risks were
observed. Our results support the hypothesis that insufficiency or
deficiency of certain trace elements during pregnancy may increase
the risk for OFCs in offspring.

Placental concentrations of trace elements vary with the
population studied. In our study, the concentrations of Zn in the
Se), molybdenum (Mo), and nickel (Ni). The three concentration levels categorized by
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case and control groups were similar to reports from Germany
and Bangladesh (in both populations, concentrations were 66 mg/
g) [24,25]; higher than the concentrations reported from Japan
(48.1 mg/g), India (50.5 mg/g), and the Czech Republic (54.6 mg/g)
[19,26,27]; and approximately two-thirds of the concentrations
reported in a study from Sweden (93.2 mg/g) [28]. Median Mn
concentrations for both groups in our study were about the same
as those in a report from Bangladesh (0.53 mg/g) [25], but higher
than those reported in healthy Swedish pregnant women
(0.07 mg/g) [28]. The placental medians of Se, Co, and Mo con-
centrations in OFC cases and controls in our study were far
greater than those reported in Sweden (0.16 mg/g, 2.71 ng/g, and
5.71 ng/g, respectively) [28], but our values for Se were similar to
those reported in a previous study on a Japanese population
(1.04 mg/g) [19] and lower than those reported in Bangladesh
(1.4 mg/g) [25]. The median concentrations of Ni in placental tis-
sues in both groups in our study were lower than the concen-
trations of Chinese women living in a natural area (14.30 ng/g)
(Supplementary Table 5) [29].

We also found that placental concentrations of Zn, Mn, and
Mo decreased but Co increased with gestation. Similarly, a pre-
vious study found that Zn contents in placenta were significantly
higher during the first trimester than at term [30]. A study from
Sweden found that women with a gestational age over 281 days
at birth were more likely to have higher Co and Mo concentra-
tions in their placental tissues [28]. In our study, higher Zn
concentrations and lower Co concentrations were also observed
in the shorter gestational age subgroup of the case group. Thus,
the association between Zn concentrations and risk for OFCs may
be underscored, while the protective effects of Co on the devel-
opment of lip and/or palate may be overestimated. Further in-
vestigations to establish whether women could potentially
benefit from the optimization of Zn and Co status are needed. To
the best of our knowledge, no study has investigated the po-
tential correlation between Mn concentrations in placental tis-
sues and pregnancy duration. Because the concentrations of Se
did not change with gestational age, adjustment for gestational
age had little impact on the association observed in univariate
analyses.

Our findings suggest that a higher concentration of Se in
placental tissues is associated with a reduction in the risk for OFCs.
To the best of our knowledge, no report in the literature is available
on the relationship between maternal or fetal Se exposure and the
risk for OFCs. Studies conducted in Saudi Arabia and Turkey found
that mothers of infants with NTDs had significantly lower serum Se
during the first and second trimester than mothers of healthy in-
fants [13,31], which suggests that Se is protective against fetal
NTDs. The protective role of Se may result from its important bio-
logical function as an antioxidant. Pregnancy is an exceptional
condition of oxidative stress, resulting from enhanced demand for
various nutrients and oxygen in the body of the mother and the
developing fetus [32]. Oxidative stress may be involved in the
pathophysiology of OFCs [13,33]. Se is a constituent of selenopro-
teins, which are part of the defense system against oxidative stress
[34]. Therefore, maternal Se deficiencies can be considered a
contributory factor to the impairment of the functional activities of
selenoproteins, resulting in oxidative stress and adversely affecting
lip/palate development.

We found no association between placental Zn concentrations
and the risk for OFCs in offspring. This is consistent with three
previous studies, which reported Zn concentrations in maternal
plasma and toenails were not associated with the risk for OFCs
[35e37]. However, studies conducted in The Netherlands, the
Philippines, and Poland have reported that lower maternal red
blood cells, plasma, serum, and whole blood Zn are a risk factor for
OFCs in offspring [38e41]. The type of biological specimens used
for Zn measurement may contribute to the differences in findings.
We also observed that placental Mn concentrations were not
associated with risk for OFCs. Stoll et al. [35] reported that mothers
who had conceived OFC babies had Mn concentrations in plasma at
6e13 weeks of pregnancy that were similar to mothers who had
conceived healthy babies. The results of an ecological study were
also suggestive of no association between Mn concentrations in
drinking water and the prevalence of OFCs [42]. Our findings are in
line with these studies. Animal experiments have found that Co has
a potential role in the prevention of CP occurrence in mice [43,44].
However, there has been no evidence of the protective effects of Co
on OFCs in humans. In our univariate analyses, higher Mo con-
centrations in placental tissues were associated with elevated risk
for OFCs; however, the associations became nonsignificant after
adjusting for potential confounders. More studies are needed on
this topic.

In this study, higher Ni concentrations in placental tissues were
not associated with risk for total OFCs but were protective for iso-
lated OFCs in the top tertile concentration. OFCs with other mal-
formations are considered syndromic and are more likely to be
affected by genetic factors [45], while isolated OFCs are multifac-
torial, for which environmental factors may play a major role. A
study conducted on the same population found that Ni in maternal
hair is protective against fetal NTD risk [10]. Thus, higher concen-
trations of Ni may be protective against OFC risk, but more studies
are needed to confirm this finding.

Some limitations of this study need to be addressed. First, we
did not measure selenoenzymes (e.g. glutathione peroxidase) ac-
tivity in placental tissues. This is because the placental tissues were
collected years ago and stored at�20 �C. Enzyme activity would not
reflect the activity at the time of delivery or pregnancy termination.
Second, we did not measure Se concentration or glutathione
peroxidase activity in plasma/serum. Plasma or serum has a short
turnover, Se concentration or enzyme activity in plasma/serum can
only reflect the status of past days or weeks. Third, trace element
concentrations in placental tissues may not precisely represent the
concentrations of these trace elements at the critical window of lip
and palate development. Forth, we measured total metal concen-
trations, which confined our ability to determine the effects of their
different forms or valence states.

The current study also had several strengths. The primary one
was the use of placenta as the biospecimen for trace element
assessment. Unlike serum and maternal hair, the placenta may
reflect a longer period of past exposure and is not subject to
ambient air or other environmental contamination. In addition,
the healthcare workers who participated in this study were
trained to standardize the face-to-face interviews, which should
help minimize recall error. Finally, the group statuses of the sub-
jects were blind to researchers during sample preparation and
assessment procedures, helping to reduce the possible introduc-
tion of bias.

5. Conclusions

This study suggests that higher concentrations of Se in placental
tissues are associated with decreased risk for OFCs in a dose-
dependent pattern. Maternal dietary intake of Se during preg-
nancy may protect against OFCs in offspring. The possible protec-
tive role of high concentrations of Ni requires further investigation.
No associations were found between the placental concentrations
of Zn, Mn, Co, and Mo and the risk for OFCs. Further studies are
warranted to replicate the findings of the present study and to
elucidate the underlying mechanisms of the association that was
observed.
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