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Abstract
BACKGROUND
Nickel (Ni) may accumulate in the human body and has biological toxicity and carcinogenicity. Ni has an extensive impact on the health of pregnant women and fetuses during gestation.

AIM
To evaluate Ni exposure in pregnant women in Kunming, Yunnan Province, China; to describe the distribution of Ni in the maternal-fetal system and placental barrier function; and to investigate the effect of Ni exposure on fetal health in mothers with pregnancy complications.

METHODS
Seventy-two pregnant women were selected using a case-control design. The women were divided into two groups: The control group (no disease; n = 29) and the disease group [gestational diabetes (GDM), hypertensive disorder complicating pregnancy (HDCP), or both; n = 43]. The pregnant women in the disease group were further divided as follows: 14 cases with GDM (GDM group), 13 cases with HDCP (HDCP group) and 16 cases with both GDM and HDCP (disease combination group). Basic information on the pregnant women was collected by questionnaire survey. Maternal blood, placenta blood and cord blood were collected immediately after delivery. The Ni content in paired samples was determined using inductively coupled plasma mass spectrometry. 

RESULTS
Compared to the control group, age was higher and body mass index was greater in pregnant women in the disease groups (28.14 ± 2.54 vs 28.42 ± 13.89, P < 0.05; 25.90 ± 3.86 vs 31.49 ± 5.30, P < 0.05). The birth weights of newborns in the HDCP group and the control group were significantly different (2.52 ± 0.74 vs 3.18 ± 0.41, P < 0.05). The content of Ni in umbilical cord blood in the entire disease group was higher than that in the control group (0.10 ± 0.16 vs 0.05 ± 0.07, P < 0.05).

CONCLUSION
In the maternal-fetal system of women with pregnancy complications, the barrier effect of the placenta against Ni is weakened, thus affecting healthy growth of the fetus in the uterus.
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Core Tip: In this study, the distribution of nickel (Ni) in the maternal-fetal system and placental barrier function was described, and the effect of Ni exposure on fetal health in mothers with pregnancy complications was investigated. The results suggest that in the maternal-fetal system of women with pregnancy complications, the barrier effect of the placenta against Ni is weakened, thus affecting healthy growth of the fetus in the uterus. This study indicated that more attention should be focused on reducing Ni environmental exposure during pregnancy and improving the quality of the living environment in order to ensure normal development of the fetus.


INTRODUCTION
Gestational diabetes mellitus (GDM) and hypertensive disorder complicating pregnancy (HDCP) are common pregnancy complications. In recent years, the incidence of GDM and HDCP has been increasing[1]. GDM manifests mainly as hyperglycemia caused by impaired glucose tolerance during pregnancy[2]. It is associated with adverse pregnancy outcomes such as macrosomia, shoulder dystocia and neonatal hypoglycemia[3]. HDCP is the main factor associated with maternal morbidity and mortality in the perinatal period[4]. It may cause fetal intrauterine dysplasia and cardiovascular disease in adulthood[5]. In addition to the traditional pathogenic factors, new types of environmental exposure have attracted more and more attention.
With the continuous development of emerging technologies, nickel (Ni)-containing products are widely used in production and in life[6]. The presence of Ni is widespread in the environment. People are generally exposed to Ni through the air, their diet, consumer goods and other channels[7]. Ni may accumulate in the human body and has biological toxicity and carcinogenicity[8]. Ni has a more extensive impact on the health of pregnant women and fetuses during gestation. Studies have shown that there is a correlation between Ni exposure during pregnancy and the risk of pregnancy complications (such as GDM)[9]. Long-term exposure to Ni may lead to premature delivery and have certain effects on the respiratory and cardiovascular systems[10,11]. Maternal environmental exposure during pregnancy and lactation is a direct source of heavy metals in the fetus, and it has been proven that Ni transfers to the fetus through the placenta[12]. The embryotoxicity of Ni not only manifests as direct embryo damage to the placenta, but there are also cytotoxic effects[13]. Animal experiments have shown that exposure to Ni during pregnancy can lead to low birth weight or deformity in offspring[12]. The literature also suggests that the placenta can act as a barrier to heavy metals in the maternal-fetal system, which is defined by the ratio of maternal blood to umbilical blood.
However, there are few reports on the relationship between GDM and HDCP, Ni exposure, and the placental barrier. Therefore, the question arises as to whether in the presence of gestational complications (GDM and HDCP) more Ni will pass through the placenta and enter the fetus, thereby impacting fetal health? We will attempt to answer this question in this study.

MATERIALS AND METHODS
Screening of research subjects
A case-control design was adopted in this study; the 72 selected subjects were pregnant women who gave birth in the Obstetrics Department of The First People's Hospital of Yunnan Province between January 2019 and December 2019. The basic characteristics of the pregnant women and information regarding their newborns were obtained from hospital records and a questionnaire, which included pregnancy history, working environment, living environment, family history, maternal disease, etc. Women who had lived in the study area for a short period of time, had smoking or drinking habits, or had a history of occupational exposure to heavy metals were excluded. According to the diagnostic criteria of GDM and HDCP[1] and the health status, the pregnant women were divided into the control group (n = 29) and the disease group (n = 43). The control group included healthy women who delivered at term without pregnancy complications. The pregnant women in the disease group were further divided into the following groups: 14 cases of GDM (GDM group), 13 cases of HDCP (HDCP group) and 16 cases of both GDM and HDCP (disease combination group). This study was reviewed and approved by the Ethics Committee of Yunnan First People's Hospital, and the pregnant women provided written informed consent.

Sample processing and methods
After delivery, 10 mL of maternal blood, 10 mL of umbilical cord blood and 10–20 g of placental tissue were immediately collected and stored in an ultra-low temperature refrigerator at -80 °C. The samples were thawed before analysis, and 0.5 g of whole blood, 3 mL HNO3 and 1 mL H2O2 or 1 g of placental tissue, 5 mL HNO3 and 2 mL H2O2 were mixed, and the samples were digested in a microwave digestion tube at low pressure for 30 min. After digestion and cooling, the solution was diluted with 1% HNO3 to 25 mL. The Ni content in samples was measured using an inductively coupled plasma mass spectrometer, and the standard curve was calibrated and verified by a multivariate standard solution. Each batch of 10 samples contained nine sample (blood/placenta) solutions and one blank solution.

Statistical analysis
IBM SPSS (Windows 17.0 version; IBM Corp., Chicago, IL, United States) was used to analyze the detection data, and the mean value, skewness and standard deviation were used to describe the distribution of Ni in the maternal-fetal system. An independent sample t test was used to evaluate maternal and neonatal information and whether there were significant correlations between the content of Ni in samples and fetal birth weight and body length. P < 0.05 and P < 0.001 were considered statistically significant.

RESULTS
Basic characteristics of the mothers and newborns
A total of 72 pregnant women participated in this study; all were over 18 years of age (range: 21–44 years). The average age of pregnant women was 28 years in the control group, 30 years in the GDM group, 31 years in the HDCP group and 33 years in the disease combination group. The average body mass index (BMI) was 25.8 (kg/m2) in the control group, 28 (kg/m2) in the GDM group, 27.6 (kg/m2) in the HDCP group and 29.7 (kg/m2) in the disease combination group. All 72 pregnant women were compared to the control group, and the age and BMI of pregnant women in the HDCP group and in the disease combination group were significantly higher (P < 0.05), while only BMI was significantly higher in the GDM group. In addition, the Apgar score of newborns in the three disease groups (GDM only, HDCP only, and the combination group) was significantly lower at 1 min and 5 min than that in newborns in the control group (P < 0.05). Figure 1A shows neonatal birth weight and birth body length in the control group and the disease groups. The dotted lines and shading represent neonatal birth weights and length within the normal range and the standard values (2.5–4.0 kg and 50 cm). Neonatal birth weight and birth body lengths were generally within the normal range, and these parameters in the disease group were 37% greater than the normal range. Compared with the control group, birth weight and body length in the GDM group and disease combination group were not significantly different (P > 0.05), but these parameters were significantly reduced in the HDCP group (P < 0.05, Figure 1B).

Distribution of nickel in the maternal-fetal system
Ni was detected in all paired samples in the control group and disease group (Figure 2A). Compared with the content of Ni in maternal blood, the content of Ni in umbilical cord blood in the control group was significantly reduced, whereas the content of Ni in umbilical cord blood in the GDM group and HDCP group was significantly enhanced (P < 0.05, Figure 2B). The content of Ni in maternal blood and umbilical cord blood was not significantly different in the disease combination group (Figure 2B). In addition, compared with the content of Ni in umbilical cord blood in the control group, the content of Ni in umbilical cord blood in the GDM group and HDCP group was significantly increased (P < 0.05, Figure 2B); and the content of Ni in umbilical cord blood was not significantly different between the control group and the disease combination group (Figure 2B).

Effect of the placental barrier against nickel
The placenta can act as a barrier to heavy metals in the maternal-fetal system. A higher ratio of heavy metals in maternal blood to heavy metals in umbilical blood greater than 1 indicates better placental barrier function[14]. In this study, we found that the proportion of women with a ratio greater than 1 was 85% in the control group, 60.47% in the entire disease group, 71.43% in the GDM group, 50.00% in the HDCP group, and 60.00% in the disease combination group. The effect of the placental barrier against Ni was weakened in the disease groups.

DISCUSSION
Weight management during pregnancy is an important part of pregnancy health care, and it has attracted the attention of researchers for many years. The high risk factors for gestational diseases mainly include individual factors, genetic factors and environmental factors[15]. Studies have shown that BMI during pregnancy is related to HDCP, GDM and pregnancy outcomes[16-18]. The BMI of pregnant women with HDCP is positively correlated with blood pressure[19]. Pregnant women with HDCP may present with fluid retention, which makes them heavier than healthy pregnant women[20]. The results of this study are consistent with current reports in the literature, in that they show that there is an interaction between the basic characteristics of pregnant women and pregnancy complications. However, specific metabolic mechanisms require further study. It has been long established that attention must be paid to maternal health and physical condition during pregnancy in order to improve the health of the mother and the infant.
The birth weight of the newborn is an important index in judging whether the fetus has grown normally in the uterus[21]. The health status of pregnant women is one of the factors affecting the birth weight of the newborn. Studies on HDCP have shown that the pathological mechanism involved in abnormal fetal intrauterine growth is complex and mainly attributed to placental vascular dysfunction as a result of reduced placental blood flow[22]. Fetal intrauterine growth depends on the effective transportation of nutrients by the placenta[23,24]. A decrease in placental blood flow leads to chronic fetal hypoxia and nutritional deficiency, resulting in intrauterine growth restriction (IUGR), premature delivery and even the possibility of death[4]. We found that there were significant differences between the HDCP group and the control group in terms of birth weight, length and Apgar score, which was consistent with the results reported in the literature. However, we assessed a limited number of indicators and samples; thus, we could not directly determine which factors (environmental exposure, individual differences, genetic factors) influenced fetal growth status in the HDCP group and the underlying mechanisms.
This study shows that pregnant women in Kunming, Yunnan Province experience exposure to environmental Ni. The detection of Ni in cord blood showed that Ni can be transferred to the fetus through the placental barrier. The placenta plays an important role as a barrier between maternal environmental exposure and transfer to the fetus, which influences their development[25]. By detecting Ni content in maternal blood, placenta blood and cord blood in the control group and disease group, we found that the placental barrier in the control group had a certain protective role, but the detection of Ni in cord blood in the control group showed that some Ni could still pass through the placenta and transfer to the fetus via the umbilical cord. Although the placenta has a high affinity for Ni, which prevents its transfer, the placental barrier does not protect the fetus from Ni[26].
The experimental data showed that the content of Ni in placenta blood and cord blood of pregnant women with gestational diseases (GDM group, HDCP group, disease combination group) was higher than that in the control group. Pregnant women with pregnancy complications may accumulate more Ni in the placenta through environmental exposure. Nickel has embryotoxicity and can induce lipid peroxidation in the placenta. This metabolic change can lead to a decrease in placental vitality and potential embryotoxicity. This affects embryo development[27], resulting in fetal IUGR. The transport of Ni in the placenta will change the morphology and permeability characteristics of the placenta during the development phase[28], resulting in weakening of the placental barrier function against Ni. As the intermediate medium for Ni transfer from mother to fetus, the placenta allows more Ni to enter the fetal side through the placenta. Although it has been reported that Ni can pass through the placenta[14], little is known about the toxic metabolic mechanism of Ni in the placenta.
The placenta is an important selective barrier to toxic substances during pregnancy[29]. However, some heavy metals (such as Ni) can interfere with the placental transport system and then cross the placenta[30,31]. Although the environmental exposure level is far lower than the international standard[29,32,33], because the fetal physiological and biochemical levels are different to those of adults, the fetus is highly sensitive to harmful substances, even trace exposure levels[34]. From our data analysis, we established that in pregnant women with pregnancy complications related to environmental exposure, the Ni placental barrier function showed different degrees of damage. Nickel placental barrier function varied from strong to weak in the following order: Control group, GDM group, disease combination group and the HDCP group. The placental barrier function against Ni in the control group was significantly better than that in all disease groups. The placental barrier function against Ni in the maternal-fetal system of the GDM group, HDCP group, and disease combination group was damaged to varying degrees, and it did not play a good role as a placental barrier. However, studies are needed to establish the mechanism by which Ni is transported and metabolized between the mother, placenta and fetus, to determine the toxic metabolic mechanism of Ni in the maternal-fetal system and to determine how prenatal exposure to Ni affects fetal growth in utero. These studies should involve more paired samples and more detailed follow-up of the health status of newborns, as well as the use of advanced molecular biology methods to conduct in-depth studies on the samples.
The first advantage of this study is that the included population was in the third trimester, which can be used to evaluate exposure to Ni during pregnancy. The second advantage is the complete detection of Ni content in paired samples of maternal blood, placenta and cord blood, which can describe the dynamic changes in Ni in the maternal-fetal system. The third advantage of this study is the assessment of the placental distribution of Ni in the control, GDM and HDCP groups, and to compare the placental distribution of Ni in the maternal-fetal system in both healthy women and those with gestational diseases (GDM and HDCP) in the general population. The diagnosis of gestational diseases was based on the standard hospital formal diagnosis, and other interference factors (such as the age of pregnant women 20-45-years-old and a non-occupationally exposed population) were strictly controlled. It also provides important clinical value for disease prevention in the future.
This study also has some limitations. Firstly, the sample size was small. Secondly, the research involved a case-control design, and the findings were not confirmed in an animal model and at the cell level. Thirdly, this study only screened the pregnant women living in the study area for a long time, and did not investigate and classify their diet and living habits, and did not take into account the potential influencing factors and the detection of Ni in other stages of pregnancy. In addition, this study was conducted in a provincial hospital. Although there were differences in some of the aspects studied, it does not represent the whole Kunming population. Therefore, we plan to increase the sample size and expand the scope of the study population in a follow-up study, with multi-dimensional assessment and analysis of the distribution and transfer characteristics of Ni in the maternal-fetal system in healthy women and in those with gestational diseases in the general population, as well as the toxicity of Ni.

CONCLUSION
This study has both advantages and disadvantages. It was found that pregnant women in Kunming, Yunnan Province experienced environmental exposure to Ni, which can be transferred to the fetus through the placental barrier. In the maternal-fetal system of women with pregnancy complications, the barrier effect of the placenta against Ni is weakened, thus affecting healthy growth of the fetus in the uterus. This study indicated that more attention should be focused on reducing Ni environmental exposure during pregnancy and improving the quality of the living environment in order to ensure normal development of the fetus.

ARTICLE HIGHLIGHTS
Research background
Gestational diabetes mellitus and gestational hypertension disease are common pregnancy complications. In addition to the traditional pathogenic factors, new types of environmental exposure have attracted more and more attention. With the continuous development of emerging technologies, nickel (Ni)-containing products are widely used in production and in life. Ni may accumulate in the human body and has biological toxicity and carcinogenicity. Ni has a more extensive impact on the health of pregnant women and fetuses during gestation. 

Research motivation
This study has important reference significance for reducing Ni exposure during pregnancy, improving the quality of the living environment and ensuring the normal development of the fetus.

Research objectives
This study aimed to evaluate Ni exposure in pregnant women in Kunming, Yunnan Province, China. 

Research methods
Basic information on the 72 pregnant women was collected by questionnaire survey. Maternal blood, placenta blood and cord blood were collected immediately after delivery. The Ni content in paired samples was determined using inductively coupled plasma mass spectrometry.

Research results
It was found that pregnant women in Kunming, Yunnan Province experienced environmental exposure to Ni, which can be transferred to the fetus through the placental barrier. 

Research conclusions
In the maternal-fetal system of women with pregnancy complications, the barrier effect of the placenta against Ni is weakened, thus affecting healthy growth of the fetus in the uterus.

Research perspectives
Further research into the mechanisms, from the perspective of advanced molecular biology, will reveal the key role of nickel in gestational disease, placental barrier and birth outcome.
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Figure Legends
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Figure 1 Distribution of birth weight and birth length. A: Distribution of birth weight and birth length in control group and disease group; B: Birth weight and birth length were shown as mean ± standard deviation. aP < 0.05. Control group: Healthy women who delivered at term without pregnancy complications; Combined disease group: The group with gestational diabetes (GDM) and hypertensive disorder complicating pregnancy (HDCP). 
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Figure 2 Distribution of nickel content in maternal-fetal system. A: Nickel (Ni) content in maternal blood, placenta blood and cord blood in control group and disease group; B: The Ni content in maternal-fetal system is shown as mean ± standard deviation. aP < 0.05 vs Ni content in umbilical cord blood in control group; cP < 0.05 vs Ni content in maternal blood in same group. Control group: Healthy women who delivered at term without pregnancy complications; Combined disease group: the group with gestational diabetes (GDM) and hypertensive disorder complicating pregnancy (HDCP).
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