Determination of organochlorine pesticides in human umbilical cord and association with orofacial clefts in offspring
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Abstract
[bookmark: OLE_LINK21][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK8]Studies based on questionnaires suggested that maternal exposure to pesticides increases the risk for orofacial clefts (OFCs). However, whether organochlorine pesticides (OCPs) exposure in vivo affects the occurrence of OFCs remains unclear. The aims of this study are to investigate the association of OCP exposure with the risk of OFCs by examining the concentrations of OCPs in human umbilical cords, and investigate the potential dietary sources of OCPs in umbilical cord tissues. A case-control study consisting of 89 OFC cases and 129 nonmalformed controls with available tissues of umbilical cord was conducted. Concentrations of twenty specific OCPs were determined in the umbilical cord by gas chromatograph-mass spectrometry, and seven OCPs with detection rate larger than 50% were included in analyses. The individual effect and joint effect of multiple OCPs in umbilical cords on the risk for OFCs were investigated using multivariate logistic models and Bayesian Kernel Machine Regression (BKMR). No difference was found in the median levels of ΣOCPs between cases (1.04 ng/g) and controls (1.03 ng/g). No significant associations were observed between levels of OCPs in umbilical cords and risk for OFCs in either multivariate logistic models or BKMR models. Maternal consumptions of beans or bean products were positively correlated with levels of β-hexachlorocyclohexane, heptachlor epoxide, p,p′-DDE, and ∑OCPs in umbilical cord, respectively. In conclusion, we didn’t find the association between in utero exposure to OCPs and the risk for OFCs. Maternal consumptions of beans or bean products may be a source of OCPs exposure.
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1. Introduction
[bookmark: _Hlk32688014][bookmark: OLE_LINK7][bookmark: OLE_LINK45][bookmark: OLE_LINK49][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Orofacial clefts (OFCs) are among the most common and burdensome birth defects, which arise in about 1 in 700 livebirths, with ethnic and geographic variation (Mossey et al. 2009). Generally, children with OFCs need multidisciplinary care from birth to adulthood and have higher morbidity and mortality throughout life than do unaffected individuals (Mossey et al. 2009). Although there has been progress in identifying environmental and genetic factors for OFCs, the etiology of OFCs remains poorly elucidated (Dixon et al. 2011). Some environmental risk factors have been identified for OFCs, including maternal exposure to indoor air pollution, tobacco smoke, dioxins, and PM2.5 (Honein et al. 2007; Leskow et al. 2019; Liu et al. 2016; Zhou et al. 2017).
[bookmark: _Hlk55945279][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK13][bookmark: _Hlk32687303][bookmark: _Hlk32687378]Organochlorine pesticides (OCPs) are a group of important organic pollutants, which have been widely used worldwide because of low cost and their good performance against plant disease and various pests (Li et al. 2014; Pirsaheb et al. 2015). Although the use of OCPs was banned worldwide since 1970s, the residues of different OCPs have been reported in human blood, fatty tissues, and breast milk (Konishi et al. 2001; Liu et al. 2004; Ma et al. 2013; Song et al. 2012; Yu et al. 2006). Additionally, dichlorodiphenyltrichloroethane (DDT) was identified as new main source of OCPs in recent years (Qiu et al. 2005), which resulted in OCPs becoming ubiquitously occurring environmental contaminants. The adverse effects of the OCPs on humans’ health are of high concern because of its worldwide use, its accumulation in the human food chain, and its long half-life in human tissues due to its lipophilicity (Konishi et al. 2001; Liu et al. 2004; Ma et al. 2013; Song et al. 2012; Yu et al. 2006). More importantly, OCPs have the ability to transfer from mother to fetus/baby through placental transport or breastfeeding (Mishra and Sharma 2011; Sala et al. 2001). Exposure to OCPs, such as Hexachlorocyclohexanes (HCHs), p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE) and hexachlorbenzene (HCB) are related to birth defects, such as neural tube defects (Ren et al. 2011), hypospadias (Rignell-Hydbom et al. 2012). Previous case-control studies based on questionnaires suggested that maternal exposure to pesticides increases the risk for OFCs (Garcia et al. 1999; Hao et al. 2015; Xu et al. 2015). However, these associations may be interfered due to the recall bias and reporting bias. To date, no study has explored the association between in utero exposures to OCPs, and the occurrence of OFCs.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk32688209][bookmark: _Hlk32688221]Previous studies have found that human is generally exposed to multiple environmental pollutants, rather than just a single environmental pollutant at the same time (Crinnion 2010; Woodruff et al. 2011). Most pollutants are highly correlated to each other, so that an additive or synergic effect cannot be excluded (Billionnet et al. 2012). Recently, an increasing number of studies have used multi-pollutant analysis to assess the association between the environmental pollutants mixture exposure and health effects, instead of analyzing the effects of single pollutants (Lim et al. 2019; Valeri et al. 2017). However, traditional methods to analyze pollutants mixtures in association studies have methodological limitations (Billionnet et al. 2012). Bayesian Kernel Machine Regression (BKMR), a recently proposed method, is used to estimate the health effects of multi-pollutant mixtures (Bobb et al. 2015; Bobb et al. 2018). At present, no studies have investigated the combined effects of multiple OCPs on human health.
Humans could be exposed to pesticides through different pathways including air, dermal penetration and ingesting contaminated food. The two former pathways comprise only approximately less than 2% of the total absorption of pesticides, and the ingesting contaminated food is considered as the main potential for exposure to pesticides (Hu et al. 2004; Lu et al. 2004; Morgan et al. 2007; Pirsaheb et al. 2015).
Therefore, this study aimed to examine the association between concentrations of OCPs in umbilical cord tissues and risk for OFCs using multivariate logistic models and BKMR models in a case-control study. In addition, we investigated the potential dietary sources of OCPs in umbilical cord tissues.
2. Materials and methods
2.1 Study Population and sample collection
We have carried out an on-going population-based case-control study since 2002, and details have been described elsewhere (Pi et al. 2018; Ren et al. 2011). Briefly, the subjects were recruited from five rural counties (Xiyang, Taigu, Pingding, Zezhou, and Shouyang) of Shanxi Province in northern China. For each fetus or newborn diagnosed with birth defect, a non-malformed newborn was selected as a control in the same hospital matching with last menstrual period (plus or minus 4 weeks), residence of the mother (the same county), and infant gender. Diagnoses were confirmed using physical examination and/or prenatal ultrasound examination by trained health workers. Umbilical cord tissues were obtained from the neonatal umbilicus after delivery, and immediately stored at −20°C. In the present study, 89 OFC cases (48 with cleft lip with cleft palate, 36 with cleft lip only, and 5 with cleft palate only) and 129 controls collected from 2003 to 2016, and with available umbilical cord samples (≥7g wet weight) were included.
[bookmark: _Hlk56625865][bookmark: _Hlk55939254]Maternal face-to face interviews were conducted by trained local health workers using a structured questionnaire, within a week after delivery. We collected information regarding maternal age at pregnancy, body mass index (BMI), infant sex (male or female), education (“Primary school or lower”, “Junior high school” or “High school or above”), occupation (farmer or other), gravidity (1, 2 or >2 times), history of birth defects (yes or no), periconceptional use of a folic acid supplement (yes or no), and alcohol consumption (yes or no). Smoking exposure was defined as maternal active or passive smoking from any source (at home or in public places) measured through self-reported exposure (at least once per week, and at least one cigarette at a time) from one month before and two months after conception. Information on dietary intake habits was also collected, including frequency of consumption of fish or meat (<1, 1–3, 4–6, >6 times per week), frequency of consumption of milk or eggs (<1, 1–3, 4–6, >6 times per week), frequency of consumption of fresh green vegetables (<1, 1–3, 4–6, >6 times per week), frequency of consumption of fresh fruit (<1, 1–3, 4–6, >6 times per week), and frequency of consumption of beans or bean products (<1, 1–3, 4–6, >6 times per week). Our study was approved by the Institutional Review Board of Peking University. All participating mothers provided written informed consent.
2.2 Determination of umbilical cord OCPs 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK35][bookmark: OLE_LINK36]Gas chromatography-mass spectrometry (GC-MS, Agilent 7890B-5977A, USA) was used to quantify the concentrations of twenty specific OCPs. The detailed descriptions of the method are listed on the Supplementary materials. Firstly, about 0.700 g of lyophilized umbilical cord tissue sample was spiked with 20 ng of two recovery surrogates (polybrominated diphenyl ethers-77 and polybrominated diphenyl ethers-128, Dr. Ehrenstorfer, Germany) and then Soxhlet-extracted with 120 mL of dichloromethane for 24 hours. All the extracts were concentrated and their lipophilic material in extractions was filtrated using gel permeation chromatograph GPC. After that, a silica/alumina gel cleanup column was used to further purification. The sequential eluents were 20 mL n-hexane/dichloromethane (1:1, v/v). Pentachloronitrobenzene was then added as the injection internal standard. The fractions containing OCPs were further concentrated to about 100 μL prior to quantitative analysis. Finally, a total of twenty priority OCPs, including hexachlorobezene (HCB), α-hexachlorocyclohexane (α-HCH), β-hexachlorocyclohexane (β-HCH), γ-hexachlorocyclohexane (γ-HCH), δ-hexachlorocyclohexane (δ-HCH), heptachlor (HEC), heptachlor epoxide (HCEAB), aldrin (ALD), endrin (END), isodrin (IDR), α-endosulfan (ENS I), β-endosulfan (ENS II), o,p’-DDE (op-DDE), o,p’-DDT (op-DDT), o,p’-DDD (op-DDD), p,p’-DDE (pp-DDE), p,p’-DDT (pp-DDT), p,p’-DDD (pp-DDD), mirex (MRI), and dieidrin (DIE), were determined with a gas chromatography coupled to GC-MS.
2.3 Quality control
Two analytical procedure blank samples were prepared with each batch of the fourteen umbilical cord samples. The operators were blinded to case/control status, and similar number of cases and controls were randomly ordered in each batch and GC-MS measurements. This system was calibrated using pentachloronitrobenzene (Dr. Ehrenstorfer, Germany) as the internal reference.
2.4 Statistical analysis
Subject characteristics in case and control groups were compared by Chi-squared test or Fisher’s exact test for categorical variables, and t-test for continuous variables. The concentrations of OCPs were described using the median with interquartile range because of the skewed distribution, and the difference between cases and controls were evaluated by the Wilcoxon rank sum test. OCP concentrations were categorized in dichotomy based on the median values among all subjects. Multivariate logistic regression models were used to estimate the associations between each of OCPs and risk for OFCs. Maternal age and BMI are the most important basic characteristics of subjects, and we empirically adjusted them in the model. Gestational age and maternal smoking showed significant statistical differences between the case and control groups, therefore we also adjusted them in the model. Odds ratio (OR) and 95% confidence interval (CI) were used to assess the risk. Although the etiology of the two subtypes of orofacial clefts (cleft lip with or without cleft palate and cleft palate) is different, the sample size of the cleft palate (5) was so small that we did not perform a subgroup analysis of cleft palate. Furthermore, as a sensitivity analysis, we restricted association analyses to isolated OFCs.
To allow for potential synergistic and nonlinear effects among mixture components, in addition to the single-pollutant exposure model, we further applied Bayesian kernel machine regression (BKMR), which combines Bayesian and machine learning methods to regress an exposure-response function iteratively through the Gaussian kernel function. BKMR utilizes a non-parametric approach to flexibly model the joint effect of environmental mixtures (Bobb et al. 2015; Bobb et al. 2018). BKMR allows the visualization of the exposure-response association for each component of a mixture, while taking into account the correlation between the mixture components. The probit BKMR model used in this study is below: Yi=h (HCB, β-HCH, γ-HCH, IDR, HCEAB, ENS I, and pp-DDE) + βT Zi + ei. The function h (exposure) is an exposure-response function that accommodates nonlinearity and/or interaction among the mixture components and seven OCPs were included in this model with the detection rate >50%. The coefficients β are the effect estimates of the Zi covariate. The same covariates included in the multivariate logistic regression models were included in the BKMR model for confounding adjustment. OCPs concentrations were log-transformed in the BKMR model to improve model fit.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Spearman correlation tests were performed to examine the correlations between concentrations of each of OCPs, between gestational age and concentrations of OCPs, and between dietary intake habits and concentrations of OCPs.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Wilcoxon rank sum test and multivariate logistic regression controlled the type I errors on multiple comparisons by the Bonferroni correction, the significance level of the association analyses was calculated as 0.05/7 (the number of OCPs detected) = 0.007. Statistical tests were two-tailed and all P values < 0.05 were conventionally regarded as statistically significant. Analyses were performed with SPSS 23.0 software (SPSS, Chicago, IL, USA). The BKMR analysis was implemented with the R package bkmr (version 3.5.1; R Development Core Team).
3. Results
3.1 Study population Characteristics
The demographic characteristics of subjects summarized by case-control status are presented in Table S1. The majority of the mothers were identified as Han ethnicity (98.9%). Mothers of infant with OFC cases were more likely to have smoking exposure during early pregnancy and have shorter gestation age, as compared with the control group. We did not observe differences between the OFC cases and controls for other demographic characteristics.
3.2 Concentrations of OCPs in umbilical cord tissues
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The levels of OCPs in umbilical cord tissues of OFC cases and controls were shown in Table 1. There was no significant difference between OFC cases and control groups. For α-HCH, δ-HCH, HEC, ALD, END, ENS II, op-DDE, op-DDT, op-DDD, pp-DDT, pp-DDD, MRI, and DIE, more than 50% of the subjects had levels lower than the limit of quantification (Table S2), therefore these chemicals were not analyzed in this study. There were low to moderate correlations among the seven OCPs in umbilical cord (r values ranging from 0.18 to 0.47, Figure S1).
[bookmark: bappsec1]A statistical difference in gestational age was observed between OFCs and controls. If the OCPs concentration changes with gestation age, gestation age will be an important confounding factor in this study. Hence, spearman correlation was used in this study to evaluate the correlation between OCPs concentrations in umbilical cord tissues and gestational age. We did not find correlation between OCP concentrations in umbilical cord tissues with gestational age (Table S3).
Table 1 Concentrations of OCPs in umbilical cord samples from cases with OFCs and controls
	OCPs (ng/g) a
	Controls (n=129)
	　
	OFCs (n=89)
	

	
	Median 
(P25–P75)
	　
	Median
 (P25–P75)
	P b
	　

	HCB 
	0.04
(0.02-0.07)
	
	0.04
(0.03-0.08)
	0.259
	

	β-HCH
	0.66
(0.53-0.93)
	
	0.74
(0.44-1.05)
	0.487
	

	γ-HCH
	0.15
(0.01-0.02)
	
	0.01
(0.01-0.02)
	0.645
	

	IDR
	0.03
(0.02-0.05)
	
	0.04
(0.02-0.07)
	0.087
	

	HCEAB 
	0.14
(0.01-0.02)
	
	0.01
(0.01-0.04)
	0.480
	

	ENS I
	0.14
(0.01-0.02)
	
	0.02
(0.01-0.02)
	0.354
	

	pp-DDE
	0.10
(0.04-0.30)
	
	0.11
(0.05-0.24)
	0.890
	

	∑OCPs
	1.03
(0.72-1.45)
	　
	1.04
(0.66-1.60)
	0.565
	　


HCB, hexachlorobezene; β-HCH, β-hexachlorocyclohexane; γ-HCH, γ-hexachlorocyclohexane; HCEAB, heptachlor epoxide; IDR, isodrin; ENS I , α-endosulfan; pp-DDE, p,p’-DDE; ΣOCPs is the sum of HCB, β-HCH,γ-HCH, HCEAB, IDR, ENS I, pp-DDE; OFCs, orofacial clefts
a The levels of OCPs in umbilical cord tissues of OFC cases and controls are based on a dry weight.
b Bonferroni corrections P-value threshold of 0.007 was considered statistically significant.
3.3.1 Multivariable logistic model to assess the association between OCPs concentration and OFCs
Table 2 showed the results from the multivariate logistic models for associations between the concentrations of the OCPs in umbilical cord and OFCs risk. No significant association was found between the concentration of the sum for OCPs (∑OCPs) in umbilical cord tissues and risk of OFCs in the models without adjusting confounders (crude OR [cOR] = 1.04, 95% CI: 0.61-1.78), or adjusting confounders (adjusted OR [aOR] = 0.81, 95% CI: 0.44-1.49). There was still no association between each single OCP (HCB, β-HCH, γ-HCH, IDR, HCEAB, ES1, and pp-DDE) in the umbilical cord tissue and risk for OFCs.
[bookmark: _Hlk55936657]We also did the subgroup analysis of cleft lip with cleft palate and cleft lip only, and the results were similar to the primary analyses (Table S4).
[bookmark: _Hlk55936744][bookmark: OLE_LINK32][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Table 2 Associations between concentrations of OCPs in umbilical cord and risks for OFCs
	OCPs
(ng/g)
	Controls
(n=129)
	OFCs
(n=89)

	
	n (%)
	n (%)
	cOR
 (95% CI)
	aOR a
(95% CI)

	HCB 
	
	
	
	
	

	    Low
	≤0.043
	66
(51.2
	43
(48.3)
	1.12
(0.65-1.92)
	1.00
(0.56-1.83)

	    High
	>0.043
	63
(48.8)
	46
(51.7)
	
	

	β-HCH
	
	
	
	
	

	    Low
	≤0.683
	67
(51.9)
	42
(47.2)
	1.21
(0.70-2.08)
	0.890
(0.49-1.64)

	    High
	>0.683
	62
(48.1)
	47
(52.8)
	
	

	γ-HCH
	
	
	
	
	

	    Low
	≤0.014
	64
(49.6)
	45
(50.6)
	0.96
(0.56-1.65)
	0.98
(0.54-1.79)

	    High
	>0.014
	65
(50.4)
	44
(49.4)
	
	

	IDR 
	
	
	
	
	

	    Low
	≤0.036
	69
(53.5)
	40
(44.9)
	1.41
(0.82-2.42)
	1.10
(0.61-2.00)

	    High
	>0.036
	60
(46.5)
	49
(55.1)
	
	

	HCEAB 
	
	
	
	
	

	    Low
	≤0.013
	60
(46.5)
	49
(55.1)
	0.71
(0.41-1.22)
	0.56
(0.30-1.04)

	    High
	>0.013
	69
(53.5)
	40
(44.9)
	
	

	ENS I 
	
	
	
	
	

	    Low
	≤0.014
	69
(53.5)
	40
(44.9)
	1.41
(0.82-2.42)
	1.22
(0.67-2.22)

	    High
	>0.014
	60
(46.5)
	49
(55.1)
	
	

	pp-DDE 
	
	
	
	
	

	    Low
	≤0.102
	66
(51.2)
	43
(48.3)
	1.12
(0.65-1.92)
	1.00
(0.55-1.83)

	    High
	>0.102
	63
(48.8)
	46
(51.7)
	
	

	∑OCP 
	
	
	
	
	

	    Low
	≤1.033
	65
(50.4)
	44
(49.4)
	1.04
(0.61-1.78)
	0.81
(0.44-1.49)

	    High
	>1.033
	64
(49.6)
	45
(50.6)
	
	


[bookmark: _Hlk55938418][bookmark: OLE_LINK43]HCB, hexachlorobezene; β-HCH, β-hexachlorocyclohexane; γ-HCH, γ-hexachlorocyclohexane; HCEAB, heptachlor epoxide; IDR, isodrin; ENS I, α-endosulfan; pp-DDE, p,p’-DDE; ΣOCPs is the sum of HCB, β-HCH,γ-HCH, HCEAB, IDR, ENS I, pp-DDE; aOR, adjusted odds ratio; cOR, crude odds ratio; CI, confidence interval; OFCs, orofacial clefts.
a Adjusted for maternal age at pregnancy, BMI, maternal smoking exposure, and gestational age.
3.3.2 BKMR model to assess the association between OCPs concentration and OFCs
Fig. 1 showed that there was no joint effect of seven OCP mixtures on the risk of OFCs, when all the OCPs were fixed to different percentiles (from 25th to 75th by 5th), as compared with when they were all fixed to the 50th percentile. Fig. 2 showed the variation in the association of each OCP levels when the single OCP increased from 25th to 75th percentile accompanied by the other OCPs set at different threshold (25th, 50th, or 75th percentile). We still have not observed an association between OCP individuals and risk for OFCs. We also used the BKMR to examine the potential non-linear exposure-response relationships when the levels of other OCPs were fixed at the median concentration (Fig. 3). β-HCH showed to have a U-shaped relationship with OFCs, and IDR appeared a little increasing relationship with OFCs, while other OCPs showed flat relationships with OFCs.
[image: F:\R analysis-clp\log转换结果\总体.tiff]
Figure 1 Overall association of the OCP mixture with OFCs risk. The black dots represent the estimates; solid line represent 95% credible intervals. The risk was estimated when all OCPs were at a particular percentile compared with the value when all of them were at their 50th percentile. Model adjusted for maternal age at pregnancy, BMI, maternal smoking exposure, and gestational age.
[image: F:\R analysis-clp\log转换结果\dange.tiff]
Figure 2 Individual pollutant association. Point estimates show the difference in OFC risks when a single metal was at the 75th vs. 25th percentile, when all the other metals were fixed at either the 25th (red line), 50th (green line), or 75th percentile (blue line). "est" can be defined as the association between single OCP and OFC risk. Model adjusted for maternal age at pregnancy, BMI, maternal smoking exposure, and gestational age.
[image: F:\R analysis-clp\log转换结果\fanyinghans.tiff]
Figure 3 Dose-response function between individual OCP and OFCs while fixing other OCPs at median values. The grey area represents 95% credible intervals. The results were estimated by Bayesian Kernel Machine Regression, adjusting for maternal age at pregnancy, BMI, maternal smoking exposure, and gestational age.
3.3 Spearman correlations between dietary intake habits and concentrations of OCPs in umbilical cord tissues
The results of the correlation analysis are shown in Table 3. The frequencies of maternal ingestion of beans and bean products were positively correlated with β-HCH, HCEAB, pp-DDE, and ∑OCPs levels in umbilical cord tissues (r = 0.259, r = 0.153, r = 0.211, and r = 0.233, respectively), but the correlations were weak. There was no correlation between OCP levels in umbilical cord tissues and other dietary intake habits.
Table 3 Spearman correlations between dietary intake habits and concentrations of OCPs in umbilical cord tissues
	Potential exposure sources
	HCB 
	β-HCH
	γ-HCH
	IDR 
	HCEAB 
	ENS I 
	pp-DDE 
	∑OCPs

	Dietary intake habits
	
	
	
	
	
	
	
	

	Fish or Meat
	-0.003
	0.015
	-0.056
	-0.026
	-0.022
	-0.098
	0.011
	-0.003

	Milk or Eggs
	0.043
	0.013
	-0.108
	-0.025
	-0.019
	-0.038
	0.081
	0.034

	Fresh green vegetables
	-0.068
	-0.022
	-0.080
	-0.068
	-0.010
	-0.021
	0.054
	-0.004

	Fresh fruit
	-0.009
	0.036
	-0.067
	-0.008
	-0.010
	0.031
	0.089
	0.059

	Beans or bean products
	0.065
	0.259**
	-0.116
	0.052
	0.153*
	0.032
	0.211**
	0.233**


HCB, hexachlorobezene; β-HCH, β-hexachlorocyclohexane; γ-HCH, γ-hexachlorocyclohexane; HCEAB, heptachlor epoxide; IDR, isodrin; ENS I, α-endosulfan; pp-DDE, p,p’-DDE; ΣOCPs is the sum of HCB, β-HCH,γ-HCH, HCEAB, IDR, ENS I, pp-DDE
* P < 0.05, ** P < 0.001
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3.4 Sensitivity Analysis
As a sensitivity analysis, we restricted our analyses to cases with isolated OFCs. When we excluded nine non-isolated OFC cases, the results did not change (Table S5). No associations between levels of OCPs and risk for OFCs were found.
4. Discussions
This study for the first time determined the associations between OCPs levels in umbilical cord tissue and the risk for OFCs. Besides evaluating the individual effect of each OCPs exposure on the risk of OFCs, we also considered associations within the context of exposure mixture patterns. However, no statistically significant associations between levels of OCPs in umbilical cord tissue and the risk for OFCs in either multivariate logistic models (single-pollutant models) or BKMR models (multi-pollutant models) were found. In addition, maternal consumptions of beans and bean products may be sources of OCPs exposure in umbilical cord.
We compared the levels of OCPs in umbilical cord with results from previous studies. Our median DDE level among controls (0.10 ng/g dry weight) was lower than that reported in umbilical cord from the general population in Faroe Islands (1.19 ng/g dry weight) (Burse et al. 2000). Fukata et al. (2005) reported that based on the lipid weight, the median concentration of umbilical cord pp-DDT was 18 ng/g, while the HCB, op-DDT, pp-DDE, pp-DDD, ENS, HEC were not detected in Japan. In our study, the detection rate of pp-DDT in umbilical cord tissues was only 39%, and the median value of pp-DDT level based on the lipid weight in controls was 0.92 ng/g. The umbilical cords in these two studies were collected in 1986-1987 (Burse et al., 2000) and 2002-2003 (Fukata et al., 2005), respectively. In our study, most of umbilical cords (over 86.8%) were collected in 2010-2016. As the use of OCPs was banned worldwide since 1970s, the people exposed to OCP decreased over time. Although OCP is a persistent organic pollutant, the residual amount of OCP in the environment gradually decreases over time, which also results in the decrease of population's exposure to OCP. Therefore, this may explain why the OCP level in this study is lower than that in the previous two studies.
[bookmark: _Hlk56727212][bookmark: _Hlk56727322][bookmark: _Hlk55947779][bookmark: _Hlk56443985][bookmark: _Hlk32688501]In our study, neither the applied multivariate logistic models nor BKMR models produced statistically significant associations between in utero exposure to single OCP or OCP mixtures and risk for OFCs. To our knowledge, this study is the first to report the association between in utero exposure to OCPs and risk for OFCs. A previous case-control study reported that no association of paternal/maternal occupational exposure to pesticides with OFCs risk (Shaw et al. 1999). A case-control study based on questionnaires found that maternal pesticide exposure in early pregnancy was significantly associated with an increased risk of non-syndromic cleft of the lip and/or palate in China (OR = 8.90, 95% CI: 1.81-43.59) (Xu et al. 2015). A case-malformed control study found that oral clefts had significantly increased ORs of maternal occupational exposure to pesticides (aOR = 1.7, 95% CI: 1.0–3.1) when using nonchromosomal controls (Spinder et al. 2017). A meta-analysis suggested that maternal exposure to pesticides is associated with a modest but marginally significant risk of OFCs (Romitti et al. 2007). Another, more recent, meta-analysis which limited to studies using expert assessment of occupational exposure, could not calculate a pooled estimate for pesticide exposure and OFC risk, because of heterogeneity between published studies (Spinder et al. 2019). However, none of these previous studies did separate out which pesticide exposures (such as OCPs, organophosphorus pesticides, carbamate, pyrethroids, etc.) or the subtypes of OFCs. There may be significant differences in the toxicity and metabolism of different pesticides and in the etiology and pathogenesis between cleft lip with or without cleft palate and cleft palate. In addition, these previous studies were based on the external exposure, which may introduce recall bias and reporting bias on exposure to OCPs. Furthermore, because the fetus lives in the intrauterine and is not directly exposed to the external environment, the assessment of external environmental exposure to the pregnant woman cannot accurately reflect the fetal OCPs exposure. Inaccurate assessment of exposure level may seriously interfere with the true association between OCPs exposure and OFCs risk. In this study, an internal exposure assessment with detecting the OCPs level in umbilical cord tissues was performed, and no association between OCPs intrauterine exposure and the risk of OFCs was found. Our study may provide a new clue to illustrate the developmental toxicity of OCPs.
[bookmark: OLE_LINK57]The evidence showed that the ingesting contaminated food is considered as the main source of human exposure to pesticides (Pirsaheb et al. 2015). In this study, our results indicated that maternal dietary intake beans and bean products may be a source of in utero exposure to OCPs. A previous study reported that the level of p,p’-DDT was statistically significant correlated with bean products (r =0.131) from 999 pregnant women in the Huaihe River Basin of China (Luo et al. 2016). Some studies have found that there were a variety of OCPs residues in beans (Latif et al. 2011; Oyeyiola et al. 2017). Although the use of OCPs has been banned in China, plants can still absorb OCPs from the soil due to their history of large-scale use and persistence in the environment, resulting in OCPs accumulation and potential harm to human health.
Our study had two strengths. Firstly, umbilical cord is a part of the fetal tissue derived from the yolk sac and the urine sac. The levels of OCPs in umbilical cord tissues can more accurately reflect fetal exposure. Secondly, in this study, in addition to analyzing the individual effects of each OCPs exposure on the risk of OFCs, BKMR model was used to evaluate the combined effects of OCPs mixtures on the risk of OFCs. The BKMR model can flexibly estimate the combined effects of multiple highly correlated OCPs exposures on OFCs. It is also possible to evaluate the exposure-response function and complex interactions by controlling other OCPs at specific levels. These are things that traditional regression models cannot analyze.
[bookmark: OLE_LINK20][bookmark: OLE_LINK25]Our study is not without limitations. A study limitation is the window period of exposure: the umbilical cord tissues were collected from subjects after delivery, the key window of lip and palate development is in 4−12 weeks of gestation. However, for intrauterine exposure studies, this is a difficult problem to solve. Our study also found no correlation between OCPs level and gestational age, suggesting that OCPs level in late gestation may represent exposure in early gestation in some extent. Secondly, the relatively small sample sizes of this study, limited the statistical power and our ability to do further subgroup analysis. Thirdly, the intrinsic limitations of this case-control study are recall bias and report bias regarding dietary intakes. Finally, although the study was population-based, we could not completely exclude selection bias.
5. Conclusions
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK11][bookmark: OLE_LINK12]We found no evidence of associations between in utero exposure to OCPs and risk for OFCs, whether in estimating single effects of OCPs or joint effects of multiple OCPs. Maternal consumptions of bean and bean products may be sources of OCPs exposure in umbilical cord.
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