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Executive Summary
Parabens are a group of widely-used antimicrobial compounds found in many products, including cosmetics, personal care products, food products, and pharmaceutical chemicals, to increase their shelf life. While previous studies have shown that paraben exposure is ubiquitous, information about exposure among young infants is very limited. These data are urgently needed as infants may be a particularly vulnerable population because they are rapidly developing and, as a result, may be more sensitive to environmental factors. This project sought to characterize infants' exposure to parabens and identify factors associated with higher levels of exposure. 
Between 2016 and 2018, infants and their families were enrolled into the CHildren's Immune Response Study (CHIRP). Questionnaires, including information on demographic characteristics and behaviors (e.g., personal care product use), were completed by parents, and urine samples were collected when infants were 1 to 3 months old (n=72) and 12 months old (n=29), with 18 infants evaluated at both time points. In this study, we measured urinary concentrations of methyl-paraben (MPB), ethyl-paraben (EPB), propyl-paraben (PPB), and butyl-paraben (BPB) using solid phase extraction and LC/MS-MS analysis. 
MPB, EPB, and PBB were detected frequently (>70%) in urine samples collected from CHIRP study infants, and concentrations ranged over several orders of magnitude (medians MPB=25.44 ng/mL; PPB=3.55 ng/mL; EPB=0.90 ng/mL). In general, parabens were correlated with each other in samples, which may be the result of their co-use in personal care products. There were no statistically significant differences in paraben concentrations between samples collected at 1 to 3 months and 12 months of age; however, overall, paraben concentrations for infants were lower than previously reported for older age groups. Concentrations of individual parabens were not correlated over time, suggesting multiple measurements of parabens may be needed to capture information about exposure during infancy. Race and education were associated with paraben concentrations in urine, with children of non-Hispanic Black and other races having higher levels of paraben metabolites than non-Hispanic White children. Lotion usage in the past seven days (at the age of 1 to 3 months) was associated with increased concentrations of MPB, PPB and EPB in urine. For example, urinary MP concentrations for infants who used lotion were 5.11 times higher than those for infants who did not (95% CI:1.28-15.39). A similar pattern was observed among infants at 12 months of age; however, associations were not statistically significant.  
Our results, suggesting the use of lotion is the strongest predictor of exposure in this cohort, indicate that exposure to parabens is, to some degree, modifiable. Identifying potential exposure predictors may help to mitigate paraben exposure in early life and prevent adverse health outcomes. 



1. Introduction
Parabens are a group of antimicrobial compounds commonly added to many products, including cosmetics, personal care products, food products, and pharmaceutical chemicals, to increase their shelf life. Parabens inhibit the growth of harmful bacteria and mold, which is essential in protecting products and consumers. However, prior research suggests that elevated exposure to parabens may be related to a number of adverse health outcomes, including disruption of endocrine function, decreased fertility and reproductive harms, adverse birth outcomes, and increased risk of cancer (Błędzka et al., 2014; Nowak et al., 2018; Smarr et al., 2017; Sun et al., 2016). For example, exposure to parabens has been associated with altered thyroid hormone levels and increased oxidative stress among pregnant women (Vale et al., 2022;  Aker et al., 2016; Lan et al., 2022). 
The general population is commonly exposed to parabens because they are extensively used in everyday personal care products and cosmetics and are frequently detected in indoor environments (Lu et al., 2019; Gosens et al., 2013). Dermal contact with personal care products is generally considered the primary exposure route for parabens (Lu et al., 2019; Gosens et al., 2013). According to a study by Gosens et al., total MPB and PPB exposure for adults through dermal contact with personal care products was estimated to be 50 mg/kg body weight/day (Gosens et al., 2013). A recent study of young children found that the frequency of lotion use was positively correlated with urinary paraben concentrations (Levasseur et al., 2021), further supporting the hypothesis that personal care products are an important source of exposure, even among children. Exposure also occurs via oral ingestion of pharmaceuticals and food containing parabens (Lu et al., 2019; Gosens et al., 2013). An exposure assessment on parabens revealed that ingestion of pharmaceuticals contributes 25 mg/kg body weight/day on average to total paraben exposure. On average, food consumption contributes 1 mg/kg bw/day to total paraben exposure (Gosens et al., 2013). Indoor dust may represent another important source of exposure to parabens for humans, especially children, as they have more frequency of hand-to-mouth behavior than adults (Rabhi et al., 2018; Xue et al., 2007). Parabens are commonly detected in indoor dust (Li & Chen, 2022; Tran et al., 2021). In a recent study of toddlers, statistically significant correlations were found between parabens in dust samples and urine samples, including MPB (rs=0.25, p<0.01), PPB (rs=0.26, p<0.01), and EPB (rs=0.34, p<0.001) (Levasseur et al., 2021). This suggests that dust also contributes to the overall body burden of parabens, especially among children. However,  parabens in dust may originate from personal care products.
Once absorbed, parabens are rapidly metabolized and excreted in the urine, which is commonly used as an indicator of exposure in biomonitoring studies (Engeli et al., 2017; Lu et al., 2019). Studies of paraben exposure have been conducted among various groups of people and have shown widespread detection of parabens in occupational cohorts and the general population (e.g., Yu et al., 2019; Nishihama et al., 2016; Liu et al., 2019). Prior research also suggests exposure varies by demographic characteristics and individual behaviors. In a study conducted on exposure to parabens among adult workers in southern China (n=562), EPB, PPB and MPB were detected in >98% of samples (Yu et al., 2019). This study demonstrated that urinary paraben concentrations were 4.5 to 46.2 fold higher in urine samples collected from females than in urine samples collected from males (Yu et al., 2019). Similar patterns were found in the National Health and Nutrition Examination Survey (NHANES), which examined paraben exposure for the general U.S. population ≥6 years old (Calafat et al., 2010); females had higher urinary levels of MPB and PPB than males (Calafat et al., 2010). This pattern of sex differences has been attributed to differences in the use of personal care products between men and women. However, similar results were observed in the Toddlers Exposure to SVOCs in Indoor Environments (TESIE) study, which showed female children aged 3-6 years had higher paraben concentrations in their urine than male children (Hoffman et al., 2018). While personal care product use may also vary between male and female children, we anticipate that differences in behavior are minor at younger ages, which may indicate that there are differences in metabolism and excretion of parabens by sex. 
Numerous studies have also demonstrated differences in paraben exposure by race and ethnicity. For example, in the NHANES and TESIE studies, non-Hispanic Black study participants had higher MPB and PPB concentrations in urine than non-Hispanic White participants (Hoffman et al., 2018; Calafat et al., 2010). This may also result from differences in personal care product use or may be confounded by other factors. 
Despite extensive data demonstrating widespread exposure to parabens in the general population, and studies evaluating exposure patterns in adults and older children, data on the levels of exposure for young infants remain limited. Differences in product usage, physiology (e.g., infants have a higher surface-area-to-weight ratio and breathe more than adults per unit body weight), and behavior (e.g., hand-to-mouth contacts) may contribute to different exposure levels and patterns among infants (Lu et al., 2019; Stapleton et al., 2008). Identifying and understanding children's exposures is particularly important given their growing and developing bodies (e.g., the central nervous system and lungs) which are more susceptible to toxic chemicals until fully developed (Hauptman & Woolf, 2017; Carroquino et al., 2012). The primary objectives of this study were to evaluate exposure to parabens in a cohort of infants (at two time points; 1 to 3 months old and 12 months old) and to identify predictors of higher levels of exposure. Identifying characteristics and bevaviors contributing to higher levels of exposure may provide an opportunity for interventions, potentially reducing exposure and associated adverse health impacts among children.

2. Methods
2.1. Study Population
	Participants were recruited by study team members during routine care appointments at Duke Pediatric Primary Care Clinics in Durham, North Carolina, for the Children's Immune ResPonse Study (CHIRP) (Hammel et al., 2020). All recruitment was conducted between 2016 and 2018. Most children were enrolled when they were between 1 and 3 months old (n=72); however, a small number of children were recruited at 12 months of age (n=11). Between 1 and 3 months of age, urine samples were collected from each infant, and a questionnaire was completed by their parent or legal guardian (additional detail provided below). A urine sample was also collected when infants were 12 months of age, and a study questionnaire was also completed during the same visit. Of the total cohort of 83 infants, 18 provided data and samples at both time points, 11 provided samples at 12 months and 54 provided samples at 1 to 3 months only. Thus, our final sample size was 83 infants who contributed 101 unique urine samples. 
2.2. Study Questionnaire
	Study questionnaires were completed by parents when the children were between 1 and 3 months old and when they reached 12 months of age. Study questionnaires were administered by staff and included demographic information (e.g., race and ethnicity, family income, parental education) and information regarding children's home environments, such as the year of construction and the type of home. Information about the child's routine and habits was also collected. Parents were also asked to report whether or not a rash cream or lotion had been applied to the child's skin in the previous seven days. Parents also reported whether or not the child attended daycare. In addition, detailed data was collected regarding the child's diet. Diet questions at each time point addressed breast and formula feeding and the introduction solid foods. Outdoor temperature (daily average) was collected and recorded by the study team from the National Weather Service for the day samples were collected. 
2.3. Urine Collection and Analysis
Standard pediatric urine collection bags were used to collect urine samples when children were 1 to 3 months and 12 months of age. Bags can be used inside a diaper and attached over the child's genitals to collect urine. Urine samples were primarily collected during the study visits (i.e., in the clinic). However, parents were provided several bags to collect a sample at home if a child failed to urinate while at the clinic. Each sample was required to be at least 5 mL of urine. Multiple voids were combined, if necessary, to obtain at least 5 mL. After each void, bags were emptied into a polyethene jar and stored at -20 degrees Celsius while awaiting analysis. Of importance, urine collection utilizing sample bags becomes more difficult as children age because they urinate less frequently and are walking and crawling. As a result, fewer samples were collected when infants were 12 months of age than when infants were 1-3 months old.  
Prior to analysis for parabens, specific gravity (SG) was measured in each sample using a digital handheld refractometer. Samples were then analyzed for MPB, PPB, EPB, and BPB. For the paraben analysis, 1.0 mL of urine from each sample was spiked with 50 uL of the internal standards (13C-methyl, -ethyl, -propyl and -butyl parabens). Samples were incubated overnight for at least 12 hours at 37 degrees Celsius with 1.75 mL of 1 M sodium acetate buffer solution (pH 5) and 100 uL of enzyme solution containing β-glucuronidase and sulfatase in 0.2 M sodium acetate buffer (pH 5). Metabolites were extracted from the urine sample using mixed-mode anion-exchange solid-phase extraction and analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Recovery standards (D4-methyl and propyl parabens) were added prior to LC-MS/MS analysis to measure recovery of the internal standards. We spiked 1.0 ug/mL of recovery standard in each sample. Laboratory processing blanks (n=8) and a urine reference sample (n=3; SRM 3673; NIST) were analyzed with samples for quality assurance and quality control. Raw data for urinary paraben concentrations were blank subtracted before analysis to obtain the paraben concentration in the urine. Method detection limits (MDLs) were defined as three times the standard deviation of blank concentrations for each paraben. Recovery of the internal standards averaged 51.2 ± 8.7 ng/mL for MPB; 48.2 ± 11.0 ng/mL for EPB; 54.5 ± 8.5 ng/mL for PPB; 83.8 ± 18.1 ng/mL for BPB. 
Prior to statistical analysis, we adjusted the paraben concentrations to account for urine dilution using specific gravity because we hypothesize that the route of elimination and urine dilution impacts paraben concentrations in urine. As young infants have a liquid diet and their kidneys do not concentrate urine efficiently, their urine is usually highly diluted. The following formula was used to correct for specific gravity (Graul  and Stanley, 1982): 
Adjusted concentration=(raw paraben concentration * ((1.024-1)/(specific gravity-1))).
2.4. Statistical Analysis
	Statistical analyses began with an evaluation of the collected data and data distributions. For all categorical potential exposure predictors, we performed a chi-square test of independence to evaluate differences in the covariate distributions by age (i.e., study time point). We then examined detection frequencies for each paraben. We conducted analyses for compounds detected in >70% of samples at both time points. When a paraben was detected in >70% of samples overall, we imputed values as MDL/2 for participants with paraben concentrations below the MDL. Based on Shapiro-Wilk's normality tests, we found that the concentrations of all parabens were not normally distributed in urine (p<0.001). Box and whisker plots further showed that distributions were highly skewed. Thus, we use non-parametric statistics or natural log-transformed biomarker concentrations (achieving normality) in further statistical analysis.
	To evaluate patterns of co-exposure, we calculated Spearman correlation coefficients between paraben measures in urine samples collected at each time point (analysis included the 18 individuals with measurements collected at both time points). We next evaluated changes in exposure over time by comparing urinary paraben metabolite levels at early (1-3 months old) and later (12 months of age) time points using a paired Wilcoxon rank-sum test (analyses restricted to infants with data at both time points). We examined correlations between both time points to investigate variability in paraben concentrations by age. Furthermore, we analyzed relationships between potential predictors of exposure and natural log-transformed biomarker concentrations using linear regression models. These analyses were stratified by age because we hypothesized a priori that exposure changes with age. Accordingly, analyses sought to provide insights into changes in factors contributing to parabens exposure over the first year of life. Stratification allowed us to determine whether associations between exposure predictors and paraben concentrations varied across age groups. Exposure predictors evaluated in this study include demographic characteristics, such as maternal race/ethnicity (non-Hispanic White vs other race or ethnicity), parents' educational attainment (college degree or less vs graduate degree), parents' income level (<$80,000 vs $80,000+) and the sex of the child. We also evaluated potential dietary exposures by examining breastfeeding status. For these analyses, we combined those who previously breastfed but not currently breastfed and those who never breastfed into one category due to the low sample size of these two categories (i.e., current vs never or prior). In addition, we evaluated whether there was an association between paraben concentrations and the use of personal care products, such as lotion and rash cream (used in the past 7 days vs did not use). We also examined whether or not the infant attended daycare. Average day temperature on the day of urine collection was also considered in our analysis as an exposure predictor, as we hypothesized that many temperature-related factors are likely to influence exposure. For example, in winter, when the air in North Carolina tends to be drier, we anticipated higher rates of lotion usage.  
Beta coefficients from regression models were exponentiated for easier interpretation. For categorical variables, exponentiated coefficients provide the multiplicative change in urinary paraben concentrations relative to the reference category. Our sample size, particularly at 12 months of age, was limited. In addition, several demographic predictors were highly colinear (e.g., race and ethnicity, parental education, etc.). Therefore, each predictor was entered into a separate model, and we did not conduct multi-variate regression. 

3. Results and Discussion
3.1. CHIRP Demographic and Behavioral Characteristics
	Among the 101 infants that were recruited into the study and provided at least one urine sample, 70 (69.3%) were male, and 31 (30.7%) were female (Table 1). This distribution was somewhat unexpected, but we anticipate differences observed between the proportion of male and female infants could have resulted from the methods we used to collect urine samples. Urine collection bags are more effective in male children than in females. Most CHIRP infants were non-Hispanic White (70.3%), while the rest identified as another race or ethnicity (13.9% non-Hispanic Black and 15.8% other race/ethnicity). Most of the infants had parents with high educational attainment, and 63.4% had at least one parent with a graduate degree. At 1-3 months old, 83.3% of infants were currently breastfeeding, while at 12 months of age, only 55.2% were currently breastfeeding (Table 2). The chi-square test of independence shows that breastfeeding was statistically more common among children at 1-3 months old (p=0.013) than at 12 months old. Urine samples were collected throughout all seasons from 2016 to 2018 in the Central North Carolina region, and the average temperature at collection varied considerably. Specific gravity was much higher among the 12-month-old infants (mean:1.0108) compared to the 1-3 month-old children (mean:1.0031), which reveals that younger infants in the study had much more dilute urine than older children. This is likely due to the shift of the primary diet from liquids (breast milk or formula) at 1-3 months to a more variable diet at 12 months. However, differences in kidney function may also be at play. 



Table 1: CHIRP study population demographic characteristics (n=83 infants with 101 urine samples). P-values indicate a difference in a specific characteristic by age.
	Characteristic
	1-3 Months of Age
(n=72)
	12 Months of Age
(n=29)
	p-value

	Sex
	
	
	

	Female
	25 (34.7%)
	6 (20.7%)
	0.25

	Male
	47 (65.3%)
	23 (79.3%)
	

	Race
	
	
	

	Non-Hispanic White
	49 (68.1%)
	22 (75.9%)
	0.59

	Other
	23 (31.9%)
	7 (24.1%)
	

	Highest Educational Attainment of Parents

	College degree or less
	27 (37.5%)
	8 (27.6%)
	0.62

	Graduate degree
	45 (62.5%)
	19 (65.5%)
	

	Missing
	0 (0%)
	2 (6.9%)
	

	Family Income
	
	
	

	<$80,000
	32 (44.4%)
	9 (31.0%)
	0.42

	$80,000+
	32 (44.4%)
	15 (51.7%)
	

	Missing
	8 (11.1%)
	5 (17.2%)
	





Table 2: CHIRP study population behavioral characteristics (n=83 infants with 101 urine samples). P-values indicate a difference in a specific behavior by age.
	
	1-3 Month Old
(N=72)
	12 Months of Age
(N=29)
	P-value

	Breast Feeding Status

	Current
	60 (83.3%)
	16 (55.2%)
	0.01

	Never or prior
	12 (16.7%)
	12 (41.4%)
	

	Missing
	0 (0%)
	1 (3.4%)
	

	Lotion Usage in the Past 7 Days

	No
	34 (47.2%)
	7 (24.1%)
	0.07

	Yes
	38 (52.8%)
	21 (72.4%)
	

	Missing
	0 (0%)
	1 (3.4%)
	

	Rash Cream Usage in the Past 7 Days

	No
	33 (45.8%)
	14 (48.3%)
	0.88

	Yes
	39 (54.2%)
	14 (48.3%)
	

	Missing
	0 (0%)
	1 (3.4%)
	

	Attending Daycare

	No
	54 (75.0%)
	20 (69.0%)
	0.71

	Yes
	18 (25.0%)
	9 (31.0%)
	





3.2. Parabens in infant urine
	As shown in Table 3, three of the four parabens evaluated were detected in >75% of samples at both time points. MPB was detected at the highest concentrations (median=25.44 ng/mL), followed by PPB (median=3.55 ng/mL) and EPB (median=0.90 ng/mL); however, concentrations ranged over several orders of magnitude, suggesting exposure is highly variable in this study population. BPB was detected infrequently in this study, similar to what has been reported in other populations (e.g., Levasseur et al., 2021).
 Parabens concentrations were generally lower than those reported for other U.S. cohorts focusing on older age groups. For example, in comparison with results from a cohort of North Carolina Toddlers (i.e., the TESIE Study) whose study population was from 3-6 years of age (n=180), a similar pattern was observed that MPB was the most abundant (median=57 ng/mL), followed by PPB (median=8.5 ng/mL), and EPB (median=1.4 ng/mL) (Levasseur et al., 2021). Data from the general U.S. population ≥6 years old (NHANES, n=2,548) also displayed a similar ranking of paraben exposure (MPB median=63.5 ng/mL and PPB median=8.7 ng/mL) (Calafat et al., 2010). However, EBP in NHANES was mainly below the limit of detection (Calafat et al., 2010). 
While infants seem to have lower levels of exposure compared to older age groups, an opposite trend with age was observed within our study population. The urine of 1-3 month-old infants' had higher median concentrations of MPB and PPB than urine from 12-month-old infants. However, trends were not statistically significant (Wilcoxon rank-sum test p-values: MPB=0.21; EPB=0.94; and PPB=0.26). This finding should be interpreted cautiously as it may be influenced by the parabens' excretion pathway, which remains unknown. Most studies account for urine dilution in paraben biomonitoring studies; however, the decision to adjust for urine dilution (e.g., specific gravity) depends on whether parabens are actively or passively excreted in the urine. Adjustment for dilution results in larger paraben concentrations among young infants with dilute urine. If parabens are actively excreted, adjusting for dilution is inappropriate. To address this impact of adjustment on our results, we also analyzed urine concentrations unadjusted for specific gravity. These results suggest that concentrations of parabens were all higher among 12-month-old infants than those aged 1-3 months old, although again, these trends were not statistically significant.  
Table 3. Descriptive summary of specific gravity-corrected paraben concentration (ng/mL) in 101 urine samples collected from 83 infants in the CHIRP study.
	Parabens
	Detection Frequency (%)
	Median
	10th Percentile
	95th Percentile

	1-3 Month-Old-Infants (n=72)
	
	
	
	

	Methyl-Paraben
	75.00
	27.88
	4.41
	6591.26

	Ethyl-Paraben
	80.56
	0.82
	0.22
	31.46

	Propyl-Paraben
	98.61
	3.78
	0.48
	284.28

	Butyl-Paraben
	43.06
	ND
	ND
	2.04

	12 Month-Old-Infants (n=29)
	
	
	
	

	Methyl-Paraben
	93.10
	20.04
	3.71
	202.21

	Ethyl-Paraben
	100.00
	0.90
	0.23
	13.00

	Propyl-Paraben
	100.00
	2.94
	0.16
	40.98

	Butyl-Paraben
	55.17
	0.03
	ND
	0.32

	Overall (n=101)
	
	
	
	

	Methyl-Paraben
	79.40
	25.44
	4.29
	1955.02

	Ethyl-Paraben
	85.29
	0.90
	0.22
	30.25

	Propyl-Paraben
	98.03
	3.55
	0.25
	199.86

	Butyl-Paraben
	46.07
	ND
	ND
	2.61


Note: MDL for MPB=0.88, EPB=0.03, PPB=0.01, BPB=0.01
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Figure 1. Specific gravity-corrected paraben concentrations were measured in urine samples from infants ages 1 to 3 months (red) and 12 months (blue). Data were natural log-transformed for display. The lines within each of the boxes display the median concentration. 



The results of the Spearman correlation analyses indicate that paraben exposures correlate (Table 4). Although patterns are similar, the statistical significance varies, potentially because of our smaller sample size at 12 months. At 1 to 3 months (n=72), all parabens are significantly correlated, while at 12 months, only MPB and PPB exposures are correlated. At both age groups, MPB and PPB had the highest correlations, with rs=0.80 at 1-3 months age (p<0.001) and rs=0.83 at 12 months age (p<0.001). This finding is consistent with previous studies demonstrating that MPB and PPB are highly correlated in biomonitoring studies, likely due to the combined use of both chemicals in pharmaceuticals and personal care products (Yu et al., 2019; Lu et al., 2019). 
Table 4. Spearman correlation coefficients between parabens stratified by age. Gray shaded cells depict the correlation between samples collected at the same time point (evaluating co-exposure) and white cells display the correlation between the same parabens over time. The coefficients bolded in red are statistically significant at p<0.05. 
	 
	 
	1-3 Months 
	12 Months 

	 
	
	MPB
	EPB
	PPB
	MPB
	EPB
	PPB

	1-3 Months
	MPB
	1.00
	 
	 
	 
	 
	 

	 
	EPB
	0.48
	1.00
	
	 
	 
	 

	 
	PPB
	0.80
	0.42
	1.00
	 
	 
	 

	12 Months 
	MPB
	-0.11
	 
	 
	1.00
	 
	 

	 
	EPB
	 
	-0.03
	
	0.27
	1.00
	

	 
	PPB
	 
	
	-0.02
	0.83
	0.26
	1.00





3.3. Education and Ethnicity were Significantly Associated with Parabens
The linear regression models indicated ethnicity was significantly associated with urinary paraben concentrations. For instance, Non-Hispanic Black participants and those of other races had higher paraben concentrations in urine than non-Hispanic white participants; at the age of 1-3 months, MPB concentrations among Non-Hispanic Black participants and those of other races are 3.26 times higher than Non-Hispanic White participants (p=0.011, e^B=4.26, 95% CI:1.42-12.78). Similarly, PPB concentrations among Non-Hispanic Black participants and those of other races were 2.06 times higher than Non-Hispanic White participants (p=0.044, e^B=3.06, 95% CI:1.03-9.07). These findings are consistent with previous work conducted in NHANES, which showed similar exposure disparities by race (Calafat et al., 2010).  
In addition, results demonstrated that parents with a college degree or less education had higher levels of paraben exposure than those with graduate degrees. For example, at the age of 1-3 months, MPB concentrations among infants whose parents had less education were 1.71 times higher than infants whose parents had a graduate degree (p=0.072, e^B=2.71, 95% CI:0.91-8.00). PPB concentrations for infants whose most educated parent had a college degree or less education were 2.55 times higher than infants whose parents had a graduate degree (p=0.017, e^B=3.55, 95% CI:1.26-9.98). 
In this study, race and ethnicity and parents' educational attainment were highly colinear, making it challenging to disentangle which characteristic is most predictive of higher levels of exposure to parabens. We hypothesize that these demographic characteristics are a proxy for an unmeasured exposure pathway. For instance, lotion usage in the past 7 days varied by race and ethnicity and age; at 1 to 3 months  of age , more non-Hispanic Blacks and those of other racereported using lotion (69.6%)  compare to  non-Hispanic Whites (44.9%). At age 12 month, the proportion of lotion uses between the race is similar(NHB:71.4% vs NHW:72.7). There may be other differences in product use or behavior that differs by race and ethnicity. In addition, the difference in race or ethnity on paraben exposure might due to race differences in excretion and metabolism of parabens. Similar relationships between educational attainment and race/ethnicity were found in the TESIE study (Hoffman et al., 2018), which was conducted in the same study area and have been reported for other types of exposures related to personal care products. 
Table 5. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for ethnicity/race at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Ethnicity
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	Non-Hispanic Black (or Other)
	4.26
	1.42
	12.78
	0.01
	2.24
	0.69
	7.23
	0.17

	 
	Non-Hispanic White
	Reference
	Reference

	EPB 

	 
	Non-Hispanic Black (or Other)
	1.65
	0.66
	4.11
	0.28
	1.67
	0.44
	6.40
	0.44

	 
	Non-Hispanic White
	Reference
	Reference

	PPB 

	 
	Non-Hispanic Black (or Other)
	3.06
	1.03
	9.07
	0.044
	1.37
	0.24
	7.74
	0.71

	 
	Non-Hispanic White
	Reference
	Reference








Table 6. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for parent's education level at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Education
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	College degree or less
	2.71
	0.91
	8.00
	0.07
	1.35
	0.42
	4.37
	0.60

	 
	Graduate degree
	Reference
	Reference

	EBP 

	 
	College degree or less
	1.72
	0.72
	4.15
	0.22
	0.53
	0.14
	1.99
	0.33

	 
	Graduate degree
	Reference
	Reference

	PPB 

	 
	College degree or less
	3.55
	1.26
	9.98
	0.017
	1.62
	0.30
	8.62
	0.56

	 
	Graduate degree
	Reference
	Reference



Associations between urinary paraben concentration and other demographic characteristics, including sex and income, were generally small and not statistically significant. This differs from previous studies showing a significant difference in exposure between sexes. For example, NHANES data indicate that adolescent and adult females had significantly higher concentrations of MPB and PPB than did adolescent and adult males, which the authors attribute to differences in the use of personal care products and cosmetics (Calafat et al., 2010). We anticipate that infants and adults use products differently, which may explain the lack of association in our data. For example, infants generally do not use makeup regardless of sex, but adult females are more likely to use makeup than adult males.  
3.4. Lotion Usage Was Significantly Associated with Parabens in Urine 
	Report of lotion usage on the infant's skin within the last seven days was the strongest predictor of urinary parabens examined in our analysis (Figure 1). Statistically significant associations were found between lotion usage and all paraben concentrations in the 1-3 months age group (Table 5). For example, MPB concentrations for young infant lotion users were 5.11 times higher than those for non-lotion users (p<0.001, e^B=6.11, 95% CI: 2.28-16.39). Although no statistically significant associations were found between the use of lotion and paraben concentrations among the 12 months age group, patterns continued to suggest higher levels of exposure among those reporting prior lotion usage. Our comparatively low sample size at 12 months of age may have limited our ability to detect differences, or there could be differences in the types of lotion used at these ages. Despite this, a similar pattern was found in data on older age children in the TESIE study, where reported lotion usage was positively associated with urinary paraben concentrations (Levasseur et al., 2021). More specifically, toddlers who used lotion daily had PPB concentrations that were five times higher than those who did not use lotion (p<0.001, 10^B=4.9, 95% CI=2.5-9.6) (Levasseur et al., 2021). MPB and EPB had a similar trend, and their concentrations were also higher among lotion users than non-lotion users (p<0.01, 10^B=3.2, 95% CI=1.5-6.8; p<0.05, 10^B=2.4, 95% CI=1.0-5.6) (Levasseur et al., 2021). 
	A previous study assessing paraben concentrations within personal care products provides evidence that MPB and PPB are present in lotion products (Guo et al., 2013). According to Guo et al., daily median exposure doses for MPB and PPB from hand and body lotion were 10,200 and 4,890 ug, respectively (Guo et al., 2013). This finding on paraben concentration in lotion products follows the same trend as what the lotion usage regression model showed. In addition, we observed a correlation between MPB and PPB, suggesting a product containing both compounds may be the source of exposure. 


Figure 2. Box plots depicting concentrations for EPB, PPB, MPB in infants stratified based on reported lotion use in the past 7 days. 
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Table 7. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for lotion usage in the past 7 days at age 1-3 months and 12 months of age. P-values <0.2 are bolded. 
	 
 
	Age 1-3 Months
	Age 12 Months

	Paraben
	Lotion Usage
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB

	
	Yes 
	6.11
	2.28
	16.39
	<0.001
	0.90
	0.29
	2.84
	0.85

	
	No
	Reference
	Reference

	EPB

	
	Yes
	2.15
	0.93
	4.99
	0.07
	1.62
	0.44
	5.99
	0.46

	
	No
	Reference
	Reference

	PPB

	
	Yes
	3.83
	1.42
	10.36
	0.009
	1.06
	0.19
	5.89
	0.95

	
	No
	Reference
	Reference



3.5. Attending Day Care and Parabens 
Data suggest a potential association between paraben exposure and daycare attendance in infants. For example, at 12 months of age, EPB concentrations for those attending daycare were 2.29 times higher than for those who never attended daycare (p=0.045, e^B=3.29, 95% CI:1.03-10.51). Similarly, PPB concentrations for those attending daycare were 1.97 times higher than concentrations for those who never attended daycare (p=0.160, e^B=2.97, 95% CI:0.63-13.93). However, further investigations are needed due to the small sample size in the older age group. On the other hand, in the younger age group, an opposite trend was observed. For example, infants who attended daycare seemed to have lower paraben concentrations than those who never attended. However, the results in the younger age group were not statistically significant. Other behavioral characteristics, including breastfeeding status and rash cream usage, were not related to paraben levels in infants' urine in our study. Lastly, the outdoor temperature on the day that urine was collected was also not associated with paraben concentration.

3.6. Strengths and Limitations
These findings should be considered in the context of several important limitations. Our sample size was limited, particularly at 12 months of age. This may have impacted our power to detect important associations in this dataset. Due to the limited sample size and collinearity between demographic variables, our ability to adjust for potential confounding variables was limited, and we did not conduct multi-variable regression. Other limitations include our cohort's lack of diversity, which may limit generalizability to other populations. Due to our small sample size in each group, we combined non-Hispanic Blacks with other racial groups into a single category, and there may be important exposure differences within these groups. Furthermore, the study population was all from North Carlina, which might further limit generalizability to the U.S. population. Although we found strong associations between lotion use and indicators of paraben exposure, no analyses were done to examine the presence or absence of parabens in the particular lotion products the infants use. Although previous data suggest parabens are common in lotion, it would be more relevant to analyze products used by the infants in this study. 

4. Conclusions
Data suggest paraben exposures are common among infants. Lotion usage was the strongest predictor of paraben exposure, as young infants who used lotion products recently had higher paraben concentrations than non-lotion users. Based on the results of our research, limiting the use of lotion products that contain parabens may significantly reduce paraben exposure among infants. Other statistically significant exposure predictors include race/ethnicity, education attainment, and, potentially, daycare attendance. Furthermore, the correlation between parabens in samples collected at the same point in time suggests co-exposure to multiple parabens simultaneously. No correlation between the same type of paraben across ages was found, which suggests that epidemiological studies hoping to capture cumulative exposure during infancy will need multiple samples collected over time. 
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Table SD.1. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for sex at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	
	Age 1-3 Months
	Age 12 Months

	Parabens
	Sex
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MBP 

	 
	Male
	1.04
	0.34
	3.21
	0.95
	1.18
	0.33
	4.26
	0.79

	 
	Female
	Reference
	Reference

	EBP 

	 
	Male
	1.20
	0.49
	2.96
	0.68
	0.42
	0.11
	1.70
	0.21

	 
	Female
	Reference
	Reference

	PPB 

	 
	Male
	0.86
	0.29
	2.58
	0.79
	2.32
	0.38
	14.04
	0.35

	 
	Female
	Reference
	Reference



Table SD.2. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for parent's income level at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Income
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	<$80,000
	1.68
	0.54
	5.22
	0.36
	2.01
	0.61
	6.61
	0.24

	 
	$80,000+
	Reference
	Reference

	EPB 

	 
	<$80,000
	1.17
	0.53
	2.58
	0.70
	0.35
	0.09
	1.30
	0.11

	 
	$80,000+
	Reference
	Reference

	PPB 

	 
	<$80,000
	1.74
	0.58
	5.22
	0.32
	2.03
	0.36
	11.42
	0.40

	 
	$80,000+
	Reference
	Reference







Table SD.3. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for breastfeeding status at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	
	Age 1-3 Months
	Age 12 Months

	Parabens
	Breastfeeding Status
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	Not current (prior or never)
	1.91
	0.45
	8.00
	0.37
	0.83
	0.30
	2.26
	0.70

	 
	Current
	Reference
	Reference

	EPB 

	 
	Not current (prior or never)
	0.69
	0.22
	2.17
	0.52
	1.64
	0.53
	5.14
	0.38

	 
	Current
	Reference
	Reference

	PPB 

	 
	Not current (prior or never)
	1.64
	0.41
	6.60
	0.48
	1.03
	0.23
	4.65
	0.97

	 
	Current
	Reference
	Reference



Table SD.4. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for rash cream usage in the past 7 days at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Rash Cream Usage
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	Yes
	0.83
	0.28
	2.4
	0.73
	0.74
	0.28
	1.98
	0.53

	 
	No
	Reference
	Reference

	EPB 

	 
	Yes
	0.70
	0.29
	1.66
	0.42
	1.39
	0.45
	4.33
	0.56

	 
	No
	Reference
	Reference

	PPB 

	 
	Yes
	0.51
	0.18
	1.43
	0.196
	0.91
	0.21
	4.04
	0.90

	 
	No
	Reference
	Reference










Table SD.5. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for daycare attendance at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Ever attended daycare?
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	Yes
	0.69
	0.20
	2.37
	0.55
	1.91
	0.64
	5.71
	0.23

	 
	No
	Reference
	Reference

	EPB 

	 
	Yes
	0.58
	0.22
	1.55
	0.27
	3.29
	1.03
	10.51
	0.045

	 
	No
	Reference
	Reference

	PPB 

	 
	Yes
	0.83
	0.25
	2.76
	0.76
	2.97
	0.63
	13.93
	0.16

	 
	No
	Reference
	Reference



Table SD.6. Unadjusted multiplicative change in urinary paraben concentrations and the associated 95% confidence interval for the average outdoor temperature at age 1-3 months and 12 months of age. P-values <0.2 are bolded.
	 
	Age 1-3 Months
	Age 12 Months

	Parabens
	Temperature
	e^ß
	95% CI
	P-Value
	e^ß
	95% CI
	P-Value

	MPB 

	 
	Degree Celsius
	1.00
	0.94
	1.07
	0.95
	1.03
	0.96
	1.11
	0.37

	EPB 

	 
	Degree Celsius
	1.03
	0.97
	1.08
	0.37
	1.03
	0.95
	1.12
	0.44

	PPB 

	 
	Degree Celsius
	1.00
	0.93
	1.07
	0.92
	1.05
	0.94
	1.16
	0.39
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