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Background: Maternal exposure to endocrine-disrupting chemicals (EDCs), particularly those found in personal care products (PCPs), may affect child development. Socioeconomic inequalities in EDC exposure warrant further investigation. This study assessed the role of income and education in the association between PCP use and exposure to bisphenol A (BPA) and parabens in pregnant women.

Methods: Associations between PCP use and urinary concentrations of BPA and four parabens in pregnant women from the Taiwan Maternal and Infant Cohort Study were estimated using linear regression, with results expressed as the percentage change in concentrations for each additional PCP use per week. The analysis was stratified by income and education and predicted concentrations, and a 95% confidence interval (CI) was graphed according to the frequency of PCP use.

Results: Higher concentrations of methylparaben, ethylparaben, and propylparaben were associated with more frequent use of different PCPs, especially makeup. The above-lowest income group showed positive associations between frequency use of rinse-off PCPs and methylparaben (2.5%, 95%CI = 0.9%, 4.0%), propylparaben (2.8%, 95%CI = 0.3%, 5.3%), and between leave-on PCPs and methylparaben (3.1%, 95%CI = 1.8%, 4.4%), ethylparaben (2.2%, 95%CI = 0.1%, 4.2%), and propylparaben (2.8%, 95%CI = 0.8%, 4.9%). BPA was negatively associated with rinse-off PCPs (−1.2%, 95%CI = −2.3%, −0.2%). A positive association between leave-on PCPs and BPA was suggested in the lowest income group (1.7%, 95%CI = −0.4%, 3.7%). Predicted BPA concentrations were significantly higher in the lowest income group at higher frequencies of PCP use. Stratification by education showed the strongest associations in the postgraduate group for rinse-off PCPs with methylparaben (6.1%, 95%CI = 1.9%, 10.5%) and propylparaben (6.9%, 95%CI = 1.2%, 12.9%), as well as for leave-on PCPs with methylparaben (4.1%, 95%CI = 1.2%, 7.2%).

Conclusion: The associations observed between various PCPs and parabens suggest that reducing the use of certain PCPs in pregnant women could help lower paraben exposure. Higher levels of BPA in the lowest income group require further investigation of sources of BPA exposure, especially in disadvantaged populations.
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1 Introduction

Personal care products (PCPs) are known sources of exposure to endocrine-disrupting chemicals (EDCs) such as parabens, bisphenols, and others. Parabens are commonly found in PCPs, such as shampoos, moisturizers, shaving gels, personal lubricants, topical pharmaceuticals, makeup, and toothpaste, and are also used as food preservatives (1, 2). Human exposure to bisphenol A (BPA) is mainly via food and drinking water (3, 4); however, more recent studies reported substantial levels of BPA in a wide range of PCPs (5).

The growing societal concern over EDCs has become prominent in the past decade, especially regarding vulnerable populations (6–8). For example, a number of studies linked chemical exposure via PCPs to the disproportionate asthma burden in the US black population (9). Few studies explicitly examined socioeconomic status (SES) and EDC levels, with inconsistent support for the environmental justice hypothesis that poorer populations are more exposed to pollutants. Specifically, Americans with lower income had higher levels of BPA and phthalates, but lower levels of polyfluoroalkyl substances (6, 10). Family income was by far the most consistent and important predictor of BPA concentrations with a clear dose–response pattern (6); however, no studies explicitly focused on the role of income/education in the association between PCP use and BPA/paraben exposure. Pregnant women, in particular, are of significant interest due to the potential risks EDCs pose to both maternal and fetal health; however, research on the relationship between EDC exposure and socioeconomic factors in pregnant women remains limited (11). Specifically, PCP use, as a source of EDC exposure, has been shown to vary among pregnant women based on ethnicity, maternal education, and insurance status (12).

Our previous analysis identified some weak associations between socioeconomic factors and EDC concentrations but it also highlighted considerable inequalities in BPA and paraben levels among pregnant women (13). In this study, we aimed to identify groups of pregnant women who may be particularly susceptible to high BPA and paraben exposure due to PCP use. We did this by estimating the associations between PCP use frequency and BPA/paraben concentrations, while also assessing the role of income and education in these associations.



2 Materials and methods

We utilized the data from the Taiwan Maternal and Infant Cohort Study (TMICS) collected during 2012–2016 at nine hospitals in the North, Central, South, and East regions of Taiwan. A detailed cohort description has been published (14). Briefly, pregnant women were enrolled during their routine third-trimester antenatal examinations, weeks 29–40. Women with a history of systemic diseases (e.g., cancer, hypertension, or diabetes), chronic use of corticosteroids or immunosuppressants, or aged over 45 years, were excluded. Participants provided urine samples for the analysis of EDC metabolites and completed a questionnaire. We excluded individuals with invalid (e.g., mistyped or out-of-range) or missing values in questions related to PCP use, household income, education, working status, or incomplete laboratory data. All pregnancies included in this study were uncomplicated.

The frequency of PCP use was assessed for rinse-off (body wash, shampoo, facial cleanser, and hand soap) and leave-on products (lotion, toner, lip balm, makeup, essential oil, perfume, and hair spray). Based on seven discrete categories of use frequency in the questionnaire, we standardized responses to express frequencies as times per week (Supplementary Table S1). Furthermore, we dichotomized PCP use based on the distributions into ever vs. never (essential oil, perfume, and hair spray) and less than four times per week versus four times per week or more (body wash, shampoo, facial cleanser, hand soap, lotion, toner, lip balm, and makeup).

Income was reported in Taiwanese dollars (100 NTD≈3.1 USD) in six discrete categories. Due to the small number of observations in some categories and the lack of significant differences among higher income groups, we dichotomized income using a cutoff of 0.5 million NTD (approximately twice the minimum salary in Taiwan during the study period). Participants were categorized into the lowest income group (< 0.5 million NTD) and the above-lowest income group (≥0.5 million NTD), which allowed us to define the most underprivileged group. Education was categorized as (1) high school or lower, (2) college, and (3) postgraduate. Other confounders included marital status, employment, region of residence, and pre-pregnancy body mass index (BMI). Given the differences in BMI-health risk associations between Asian and European populations (15), we used locally developed BMI cutoffs of 18, 24, and 27 kg/m2 to categorize underweight, normal, overweight, and obese women (16).

We analyzed the concentrations of urinary metabolites of BPA and four parabens (methylparaben, ethylparaben, and butylparaben). Details of analytical methods were previously published for BPA (17) and parabens (18). Since concentration distributions were highly skewed, concentrations below the limit of detection (LOD) have been treated as half the LOD value (19).


2.1 Statistical analysis

Observations with missing values on PCP use, income, and education were case-wise excluded from the analysis (Figure 1) and compared to those without missing values on age and regions (Supplementary Table S2). Socio-demographic variables and PCP use were compared between income/education groups using the analysis of variance test, an independent t-test for continuous variables, and a chi-square test for categorical variables. EDC concentrations were analyzed in ng/mL and adjusted for molar weight and creatinine (nmol/g creatinine). Distributions were compared using the Mann–Whitney U-test for differences between the two income groups and between low- and high-frequency PCP users. The Kruskal–Wallis test was used to compare distributions across the three education groups. Sensitivity analyses were conducted by excluding extreme outliers for BPA (n = 1) and methylparaben (n=10), which did not change the results.
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FIGURE 1
 Flowchart of sample selection.


Adjusted EDC concentrations were ln-transformed to approximate a normal distribution and fit into linear regression models as dependent variables. Linear regression models were adjusted for age, income, education, BMI, working status, and geographical region. Tests for collinearity showed negligible variance inflation factors (VIFs) of < 1.2. Independent variables included the frequency of use of each PCP type as times/week. Similarly, linear regression models were fit for the frequency use of rinse-off PCPs and leave-on PCPs as continuous (times/week) and categorical (frequent vs. non-frequent users) and further stratified by two income groups and by three education groups. The corresponding regression coefficients and 95% confidence interval (CI) were back-transformed [100 × (eβ – 1)] to obtain percent changes in EDC concentrations. Predicted concentrations with a 95% CI were calculated for rinse-off and leave-on PCPs by the exponentiation of the predicted ln-transformed values and plotted as a function of frequency use of rinse-off and leave-on PCPs stratified by income and education groups. The moderating role of income and education was assessed by the visual examination of the overlapping 95% CI. Statistical significance was set at α = 0.05. All statistical analyses were conducted using R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).




3 Results

After excluding participants with missing values on PCP use, income, and other confounders, we obtained 677 observations, of which those with full laboratory data on creatinine and BPA (n = 561) and parabens (n = 555) were analyzed (Figure 1). Participants in the lowest income group were significantly younger and had higher percentages of those with high school education or lower (30.2% vs. 8.6%), housewives or unemployed (54.7% vs. 21.4%), residing in the South (26.6% vs. 14.7%), and the East regions (44.6% vs. 26.6%) compared to the above-lowest income group. BMI groups differed significantly, with the lowest income group having higher percentages of overweight (17.3% vs. 11.2%) and obese (12.9% vs. 8.0%) and a lower percentage of underweight (10.1% vs. 14.8%) compared to the above-lowest income group. College and postgraduate education groups were older, had higher percentages of employed, and were living in the North and Central regions. The lowest income group had significantly lower frequency use of leave-on PCPs (15.9±15.1 vs. 21.0±16.1 times per week). The lowest income group had significantly less frequent use of rinse-off PCPs (hand soap) and leave-on PCPs (lotion, toner, makeup, essential oil, and hair spray). The lower education group had more frequent use of rinse-off PCPs (body wash) but less frequent use of leave-on PCPs (makeup and essential oil) (Table 1).


TABLE 1 Distribution of demographic characteristics and use of personal care products in pregnant women across socioeconomic factors.
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BPA concentration in the lowest income group (median [IQR] = 0.985 [0.099, 1.98] ng/mL) was significantly (p = 0.031) higher than in the above-lowest income group (median [IQR] = 0.660 [0.099, 1.45] ng/mL). Of the four parabens, only propylparaben concentration in the lowest income group (median [IQR] = 2.07 [0.659,16.9] ng/mL) was significantly (p = 0.048) lower than in the above-lowest income group (median [IQR] = 4.18 [0.988,32.7] ng/mL) (Table 2, Figure 2).


TABLE 2 Distributions [median (interquartile range), ng/mL] of endocrine disrupting chemicals urinary concentrations.
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FIGURE 2
 Comparisons of endocrine-disrupting chemicals urinary concentrations between income (A) and education (B). Income groups were compared with the Mann–Whitney U-tests, and education groups were compared with the Kruskal–Wallis tests.


Frequent users of makeup had higher concentrations of BPA (p = 0.031), methylparaben, ethylparaben, and propylparaben (p < 0.001). Frequent users of facial cleanser, lotion, and toner had higher methylparaben concentrations (p < 0.001). Frequent users of lotion and toner users had higher ethylparaben concentrations (p < 0.001) (Figure 3). Adjusted estimates for BPA showed a negative association with frequent use of body wash −26.3% (95%CI = −44.7%, −1.7%). Adjusted estimates for makeup expressed as continuous (times/week) and categorical (< 4 times/week vs. ≥4 times/week) showed positive associations with methylparaben (continuous 9.3%, 95%CI = 4.7%, 14.2%, categorical 123.2%, 95%CI = 51.7%, 228.4%), ethylparaben (continuous 7.3%, 95%CI = 0.2%, 15.0%, categorical 112.2%, 95%CI = 18.7%, 279.3%), and propylparaben (continuous 11.2%, 95%CI = 3.6%, 19.3%, categorical 127.2%, 95%CI = 25.6%, 311.1%). Adjusted estimates for lotion and toner as continuous and categorical showed consistent positive associations with methylparaben and propylparaben (Table 3).


[image: Figure 3]
FIGURE 3
 Comparisons of endocrine-disrupting chemicals urinary concentrations between low- and high-frequency users of personal care products. P-values obtained from Mann–Whitney U-test. Groups were dichotomized as low <4 times/week vs. high ≥ 4 times/week, except *essential oil, perfume, and hair spray as never vs. ever used. (A) Bisphenol A. (B) Methylparaben. (C) Ethylparaben. (D) Propylparaben. (E) Butylparaben.



TABLE 3 Associations between use of personal care products and urinary concentrations of endocrine-disrupting chemicals.
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More frequent use of rinse-off PCPs was associated with higher concentrations of methylparaben (1.5%, 95%CI = 0.2%, 2.9%) and propylparaben (2.2%, 95%CI = 0%, 4.3%). Stratification by income maintained the direction and significance of these associations only for the above-lowest income group. More frequent use of leave-on PCPs was associated with higher concentrations of methylparaben (3.1%, 95%CI = 1.8%, 4.4%), ethylparaben (2.2%, 95%CI = 0.1%, 4.2%), and propylparaben (2.8%, 95%CI = 0.8%, 4.9%) in the above-lowest income group. Stratification by education showed the strongest associations in the postgraduate group for rinse-off PCPs with methylparaben (6.1%, 95%CI = 1.9%, 10.5%) and propylparaben (6.9%, 95%CI = 1.2%, 12.9%), and for leave-on PCPs with methylparaben (4.1%, 95%CI = 1.2%, 7.2%) (Figure 4, Supplementary Table S3).
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FIGURE 4
 Percent change in bisphenol A/parabens urinary metabolites and use frequency of rinse-off/leave-on personal care products stratified by annual household income. One New Taiwanese Dollar (NTD) ≈ 0.031 United States Dollar. Linear regression models were adjusted for age, body mass index, working status, and geographical region. (A) Rinse-off products. (B) Leave-on products.


Predicted BPA concentrations with 95% CI in the lowest and above-lowest income groups differed significantly for more frequent users of rinse-off and leave-on PCPs (Figure 5). Stratifications of paraben concentrations by income (Supplementary Figure S1) and of BPA/parabens by education (Supplementary Figure S2) showed overlapping 95% CI for rinse-off and leave-on PCPs.
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FIGURE 5
 Predicted urinary concentrations of bisphenol A metabolite (nmol/g creatinine) and use frequency of rinse-off/leave-on personal care products by annual household income. One New Taiwanese Dollar (NTD) ≈ 0.031 United States Dollar. Linear regression models were adjusted for age, education, body mass index, working status, and geographical region. Plotted concentrations were exponentiated from the predicted values. Shaded areas represent 95% confidence intervals. (A) Rinse-off products. (B) Leave-on products.




4 Discussion

This study examined the role of socioeconomic status in the association between PCP use and urinary concentration of BPA/parabens in pregnant women. More frequent use of some PCPs by the study participants was associated with higher concentrations of parabens, whereas BPA concentrations were lower in the more frequent users of body wash. Paraben levels were higher in the above-lowest income group, whereas BPA levels were higher in the lowest income group, but no statistical differences were observed between the education groups. The associations between PCPs and methyl-/propylparaben were stronger in the groups with above-lowest income and postgraduate education. Significant differences in predicted BPA concentrations were observed between the two income groups for more frequent PCP use. A negative association was found between rinse-off PCP and BPA concentrations in the higher-income group, while a positive association was observed between leave-on PCP and BPA concentrations in the lowest income group.

BPA and paraben concentrations in our study were lower than those previously reported in the general population of Asian women (20, 21), which could be due to hormonal regulation, increased metabolism, and kidney function during pregnancy. When compared to pregnant women from other countries, studies with smaller sample sizes (N < 200) reported higher concentrations than those observed in our study (22–25). However, concentrations in our study were comparable to or higher than those reported in studies with larger sample sizes (N > 400) (26–29). In addition to random variation, these differences can stem from seasonal changes, climate conditions, and cultural practices. For example, exposure to benzophenone was likely to be higher during the summer months due to increased sunscreen use, while triclosan exposure could rise during peak influenza season due to more frequent handwashing (30). Cultural norms and beauty ideals, both across countries and among different ethnicities within the US, showed some differences in women's attitudes toward PCP use, their willingness to pay (31), and actual PCP use (12, 32).

Of all the analyzed PCPs, using body wash four or more times per week was associated with lower BPA levels. Aggregated evidence reported dermal contact as one of the routes for BPA exposure (4, 33). Repeated measures of BPA and different PCP use within 24 h in French women showed negative correlations with BPA for most PCPs, except for makeup remover within 6 h (34). Using body wash more frequently could reduce prolonged dermal contact with BPA and thus explain its lower levels in our study population. Positive associations with PCP frequency use were mostly found for methyl- and propylparaben, with the strongest associations for leave-on products—makeup, lotion, and toner, which was expected, since leave-on PCPs more often contain parabens in higher quantities (1). The direction of associations between methylparaben and frequency of makeup use were similar to the reported estimates from the Korean National Environmental Health Survey (35).

Frequency use of leave-on PCPs was associated with higher levels of BPA in the lowest income group with marginal statistical significance, and the predicted BPA concentrations in the lowest income group were significantly higher for leave-on/rinse-off PCPs, especially at higher frequencies of use. This finding is consistent with the previously reported higher levels of BPA in people with lower income in the analysis of National Health and Nutrition Examination Survey (NHANES) data (6). Although differences between the US and Taiwan populations exist in lifestyle, diet, study population, and culture of PCP use, pregnant women may use even more PCPs due to skin changes, self-care, and psychological or emotional reasons. Since PCPs are a less common source of BPA exposure, the difference in BPA levels between the income groups may also stem from diet or additional lifestyle factors. Higher levels of BPA found in the lowest income group of pregnant women in Taiwan warrant further monitoring of EDC exposure in the most disadvantaged populations. Interestingly, analysis of six European mother–child cohorts showed higher BPA levels in children in higher SES groups based on maternal education, employment status, and family affluence scale (50), which suggests further longitudinal investigation of our cohort.

Stratification by income showed small positive associations between leave-on/rinse-off PCPs and methyl/propylparaben in the above-lowest income group only. Higher urinary methyl- and propylparaben concentrations were also reported among high-income groups in the general American population for non-white ethnicities (36); however, a more recent analysis showed associations with ethnicity to be more consistent than those with income (8). Our findings can be explained by the less common use of PCP-containing parabens by the lowest income group, which is consistent with other studies (37).

The differences in PCP use and EDC levels between income groups in our study can be related to the observed socio-demographic characteristics. As expected, the lowest income group was younger, with lower education and employment, and predominantly resided in the East region. Notably, the distribution of BMI categories also differed by income group, with higher percentages of the underweight in the above-lowest income group and higher percentages of the overweight/obese in the lowest income group. Post-hoc analysis of our data revealed that underweight women in our sample were more frequent users of leave-on PCPs, including lip balm, lotion, toner, and makeup, likely reflecting aesthetic concerns (Supplementary Table S4). This finding aligns with results from the nationwide Norwegian Women and Cancer study (37). Given the high prevalence (16–18%) of underweight women entering pregnancy in Taiwan (38), further investigation into the association between weight status during pregnancy, PCP use, and EDC exposure is warranted.

Exposure to EDCs found in PCPs has been associated with multiple adverse outcomes for pregnant women and children, including high blood glucose levels, excessive weight, pubertal timing, and risk of testicular germ cell tumors (39–43). Following the precautionary principle, multiple scientific organizations advise minimizing exposure to EDCs (44). Based on the positive associations between leave-on PCPs and parabens found in our study, reducing the use of leave-on PCPs, especially makeup, during pregnancy can be recommended without adding unnecessary stress during pregnancy due to the debatable health risks of parabens (45). At the time of data collection for this study, BPA had been banned in baby bottles since 2013, and parabens have been required to be listed on cosmetic labeling since 2018 (46). Using fewer products, focusing on natural options such as coconut oil for moisturizing, and checking labels for “paraben-free” in lotions, shampoos, and cosmetics may reduce exposure to parabens and other EDCs.

Our analysis was initially guided by the previously published conceptual model that viewed race/ethnicity as a departing factor, followed by SES, which in turn influences diet, PCP use, and other behaviors resulting in EDC burden on the body (6). As Taiwan's population is more homogenous in terms of race and ethnicity compared to the US, we did not include these factors in our analysis. Mediation analysis showed mostly non-significant results, except the path from income via leave-on PCPs to methyl-/propylparaben with only a significant indirect effect (Supplementary Table S5). Previous analysis of NHANES data also showed weak or non-existent mediation between the poverty-income ratio and lifestyle or diet to EDC exposure (47), which could be due to substantial residual confounding. Although the rationale for the conceptual model is rather straightforward, adjustment for income, education, and other sociodemographic confounders (Table 3) and further stratifications suggest that income and education can also be treated as important confounders to identify more vulnerable populations. Recently published analysis of the American black women data identified groups by socioeconomic clusters jointly defined by income, education, marital status, and employment who were susceptible to mixtures of EDCs and concluded that socioeconomic status can influence exposure to EDCs (11). However, in our study population, income, education, and employment were correlated, and nearly no variability in marital status was present. Weak associations of EDC levels with income and education in this and previous analyses (13) may be due to the widespread exposure to EDCs in daily life in Taiwan and the uniform distribution of the exposure across the main island. In addition to dermal exposure through PCP use, disadvantaged populations may face greater exposure to endocrine-disrupting chemicals through ingestion and inhalation. Therefore, when investigating the environmental justice hypothesis, it is important to consider factors such as dietary patterns, food handling, indoor air pollution, and the built environment.

Although we analyzed human biomonitoring data from the nationwide birth cohort in Taiwan with a relatively large sample size, the presented results need to be interpreted within the following limitations. A potential source of bias may stem from the poor recall of the PCP use. The TMICS questionnaire generally asked about the frequency, quantity, and duration of use to capture two detailed behavior patterns; however, information on quantity and duration did not contribute to the analysis and had more missing values. More recent studies used 24- or 48-h recall to obtain information on PCP use (12, 48). Another limitation of this study is the single-spot urine measurement of BPA and parabens. In future research, repeated measurements of BPA and parabens may provide more reliable estimates of exposure. Incorporating biomarkers that reflect skin exposure, absorption, and biological impact—such as filaggrin, ceramides, cytokines, and oxidative stress markers—could enhance understanding of the effects of makeup and other leave-on PCPs on the skin. Additionally, our study population may not represent pregnant women in Taiwan, as the participants in the birth cohort were likely to be more educated and affluent; however, the comparison with national statistics did show certain similarities in age, education, and income (49). Moreover, the exclusion criteria in this cohort resulted in a relatively healthy sample. Future studies could focus on more specific populations at higher risk of exposure, such as individuals working in cosmetics sales or living near the petrochemical industries. Finally, the number of missing values on income and PCP use substantially reduced our sample size, especially compromising adequate statistical power in the subgroup analyses and resulting in a wide 95%CI, which should be interpreted with caution. Analysis of larger samples is recommended to confirm the associations in our study. The comparison between included and non-included participants showed significant differences in age and residence. Non-included participants were younger and predominantly from the South region (Supplementary Table S2). The above biases could have underestimated the real associations in our study.

This study showed that the environmental justice hypothesis may not always be supported in the context of endocrine-disrupting chemicals and income/education. While some PCPs (makeup, lotion, and toner) may be associated with parabens, which could suggest limiting their use during pregnancy, it is important not to add unnecessary stress to pregnant women during this already challenging time. Higher levels of BPA and their potential association with PCP usage frequency in the lowest income group in our study population require further investigation of sources of BPA exposure in disadvantaged populations.
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(N =677) <0.5 million >0.5 million p»valueb High school or College (n = Postgraduate (n p—valueb
NTD? (n=139)  NTD® (n = 538) lower (n = 88) 483) = e
Age, years, mean (SD) 32.1(43) 30.3 (5.1) 32.5(4.0) <0.001 30.5(5.9) 32.0 (4.1) 33.7(32) <0.001
Education
High school or lower 88 (13.0%) 42 (30.2%) 46 (8.6%) <0.001 - - - -
College (undergraduate) 483 (71.3%) 97 (69.8%) 382 (71.7%) - - - -
Postgraduate 106 (15.79%) 0(0%) 106 (19.7%) . - - .

Marital status

Married 655 (96.8%) 131 (94.2%) 524 (97.4%) 0.109 82 (93.2%) 470 (97.3%) 103 (97.2%) 0.129

Single 22 (3.2%) 8(5.8%) 14 (2.6%) 6(6.8%) 13 (2.7%) 3(2.8%)

Working status

Employed 486 (96.7%) 63 (45.3%) 423 (78.6%) <0.001 36 (40.9%) 358 (74.1%) 92 (86.8%) <0.001
Housewife/unemployed 191 (28.2%) 76 (54.7%) 115 (21.4%) 52 (59.1%) 125 (25.9%) 14 (13.2%)

Regions

North 119 (17.6%) 10 (7.2%) 109 (20.3%) <0.001 3(3.4%) 80 (16.6%) 36 (34.0%) <0.001
Central 238 (35.2%) 30 (21.6%) 208 (38.7%) 25 (28.4%) 178 (36.9%) 35 (33.0%)

South 115 (17.0%) 37 (26.6%) 78 (14.7%) 18 (20.5%) 86 (17.8%) 11 (10.4%)

East 205 (30.3%) 62 (44.6%) 143 (26.6%) 42 (47.7%) 139 (28.8%) 24 (22.6%)

Pre-pregnancy body-mass index

Underweight, <18.5 kg/m? 90 (13.3%) 14.(10.1%) 80 (14.8%) 0.025 50 (56.8%) 319 (66.0%) 63 (59.4%) 0.144
Normal, 18.5-24 kg/m* 432 (63.8%) 83 (59.7%) 355 (66.0%) 11 (12.5%) 40 (8.3%) 6(5.7%)

Overweight, 24-27 kg/m? 79 (11.7%) 24(17.3%) 60 (11.2%) 15 (17.0%) 47 (9.7%) 17 (16.0%)

Obese, >27 kg/m? 57 (8.4%) 18 (12.9%) 43 (8.0%) 11 (12.5%) 64.(13.3%) 15 (14.2%)

Frequency use of personal care products, times/week, mean (SD)

All products 467 (24.2) 415 (263) 48.1(23.5) 0.008 43.4(25.8) 1468 (23.2) 49.1(27.0) 0321
Rinse-off products 268 (13.8) 257 (169) 27.1(12.9) 0.368 27.7(17.6) 267 (13.2) 262 (12.6) 0816
Body wash 6.06 (3.87) 6.56 (4.86) 5.93 (3.56) 0.154 7.22(5.07) 5.97 (3.63) 553 (3.65) 0.035
Shampoo 6.66 (4.54) 7.06 (5.13) 655 (4.37) 0.283 7.49 (5.37) 6.64 (4.40) 6.05(4.33) 0131
Facial cleanser 7.98 (4.62) 7.72 (5.06) 8.05 (4.51) 0.489 8.18 (5.62) 8.03 (4.41) 7.59 (4.68) 0638
Hand soap 6.08 (7.29) 433 (6.18) 653 (7.49) <0.001 479 (6.62) 6.09 (7.28) 7.08 (7.76) 0.084
Leave-on products 20,0 (16.0) 159 (15.1) 210(16.1) <0.001 157 (16.2) 20.1(15.1) 229(189) 0.016
Lotion 0.32(1.45) 0.12 (0.68) 037 (1.59) 0.006 0.25(0.97) 0.23 (1.00) 0.77 (2.82) 0.155
Toner 6.16(5.21) 527 (5.28) 639(5.17) 0.026 493 (5.60) 6.31(5.05) 6.50 (5.46) 0.082
Lip balm 0.77 (2.51) 0.71 (1.89) 079 (2.65) 0677 0.75 (1.96) 0834 (2.59) 0.495 (2.57) 0471
Makeup 5.97 (5.43) 462 (5.19) 632 (5.44) <0.001 4.44(5.01) 6.01(5.36) 7.10(5.83) 0.003
Essential oil 3.58 (5.60) 271 (4.71) 3.80 (5.79) 0.021 2.51 (4.68) 3.56 (5.51) 455 (6.54) 0.038
Perfume 0.31 (1.66) 0.18 (0.96) 034(1.79) 0.164 0.40 (2.36) 0.25(1.16) 0.51 (2.60) 0.507
Hair spray 2.85(4.17) 225 (3.98) 3.01 (4.21) 0.049 2.47 (4.06) 2.90 (4.09) 2.96 (4.61) 0633

*One New Taiwanese Dollar (NTD) & 0.031 United States Dollar.
bp-values for continuous variables were obtained from the analysis of variance test or independent t-test, and p-values for categorical values were obtained from the chi-square test. p-values < 0.05 bolded.
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>0.5 million Mann— High school College Postgraduate Kruskal-Wallis
NTD? Whitney or lower test p-value
U-test
p-value
Bisphenol A N =561 n=104 n=457 n=61 n=410 n=90
0.198 324 0.683 [0.099,1.62] 0985 0.660 [0.099,1.45) 0.031 0.769 (0.350,1.86] 0.668 0.754[0.099,2.26] 0316
[0.099,1.98) [0.099,1.51]
Parabens N =555 n=102 n=453 n=60 n=408 n=87
Methylparaben | 0.020 27 28.2(7.57,76.4] 25.1 29.1(7.61,79.3) 0.405 267 [5.75,712) 26.1 35.8(7.82,99.0] 0540
[7.46,67.3] [8.04,73.3]
Ethylparaben 0.020 323 0911[0.010,3.99) 0.785 0.982[0.01,4.03] 0331 0.506 [0.010,2.24] 0.990 0.676 (0.010,3.15) 0.141
[0.01,3.42] [0.010,4.49]
Propylparaben | 0.024 148 3.87(0.90,28.5) 207 418 [0.988,32.7) 0.048 2.08[0.53,25.1] 3.65 7.24[1.65,33.8) 0.095
[0.659,16.9) [0.885,28.9]
Butylparaben 0.024 323 1.31[0.012,9.13] 074 1,57 [0.012,9.55] 0.139 0.69 [0.012,4.44] 1.35 1.35[0.012,8.01] 0285
[0.012,5.10) [0.012,9.52]

*One New Taiwanese Dollar (NTD) 22 0.031 United States Dollar.
LOD, limit of detection, p-value < 0.05 bolded.
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Bisphenol A Parabens
Methylparaben Ethylparaben Propylparaben Butylparaben
% change (95% ClI) % change (95% Cl) % change (95% Cl) =~ % change (95% Cl) % change (95% Cl)

Body wash
Continuous® —2.0(-49,1.1) 1.9(-27,6.8) —13(-82,6.1) 2.0(-52,99) —7.0(~13.9,0.4)
Categorical® =263 (—44.7, =1.7)* 169 (—24.6,81.3) —3.8(—49.9, 84.8) 22.3(-37.3,138.4) —27.8(—63.9, 44.4)
Shampoo
Continuous 15(~1.2,42) 2.0(~2.0,62) —2.4(=8.4,3.9) —0.1(~=6.4,6.5) —1.9(~8.3,4.9)
Categorical® —4.3(~28.2,27.6) 60.5 (4.0,147.9)* 21.2 (=368, 132.4) 21.3 (—37.6,135.6) 52.4(~23.6,203.9)
Facial cleanser
Continuous —1.3(-38,1.3) 4.8(0.9,8.9)* 53(—0.8,11.8) 6.0 (=04, 12.7) 1.7 (—4.6,8.4)
Categorical® —18(~41.9,15.8) 59.4 (=6.1,170.5) 48.9(~32.3,227.6) 78.7 (—20.2, 300.1) 9.5(=52.7,153.7)
Hand soap
Continuous —1.1(~2.8,0.5) 2.1(~0.3,4.6) 25(~13,65) 4.7(0.6,8.8)* 29(~1.2,7.2)
Categorical® —11.5 (=306, 12.9) 26.5 (—12.6,83.1) 31.5(-24.2,128.3) 53.4 (—12.6, 169.4) 21.8 (=322, 119)
Lotion
Continuous —03(-26,2) 6.2(2.7,9.8)* 3.9(~15,95) 6.5(0.9,12.4)* 1.2 (~4.4,7.0)
Categorical® 4.1(~19.5,34.8) 104.0 (38.4, 200.7)*** 58.1 (—11.7,183.3) 84.5(1.7,234.8) * 17.2 (=371, 118.3)
Toner
Continuous 1.0(~1.2,33) 6.6(3.1,10.2)** 4.4 (~0.9,10.0) 5.0 (~0.5,10.8) 2.1(~3.5,8.0)
Categorical® 35(~19.7,33.4) 96.1 (33.9, 187.2)** 68.7 (—4.9,199.3) 104.2 (13.8,266.4) * —11(=51.7,64.1)
Lip balm
Continuous 1.3(~0.8,3.5) 1.3 (~1.8,4.5) 24(-24,75) 1.1(~3.8,6.3) —0.3 (=5.4,5.0)
Categorical® 23.0 (—4.9,59.1) 22.5(-17.1,81.2) 43.5(~19.8,156.7) 47.7 (—18.5,167.7) 1.3 (—45.5,88.3)
Makeup
Continuous 1.6 (—1.4,47) 9.3 (4.7, 14.2)*** 7.3(0.2,15.0)* 11.2(3.6,19.3) ** 17(=55,95)
Categorical® 23.0(=5.0,59.2) 123.2 (51.7, 228.4)*** 1122 (18.7,279.3) * 127.2(25.6,311.1) ** 4.9 (—43.6,95.3)

Essential oil

Continuous =37 (~126,6.1) 6.4(—8.0,229) 0.2 (=20.0,25.6) 23.5 (=2.0,55.6) 9.3 (—14.1,39.0)
Categorical® 3.0 (—28.8,49) —5.3(—45.9, 66.0) —25.7 (=67.7,71.2) —33.4 (=716, 56.4) —20.1(—67.1,94.2)
Perfume

Continuous 1.6 (—3.4,6.9) 10.1 (2.3,18.6)** 12.8(0.5,26.6) * 11.9 (—0.6, 26.0) 3.1(—8.9,16.6)
Categorical® —21.2(—42.2,7.4) —37.7 (=61.1, —0.3)* —31.6 (—66.1, 37.9) —33.7 (—67.6, 35.9) 14.3 (—45.9,141.2)
Hair spray

Continuous —4.6(—11.2,2.4) 7.1 (=3.6,18.9) —8.6(—22.4,7.6) —2.7(~1738,15) 10 (~7.6,30.9)

Categorical®

28.9(—19,105.3)

—23.8(—62.2,53.9)

50.7 (—47, 328.6)

50.9 (—48.2,339.7)

—343(~78.4,99.8)

“Continuous frequency use was measured as times per week.

b <4 times/week as reference vs. >4 times/week.

“Never as a reference vs. ever used.

Linear regression models were adjusted for age, income, education, body-mass index, working status, and geographical region.

*p < 0.05,*p < 0.01,***p < 0.001.
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