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Prenatal exposure to endocrine disrupting chemicals (EDCs) from personal care products may 

be associated with birth outcomes including preterm birth and low birth weight. There is limited 

research examining the role of personal care product use during pregnancy on birth outcomes. 

Our pilot study consisted of 164 participants in the Environmental Reproductive and Glucose 

Outcomes (ERGO) study (Boston, MA), with data on self-reported personal care product use 

at four study visits throughout pregnancy (product use in the 48 hours before a study visit and 

hair product use in the month before a study visit). We used covariate-adjusted linear regression 

models to estimate differences in mean gestational age at delivery, birth length, and sex-specific 

birth weight-for-gestational age (BW-for-GA) Z-score based on personal care product use. Hair 

product use in the past month prior to certain study visits was associated with decreased mean 

sex-specific BW-for-GA Z-scores. Notably, hair oil use in the month prior to study visit 1 

was associated with a lower mean BW-for-GA Z-score (V1: −0.71, 95% confidence interval: 

−1.12, −0.29) compared to non-use. Across all study visits (V1-V4), increased mean birth 

length was observed among nail polish users vs. non-users. In comparison, decreased mean 

birth length was observed among shave cream users vs. non-users. Liquid soap, shampoo, and 

conditioner use at certain study visits were significantly associated with higher mean birth length. 

Suggestive associations were observed across study visits for other products including hair gel/

spray with BW-for-GA Z-score and liquid/bar soap with gestational age. Overall, use of a variety 

of personal care products throughout pregnancy was observed to be associated with our birth 

outcomes of interest, notably hair oil use during early pregnancy. These findings may help inform 

future interventions/clinical recommendations to reduce exposures linked to adverse pregnancy 

outcomes.
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1. INTRODUCTION

Gestational age at delivery and infant anthropometric measurements at birth are important 

indicators of perinatal health. Infants born preterm (less than 37 weeks of gestation) or 

low birth weight (LBW) (less than 2,500 g) are at a higher risk of short-term mortality 

and morbidity1,2 and subsequent health outcomes later in life, including growth and 

neurodevelopmental delays3-5 and increased risk of cardiometabolic outcomes.6,7 Birth 

length and weight are positively associated with height in adulthood,8 which has been 

hypothesized to be linked to health outcomes.9 Racial and ethnic disparities in these 

pregnancy outcomes are not only persistent but have been increasing in recent years.10-13 

Non-Hispanic Black women are more likely to give birth to preterm and/or LBW infants 

compared to non-Hispanic White women.14-17 While a variety of exposures, stressors, and 

individual-level risk factors underlie these disparities,18 personal care product use represents 

a potential modifiable source of exposure to environmental chemicals linked to these adverse 

pregnancy outcomes and therefore may be an important area for future interventions.

Personal care products often contain endocrine disrupting chemicals (EDCs)—synthetic 

or natural chemicals that can interfere with the body’s hormonal processes19—such as 
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phthalates and parabens. Specifically, phthalate metabolites and parabens have been shown 

to interfere with hormonal pathways and bind to nuclear receptors.20,21 Racial and ethnic 

disparities in urinary phthalate metabolite and paraben concentrations have been reported 

among pregnant people,22 indicating potential differences in personal care product use 

patterns.22-24 Importantly, the prenatal period is a sensitive window of development where 

early life exposures may impact health later in life. For example, studies have observed 

that higher exposure to EDCs during pregnancy may be associated with LBW infants and 

preterm birth (PTB).25,26 Since personal care product use can be a modifiable source of 

EDC exposure, research assessing specific product types that may contribute to pregnancy 

health outcomes is important for clinical recommendations and interventions.

Given that EDC exposure may contribute to adverse perinatal outcomes, along with 

associated health disparities,22,23,27 additional research is needed to examine the role of 

personal care product use on pregnancy outcomes, including, gestational age at delivery, 

birth weight, and birth length. In previous work, we conducted a proof-of-concept pilot 

study to evaluate the association between a racially and ethnically disparate pregnancy 

outcome (i.e. shortened gestational age) and a single type of EDC-associated personal care 

product that has been shown to be racially and ethnically patterned (i.e. hair product use). 

From that analysis, we reported associations between hair oil use and shorter gestational 

age at delivery.28 In a subsequent exposure assessment, we observed higher urinary 

concentrations of multiple phthalate metabolites, including monoethyl phthalate (MEP), 

among hair oil users compared to non-users.28,29 Thus, building on this work and based on 

our proposed translational epidemiologic framework for environmental health disparities,30 

we now examine associations of an expanded suite of personal care products throughout 

pregnancy with gestational age at delivery, birth length, and sex-specific birth weight-for-

gestational age (BW-for-GA) Z-scores within a pregnancy cohort in Boston, MA.

2. METHODS

2.1 Study Population

The study population consisted of pregnant participants enrolled in the Environmental 

Reproductive and Glucose Outcomes (ERGO) study. In 2016, ERGO began enrolling 

participants during routine prenatal visits in early pregnancy (median: 12 weeks of 

gestation). Participants were eligible if they were at least 18 years old, less than 15 weeks of 

gestation at enrollment, English speaking, and planning to receive care and deliver at either 

Brigham and Women’s Hospital or Beth Israel Deaconess Medical Center (BIDMC) in 

Boston, MA. Participants could also be actively participating in the Massachusetts General 

Hospital Study of Pregnancy Regulation of Insulin and Glucose (SPRING), a cohort study 

assessing subforms of gestational diabetes.31 Ineligible participants included those with 

pre-existing diabetes, pregnancies with more than two fetuses, and those who were not 

able to complete oral glucose tolerance tests. ERGO participants completed up to four 

study visits throughout pregnancy at a median of 12, 19, 26, and 36 weeks of gestation, 

during which they completed demographic and behavioral questionnaires. For purposes of 

the present analysis, we only analyzed data from a single site of the ERGO study (BIDMC) 

due to the inclusion of the specific study questions on hair and personal care product use 
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across the four study visits. BIDMC was added as a site to the ERGO study in April 2018 

and recruitment was completed for all of the ERGO study in November 2020.

Of the 175 participants from the BIDMC site, 171 had data on self-reported product use 

from at least one study visit. Of those, 164 participants had data on at least one birth 

outcome measure (n=7 lost-to-follow up; these participants either transferred care or moved 

out of MA during their pregnancy). Three participants were missing data on birth length. 

The final analytic study population included 164 participants. All participants provided 

informed consent, and study protocols were approved by Harvard Longwood Campus 

Institutional Review Board and the Committee on Clinical Investigations for BIDMC.

2.2 Personal Care Product Use

The ERGO study collected data on self-reported product use at each of the four study visits 

during pregnancy. Product use was assessed using two previously validated questionnaires, 

which have been used in prior epidemiologic and exposure assessment research.32-34 

Participants were asked to report use (yes or no) of 12 categories of products—including 

deodorant, crème rinse/conditioner, shampoo, hair gel, perfume, bar soap, liquid soap/body 

wash, hand/body lotion, shave cream, nail polish, other hair products, and colored cosmetics

—within the 48 hours prior to the prenatal study visit. For this analysis, we excluded the 

categories “other hair products,” as the participants were asked more specific questions 

about categories of hair product use, and “colored cosmetics,” as this question’s wording 

resulted in an overly broad and potentially unrelated group of products (e.g., mascara, blush, 

hair dye, etc.). Using a second validated questionnaire, participants were asked about their 

use (yes or no) of eight categories of hair products (hair oil, hair lotion, leave-in conditioner, 

non-lye perm/relaxer, lye perm/relaxer, natural products, prescription, and other) within the 

month prior to the prenatal study visit. Additionally, participants reported how often they 

used each of the eight hair product categories (i.e., daily, 1+ times per week, 1+ times per 

month, every six months or more, and other). Due to the low use of some of the hair product 

categories in this subset, we only included hair oil, hair lotion, and leave-in conditioner in 

this analysis.28 We modeled product use individually as “yes” or “no” at each pregnancy 

visit and as “ever” or “never” during pregnancy, where “ever” use represented self-reported 

use at one or more pregnancy visits. We did not model product use as “ever”/“never” use 

for the following products due to near-universal usage in the population: deodorant (94%), 

conditioner (94%), shampoo (99%), liquid soap/body wash (98%), and lotion (95%). For 

hair products only, we additionally modeled product use frequency (daily, less than daily, or 

no use) at each study visit (hair oil only), as well as “ever daily use”, “less than daily use”, 

and “never use” in pregnancy (hair oil, hair lotion, leave-in conditioner).

2.3 Birth Outcome Assessment

Data on gestational age at delivery, birth length, and birth weight were abstracted from 

medical records. Gestational age at delivery (weeks) was estimated using self-reported last 

menstrual period and confirmed with the earliest prenatal ultrasound. Birth length (cm) and 

birth weight (g) were measured at delivery. For our analyses, we calculated the sex-specific 

BW-for-GA Z-scores and percentiles for each infant based on a recently updated U.S. 

reference population and methods described in Aris et al. 201935 and used in previous 
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research.36,37 BW-for-GA Z-scores were used in our primary analyses and percentiles were 

used to categorize infants as small for gestational age (SGA, <10th percentile) and large 

for gestational age (LGA, >90th percentile) only for descriptive statistics due to the small 

sample sizes. Gestational age (days), birth length (cm), and BW-for-GA Z-score were 

modeled continuously for all analyses.

2.4 Covariates

The ERGO study collected data on sociodemographic characteristics, including education, 

parity, and race and ethnicity, via a baseline questionnaire at the first prenatal study visit. 

For the analyses, we categorized parental educational level as a bachelor’s degree or higher 

versus no bachelor’s degree and self-reported race and ethnicity as non-Hispanic White, 

non-Hispanic Black, Hispanic, and “Other” race. The “Other” racial and ethnic category 

included participants self-identifying as Asian, non-Hispanic Haitian/Caribbean, American 

Indian/Alaskan Native, Native Hawaiian, “Other” Pacific Islander, or more than one race. 

Race and ethnicity are indicators of sociocultural differences in product use patterns that 

potentially drive exposure differences, as well as structural racism factors that drive adverse 

pregnancy health disparities. Parental age at enrollment (years) was calculated from the date 

of birth and date of study consent and body mass index (BMI, kg/m2) was calculated from 

the first prenatal visit weight (kg) and height (meters). Infant sex was obtained from medical 

records.

2.5 Statistical Analysis

We calculated descriptive statistics (mean ± SD, median (range), or n (%)) for the 

participants’ sociodemographic characteristics, birth outcomes measures, and personal care 

product use.

2.5.1 Linear Regression Models of Individual Product Use and Birth 
Outcomes—We fit separate linear regression models for each personal care product 

category and birth outcome (i.e., gestational age at delivery (days), birth length (cm), and 

BW-for-GA Z-score) to evaluate the associations of self-reported personal care product 

use at each pregnancy visit and “ever” use in pregnancy with each birth outcome. The 

associations between hair product use and frequency of use with gestational age at delivery 

are presented among a similar subset of ERGO participants in Preston et al. 2021.28 For 

hair products with sufficient frequency use data, we ran additional models estimating 

associations of frequency of product use (daily, < daily, never) at each visit (hair oil) 

and “ever” use during pregnancy (hair oil, hair lotion, leave-in conditioner) with birth 

length and BW-for-GA Z-scores. Additionally, we plotted estimated probability distribution 

functions for BW-for-GA Z-scores to visually depict the observed shift in mean Z-scores 

and differences in distribution shapes comparing daily, < daily, and non-users of hair oil, 

which are reported to be hormonally active and associated with EDCs in our previous 

analyses.29,38 We included the following covariates as potential confounders selected a 
priori: parental age at enrollment (years, continuous), self-reported education (bachelor’s 

degree or higher versus no bachelor’s degree), parity (0, 1, 2+), and parental BMI at 

visit 1 (kg/m2, continuous) in our models of gestational age at delivery and sex-specific 
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BW-for-GA Z-scores. For our analyses examining birth length, we additionally adjusted for 

gestational age at delivery (days, continuous) and infant sex.

2.5.2 Sensitivity Analysis—Race and ethnicity, particularly the non-Hispanic Black 

race, are associated with both gestational age and birth weight, as well as the use of certain 

personal care products (e.g., high hair oil use by non-Hispanic Black participants).33,38 

Thus, we were interested in evaluating if any of the observed associations between product 

use and birth outcomes were driven by the usage patterns of these participants. We did 

not have a large enough sample size to stratify our associations by race and ethnicity or 

to adjust for race and ethnicity; therefore, we performed a sensitivity analysis excluding 

non-Hispanic Black participants (n=18) from our linear regression models examining the 

associations of personal care product use within the 48 hours and hair product use within 

the past month prior to pregnancy study visits and “ever” use in pregnancy, with our birth 

outcome measures. Statistical analyses were completed in SAS version 9.4 (Cary, NC).

3. RESULTS

Among the 164 participants in our analytic pilot study population, the mean age at 

enrollment (SD) was 32.5 (4.4) years with a mean BMI of 25.6 (5.3) kg/m2 (Table 1). Sixty-

two percent of participants were non-Hispanic White, 19% were categorized as “Other” 

race, 11% were non-Hispanic Black, and 8% were Hispanic. Seventy-nine percent held a 

bachelor’s degree or higher. Of the infants, 6% were born preterm (<37 weeks), and 17% 

were classified as SGA. Mean (SD) gestational age at delivery was 39.2 (1.9) weeks, mean 

birth length was 48.8 (3.8) cm, and mean infant birth weight was 3,297 (566) g. Excluded 

participants (n=11) were more likely to be parous (86%), of “Other” race (37.5%), and 

were slightly younger (mean 31.7 years) with higher BMI at visit 1 (mean 26.5 kg/m2) 

(Supplemental Table S1).

The products with the highest reported use during the 48 hours prior to any study visit 

(“ever” use during pregnancy) were liquid soap/body wash (97%), shampoo (95%), lotion 

(94%), deodorant (92%), and crème rinse/conditioner (90%) (Figure 1A). For hair products, 

use within one month prior to any study visit during pregnancy (“ever” use) was highest for 

leave-in conditioner (41%), followed by hair oil (37%) and hair lotion (33%) (Figure 1B). 

Self-reported frequency of hair product use is displayed in Figure 2. Self-reported daily use 

of hair products at one or more study visits was highest for hair oil (13%), followed by hair 

lotion (12%), and leave-in conditioner (10%). Flair oil had the highest percentage of daily 

users across pregnancy visits (range 6-10%).

3.1 Personal Care Product Use and Gestational Age at Delivery (days)

Results from covariate-adjusted regression models estimating associations of personal care 

product use (48 hours prior to each visit) with gestational age at delivery (days) (Figure 3A) 

were inconsistent without clear patterns of associations for most products across visits. We 

observed suggestive associations of shorter mean gestational age at delivery among liquid 

soap/body wash users compared to non-users at visits 1 through 3 (V1: −3.8 days, 95% 

Confidence Interval (CI): −11.4, 4.0; V2: −4.8 days, 95% CI: −12.2, 2.6; V3: −3.5 days, 

95% CI: −8.6, 1.7). We were unable to model associations with “ever” use of liquid soap/

Chan et al. Page 6

Environ Res. Author manuscript; available in PMC 2024 May 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



body wash due to a lack of sufficient “never” users. Conversely, we observed suggestive 

associations of longer mean gestational age at delivery in bar soap users compared to 

non-users at all time points and “ever” use (V1: 3.2 days, 95% CI: −1.6, 7.9; V2: 3.6 days, 

95% CI: −1.1, 8.3; V3: 2.3 days, 95% CI: −1.2, 5.7; V4: 1.6 days, 95% CI: −1.4, 4.7; Ever: 

3.8 days, 95% CI: −0.9, 8.4).

3.2 Personal Care Product Use and Birth Length (cm)

In models estimating associations of product use (48 hours prior to each visit) and birth 

length (cm), we observed consistently lower mean birth length (cm) in shave cream users 

compared to non-users (Figure 3B). For example, “ever” users of shave cream gave birth to 

infants with −1.3 cm (95% CI: −2.6, −0.1) lower mean length at birth (cm). A suggestive 

pattern of bar soap use and lower mean birth length was also observed across study visits 

during pregnancy. Conversely, nail polish users had consistently higher mean birth length 

compared to non-users, with “ever” use associated with a 1.1 cm (95% CI: −0.1, 2.2) 

higher mean birth length compared to “never” users. Associations with other products 

were more inconsistent. We observed a significantly higher mean birth length in liquid 

soap/body wash users compared to non-users, but only at visit 4 (V4: 2.8 cm, 95% CI: 

0.8, 4.8). Similarly, we observed significantly higher mean birth length in shampoo and 

conditioner users compared to non-users at visit 2 (Shampoo V2: 2.6 cm, 95% CI: 1.0, 4.3; 

Conditioner V2: 1.5 cm, 95% CI: 0.1, 2.9), but did not observe similar associations at the 

other pregnancy visits. We were not able to assess “ever” versus “never” use of liquid soap/

body wash, shampoo, or conditioner due to insufficient numbers of “never” users for these 

products. Associations with other personal care products were inconsistent and primarily 

null. We did not observe any notable associations between hair product use or frequency of 

use in the past month with birth length (Supplemental Figure S1).

3.3 Personal Care Product Use and Sex-Specific BW-for-GA Z-score

3.3.1 Personal care product use reported 48 hours prior to study visits—
Figure 3C presents the covariate-adjusted differences in mean sex-specific BW-for-GA 

Z-score associated with personal care product use compared to non-use (48 hours prior to 

each visit) and “ever” versus “never” use in pregnancy. We observed a suggestive pattern 

of associations between hair gel/spray use and lower mean BW-for-GA Z-scores at visits 2 

and 4 compared to non-use and “ever” compared to “never” in pregnancy. Estimates at visits 

1 and 3 were smaller in magnitude and less precise. At visit 2, hair gel/spray users had a 

lower mean BW-for-GA Z-score compared to non-users (V2: −0.41, 95% CI: −0.84, 0.02). 

Associations with other products were more inconsistent. We observed positive associations 

between shampoo use (visits 2 and 4), lotion use (visit 1), and deodorant use (visits 1 and 

2) and higher mean BW-for-GA Z-score compared to non-users, but these associations were 

not consistent across visits and should be interpreted with caution.

3.3.2 Hair product use reported one month prior to study visits—Figure 

4A presents the covariate-adjusted differences in mean sex-specific BW-for-GA Z-score 

associated with hair product use (one month prior to each visit) and “ever” in pregnancy. 

Hair oil use was consistently associated with lower BW-for-GA Z-score across visits except 

for visit 2. The strongest association was observed for visit 1, where hair oil users had a 
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lower mean BW-for-GA Z-score of −0.71 (95% CI: −1.12, −0.29) compared to non-users. 

We observed a similar pattern for hair lotion, with hair lotion use at pregnancy visits 1 

and 4, and “ever” in pregnancy associated with lower mean BW-for-GA Z-score (e.g., V1: 

−0.60, 95% CI: −1.06, −0.15). Use of leave-in conditioner at visits 1, 3, and 4 was associated 

with lower mean BW-for-GA Z-score compared to non-use, but not at visit 2 or “ever” in 

pregnancy (e.g., V4: −0.27, 95% CI: −0.72, 0.18).

Figure 4B displays estimates for associations of frequency of hair product use (one month 

prior to each visit) with BW-for-GA Z-score, comparing daily or less than daily users to 

“never” users at all visits for hair oil and “ever” daily, less than daily, or “never” use 

in pregnancy for all three hair products. Participants reporting daily use of any of the 

three products during pregnancy (“Ever” daily use) had lower mean BW-for-GA Z-scores 

compared to “never” users (Hair oil: −0.67, 95% CI: −1.22, −0.12; Hair lotion: −0.41, 95% 

CI: −1.01, 0.20; Leave-in conditioner: −0.38, 95% CI: −1.01, 0.24). For hair oil, daily use at 

visits 1, 3, 4, and “ever” in pregnancy was associated with lower mean BW-for-GA Z-scores, 

with the strongest association seen at visit 1 (V1: −0.98, 95% CI: −1.76, −0.20). The 

differences in BW-for-GA Z-score between the hair oil user groups are further illustrated in 

Figure 5, which depicts estimated probability density functions for normal distributions in 

each user group. Compared to non-users, the estimated normal Z-score distribution for daily 

hair oil users at visit 1 shifted to the left with a visual widening of the distribution tails. 

Mean (SD) BW-for-GA Z-scores for hair oil user groups were −1.2 (1.5) for daily users, 

−0.7 (0.9) for less than daily users, and −0.09 (1.1) for non-users. Compared to non-users, 

the Z-score distribution for daily hair oil users at visit 1 shifted left with a −1.0 (95% CI: 

−1.8, −0.2) lower mean BW-for-GA Z-score and a visual widening of the distribution tails.

3.4 Sensitivity Analysis

In sensitivity analyses, excluding non-Hispanic Black participants (n=18), we observed 

similar results for associations of personal care product use (48 hours prior to each 

visit) (Supplemental Table S2) and hair product use (one month prior to each visit) 

(Supplemental Table S3) with birth outcomes. For personal care product use, gestational 

age model estimates were generally consistent in the direction and magnitude of the 

associations, but some associations were strengthened (e.g., Bar soap, “ever” use: 4.5 days, 

95% CI: −0.1, 9.1; Shave cream, “ever” use: −3.2 days, 95% CI: −7.8, 1.4). Results for 

birth length (cm) were very similar to those in the full cohort. For BW-for-GA Z-scores 

models, results excluding non-Hispanic Black participants were generally similar to those 

in the full cohort, however, some estimates were attenuated (e.g., hair gel/spray) while 

others were strengthened (e.g., lotion). As in the full cohort, we did not observe notable 

or consistent associations between hair product use and birth length (cm). Associations 

between hair product use and sex-specific BW-for-GA Z-scores were similar in the direction 

and magnitude of the associations, although some estimates for hair oil were weakened (e.g., 

V1: −0.46, 95% CI: −0.90, −0.02) and some estimates for hair lotion were strengthened 

(e.g., V4: −0.35, 95% CI: −0.78, 0.08).
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4. DISCUSSION

In this pilot study of pregnant individuals, we observed that the use of certain categories of 

personal care products was associated with our birth outcomes of interest. Hair oil and hair 

lotion use (most notably in the month prior to the first study visit), and leave-in conditioner 

use (in the month prior to visits 1, 3, and 4) were associated with lower mean sex-specific 

BW-for-GA Z-scores. Daily use of all three hair products reported in the past month prior 

to study visits (specifically, “ever” daily use, and also daily use at visits 1 and 4 for hair 

oil) was also observed to be associated with lower mean sex-specific BW-for-GA Z-scores. 

Consistent and suggestive associations across pregnancy were observed for a number of 

other product categories with all three birth outcomes. In general, many of the reported 

model estimates had wide confidence intervals, likely due to the small sample size in this 

pilot study.

4.1 Personal Care Product Use and Birth Outcomes

A small number of studies have investigated the association between personal care product 

use during pregnancy and perinatal outcomes, including gestational age at delivery, PTB, 

and size for gestational age. A Chinese cohort study (n=9,710) that recruited from 

September 2016 to August 2017 reported that cosmetics use during pregnancy was 

associated with a higher risk of SGA, but not for PTB, LBW, LGA, and macrosomia.39 

They also reported a positive association between the frequency of cosmetic use during 

pregnancy and risk of SGA. However, this study only considered facial hygiene care 

products and make-up products and did not include hair or other personal care products. 

Conversely, a U.S. case-control study in North Carolina (n= 188 preterm cases, n=156 

LBW cases, n=304 controls) that recruited between September 1988 and April 1991 found 

that use of permanent hair straightening and curling products among Black women during 

pregnancy was not associated with an increased risk of delivering a preterm or LBW 

infant.40 Similarly, a separate U.S.-based case-control study among participants from the 

Black Women’s Health Study (n=5,633 controls, n=497 cases) which recruited in 1995 with 

follow-up information collected in 1997, 1999, and 2001, reported no association between 

“ever” versus “never” use of hair relaxers and odds of PTB.41 However, differences in the 

measurement of personal care product use, such as the included product categories/types, 

timing of assessment during pregnancy, recall time period, and frequency data, as well as 

the country/region of study, can impact both product formulation and product use patterns 

and make it challenging to compare results across studies. For example, two of the three 

aforementioned studies focused on chemical hair straightening and curling products, which 

are used on average over several months compared to leave-in maintenance hair products 

which can be used daily (e.g., leave-in conditioner, hair oil, curl cream, gel, edge control, 

pomade).33

Additionally, these U.S.-based case-control studies recruited participants prior to 2000, 

which may represent a different exposure distribution to environmental chemicals from 

personal care products compared to current day exposures. Specifically, exposure to 

EDCs has changed over time.42,43 For example, an analysis examining temporal trends 

(2001-2010) in phthalate exposures using National Health and Nutrition Examination 
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Survey (NHANES) data reported a decrease in concentrations of certain phthalate 

metabolites including MEP and monobenzyl phthalate, while increased concentrations of 

other phthalate metabolites such as monoisobutyl phthalate (MiBP) and monocarboxynonyl 

phthalate.42 These differences may be driven by changes in personal care product use 

patterns as well as changes in the chemical composition of personal care and consumer 

products over time.44,45 As an example, U.S. market research has observed a temporal 

decline in hair relaxer sales.44 These changes in hair product use patterns may contribute 

to the frequent use of leave-in maintenance hair products such as hair oil, leave-in 

conditioner, and hair gel reported among Black women.38,46,47 Previous research has 

reported differences in chemical composition between leave-in and rinse-out products as 

well as differences in urinary concentrations of personal care product-associated EDCs 

among more frequent users of leave-in versus rinse-out products.48-50 These products are 

modifiable sources of EDC exposure that may contribute to racial and ethnic disparities 

in birth outcomes.16-18 Thus, recent U.S.-based studies focusing on personal care product 

use, such as ours, are important to not only fill the gap in the literature on the association 

between personal care product use and birth outcomes but also document current personal 

care product use patterns and related chemical exposure.

In our previous research examining hair product use and frequency of use during pregnancy 

among a similar overlapping subset of the BIDMC participants in ERGO (n=154), we 

found that participants reporting daily use of hair oil in late pregnancy (month prior to 

study visit 4; median: 36 weeks of gestation) had lower mean gestational age at delivery 

compared to non-users (β: −8.3 days, 95% CI: −14.9, −1.6).51 In subsequent work using 

data from a smaller subset of the present study population, we observed that hair oil use 

in the month prior to a participant’s last prenatal study visit was associated with 125% 

higher mean urinary MEP concentrations (95% CI: −0.1, 408).29 Additionally, shampoo 

users had higher mean urinary monobutyl phthalate (MBP) and MiBP concentrations, and 

hair gel users had higher mean MiBP concentrations. Hair oil was also identified in one 

of our previous analyses as one of the two products to present hormonal activity on all 

four hormone assays conducted (estrogen, androgen, progesterone, and glucocorticoid).38 

Furthermore, in a separate exposure assessment examining hair products commonly used by 

Black women from the Greater New York Hair Products Study,32 hair oil was observed to 

contain benzophenone, a potential EDC that also may impact perinatal health outcomes.46 

In our present study, we observed lower mean sex-specific BW-for-GA Z-scores among 

participants who reported using hair products at different time points during pregnancy 

compared to non-users and suggestive associations with the use of other personal care 

product categories (i.e., shave cream, nail polish, liquid soap/body wash, and bar soap) 

and our outcomes of interest. The present study adds to our previous work by examining 

a broader suite of personal care product categories and evaluating associations with the 

additional birth outcomes of birth length and sex-specific BW-for-GA Z-scores, in addition 

to gestational age at delivery. Through these successive analyses, we have generated 

evidence for the complex narrative surrounding the role of EDC-associated personal care 

product use and pregnancy outcomes, where racial and ethnic inequities persist.

Among the other personal care product categories evaluated, suggestive, yet some imprecise, 

associations with birth outcomes were observed, including among shave cream, nail polish, 
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and soap (liquid and bar) users versus non-users across pregnancy visits. Shave cream 

has previously been identified to contain EDCs or suspected EDCs, including multiple 

phthalates, bisphenol A (BPA), diethanolamine, glycol ethers, cyclosiloxane, and UV filters 

(such as benzophenone-3).52,53 Both bar soap and liquid soaps have also been observed to 

contain EDCs, notably, phthalates, BPA, and antimicrobials (triclocarban and triclosan).52,54 

Furthermore, nail polish use has previously been positively associated with higher urinary 

MBP concentrations55 and reported to contain di(2-ethylhexyl)phthalate and BPA.52 Thus, 

personal care product use during pregnancy, where numerous products can contain a number 

of EDCs or suspected EDCs, may contribute to a variety of pregnancy outcomes, such as 

those evaluated in this analysis.

While there is limited research examining the effects of personal care product use 

during pregnancy on perinatal outcomes in the general population, adverse pregnancy 

outcomes (including PTB, LBW, and SGA) among individuals with occupational exposure 

to personal care product chemicals (cosmetologists, manicurists, and hair stylists) have 

been reported.56,57 For example, one retrospective study compared birth outcomes among 

cosmetologists in New York State (n= 15,003) to licensed realtors (n=4,246) and the general 

population (n=12,171).58 Compared to realtors, cosmetologists had increased odds of giving 

birth to a LBW infant (adjusted OR: 1.36, 95% CI: 1.09, 1.70). The observed associations 

were larger for non-White participants compared to White participants, which could indicate 

differences in treatments or products used by non-White participants (personally and/or 

professionally), other EDC exposure routes/sources, or increased vulnerability to the effects 

of personal care product-associated exposures due to concomitant risk factors. While 

these studies focused on occupational exposure, which likely represents greater and more 

continuous exposure to certain personal care products and associated EDCs, their findings 

may be applicable to the same or similar products used routinely by the general population.

4.2 Potential Mechanisms

We observed the strongest association between hair oil use at visit 1 and lower BW-for-GA 

Z-score, which may indicate that exposures during early pregnancy impact fetal growth. 

We hypothesize that this finding may be driven by underlying pregnancy physiology 

where the placenta is being formed during early pregnancy. Thus, the association between 

product use during early pregnancy and lower BW-for-GA Z-score could be attributed 

to chemical exposures during this period impacting the placental formation and resulting 

nutrient delivery.59 We also observed associations with use of other personal care products 

including nail polish use at any visit with birth length; however, the clinical relevance and 

pathophysiology of this mechanism are unclear. Future studies will need to replicate these 

findings and further explore potential mechanisms on the associations between nail polish 

use, among other personal care products identified in this study, and birth outcomes.

Furthermore, we hypothesize that exposure to phthalates and other EDCs contained in 

personal care products is the underlying pathway for the observed associations between 

the use of certain products during pregnancy and adverse birth outcomes including 

shorter gestational age and lower birth weight. However, while exposure to phthalates 

and other EDCs have been associated with shorter gestational age and lower birth 
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weight in some studies, the exact biological mechanisms behind these associations are 

unclear. Studies suggest that phthalate exposure may alter inflammatory pathways60,61 

and placental function.61,62 Previous research has identified inflammation as a potential 

contributor to preterm parturition63,64 and reported associations between inflammation and 

altered placental function with fetal growth restriction—resulting in lower birth weight.65,66 

Additionally, phthalate exposure has been shown to alter placental essential fatty acid 

homeostasis,61,67,68 which is essential for proper fetal growth and development.69 Altered 

maternal and fetal fatty acid profiles have been associated with LBW and fetal growth 

restriction.70-73 These may represent potential mechanisms for the observed associations 

between exposure to some phthalates with shorter gestational age and lower birth weight. 

In addition to phthalates, other chemical classes of EDCs may impact perinatal health. For 

example, parabens are commonly used as preservatives in personal care products and may 

contribute to PTB risk by impacting normal placental development through their ability to 

alter progesterone and estrogen receptors.74,75 Additionally, personal care products often 

contain a combination of different chemical ingredients resulting in exposure to EDC 

mixtures with potential joint effects.

4.3 Limitations and Strengths

Our analysis has some limitations. First, while we asked about categories of personal care 

products used in the past month and 48 hours prior to study visits, we did not collect data 

on the frequency of use for the majority of products, specific product brands, the total 

number of products used within each category, or the ingredients of products. Therefore, 

we are unable to account for these factors that contribute to individual-level exposure to 

personal care product-associated EDCs. Second, we used self-reported data on personal 

care product use, and there may be misclassification due to poor recall or improper 

categorization of products. Next, this was a pilot study among a small subset of ERGO 

participants who were predominately non-Hispanic White with relatively low use of many 

of the queried hair products. Due to the sample size of our pilot study, we did not have 

sufficient numbers to perform an analysis of the change in product use across pregnancy 

in association with our outcomes. Additionally, based on our smaller sample size, we were 

unable to assess potential windows of susceptibility to personal care product-associated 

chemicals across prenatal study visits. Furthermore, based on our study population in 

Boston (predominately non-Hispanic White and English-speaking), our results may not be 

generalizable to other populations due to potential differences in patterns of product use 

based on sociodemographic, cultural, and geographic factors.76-78 Additionally, our study 

results reflect current day exposures to personal care products and may not reflect future 

exposures due to changes in the cosmetic composition of products. Previous research has 

reported notable differences in patterns of personal care products across racial and ethnic 

groups.76,78-80 As race and ethnicity are important sociocultural factors that can drive both 

product use and chemical exposures, the use of certain personal care products is often 

highly correlated with race and their individual effects can be difficult to separate. We 

were unable based on our relatively small sample size to adjust for race and ethnicity due 

to model convergence issues. Additionally, based on our sample size, we were unable to 

stratify our models by categories of race and ethnicity or to explore associations with birth 

outcomes such as PTB and SGA. However, results from our sensitivity analysis excluding 
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non-Hispanic Black participants from our models were generally comparable with our main 

model estimates, indicating that the observed associations, particularly with hair product use, 

were not driven by the inclusion of these individuals. Future studies should consider the 

associations between personal care product use and personal care product-associated EDCs 

with gestational age at delivery, birth length, and BW-for-GA Z-scores among a larger, more 

diverse cohort to confirm these findings.

This analysis also has several notable strengths. To our knowledge, this is one of 

the few analyses to examine personal care product use on perinatal health outcomes. 

Previous research has mainly examined the association between certain urinary chemical 

metabolites (e.g., phthalates) with pregnancy outcomes. Examining personal care product 

use specifically allows for a solution-oriented approach for EDC exposure sources 

and perinatal health outcomes relevant to possible reduction strategies and clinical 

recommendations. Next, we used two validated questionnaires to examine personal care 

product use, which has been used in prior research demonstrating higher concentrations of 

personal care product-associated EDCs with the use of certain products and associations 

between product use and health endpoints.32-34 Additionally, our use of these validated 

questionnaires at four prenatal study visits allowed us to examine the associations between 

personal care product use and birth outcomes across pregnancy. Lastly, we included the 

use of leave-in maintenance hair products, which are most frequently used by non-Hispanic 

Black women, have documented hormonal activity,38 are associated with higher phthalate 

exposure,29 but are often classified broadly as “other hair products” in previous research.

4.4 Conclusions

In this pilot study, we found evidence that the use of hair products, particularly hair oil, 

during pregnancy may be associated with lower mean BW-for-GA Z-score. Associations for 

birth length and gestational age at delivery were also observed for certain product categories. 

Since personal care product use represents a modifiable risk factor for EDC exposure, 

these findings may inform future recommendations and interventions aiming to reduce 

adverse perinatal health outcomes, particularly those linked to racial and ethnic disparities in 

personal care product use and associated EDC exposures.
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HIGHLIGHTS

• Personal care products (PCPs) often contain endocrine disrupting chemicals.

• We estimated associations of product use at 4 visits in pregnancy with birth 

outcomes.

• Lower birth weight-for-gestational age (BW-for-GA) was reported among hair 

product users.

• The strongest association with lower BW-for-GA was observed for daily hair 

oil use.

• Use of liquid soaps, shampoos, conditioners were associated with longer 

infant length.
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Figure 1. 
Self-reported use of (A) personal care products within the past 48 hours and (B) hair 

products within the past month prior to each pregnancy study visit (V1-4) and “ever” in 

pregnancy (n=164*). “Ever” represents self-reported use at any of the four pregnancy study 

visits. *Sample size varied across visits and by product category due to missing data (range: 

n=137 to n=164).
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Figure 2. 
Self-reported frequency of hair product use (daily, <daily, no use) within the past month 

prior to each pregnancy study visit (V1-4) and “ever” in pregnancy (n=164*). “Ever” 

represents self-reported use at any of the four pregnancy study visits. Values may vary from 

those in Figure 1 due to missing frequency data for products and/or timepoints. *Sample size 

varied across visits and by hair product due to missing data (range: n=137 to n=164).
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Figure 3. 
Covariate-adjusted differences in mean birth outcomes associated with use of personal care 

products compared to non-use within the 48 hours prior to each pregnancy visit (n=164). 

Figures depict the estimated mean difference in (A) gestational age at delivery (days), (B) 

birth length (cm), and (C) sex-specific BW-for-GA Z-score in product users compared to 

non-users at each study visit and “ever” users compared to “never” users during pregnancy. 

Models were adjusted for the following covariates: (A) parental age at consent (years), 

bachelor’s degree or higher (yes vs. no), BMI at visit 1 (kg/m2), and parity (0, 1, 2+); (B) 

parental age at consent (years), bachelor’s degree or higher (yes vs. no), BMI at visit 1 

(kg/m2), parity (0, 1, 2+), infant sex, and gestational age at delivery (weeks); (C) parental 

age at consent (years), bachelor’s degree or higher (yes vs. no), BMI at visit 1 (kg/m2), and 

parity (0, 1, 2+). N=3 participants missing birth length data.
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Figure 4. 
Covariate-adjusted differences in mean sex-specific BW-for-GA Z-score associated with (A) 

hair product use and (B) frequency of hair product use within the month prior to each 

pregnancy visit (n=149*). All models were adjusted for parental participant age at consent 

(years), bachelor’s degree or higher (yes vs. no), BMI at visit 1 (kg/m2), and parity (0, 1, 

2+). (B) “Ever” use categories represent report of daily use or less than daily use at one 

or more pregnancy visits compared to “never” users. Visit-specific estimates for frequency 

of hair lotion and leave-in conditioner use were not modeled due to insufficient numbers 

of daily users at individual study visits. *Due to missing frequency data at some individual 

visits sample sizes ranged from n=137 to n=149.
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Figure 5. 
Estimated normal probability density functions of sex-specific BW-for-GA Z-scores in daily, 

less than daily, and non-users of hair oil at Visit 1 in pregnancy (n=144). Vertical lines depict 

the mean BW-for-GA Z-scores for daily users (mean ± SD: −1.2 ± 1.5), less than daily users 

(−0.7 ± 0.9) non-users (−0.09 ± 1.1).
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Table 1.

Participant characteristics and birth outcome measures (n=164)

Characteristic/outcome mean ± SD, median (range)
a
, or n (%)

Gestational age at study visits (weeks) 

  Visit 1 11 (6, 16)

  Visit 2 19 (15, 23)

  Visit 3 26 (23, 35)

  Visit 4 36 (32, 39)

Parental characteristics 

Age at consent (years) 32.5 ± 4.4

BMI at visit 1 (kg/m2) 25.6 ± 5.3

Bachelor's degree or higher 130 (79)

Race and ethnicity

  Non-Hispanic White 101 (62)

  Non-Hispanic Black 18 (11)

  Hispanic 13 (8)

  “Other” race 32 (19)

Parity

  0 84 (51)

  1 51 (31)

  2+ 29 (18)

Infant outcomes 

Gestational age at delivery (weeks) 39.2 ± 1.9

Birth length (cm)
b 48.8 ± 3.8

Birth weight (g) 3,297 ± 566

Sex-specific BW-for-GA Z-score −0.20 ± 1.17

Preterm birth (<37 weeks) 10 (6)

Small for gestational age (SGA) 28 (17)

Large for gestational age (LGA) 11 (7)

Female infant 88 (54)

Mode of delivery

  Vaginal 125 (76)

  Cesarean 39 (24)

a
Median (range) presented for gestational age at study visits (weeks)

b
n=3 missing birth length data
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