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Abstract

BACKGROUND—Parabens are used as antimicrobial excipients in some pharmaceuticals.
Parabens may adversely affect reproduction.

OBJECTIVES—Determine whether paraben-containing medication contributes to high urinary
paraben concentrations.

METHODS—Individuals at a fertility clinic provided multiple urine samples during evaluation/
treatment and reported 24-hour use of medications and personal care products (PCP). Repeated
measures models compared specific gravity-adjusted urinary methyl, propyl, and butyl paraben
concentrations between samples “exposed” and “unexposed” to paraben-containing medication.

RESULTS—Eleven participants contributed 12 exposed and 45 unexposed samples, among
which paraben concentrations did not differ. Use within seven hours was associated with 8.7-fold
and 7.5-fold increases in mean methyl (P=0.11) and propyl (P=0.10) paraben concentrations,
respectively, after adjusting for PCP use. However, these associations decreased to 1.3-fold
(P=0.76) and 2.6-fold (P=0.34), respectively, after removal of one influential individual.

CONCLUSION—Paraben-containing medications contributed to higher urinary paraben
concentrations within hours of use.
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INTRODUCTION

Parabens are esters of p-hydroxybenzoic acid that are used as antimicrobial preservatives in
cosmetics, food packaging, and pharmaceuticals.l 2 3 Parabens are often used in
combination, and regulations in the European Union mandate that mixtures of parabens may
be used in concentrations up to 0.8% in cosmetic products, while a single paraben may be
used in concentrations of up to 0.4%.4 The Cosmetic Ingredient Review, which is overseen
by the U.S. Food and Drug Administration (FDA), recommends that manufacturers adhere
to these levels, though they are not requirements.?

The U.S. population is widely exposed to parabens. The National Report on Human
Exposure to Environmental Chemicals is a report issued by the Centers for Disease Control
and Prevention (CDC) that uses samples from the National Health and Nutrition
Examination Survey (NHANES) to quantify exposure among a nationally-representative
segment of the population. Using data from NHANES 2005-2006, methyl and propyl
paraben were detected in 99.1% and 92.7% of participants, respectively, while butyl paraben
was detected in 40% of participants.®

Humans may be exposed to environmental chemicals through ingestion, inhalation, and
dermal absorption, and while dermal absorption may be the most important route of paraben
exposure due to their widespread use in personal care products,? ingestion may be another
important route. It has been established that pharmaceuticals can be important sources of
environmental chemical exposure. This was first reported in 2004 for an individual from our
fertility clinic population who was taking a pharmaceutical containing mesalamine (Asacol;
Warner Chilcott Pharmaceuticals Inc, Mason, OH) and had urinary monobutyl phthalate
concentrations that were approximately 1,000-fold greater than the median of the U.S.
population sampled by NHANES.® This finding was further investigated in our fertility
clinic cohort for individuals using mesalamine-containing as well as other phthalate-
containing medications. We reported monobutyl phthalate concentrations that were 200
times higher among participants who had used phthalate-containing medications compared
to individuals who had not.” Additionally, high urinary phthalate concentrations have been
found among patients using pancreatic enzyme products for cystic fibrosis.

In pharmaceuticals, parabens are excipients (inactive ingredients), which may be used as
antimicrobial preservatives in various pharmaceutical formulations including oral solid
dosage forms, as well as parenteral and topical preparations.® While drug products with
clinically-studied levels of active ingredients are approved by the FDA, individual
excipients themselves are not technically ‘approved.” Parabens are included within a class of
compounds referred to as ‘generally recognized as safe’ (GRAS), which are exempt from
the usual tolerance requirements in the Federal Food, Drug, and Cosmetic Act.10 A list of
several hundred substances that were recognized as safe by appropriately qualified experts
was developed in 1958, and substances that were already in use and that had no recognized
adverse effects were allowed to remain in use and were not required to undergo any form of
scientific testing for safety.11 12
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Despite the lack of required testing for GRAS products, the FDA maintains a database of
inactive ingredients that have been used in approved drug products that includes the
maximum approved potencies for various formulations. Butyl paraben has been approved
for use at a maximum potency of 0.04 mg in a sustained action tablet formulation and
0.016% in an oral solution.13 Methyl paraben has been approved at a maximum potency of
1.8 mg in a tablet formulation and 0.15% in an oral solution, while propyl paraben has been
approved for use at a maximum potency of 0.22 mg in a sustained action tablet formulation
and 10% in an oral solution.13 Over-the-counter (OTC) medications are generally not
approved by the FDA, and thus determining their inactive ingredients is more difficult,
though they may contain the same excipients found in prescription medications. While most
OTC medications list all inactive ingredients on their label, the level and type of excipient
can change without notice or approval. Despite parabens being used as excipients in
pharmaceuticals, to our knowledge, urinary paraben concentrations following recent
ingestion of paraben-containing medications have not been examined. The aim of this study
was to quantify urinary paraben concentrations in reproductive age men and women within
24 hours of self-reported use of a paraben-containing medication, and to further stratify by
timing of medication use. These concentrations were compared to urine concentrations from
periods when these same subjects did not report taking a paraben-containing medication.

METHODS
Study Participants

This sub-analysis included participants enrolled in a larger ongoing prospective study of
women and men undergoing treatment at a fertility clinic. This cohort has been previously
described in detail.1# 15 Briefly, women age 18-45 years and men age 18-51 years were
enrolled either individually or as couples from the Massachusetts General Hospital (MGH)
Fertility Center in the Environment and Reproductive Health Study (EARtH Study).
Participants were followed from enrollment until they had a live birth or discontinued
treatment at the MGH Fertility Center. All participants, regardless of treatment modality
(i.e., in vitro fertilization (IVF), intrauterine insemination (1UI), or timed intercourse), were
eligible for inclusion in this analysis. This study was approved by the institutional review
boards at the MGH Fertility Center, the Harvard School of Public Health, and the Centers
for Disease Control and Prevention (CDC).

Exposure and Outcome Measurements

Women provided two urine samples during each of their treatment cycles; one sample was
provided during the monitoring phase of the cycle, and one sample was provided at the time
of oocyte retrieval for those undergoing IVF or insemination for those undergoing IUI. Men
provided one urine sample at the time of oocyte retrieval or insemination at each treatment
cycle. Urine was collected in a clean polypropylene specimen cup. Specific gravity (SG)
was measured at room temperature using a handheld refractometer (National Instrument Co.
Inc., Baltimore, MD) calibrated with deionized water before each measurement. Urine
samples were divided into aliquots before being frozen and stored at —80°C. Samples were
then shipped overnight on dry ice to the CDC, where they were stored at < -40° C until
blinded analysis. The urinary concentration of free plus conjugated paraben species (i.e.,

Reprod Toxicol. Author manuscript; available in PMC 2016 April 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodge et al.

Page 4

total concentration) was measured using online solid phase extraction coupled to isotope
dilation-high performance liquid chromatography—tandem mass spectrometry as described
previously.16 Each analytical run included calibration standards, reagent blanks, and quality
control materials of high and low concentration. Metabolite concentrations below the limit
of detection (LOD) were assigned a value of the LOD divided by the square root of two.1”
The LODs for methyl, propyl, and butyl paraben were 1.0 ng/ml, 0.2 ng/ml, and 0.2 ng/ml,
respectively. Ethyl paraben was not measured due to its relatively low frequency of
detection in the NHANES population.®

Starting in October 2010, participants completed a questionnaire at the time of each urine
sample that included a detailed assessment of recent medication use. Participants were asked
to answer the question ‘in the past 24 hours, have you taken any medications, vitamins, or
supplements?’ Participants who answered ‘yes’ to this question were then asked to provide
information about the medication, vitamin, or supplements they used, as well as the day (i.e.,
yesterday or today) and time of use. A list of medications that potentially contained parabens
was developed a priori (Supplemental Table 1) using several sources,8: 19. 20, 21,22 anq g]|
samples from any participant who reported using one or more of these medications was
eligible for inclusion in the analysis. Urine samples from periods in which a participant
answered yes to the question “in the past 24 hours, have you taken any medications,
vitamins, or supplements?’ and who reported using a paraben-containing medication were
considered ‘exposed urine samples’; urine samples in which participants answered ‘no’ to
this question or who reported using medications that did not contain parabens were
considered ‘unexposed urine samples’. Participants were included if they had at least one
exposed and one unexposed urine sample. Participants also reported their use of personal
care products over the previous 24 hours, and we created two variables to quantify personal
care product use and its contribution to paraben exposure. The first variable was simply a
count of the number of products used. The second variable was an indicator variable for
whether the participant had used lotion, cosmetics, cologne/perfume, or hair gel, as users of
these products were previously found to have urinary paraben concentrations 41-221%
higher than non-users.23 Brand names of the personal care products were not collected on
our questionnaires, and therefore we were unable to assign paraben concentrations to
specific product classes.

Statistical Analysis

SG-adjusted urinary paraben concentrations were examined for all exposed samples as well
as restricted to samples in which the paraben-containing medication was used on the day the
urine sample was provided; these urinary concentrations were compared to concentrations
from unexposed samples. Generalized estimating equations (GEE) were used to evaluate the
associations between exposure status and natural log-transformed urinary methyl, propyl,
and butyl paraben concentrations accounting for multiple samples per participant. Because
33% of all butyl paraben measurements were below the LOD, the proportions of detectable
butyl paraben concentrations were also compared between exposed and unexposed samples
using GEE models accounting for multiple samples per participant. Model-based geometric
means were obtained by back-transforming GEE estimates, both unadjusted and adjusted for
number of personal care products used. All analyses were conducted with SAS 9.3 (SAS
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Institute, Cary, North Carolina), and two-sided P-values <0.05 were considered statistically
significant.

RESULTS

From October 15, 2010 to March 15, 2013, a total of 250 enrolled participants completed a
modified medication questionnaire at the time of their urine sample, and these subjects
contributed 827 urine samples. Of these 250 subjects, 18 participants (7.2%) reported using
a paraben-containing medication in the prior 24 hours. Of these 18, four participants (22%)
did not have urinary paraben concentration measures because they either declined to provide
a urine sample (n=3) or because their urine sample had not yet been analyzed (n=1). Of the
remaining 14 participants, three (21%) were excluded for having no unexposed samples. A
flow-chart depicting the study population and study exclusions is shown in Figure 1.
Ultimately, this analysis consisted of 11 participants, 10 female and one male, who
contributed a total of 12 exposed samples and 45 unexposed samples. Individual subjects
contributed a median of 3 IVF and/or IUI cycles (IQR: 2-5; range: 1-9).

The 18 participants with at least one exposed sample were similar in terms of age to the 232
participants with no exposed samples, and while no characteristics differed significantly,
exposed participants were more often female, white, and never smokers, and exposed
participants had slightly higher body mass index (BMI) than unexposed participants (Table
1). Among the 11 participants included in the analysis, the mean age was 36.1 + 3.5 years,
and all participants were white. When compared to the seven participants who were
excluded from the analysis, the 11 included participants were less likely to be ever smokers,
and they were also more often female and had a lower BMI compared to excluded
participants (Table 2).

All included participants answered “yes’ to the question ‘in the past 24 hours, have you
taken any medications, vitamins, or supplements?” However, after calculating time elapsed
between the time they reported taking the medication and the time they provided their urine
sample, for four participants we could not verify that medication use was within 24 hours of
the urine sample. Among these four participants, two had times of use that were greater than
24 hours (24.7 and 25.5 hours), but they were retained in the analysis. One of the four
participants did not report the day of medication use, and because her elapsed time was
unknown (either 2.1 hours or 26.1 hours), she was included in the analysis of all 24-hour
periods but was excluded from analyses restricted to same-day medication use. The final of
these four participants did not report day or time of use; similarly, this participant was
included in the analysis of all samples but excluded from further analyses. Because both the
use of medication within the past 24 hours and the day and time of use were self-reported
and we were unsure which measure was more likely to be correct, these four participants
were retained in the overall analysis, though we did conduct a sensitivity analysis excluding
these four participants.

In terms of medications used, three participants reported taking ibuprofen (Advil; Pfizer,
Inc., New York, NY) in tablet form, three reported taking diphenhydramine (Benadryl;
McNeil Consumer Healthcare McNeil-PPC, Inc., Fort Washington, PA) (two in tablet form
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and one in gelcap form), two reported taking dextromethorphan and guaifenesin (Robitussin
DM,; Pfizer Inc., New York, NY) in elixir form, two reported taking fluoxetine in capsule
form, and two reported taking Tylenol (McNeil Consumer Healthcare McNeil-PPC, Inc.,
Fort Washington, PA) (one in gelcap form and one in tablet form). These medications are
shown in Table 3. With regards to personal care product use, the mean number of products
that participants reported using in the 24-hour period prior to the collection of their urine
sample did not significantly differ between exposed (mean=10.3) and unexposed
(mean=8.8) samples (P=0.22). No difference was observed in terms of the proportion of
participants who reported using lotion, cosmetics, perfume/cologne, or hair gel (83% among
exposed samples vs. 71% among unexposed samples; P=0.30).

Among all included urine samples (n=57), one-third of urinary butyl paraben concentrations
were below the LOD (0.2 ng/ml); no urinary methyl or propyl paraben concentrations were
below the LOD (1.0 ng/ml and 0.2 ng/ml, respectively). Of the 12 exposed samples, four
were collected on the same day a participant reported taking a paraben-containing
medication; the median hours elapsed between medication use and the collection of the urine
sample was 6.4 hours, with a range of 0.75-7.0 hours. Of the remaining eight exposed
samples, seven were collected on the day before the participant reported taking a paraben-
containing medication; the median time elapsed between medication use and the collection
of the urine sample was 22.6, with a range of 21.3-25.5 hours. One participant did not report
the day of medication use, and thus the time elapsed between medication use and this final
sample cannot be calculated.

Individual urinary paraben concentrations for exposed and unexposed samples are shown in
Table 3. The mean urinary paraben concentrations in exposed and unexposed urine samples
controlling for multiple samples per person are shown in Table 4, and the median SG-
adjusted concentrations of urinary methyl, propyl, and butyl paraben by time since
medication use are shown in Figure 2. After controlling for multiple samples per individual,
having taken a paraben-containing medication in the 26-hour period prior to the urine
sample was associated with 1.6-fold and 1.7-fold increases in mean urinary methyl (121
ng/ml in exposed samples vs. 69.6 ng/ml in unexposed samples; P=0.33) and propy! (20.8
ng/ml in exposed samples vs. 13.0 ng/ml in unexposed samples; P=0.37) paraben
concentrations, respectively. These differences decreased slightly in magnitude after
adjusting for the number of personal care products used during exposed and unexposed
periods, which was more strongly associated with urinary paraben levels than an indicator
for whether the participant had used lotion, cosmetics, perfume/cologne, or hair gel (Table
4). The mean butyl paraben concentrations did not differ, though there was a slight (0.9-
fold) decrease in exposed compared to unexposed samples after adjusting for the number of
personal care products used.

While there were no significant differences between exposed and unexposed samples
collected in the prior 24 hours, having taken a paraben-containing medication on the same
day as the urine sample (range: 0.75-7.0 hours) was associated with a nearly 14-fold
increase in mean urinary methyl paraben concentration (590 ng/ml in exposed samples vs.
58.1 ng/ml in unexposed samples; P=0.08) and a greater than 10-fold difference in propyl
paraben concentration (160 ng/ml in exposed samples vs. 11.5 ng/ml in unexposed samples;
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P=0.01). There was a 1.7-fold increase in mean urinary butyl paraben concentrations (2.36
ng/ml in exposed samples vs. 1.40 ng/ml in unexposed samples; P=0.55). These differences
decreased in magnitude to 8.7-fold, 7.5-fold, and 1.2-fold, respectively, after adjustment for
the number of personal care products used. Because one individual with extremely high
urinary methyl and propyl paraben concentrations may have largely driven the results, a
sensitivity analysis excluding this participant was performed. When this participant was
excluded, the differences in urinary methyl and propyl paraben concentrations decreased to
1.3-fold (P=0.76) and 2.6-fold (P=0.34), respectively.

Taking a paraben-containing medication on the day before the urine sample (range: 21.3—
25.5 hours) was associated with mean urinary methyl, propyl and butyl paraben
concentrations that were approximately 0.8-fold lower in exposed compared to unexposed
urine samples. After adjusting for the number of personal care products used, these
differences increased in magnitude to 0.55-fold for all comparisons.

DISCUSSION

Overall, SG-adjusted urinary methyl and propyl paraben concentrations were approximately
1.65-fold greater in urine samples collected within 26 hours of use of a paraben-containing
medication than they were in unexposed periods. These differences in methyl and propyl
paraben concentrations were nearly 14-fold and more than 10-fold greater, respectively,
when restricting to participants who reported using a paraben-containing medication on the
day (within 7 hours) of their urine sample. Even after adjusting for personal care product
use, the differences were approximately 8-fold greater among exposed samples. This is
plausible given the short biological half-lives of parabens. A study in rats detected methyl
and propy! paraben metabolites in the urine as soon as 30 minutes after oral administration,
and excretion peaked at 90 minutes after dosing.2* Among these four samples in which
participants reported taking a paraben-containing medication on the day of their urine
sample, two had used medications containing methyl and propyl paraben, and two had used
medications containing methyl, propyl, and butyl paraben. Among samples in which
participants reported taking a paraben-containing medication on the day prior to their urine
sample, which was a median of 22.6 hours prior to their sample, five had taken butyl
paraben-containing medications and three had taken medications containing methyl, propyl,
and butyl paraben. Use of paraben-containing medications was not associated with butyl
paraben concentrations as either a continuous or dichotomous measure. It appears that these
differences in mean methyl and propyl paraben concentrations seen between exposed and
unexposed samples in which the participant reported taking a paraben-containing medication
on the day of the urine collection may have been driven by one participant in particular. This
participant reported using dextromethorphan and guaifenesin 45 minutes prior to one of her
urine samples, which is within the time range when paraben metabolites may be detected in
urine,24 and the unadjusted geometric means of her urinary methyl, propyl, and butyl
paraben concentrations were 257-fold, 137-fold, and 17-fold higher, respectively, than the
concentrations in her unexposed samples. When this participant was excluded in a
sensitivity analysis, the differences in methyl and propy!l paraben concentrations among
participants who reported taking a paraben-containing medication on the day of their urine
sample (within 7 hours) decreased to 1.3-fold (P=0.76) and 2.6-fold (P=0.34), respectively.
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While the differences without this participant were not statistically significant, it is
important to note that the results for this one participant provide compelling evidence that
medications may contribute to high paraben exposure. The very large increase in her urinary
paraben levels likely reflects the timing of urine collection relative to her use of medication.

Among samples in which the participant reported taking a paraben-containing medication on
the day before the urine sample, the mean urinary methyl, propyl, and butyl paraben
concentrations of exposed samples were unexpectedly lower than mean concentrations of
unexposed samples. Given that most of the paraben should have been excreted over this time
period,2 25 this finding may reflect variation in an individual’s day-to-day exposure to
parabens from sources other than medications. Overall, the differences in these means were
small.

At the time of their designation in the Food Additives Amendment of 1958 as GRAS
substances, the endocrine-disrupting abilities of parabens had not been recognized. Since
then, parabens have been linked to adverse reproductive outcomes, and thus these findings
may be of particular importance to couples wanting a child. Previous work by our group has
found parabens to be associated with sperm DNA damage in men as measured by the
percentage of DNA in comet tail.28 Methyl and propyl paraben have been shown to affect
mitochondrial activity in isolated rat hepatocytes,2” which may be a mechanism of male
infertility,28 2% and parabens have also been shown to bind estrogen receptors in rats.30

In addition to their use in medications, other sources of paraben exposure are personal care
products.23 A particular strength of our study was our comparison of exposed and
unexposed samples from the same participants, as this allowed us to control for paraben
exposure from these other sources; we believe that an individual’s use of personal care
products is unlikely to change drastically over a relatively short time period, as season has
not been shown to affect patterns of personal care product use.3! The mean number of
personal care products that participants reported in the 24-hour period prior to the collection
of their urine sample was 10.3 among exposed samples and 8.8 among unexposed samples.
Among pregnant women in Puerto Rico, users of lotion had urinary propyl paraben
concentrations that were 3.4 greater than concentrations among non-users,32 which is
slightly higher than the difference of 2.2-fold found among a cohort of women from the
EARtH Study.23 Based on the present data, it appears that in the 1-2 hours following their
use, paraben-containing medications may contribute to urinary paraben concentrations that
are up to 257-fold greater than concentrations in periods of non-use of these medications. In
the 6-7 hours following their use, it appears that the use of paraben-containing medications
contributes to urinary paraben concentrations on a similar magnitude to that of personal care
products.

A limitation of our study is the potential for exposure misclassification. Because the paraben
content of medications is not readily available and can change over time, we were unable to
quantify the amount of parabens in each medication dose. Similarly, while we accounted for
the number of personal care products used, which are known sources of paraben exposure,
we were not able to quantify paraben exposure from other sources such as foods. Medication
use was self-reported by the participants, and it is possible that some participants did not
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correctly report the name of their medication or the time when they used the medication.
This bias is expected to be minimal as participants were asked only to report medication use
in the previous 24 hours, and any misclassification is expected to be non-differential and
thus bias results towards the null. It may also be possible that certain kinds of medications
are not reported; there is evidence to suggest that women undergoing infertility treatment
may be more likely to disclose use of anti-depressants when they do so electronically.33 In
this case, the bias would be expected to be towards the null. Additionally, approximately
one-third of butyl paraben concentrations were below the LOD. When modeled as a
continuous measure, the lowest third of butyl paraben values were assigned a value of the
LOD divided by the square root of two, though this may not be representative of the
participants’ actual butyl paraben concentrations. To account for the high proportion of
samples below the LOD, we also dichotomized butyl paraben into detectable and
undetectable concentrations, though in this case we may be missing a finer relationship that
cannot be detected with a dichotomous classification. In the dichotomous classification, all
concentrations above 0.2 ng/ml were considered to be the same, whereas in reality there
were some detectable concentrations that were over 99-fold higher than the LOD, though
not all of these samples were associated with reporting taking a paraben-containing
medication, and the dichotomous classification cannot distinguish between very small and
very large differences, which is likely important. Finally, our sample was small, included 10
women and only one man, and our findings are largely driven by one participant with very
high paraben concentrations following use of a paraben-containing medication.

Our results suggest that medications, independent of personal care products, may be an
important route of human paraben exposure, though our results were largely driven by one
participant with very high urinary paraben levels. Our sample size was small and these
results should be confirmed in a larger cohort. Regardless, these findings may have
important implications for future research into effects of environmental chemicals, and when
assessing parabens, it may be important to assess medication use as a source of human
exposure.
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Figure 1.
Flow-chart of study population

*The revised questionnaire was implemented in 2010 and included detailed questions
regarding medication use
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Table 1

Characteristics of participants who did and did not report using paraben-containing medications within 24

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

hours of providing at least one urine sample

Subject characteristic Evel;\-lixl%osed Ur;\tlezggzed P

Gender 0.42
Female 15 (83.3) 169 (72.8)

Male 3(16.7) 63 (27.2)
Age—mean * SD, years 36.1+3.5 358+41 | 071
BMI—mean + SD, kg/m? 265+48 252+46 | 0.26

<25 7(38.9) 123 (53.0) | 0.49

25— <30 8 (44.4) 75 (32.3)

230 3(16.7) 34 (14.7)

Race 0.63
White 18 (100.0) 191 (82.3)
Black/African American 0(0.0) 2(0.9)

Asian 0(0.0) 21(9.1)

Native American/Alaska Native 0(0.0) 6 (2.6)

Other 0(0.0) 12 (5.2)

Smoking status 0.40
Never 14 (77.8) 156 (67.2)

Ever 4(22.2) 76 (32.8)

Former 3(16.7) 70 (30.2)
Current 1(5.6) 6(2.6)

SD, standard deviation; BMI, body mass index

Data are presented as n (%), or as mean (+SD) where indicated
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Table 2

Characteristics of included and excluded participants who reported using paraben-containing medications
within 24 hours of at least one urine sample

Subject characteristic In,fllzuldfd EXC,LU:d?Edl p2
Gender 0.53

Female 10 (90.9) 5(71.4)

Male 1(9.1) 2(28.6)
Age—mean + SD 36.1+£34 | 36.2+38 | 0.95
BMI—mean + SD 250+36 | 288+57 | 0.11

<25 6 (54.5) 1(143) | 0.24

25 <30 4 (36.4) 4(57.1)

230 1(9.1) 2(28.6)

Race -

White 11 (100.0) | 7 (100.0)
Smoking status 0.01

Never 11(100.0) | 3 (42.9)

Ever 0(0.0) 4(57.1)

Former -- 3 (42.9)
Current -- 1(14.3)

SD, standard deviation; BMI, body mass index

Data are presented as n (%) unless otherwise specified

... . . .
Participants were excluded due to lack of available urinary paraben concentration measurements (n=4) or due to a lack of unexposed samples
(n=3)

P-values were obtained using Student’s t-test for continuous variables and Fisher’s exact test for categorical variables
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