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Abstract

Background: Parabens are antimicrobial agents prevalently found in daily-use products that can interfere with
the endocrine and reproductive systems. In this study, we examined the cross-sectional associations of parabens
with hot flashes, hormone concentrations, and ovarian volume in a subsample of 101 nonsmoking, non-Hispanic
45- to 54-year-old women from the Midlife Women’s Health Study.
Materials and Methods: Women self-reported their hot flash history and underwent a transvaginal ultrasound to
measure ovarian volume. Participants provided blood for quantification of serum hormones (by enzyme-linked
immunosorbent assay or radioimmunoassay) and urine samples for measurements of urinary paraben biomarker
levels (by high-performance liquid chromatography negative-ion electrospray ionization-tandem mass spec-
trometry). Linear or logistic regression models evaluated associations of specific gravity-adjusted paraben
biomarker concentrations with hot flashes, hormone concentrations, and ovarian volume.
Results: We observed marginal associations of propylparaben, methylparaben, and +parabens biomarkers
(molar sum of four parabens) with hot flashes and follicle-stimulating hormone (FSH) concentrations, and of
these paraben biomarkers and ethylparaben with ovarian volume. For example, women tended to have 32%
(95% confidence intervals [CI]: 0.9 to 1.81), 40% (95% CI: 1.0 to 1.95), and 40% (95% CI: 0.98 to 2.01) higher
odds of having recent, monthly, and mild hot flashes, respectively, for every two-fold increase in +parabens.
Similarly, women tended to have 14.54% (95% CI: -0.10 to 31.32) higher FSH concentrations, but 5.67% (95%
CI: -12.54 to 1.75) reduced ovarian volume for every two-fold increase in +parabens
Conclusions: Overall, our preliminary findings suggest that urinary paraben biomarkers may be associated with
menopause-related outcomes in midlife women. Additional studies in larger and diverse populations are needed
to expand on these findings.
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Introduction

As women age and approach reproductive senescence,
the ovary progressively loses its follicular reserve,

leading to a decline in sex-steroid hormone levels. This
occurs in conjunction with altered secretion of pituitary
hormones such as increased follicle-stimulating hormone
(FSH) and reduced anti-Müllerian hormone (AMH).1 The

timing of reproductive senescence and its associated phys-
iological effects vary between women. Although women’s
median age at reproductive senescence/menopause is 50–52
years, others may enter menopause at an earlier age.2,3 This
is concerning because early age at menopause increases the
risk of various medical conditions such as cognitive im-
pairment, cardiovascular disease, osteoporosis, and meno-
pausal symptoms.4
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Symptoms related to reproductive senescence have sub-
stantial negative impacts on women’s daily function and
health, and lead to overall social burden. For example,
menopausal hot flashes are reported by millions of women
every year and the majority of these women will continue
having hot flashes for >7 years.5–9 Hot flashes are associated
with sleep disturbances, fatigue, irritability, forgetfulness,
mood swings, and substantial physical discomfort.7 Finally,
according to a recent report, hot flashes result in an 89%
indirect loss in work productivity, substantial yearly losses in
wages, and increases in health care expenditures.10 Although
early reproductive aging severely impairs women’s quality of
life, the precipitating factors are not fully known. In partic-
ular, little is known about the effects of environmental ex-
posures to endocrine-mimicking chemicals on reproductive
senescence and its associated symptoms.

Parabens are a group of p-hydroxybenzoic acid esters that
are widely used as antimicrobial preservatives in numerous
personal care products, foods, and pharmaceuticals, since the
early 1920s (reviewed by Nowak et al.).11 The relatively low
costs of production, ease of use, and stability make them in-
dustry favorites.11 Methyl-, ethyl-, propyl-, and butyl-parabens
are the most widely used parabens. In the body, parabens are
rapidly absorbed through the skin and the digestive system.11

Recent findings suggest that parabens are endocrine disrupting
chemicals as they exhibit a limited potency as weak androgenic
and estrogenic compounds.11 Owing to concerns regarding the
safety of use of parabens, some countries restricted or banned
their use. For example, in 2014 the European Union banned the
use of iso-butylparaben and iso-propylparaben.11

Women are likely at a higher risk of the potential harmful
effects of paraben because urinary paraben biomarker levels
(biomarkers of paraben exposure) are higher in women
compared with men.12,13 This is alarming because parabens
are associated with altered sex-steroid hormone levels,14 ir-
regular menstrual cyclicity,15 and decreased odds of suc-
cessful pregnancy in women undergoing fertility treatments.16

Experimental results also indicate that parabens can target
ovarian follicles and alter their steroidogenic capacity.17–22

Yet, the scientific literature about the reprotoxic effects of
parabens is extremely limited. Thus, in this pilot study, we
hypothesized that higher urinary paraben biomarker concen-
trations are associated with increased presentation of repro-
ductive aging indicators in midlife women. We aimed to
determine if urinary paraben biomarker concentrations are
associated with (1) higher risk of hot flashes, (2) lower sex-
steroid hormones levels, and (3) diminished ovarian reserve,
in generally healthy midlife women.

Materials and Methods

Ethical approval

All participants gave written informed consent according
to procedures approved by the University of Illinois at
Urbana-Champaign and Johns Hopkins University Institu-
tional Review Boards (File No.: 06741).

Study design

This pilot study is a cross-sectional analysis of data col-
lected as part of the Midlife Women’s Health Study (MWHS).
The parent study design was previously described in detail.23

In brief, between 2007 and 2015 women residing in Baltimore
city (MD, USA) and its surrounding counties were enrolled in
the MWHS. The study cohort included women with and
without naturally occurring hot flashes between the ages of 45
and 54 years. Eligibility criteria allowed recruitment of wo-
men who had intact ovaries and uterus, were not pregnant, not
taking hormone therapy, oral contraceptives, or natural agents
for treatment of menopausal symptoms, and not being treated
for any type of cancer.

In addition, during the initial enrollment to the study
(baseline), all women were either late-premenopausal or
perimenopausal, but not postmenopausal. Menopausal status
was determined using the Stages of Reproductive Aging
Workshop +10 (STRAW +10) criteria,24 which determined
menopausal status based on the women’s responses to
questions regarding their menstrual cycles. Specifically,
premenopausal women were those who experienced their last
menstrual period within the past 3 months and reported 11 or
more periods within the past year. Perimenopausal women
were those who experienced: (1) their last menstrual period
within the past year, but not within the past 3 months or (2)
their last menstrual period within the past 3 months and ex-
perienced 10 or fewer periods within the past year. Post-
menopausal women were considered those who reported not
having a menstrual period within the past year. The current
pilot study included a subsample of 101 eligible non-
Hispanic white women who never smoked and had their urine
samples analyzed for paraben biomarker concentrations.

Collection of sociodemographic
and lifestyle characteristics

Women completed a self-administered questionnaire at
baseline (time of enrollment), which asked questions per-
taining to sociodemographic, lifestyle, and health character-
istics. The questionnaire collected information about the
following sociodemographic and reproductive characteris-
tics: age, educational attainment, employment status, annual
household income, marital status, and parity. Women an-
swered ‘‘yes’’ or ‘‘no’’ to the question ‘‘In the last 12 months
have you had at least 12 drinks of any kind of alcoholic
beverage’’ to determine recent alcohol consumption status.
Medication use was determined based on if women reported
using at least one medication. In addition, women visited a
local clinic where they had their weights and heights recorded
to calculate their midlife body mass index (BMI; kg/m2).

Assessment of hot flashes

Hot flash assessment is described in a recent publication by
Warner et al.25 In brief, the self-administered questionnaire
included several questions on hot flash history. Women’s
responses at the baseline visit were used for the current
analysis. Specifically, women were asked if they had ever
experienced hot flashes. Women who responded ‘‘no’’ were
categorized as ‘‘never had hot flashes’’ and were prompted to
skip the questions related to hot flashes history. Women who
responded ‘‘yes’’ were asked (1) if they experienced recent
hot flashes in the past 30 days (‘‘yes’’ or ‘‘no’’), (2) what was
the frequency of hot flashes, and (3) what was the usual se-
verity of hot flashes. Recent hot flashes were categorized as a
two-level variable with the categories ‘‘had hot flashes in the

1646 PACYGA ET AL.



past 30 days’’ and ‘‘never had hot flashes’’ by excluding
women who ‘‘did not have hot flashes in the past 30 days.’’

To evaluate hot flash frequency, each woman was asked to
report if her hot flashes occur every hour, every 2–5 hours,
every 6–11 hours, every 12–23 hours, 1–2 days per week, 5–6
days per week, 2–3 days per month, 1 day per month, less than
1 day per month, or never. We categorized hot flash frequency
as a three-level variable with the categories ‘‘daily/weekly hot
flashes,’’ ‘‘monthly hot flashes,’’ and ‘‘never had hot flashes.’’
To evaluate hot flash severity, each woman was asked to de-
scribe her hot flashes as follows: mild (sensation of heat
without sweating), moderate (sensation of heat with sweating),
or severe (sensation of heat with sweating that disrupts usual
activity). We categorized hot flash severity as a three-level
variable with the categories ‘‘moderate/severe hot flashes,’’
‘‘mild hot flashes,’’ and ‘‘never had hot flashes.’’

Measurement of hormone concentrations

Measurement of hormones and sex hormone binding
globulin (SHBG) is detailed in a recent publication by Chiang
et al.26 In brief, serum estradiol, testosterone, progesterone,
and SHBG concentrations were measured from up to four
blood samples (collected during the first year of the study) by
enzyme-linked immunosorbent assays (ELISA; DRG Inter-
national, NJ). The geometric means of these hormones were
used in all subsequent statistical analyses. Serum AMH and
FSH were assessed in one blood sample collected at the
baseline clinic visit. Measurement of FSH (ELISA) and
AMH (radioimmunoassay) levels were conducted at the
University of Virginia Center for Research in Reproduction
Ligand Assay and Analysis Core, United States.26 Because
53% of women had AMH levels below the limit of quanti-
fication (LOQ), we categorized AMH as follows: women
with levels ‡LOQ versus those with levels <LOQ.

Measurement of ovarian volume

Measurement of ovarian volume is described in Gallicchio
et al.27 In brief, during the baseline clinic visit, women also
received a transvaginal ultrasound to measure ovarian vol-
ume. Ovarian volume was calculated using the formula
(length · width · height · 0.526). We used the mean of
ovarian volumes for women who had data on both the left and
right ovaries, whereas for those who only had data on one
ovary, we used the ovarian volume of that one ovary. Ovarian
volumes >30 cm3 were excluded from the analysis because
these large volumes are indicative of an ovarian cyst.

Measurement of paraben biomarkers in urine samples

Spot urine specimens collected at the initial baseline clinic
visit and at subsequent visits during the next three consecu-
tive weeks were stored until used for quantification of urinary
paraben biomarkers. Most women provided at least one urine
sample with 98% providing multiple urine samples. Urine
samples were pooled when a participant provided more than
one urine sample during the first month of participation in the
study. Paraben biomarker concentrations were measured
using isotope dilution high-performance liquid chromatog-
raphy negative-ion electrospray ionization-tandem mass
spectrometry at the Metabolomics Lab of the Roy J. Carver
Biotechnology Center (University of Illinois at Urbana-

Champaign, IL) as detailed in the Supplemental Data. We
Measured: butylparaben, ethylparaben, methylparaben, and
propylparaben. These paraben biomarkers were selected be-
cause they are commonly incorporated in daily-use products
and are frequently measured in women’s biological samples.
In addition, these paraben biomarkers have been shown to be
associated with other adverse reproductive outcomes in ex-
perimental models and human studies.11,18,28–31

Statistical analysis

Hormone and paraben biomarker concentrations below the
LOQ were converted to LOQ/O2. To account for urine dilution,
urinary paraben biomarker concentrations were specific gravity
adjusted using the following equation: Pc = P[(1.017 – 1)/
(SGi – 1)], where Pc is the specific gravity-adjusted paraben
biomarker concentration, 1.017 is the median specific gravity
of the pooled samples provided by women in this subsample, P
is the measured paraben biomarker concentration (ng/mL), and
SGi is the specific gravity of each individual’s pooled urine
sample.32 We assessed parabens as individual biomarkers
(ng/mL) and as a molar sum of all four paraben biomarkers
(nmol/mL; +parabens). All paraben biomarkers were natural
log-transformed in all statistical analyses to meet normality
assumptions.

We used logistic regression models to evaluate the associa-
tions of urinary paraben biomarker concentrations with AMH
and four hot flash outcomes (ever experienced hot flashes, ex-
perienced hot flashes in the past 30 days, hot flash frequency,
and hot flash severity). Specifically, we used binary logistic
regression models to evaluate associations of paraben bio-
markers with the odds of ever experiencing or experiencing
recent hot flashes compared with never experiencing hot fla-
shes. Similarly, we used binary logistic regression models to
evaluate associations of paraben biomarkers with the odds of
having AMH concentrations above compared with below the
LOQ. We used multinomial logistic regression models to
evaluate associations of paraben biomarkers with the odds
of experiencing daily/weekly and monthly hot flashes or
moderate/severe and mild hot flashes compared with never
experiencing hot flashes. The resulting odds ratios and 95%
confidence intervals (CIs) from all logistic regression models
were back-transformed using the equation [eln(OR)*ln(2.0)], thus
results can be interpreted as the odds of each hot flash outcome
for every two-fold increase in paraben biomarker concentration.

We used linear regression models to evaluate associations of
urinary paraben biomarker concentrations with ovarian volume
and serum concentrations of estradiol, testosterone, proges-
terone, SHBG, and FSH. Estradiol, testosterone, progesterone,
and FSH concentrations, as well as ovarian volume were nat-
ural log-transformed to fit normality assumptions. The result-
ing b-estimates and 95% CI from these linear regression
models were back-transformed using the equation [(2.00b –
1) · 100] so that results can be interpreted as the percent change
(%D) in hormone concentrations or ovarian volume for every
two-fold increase in paraben biomarker concentration. SHBG
already had a normal distribution and was not transformed. The
resulting b-estimates and 95% CI from linear regression
models evaluating SHBG were back-transformed using the
equation [b · ln(2.00)] so that results can be interpreted as the
nanomole/liter change in SHBG concentrations for every two-
fold increase in paraben biomarker concentration.
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For both linear and logistic regression models, we evalu-
ated both unadjusted and adjusted models. Adjusted models
controlled for age and midlife BMI because these have been
shown to be important determinants of urinary paraben bio-
marker concentrations,33,34 as well as hot flash risk,27 serum
hormone concentrations,35,36 and ovarian volume.27,36–38

Both age and midlife BMI were included as continuous
variables, and age was used as a proxy for menopause status
because these variables are highly correlated (r = 0.7). All
analyses were performed with SAS 9.4 (version 15.1, SAS
Institute, Inc., Cary, NC ) using PROC GLM and PROC
LOGISTIC for linear and logistic regression analyses, re-
spectively. Owing to the exploratory nature of the study and
recommendations from the American Statistical Association
and other epidemiologists,39,40 we focused on patterns of
associations rather than statistical significance based on
P-values. Therefore, we considered results with upper or
lower confidence limits close to zero as potentially mean-
ingful. We did not adjust for multiple comparisons.41

Results

Characteristics of MWHS subsample

Baseline characteristics for 101 participants in this pilot
study are given in Table 1. Our subsample included only
women who were non-Hispanic white and nonsmokers, and
who were mostly premenopausal (68%), 45–49 years old
(78%), not obese (78%), and had ‡1 live birth (76%). In
addition, most women consumed >12 alcoholic drinks in the
past year (75%), were college educated (82%), were em-
ployed (81%), and were married or living with a partner
(77%).

Distribution of midlife reproductive outcomes

The distribution of hot flashes, serum hormone and
SHBG concentrations, and ovarian volume are given in
Table 2. Around 47% of women reported ever experiencing
hot flashes, and 29% experienced hot flashes in the past 30
days. Of the women who experienced hot flashes, 51% ex-
perienced daily/weekly hot flashes and 64% experienced
moderate/severe hot flashes. More than 99% of women had
serum concentrations of most hormones above the LOQ,
except for AMH, where only 53% of women had concen-
trations above the LOQ (data not shown).

Urinary paraben biomarker concentrations

Overall, all women in our subsample had detectable
(>LOQ) urinary concentrations of at least one paraben bio-
marker, and >92% had detectable urinary concentrations of
all paraben biomarkers. The order of urinary paraben bio-
marker concentrations were as follows: butylparaben <
ethylparaben < propylparaben < methylparaben. Only me-
thylparaben and propylparaben were strongly correlated with
each other (r = 0.9; data not shown), whereas butylparaben
and ethylparaben were weakly correlated with the other
parabens (r < 0.3; data not shown). Furthermore, the distri-
bution of urinary paraben biomarker concentrations in our
subsample were similar to those from U.S. women from the
2007 to 2014 National Health and Nutrition Examination
Survey (NHANES) who were 45–54 years old, non-Hispanic
white, and never smokers (Fig. 1).42

Associations of paraben biomarkers with hot flashes

The associations between paraben biomarkers and hot
flashes are given in Table 3. Overall, methylparaben, pro-
pylparaben, and +parabens were marginally associated with
at least one hot flash outcome. Methylparaben and +parabens
were marginally associated with ever having hot flashes,
where women had 21% (95% CI: 0.94–1.56) and 23% (95%
CI: 0.96–1.59) higher odds of ever experiencing hot flashes
with every two-fold increase in methylparaben and
+parabens, respectively. Methylparaben, propylparaben, and
+parabens were also borderline associated with experiencing
hot flashes in the past 30 days. Specifically, women had 22%–
33% higher odds of experiencing recent hot flashes with
every two-fold increase in methylparaben (95% CI: 0.97–
1.84), propylparaben (95% CI: 0.96–1.55), and +parabens
(95% CI: 0.96–1.81).

Although parabens were not associated with experiencing
daily/weekly hot flashes, methylparaben, propylparaben, and
+parabens were borderline associated with experiencing

Table 1. Sociodemographic and Lifestyle

Characteristics of Midlife Women’s Health Study

Subsample (N = 101)

Characteristic
Median (25th, 75th
percentile) or n (%)

Age, years 47.0 (46.0, 49.0)
45–49 79 (78.2)
50–54 22 (21.8)

Menopause status
Premenopausal 69 (68.3)
Perimenopausal 32 (31.7)

Educational attainment
Some college or less 18 (17.8)
College graduate or higher 83 (82.2)

Employment status
Unemployed 19 (18.8)
Employed 82 (81.2)

Annual household income (3 missing)a

<$100,000 42 (41.6)
$100,000+ 56 (55.4)

Marital status
Single 12 (11.9)
Married/living with partner 78 (77.2)
Widowed/divorced/separated 11 (10.9)

BMI, kg/m2 23.0 (21.3, 24.8)
<25 79 (78.2)
‡25 22 (21.8)

Parity
Never pregnant 17 (16.8)
No live births 7 (6.9)
One live birth 9 (8.9)
Two or more live births 68 (67.3)

Medication use (1 missing)a

No medications 55 (54.5)
Yes medications 45 (44.6)

Alcohol consumption (1 missing)a

£12 alcoholic drinks in past year 24 (23.8)
>12 alcoholic drinks in past year 76 (75.2)

aValues may not add up to 100% because of missing information.
BMI, body mass index.
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monthly hot flashes, such that women had 26%–40% higher
odds of experiencing monthly hot flashes with every two-fold
increase in methylparaben (95% CI: 0.95–1.82), propylparaben
(95% CI: 0.98–1.63), and +parabens (95% CI: 1.00–1.95).
Finally, methylparaben, propylparaben, and +parabens were
marginally associated with experiencing mild (but not moder-
ate/severe) hot flashes, such that women had 25%–40% higher
odds of experiencing mild hot flashes with every two-fold in-
crease in methylparaben (95% CI: 0.97–2.00), propylparaben
(95% CI: 0.94–1.66), and +parabens (95% CI: 0.98–2.01).

Associations of paraben biomarkers with serum
hormone concentrations

Parabens were not associated with estradiol, testosterone,
progesterone, SHBG, or AMH (Table 4). However, we ob-
served marginal positive associations of methylparaben,
propylparaben, and +parabens, with FSH concentrations.
Specifically, FSH concentrations were 10.33%–14.54%
higher with every two-fold increase in methylparaben (95%
CI: -0.43 to 31.05), propylparaben (95% CI: -0.44 to 22.26),
and +parabens (95% CI: -0.10 to 31.32).

Associations of paraben biomarkers
with ovarian volume

Although butylparaben was not associated with ovarian
volume, we observed marginal inverse associations of
ethylparaben, propylparaben, and +parabens with ovarian
volume (Table 5). Specifically, ovarian volume was 4.09%–
5.67% lower with every two-fold increase in ethylparaben
(95% CI: -9.04 to 0.16), propylparaben (95% CI: -9.19 to
1.29), and +parabens (95% CI: -12.54 to 1.75) biomarker
concentrations. In addition, we observed a modest inverse
associations between methylparaben and ovarian volume,
such that ovarian volume was -4.28% (95% CI: -11.35 to
3.36) smaller with every two-fold increase in methylparaben.

Discussion

To our knowledge, this is the first study to examine the
associations between midlife paraben biomarker concentra-
tions and proxies of women’s reproductive aging. Specifi-
cally, we observed that methylparaben, propylparaben, and
+parabens were marginally associated with higher odds of
experiencing recent, monthly, and mild hot flashes, and
were also marginally positively associated with serum FSH
concentrations. We also observed that these three paraben
biomarkers along with ethylparaben were marginally in-
versely associated with ovarian volume. In addition, almost
all women had detectable levels of at least methylparaben
and propylparaben, which is consistent with the widespread
use of these parabens in daily-use products.43–45

Hot flashes are a major hallmark of reproductive senes-
cence experienced by millions of women around the world
(reviewed by Ziv-Gal and Flaws).46 Nevertheless, hot fla-
shes’ etiology is still unknown. It has been suggested that
hormonal imbalances and earlier timing of reproductive se-
nescence are some of the triggering factors.46 Thus, it is
possible that hormone-mimicking chemicals in the environ-
ment and in daily-use products may increase the risk of hot
flashes. In this study, methylparaben, propylparaben, and
+parabens were marginally significantly positively associ-
ated with experiencing recent, monthly, and/or mild hot fla-
shes. Given the small size of our pilot sample, we were likely
underpowered to detect some associations and were unable to
control for other important confounders that may attenuate
the observed marginal associations.

No other studies have examined the associations between
paraben biomarkers and hot flashes. However, we previously
evaluated cross-sectional associations of phthalates (another
class of endocrine disrupting chemicals) with hot flashes in
the MWHS cohort.25,47 In the full MWHS population, we
generally found that some phthalate metabolite biomarkers
were associated with higher risk of experiencing recent and
daily/weekly hot flashes.25 Given that personal care products
are an important source of phthalates and parabens, these
chemicals may also interact to influence hot flashes. There-
fore, additional large-scale studies in more diverse popula-
tions are needed to not only corroborate our findings
pertaining to paraben biomarkers and hot flashes, but also
evaluate the impact of a mixture of different chemical classes
found in personal care products on hot flashes.

The mechanisms by which environmental exposures may
increase the odds of hot flashes are unknown. One potential
mechanism of action of parabens is the disruption of hormone

Table 2. Distribution of Midlife Reproductive

Outcomes in Midlife Women’s Health Study

Subsample (N = 101)

n (%) or median
(25th, 75th
percentiles)

Hot flashes
Ever had hot flashes

Never had hot flashes 54 (53.5)
Ever had hot flashes 47 (46.5)

Had hot flashes in the past 30 days
Never had hot flashes 54 (53.5)
Had hot flashes but

not in the past 30 days
18 (17.8)

Had hot flashes in the past 30 days 29 (28.7)
Hot flash frequency (2 missing)a

Never had hot flashes 54 (53.5)
Had daily/weekly hot flashes 24 (23.8)
Had monthly hot flashes 21 (20.8)

Hot flash severity (1 missing)a

Never had hot flashes 54 (53.5)
Had mild hot flashes 16 (15.8)
Had moderate/severe hot flashes 30 (29.7)

Hormonesb

Estradiol, pg/mL 50.1 (28.9, 72.5)
Testosterone, ng/mL 0.3 (0.2, 0.4)
Progesterone, ng/mL 0.8 (0.3, 1.5)
SHBG, nmol/L 81.7 (56.8, 102.8)
FSH, mIU/mL 8.9 (4.8, 50.2)
AMH, ng/mL 0.1 (0.1, 0.8)

Ovarian volume
Ovarian volume, cm3 (10 missing)c 4.5 (2.3, 6.1)

aValues may not add up to 100% because of missing information.
bLOQ of assays are detailed in Chiang et al.26

cOne woman was excluded owing to having ovarian volume
>30 cm3, whereas the remaining nine women were missing ovarian
volume values.

AMH, anti-Müllerian hormone; FSH, follicle-stimulating hor-
mone; LOQ, limit of quantification; SHBG, sex hormone binding
globulin.

PARABENS AND MENOPAUSE-RELATED HEALTH OUTCOMES 1649



secretion. Parabens are considered weak estrogenic com-
pounds that can alter hormone levels and signaling.11 In this
pilot study, paraben biomarkers were not associated with
levels of estradiol, progesterone, testosterone, SHBG, and
AMH. Nevertheless, we preliminarily found that methyl-

paraben, propylparaben, and +parabens were marginally
associated with elevated levels of FSH. FSH acts on the ovary
to promote ovarian follicle growth.1 The mature ovarian
follicles are capable of producing estrogen that negatively
feeds back on the release of FSH via the hypothalamic–

FIG. 1. Urinary paraben bio-
marker concentrations in subsam-
ples of MWHS and NHANES. Box
plots display urinary paraben bio-
marker concentrations (ng/mL) of
women in MWHS (2008–2014,
N = 101) and same age non-
Hispanic white, nonsmoking wo-
men from four NHANES survey
cycles (2007–2014, n = 107). Box
plots include the median (center
line in box), the 25th percentile
(lower line of box), and the 75th
percentile (upper line in box). Dots
represent extreme values. MWHS,
Midlife Women’s Health Study;
NHANES, National Health and
Nutrition Examination Survey.

Table 3. Associations of Urinary Paraben Biomarker Concentrations with Hot Flashes

Butylparaben Ethylparaben Methylparaben Propylparaben +Parabens
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Odds of ever having hot flashes for every two-fold increase in paraben biomarker levels
Unadjusted 1.02 (0.87–1.19) 1.05 (0.91–1.21) 1.24 (0.99–1.56) 1.15 (0.97–1.36) 1.24 (0.99–1.56)
Adjusted 0.98 (0.82–1.16) 1.06 (0.91–1.25) 1.21 (0.94–1.56) 1.14 (0.95–1.38) 1.23 (0.96–1.59)

Odds of experiencing hot flashes in the past 30 days for every two-fold increase in paraben biomarker levels
Unadjusted 0.98 (0.82–1.17) 1.01 (0.86–1.19) 1.36 (1.02–1.81) 1.21 (0.98–1.50) 1.31 (0.99–1.74)
Adjusted 0.93 (0.76–1.15) 1.04 (0.86–1.26) 1.33 (0.97–1.84) 1.22 (0.96–1.55) 1.32 (0.96–1.81)

Odds of experiencing daily/weekly hot flashes for every two-fold increase in paraben biomarker levels
Unadjusted 0.96 (0.80–1.16) 0.98 (0.82–1.16) 1.13 (0.87–1.48) 1.05 (0.86–1.28) 1.10 (0.84–1.43)
Adjusted 0.91 (0.73–1.14) 0.99 (0.81–1.21) 1.07 (0.79–1.46) 1.01 (0.80–1.27) 1.05 (0.77–1.44)

Odds of experiencing monthly hot flashes for every two-fold increase in paraben biomarker levels
Unadjusted 1.05 (0.86–1.29) 1.16 (0.96–1.40) 1.33 (0.98–1.79) 1.26 (0.99–1.61) 1.39 (1.02–1.89)
Adjusted 1.02 (0.83–1.26) 1.16 (0.95–1.41) 1.32 (0.95–1.82) 1.26 (0.98–1.63) 1.40 (1.00–1.95)

Odds of experiencing moderate/severe hot flashes for every two-fold increase in paraben biomarker levels
Unadjusted 0.98 (0.82–1.16) 1.07 (0.91–1.25) 1.12 (0.87–1.44) 1.08 (0.90–1.30) 1.13 (0.88–1.45)
Adjusted 0.94 (0.77–1.14) 1.09 (0.91–1.31) 1.11 (0.84–1.46) 1.09 (0.89–1.33) 1.14 (0.86–1.50)

Odds of experiencing mild hot flashes for every two-fold increase in paraben biomarker levels
Unadjusted 1.11 (0.88–1.38) 1.04 (0.85–1.27) 1.51 (1.06–2.16) 1.30 (0.99–1.72) 1.49 (1.04–2.13)
Adjusted 1.06 (0.83–1.34) 1.05 (0.84–1.30) 1.39 (0.97–2.00) 1.25 (0.94–1.66) 1.40 (0.98–2.01)

Binary logistic regression models evaluated associations of parabens with odds of ever having hot flashes (n = 47) and experiencing hot
flashes in the past 30 days (n = 29) compared with never having hot flashes (n = 54). Multinomial logistic regression models evaluated
associations of parabens with the odds of experiencing daily/weekly (n = 24) or monthly (n = 21) hot flashes or experiencing
moderate/severe (n = 30) or mild (n = 16) hot flashes compared with never having hot flashes (n = 54).

Adjusted models account for age at the baseline visit (continuous) and midlife BMI (continuous).
Bold values indicate potentially meaningful findings.
CI, confidence intervals; OR, odds ratio.
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pituitary–ovarian axis. With age, the ovary contains fewer
follicles and thus less estrogen is produced. This, eventually,
results in increased levels of FSH owing to a lack of a neg-
ative feedback on FSH release.1,48

Hence, associations of parabens biomarkers with FSH
levels can be owing to an overactivation of the hypotha-
lamic–pituitary–ovarian axis, which can gradually lead to
enhanced ovarian aging. Our findings are in partial agreement
with other studies. Some experimental data indicate that
paraben exposure disrupted steroidogenesis and increased
levels of FSH in neonatal and young adult ro-
dents.11,17,20,22,49,50 A study of 25- to 39-year-old women
from Poland (n = 500) found that urinary propylparaben
biomarker concentrations were inversely associated with
serum estradiol levels, but positively associated with serum
FSH concentrations.51 In a study by Smith et al. of 18- to 46-
year-old U.S. women undergoing infertility evaluation
(n = 193), propylparaben biomarker concentrations were
marginally associated with serum FSH levels on day 3 of the
menstrual cycle, whereas urinary methylparaben, pro-
pylparaben, or butylparaben biomarkers were not associated
with day 3 serum FSH levels.28

Differences in our findings compared with other observa-
tional studies are likely owing to differences in populations
because the two previously described studies were conducted
in younger women, whereas women in our subsample are
older. In addition, we were also underpowered to detect some
associations. Therefore, additional larger studies (and with
the potential to evaluate longitudinal associations) are needed
to identify the impact of parabens on hormone levels, espe-
cially in midlife women.

Of interest, we observed marginal inverse associations
between most paraben biomarkers and ovarian volume. Our
findings are not consistent with those by Smith et al., who
reported no association of methylparaben, propylparaben,
butylparaben, or +parabens with ovarian volume.28 Smith
et al. also reported marginal associations of urinary pro-
pylparaben biomarker concentrations with lower antral fol-
licle counts.28 In addition, Jurewicz et al. indicated that
propylparaben biomarker concentrations were inversely as-
sociated with ovarian antral follicle count.51 In experimental
studies, paraben exposure resulted in more pronounced ef-
fects on the ovary. Specifically, methylparaben exposure at a
relatively high dose resulted in a reduced ovarian weight in
prepubertal rats,18 and propylparaben exposure resulted in
accelerated ovarian aging in mice.50 Finally, propylparaben
exposure of mature ovarian follicles resulted in growth in-
hibition under culture conditions.17 Overall, it is likely that
parabens can target the ovary. However, the literature is ex-
tremely limited and our preliminary findings warrant further
investigation.

One limitation of our preliminary study is that we are
unable to generalize our results to a diverse population of
women, given that our subsample was restricted to non-
Hispanic white, nonsmokers. In addition, the cross-sectional
nature of this study also means that there is potential for
reverse causation. For example, reproductive aging status
could influence women’s lifestyles or behaviors to make
them more or less likely to use paraben-containing products,
which would impact their exposure to parabens. Finally,
owing to power, we were unable to control for other poten-
tially important confounding by other lifestyle and
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sociodemographic characteristics. However, we used earlier
literature to inform our short list of potential confounding
factors in this homogeneous subset of women. Therefore,
additional large-scale prospective studies in diverse popula-
tions are needed to corroborate these findings.

This study also has some strengths. All the study partici-
pants were recruited and followed in the same clinic using
standardized protocols. Hot flashes outcomes and other data
were also collected by detailed questionnaires that are ac-
cepted by the National Institutes of Health.23,52 Another
strength of our study is that paraben biomarker concentra-
tions in our subsample were comparable with those reported
in NHANES,42 which highlights the external validity of our
study with regard to the exposure. Finally, we evaluated
paraben biomarker concentrations in urine samples that were
pooled across multiple study visits, which allowed us to re-
duce misclassification for paraben exposure and to increase
accuracy of our estimated exposure.

Conclusion

The results of this pilot study add to the gradually in-
creasing literature on the potential adverse impacts of para-
ben exposure on female reproductive health. Findings from
this pilot study warrant further investigation of the impacts of
paraben in the context of hormonally mediated health out-
comes in midlife women. Additional experimental studies
and larger prospective studies in human populations should
further explore these associations and elucidate the specific
mechanism of action of parabens on reproductive aging.
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