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Abstract

Objective—To explore the relationship between urinary paraben concentrations and IVF 

outcomes among women attending an academic fertility center.

Design—Prospective cohort study.

Setting—Fertility clinic in a hospital setting.

Patient(s)—A total of 245 women contributing 356 IVF cycles.

Intervention(s)—None. Quantification of urinary concentrations of parabens by isotope-dilution 

tandem mass spectrometry, and assessment of clinical endpoints of IVF treatments abstracted from 

electronic medical records at the academic fertility center.
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Main Outcome Measure(s)—Total and mature oocyte counts, proportion of high quality 

embryos, fertilization rates, and rates of implantation, clinical pregnancy and live births.

Results—The geometric mean of the urinary concentrations of methyl (MP), propyl (PP) and 

butyl paraben (BP) in our study population were 133, 24 and 1.5 µg/L, respectively. In models 

adjusted for age, body mass index, race/ethnicity, smoking status and primary infertility diagnosis, 

urinary MP, PP and BP concentrations were not associated with IVF outcomes, specifically total 

and mature oocyte counts, proportion of high embryo quality and fertilization rates. Moreover, no 

significant associations were found between urinary paraben concentrations and rates of 

implantation, clinical pregnancy and live births.

Conclusion(s)—Urinary paraben concentrations were not associated with IVF outcomes among 

women undergoing infertility treatments.
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INTRODUCTION

Parabens are a group of alkyl esters of p-hydroxybenzoic acid which are widely used as 

preservatives in cosmetics, personal care products, pharmaceuticals and food. Parabens are 

quickly eliminated from the body (1) after exposure through inhalation, dermal contact, and 

ingestion (2–5). The primary source of paraben exposure is from personal care products, 

including lotions, cosmetics and cologne/perfume (5). The detection in urine of methyl (MP) 

and propyl paraben (PP) (the two most commonly used parabens) (3) in over 90% of a 

representative sample of the US population in the 2011–2012 National Health and Nutrition 

Examination Survey (NHANES), and of butyl paraben (BP) in over 50% of NHANES 

participants (6) suggests widespread general population exposure to these compounds. 

Parabens are considered endocrine disrupting chemicals that are estrogenic (3, 7, 8), and 

have been shown to bind to both estrogen receptor (ER)α and (ER)β (9, 10). The estrogenic 

activity of parabens increases with increasing length and branching of the alkyl chain (e.g. 

BP > PP > MP) (8, 11, 12).

Initially, parabens were considered to be relatively safe compounds with low toxicities. In 

the United States, the Food and Drug Administration (FDA) in 2006 classified parabens as 

generally regarded as safe (GRAS) (13). A 2008 report prepared by the Cosmetic Ingredient 

Review panel concluded that parabens used in cosmetics do not pose a safety risk based on 

the available data (2). However, in March 2011, the European Scientific Committee on 

Consumers Safety (SCCS) determined that the human risk of parabens could not be 

evaluated for lack of data (14). In October 2011, SCCS adopted a clarification to this 

previous opinion in light of a Danish safety clause, but again in March 2012, contradictory 

opinions emerged and the opinion did not result in a modification of it in the European 

Union (EU).

Despite data showing widespread human exposure to parabens, there are a limited number 

of animal studies on the relationship between parabens and female reproductive health (12, 
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15–19). Paraben exposure had no effect on pregnancy endpoints on CF-1 mice (19) and rats 

(18), however rats exposed to parabens in the peripubertal period showed alterations in 

uterus morphology, ovarian histopathological abnormalities, delay in the age of vaginal 

opening, decrease in length of the estrous cycle and decreased serum estradiol (12). Other 

experimental studies showed effects depending on the pregnancy outcomes studied (15–17). 

Additional toxicological data as well as mechanistic studies are needed to better understand 

potential effects, if any, of parabens.

Human data are even more limited. Based on earlier data from women in the same cohort as 

the current analysis, we reported that PP was associated with diminished ovarian reserve 

(i.e., antral follicle count) (20). Nevertheless, male paraben concentrations were not 

associated with fertilization or live birth among their female partners undergoing IVF or IUI 

treatment (21). To our knowledge, there are no epidemiological data on the effects of female 

paraben exposure on IVF outcomes such as ovarian stimulation response (oocyte yield), 

endometrial thickness, embryo quality, and rates of fertilization, implantation, clinical 

pregnancy and live birth. Therefore, the aim of this study was to explore the association 

between urinary MP, PP and BP concentrations with these clinical outcomes among women 

undergoing IVF treatments.

METHODS

Study population

Study participants were women enrolled in the Environment and Reproductive Health 

(EARTH) Study, an ongoing prospective cohort established in 2004 to evaluate 

environmental and dietary determinants of fertility (22); a pilot study was conducted during 

2004 through 2006 and thus there were few women enrolled during this time period. Women 

between 18 and 45 years old were eligible to participate and approximately 80% of those 

referred to the research nurses by the clinic physicians agreed to participate and were 

enrolled. Although this is an ongoing study and we have data on women who have 

completed at least one IVF cycle to date, urinary paraben concentrations were only 

measured in samples collected through April 2012. Therefore, the current analysis includes 

245 women who completed at least one IVF cycle and provided at least one urine sample for 

the measurement of parabens for each IVF cycle between November 2004 and April 2012 

(n=356 cycles) at the Massachusetts General Hospital (MGH) Fertility Center, We a priori 

excluded from this analysis IVF cycles for which women used an egg donor (n=18) and 

cryo-thaw cycles (n=34). The study was approved by the Human Studies Institutional 

Review Boards of the MGH, Harvard T.H. Chan School of Public Health, and the Centers 

for Disease Control and Prevention (CDC). Participants signed an informed consent after the 

study procedures were explained by a trained research study staff and all questions were 

answered.

Urine sample collection and paraben measurements

Women provided up to two spot urine samples per IVF cycle. The first specimen (not 

necessarily a fasting sample) collected between Day 3 and Day 9 of the gonadotrophin 

phase, and the second one, always a fasting sample, collected on the day of oocyte retrieval, 
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prior to the procedure or administration. Although participants were recruited into this study 

beginning in 2004, the measurement of parabens in urine did not begin until August 2005, 

when these chemicals were added to the study protocol. Urine was collected in a sterile, 

clean polypropylene specimen cup at the MGH Fertility Center. Specific gravity (SG), 

which was used to correct paraben concentrations for urine dilution, was measured at room 

temperature and within an hour of the urine being produced using a handheld refractometer 

(National Instrument Company, Inc., Baltimore, MD, USA) calibrated with deionized water 

before each measurement. SG was measured within a several hours (typically within one 

hour) after the urine was collected. The urine was then divided into aliquots, frozen at 

−20°C, and stored long-term at −80 °C. Samples were shipped on dry ice overnight to the 

CDC where they were stored at or below −40 °C until analysis. The urinary concentrations 

of total (free + conjugated) MP, PP, and BP were measured using online solid-phase 

extraction (SPE) coupled with isotope dilution-high-performance liquid chromatography 

(HPLC)-tandem mass spectrometry (MS/MS) as described before (23). First, 100 µL of 

urine was treated with β-glucuronidase/sulfatase (Helix pomatia, H1; Sigma Chemical Co, 

St. Louis, MO, USA) to hydrolyze the paraben-conjugated species. Each paraben was then 

retained and concentrated on a C18 reversed-phase size-exclusion SPE column (Merck 

KGaA, Germany), separated from other urine matrix components using a pair of monolithic 

HPLC columns (Merck KGaA), and detected by negative ion-atmospheric pressure chemical 

ionization-MS/MS. The limits of detection (LOD) were 1.0 µg/L (MP) and 0.2 µg/L (PP, 

BP). In addition to study samples, each analytical run included low-concentration and high-

concentration quality control materials, prepared with spiked pooled human urine, and 

reagent blanks to assure the accuracy and reliability of the data (23). Paraben concentrations 

were adjusted for dilution using the following formula [42]: Pc = P [(1.015 − 1)/SG − 1], 

where Pc is the SG-corrected paraben concentration (µg/L), P is the measured paraben 

concentration (µg/L) of the urine sample, and 1.015 is the mean SG concentration in the 

study population. The geometric mean of the SG-adjusted paraben concentrations from two 

spot urine samples collected during each IVF cycle was used as a measure of cycle-specific 

urinary paraben concentration. For cycles with only one urine sample (~20%), the paraben 

concentration for that single urine sample was used as the cycle-specific urinary paraben 

concentration. paraben concentrations below the LOD were assigned a value equal to the 

LOD divided by the square root of 2 prior to SG adjustment as described previously (24).

Clinical management and assessment of outcomes

Clinical information was abstracted from the patient’s electronic medical record by research 

staff. Follicle stimulating hormone (FSH) and concentration of estradiol (E2) were measured 

in blood serum, collected on the third day of the menstrual cycle, using an automated 

electrochemiluminescence immunoassay at the MGH Core Laboratory as described 

elsewhere (25). Peak E2 concentration, defined as the highest level of E2 prior to oocyte 

retrieval, was obtained on the day of trigger with Human Chorionic Gonadotropin (hCG). 

Subsequent to an infertility evaluation, each patient was assigned an infertility diagnosis by 

a physician at the MGH Fertility Center according to the Society for Assisted Reproductive 

Technology (SART) definitions as described elsewhere (25). The participant’s date of birth 

was collected at entry, and weight and height were measured by trained study staff. Body 

mass index (BMI) was calculated as weight (in kilograms) per height (in meters) squared.
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Women underwent one of three controlled ovarian stimulation IVF treatment protocols on 

day 3 of induced menses after completing a cycle of oral contraceptives: 1) luteal phase 

GnRH-agonist protocol, 2) follicular phase GnRH-agonist/Flare protocol, or 3) GnRH-

antagonist protocol. Lupron dose was reduced at, or shortly after, the start of ovarian 

stimulation with FSH/hMG in the luteal phase GnRH-agonist protocol. FSH/hMG and 

GnRH-agonist or GnRH-antagonist was continued to the day of trigger with hCG. 

Throughout the monitoring phase of the subject’s IVF treatment cycle, estradiol levels were 

obtained (Elecsys Estradiol II reagent kit, Roche Diagnostics). Oocyte retrieval was 

completed when at least 3 follicle dimensions on transvaginal ultrasound reached 16–18 mm 

and the E2 level reached at least 500 pg/mL. Patients were monitored during gonadotropin 

stimulation for serum E2, follicle size measurements and counts, and endometrial thickness 

through 2 days before egg retrieval. hCG was administered approximately 36 hours before 

the scheduled egg retrieval procedure to induce oocyte maturity. Details of egg retrieval 

have been previously described (25).

Embryologists determined the total number of oocytes retrieved per cycle and classified 

them as germinal vesicle, metaphase I, metaphase II (MII) or degenerated. Oocytes 

underwent either conventional IVF or intracytoplasmic sperm injection (ICSI) as clinically 

indicated. Embryologists determined fertilization rate 17–20 hours after insemination as the 

number of oocytes with two pronuclei divided by the number of MII oocytes inseminated. 

We classified embryo quality based on morphology and number of blastomeres, ranging 

from 1 (best) to 5 (worst) on day 2 and 3. For analysis we classified embryos as best quality 

if they had 4 cells on day 2, 8 cells on day 3, and a morphologic quality score of 1 or 2 on 

days 2 and 3 (26). An overall score of 1 or 2 was considered high quality, 3 was considered 

intermediate quality and 4 or 5 indicated poor quality embryos.

In women who underwent an embryo transfer, clinical outcomes were assessed. 

Implantation was defined as a serum β-hCG level > 6 mIU/mL, typically measured 17 days 

(range 15–20 days) after egg retrieval. An elevation in β-hCG with the confirmation of an 

intrauterine pregnancy on an ultrasound at 6 weeks was considered a clinical pregnancy. A 

live birth was defined as the birth of a neonate on or after 24 weeks gestation.

Statistical analysis

Demographic and baseline reproductive characteristics of the women were presented using 

median ± interquartile ranges (IQRs) or percentages. Women’s exposures to each paraben 

were categorized into quartiles of urinary paraben concentrations (based on the woman’s 

cycle-specific SG-adjusted geometric mean as described above) with the lowest quartile 

considered as the reference group. Associations between urinary paraben concentrations and 

demographics and baseline reproductive characteristics were evaluated using Kruskal–

Wallis tests for continuous variables and chi-squared tests for categorical variables. 

Multivariable generalized linear mixed models with random intercepts were used to evaluate 

the association between urinary paraben (MP, PP, and BP) concentrations and IVF 

outcomes. A Poisson distribution and log link function were specified for oocyte counts, and 

a binomial distribution and logit link function were specified for embryo quality, 

fertilization rates, and clinical outcomes (implantation, clinical pregnancy and live birth). To 
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allow for better interpretation of the results, population marginal means (27) are presented 

adjusting for all the covariates in the model.

Confounding was assessed using prior knowledge on biological relevance through the use of 

directed acyclic graphs and descriptive statistics from our study population (28). The 

variables considered as potential confounders included factors previously related to IVF 

outcomes in this and other studies, and factors associated with paraben exposure and IVF 

outcomes in this study, regardless of whether they had been previously described as 

predictors of IVF outcomes (Table 1). Final models were adjusted for age (continuous), BMI 

(continuous), race (white vs nonwhite), smoking status (never vs ever), and infertility 

diagnosis (male factor, female factor, unexplained). All tests were two-tailed and the level of 

statistical significance was set at 0.05. Statistical analyses were performed with SAS 

(version 9.4; SAS Institute Inc., Cary, NC, USA).

RESULTS

The 245 women included in this analysis had a median age and BMI [Interquartile Range 

(IQR)] of 35.0 years (32.0, 38.0) and 23.1 kg/m2 (21.1, 25.9), respectively (Table 1). 

Women were predominantly Caucasian (83%) and 72% had never smoked. The primary 

SART diagnosis at enrollment was male factor (38%) followed by unexplained infertility 

(33%) and female factor infertility (30%). Luteal phase GnRH-agonist protocols were the 

most commonly used stimulation protocol in the first treatment cycle (73%). Women had a 

median day 3 FSH and E2 trigger of 6.9 IU/L and 2028 pmol/L, respectively (Table 1). SG-

adjusted geometric mean PP and BP urinary concentrations were higher among thinner 

women and SG-adjusted geometric mean urinary concentrations of the three parabens were 

lower in smokers (data not shown). Also, the SG-adjusted geometric mean BP urinary 

concentrations were lower in white compared to non-white women (data not shown).

The SG-adjusted geometric mean MP, PP and BP urinary concentrations for the 667 

samples provided by the 245 women (contributing to 356 IVF cycles) were 133, 24 and 1.5 

µg/L, respectively (Table 2). These values were slightly higher than those for females of all 

ages in the general population (NHANES 2011–2012 (95, 16 and 1.1 µg/L, respectively)) 

(6), and slightly lower than those previously published in our early publication on a subset 

of the same cohort of women (20). Two urine samples were collected in 87% (311/356) of 

the IVF cycles. Detectable concentrations of MP, PP and BP were measured in 99.7% 

(665/667), 98.8% (659/667) and 72.6% (484/667), respectively, of samples (Table 2).

SG-adjusted urinary MP, PP and BP concentrations were not associated with IVF outcomes 

in our study population (Table 3). Specifically, no significant dose-response associations 

were observed between urinary paraben concentrations with total and mature oocyte yields, 

proportion of best embryo quality and fertilization rates, either overall (Table 3) or when 

IVF and ICSI cycles were examined separately (data not shown) in unadjusted models. 

Similar trends were found when models were adjusted for age, BMI, race/ethnicity, smoking 

status and primary infertility diagnosis.
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Associations between SG-adjusted urinary MP, PP and BP concentrations with implantation, 

clinical pregnancy and live birth rates per initiated cycle were examined (Figure 1). No 

significant associations were found between urinary paraben concentrations and these 

clinical outcomes in unadjusted and adjusted models. The adjusted estimate differences in 

proportions with implantation, clinical pregnancy and live birth for women in the highest 

quartile of urinary MP concentration compared with women in the lowest quartile were 

+0.03, +0.03 and +0.01, respectively. The adjusted estimate differences in implantation and 

live birth rates for women in the highest quartile of urinary PP concentration compared with 

women in the lowest quartile were +0.01, and −0.02, respectively, without any difference in 

clinical pregnancy. The adjusted estimate differences in proportions with implantation, 

clinical pregnancy and live birth for women in the highest quartile of urinary BP 

concentration were comparable to women in the lowest quartile were +0.01, +0.03 and 

+0.01, respectively (Figure 1).

DISCUSSION

We evaluated the association of urinary concentrations of MP, PP and BP with IVF 

outcomes in this prospective cohort study among women attending a fertility clinic. Despite 

our previous publication reporting an association of higher urinary paraben concentrations 

with diminished ovarian reserve (i.e., AFC) in a subset of women from the same cohort as 

the current study (20), we found no associations of urinary paraben concentrations with 

measures of response to ovarian stimulation (oocyte yield), embryo quality, and fertilization 

rates. Moreover, urinary paraben concentrations were not associated with rates of 

implantation, clinical pregnancy and live birth.

To our knowledge, this is the first study to explore the association of urinary paraben 

concentrations with clinical outcomes among women undergoing IVF treatments. 

Surprisingly, despite widespread human exposure to parabens, there are very limited data 

from experimental studies in animals on potential effects on female reproductive health 

(15,18,19). Shaw and deCatanzaro (2009) did not find an association between BP and PP 

with implantation sites and offspring survival following in utero exposure of CF-1 mice 

(19). Similarly, oral administration of BP did not alter maternal ovarian E2 level in a study 

conducted in rats (18). However, other experimental studies have shown effects of parabens 

for other outcomes (12, 15–17). For example, subcutaneous administration of BP to 

pregnant rats resulted in a decrease in the proportion of live born rats but did not affect the 

weight of the genital organs of the female offspring (15). Also, the number of implantations 

sites and number of live and dead fetuses were not affected by an utero exposure to BP on 

Sprague-Dawley rats, but there was a significant weight change in ovaries after exposure to 

parabens (17). Moreover, Vo and colleagues (2010) observed alterations in uterus 

morphology, ovarian histopathological abnormities, delay in the date of vaginal opening, 

decrease in length of the estrous cycle and decreased serum estradiol in peripubertal exposed 

rats to parabens (12).

We previously explored the association between urinary MP, PP and BP concentrations with 

ovarian aging in 192 women from the same cohort study (20). We found suggestive 

evidence of a negative relationship between urinary PP concentrations and antra follicle 
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count (AFC), which is considered a marker of ovarian reserve. In addition, higher urinary PP 

concentrations were associated with a higher day-3 FSH, which is consistent with PP’s 

negative association with AFC, suggesting that exposure to PP may adversely affect ovarian 

reserve, and thus contribute to ovarian aging, among women attending a fertility clinic (20). 

Our urinary paraben concentrations were slightly lower than those reported previously in 

Smith’s paper (20), and also compared with other US population of women (6, 29). 

Moreover, the urinary paraben concentrations in this study were, however, a little lower than 

those measured in Spanish pregnant women (30) and higher compared with those measured 

among Japanese pregnant women (31). However, none of these studies assessed the effect of 

parabens on female reproductive endpoints.

The present study has some limitations. Due to its design, it may not be possible to 

extrapolate the study findings to the general population of couples conceiving without 

medical intervention. However, these findings may be applicable to other women seeking 

infertility treatment (32). Also, misclassification of paraben exposure based on 

concentrations from spot urine samples is possible because parabens are short-lived 

chemicals (1) and exposures are likely to be episodic in nature potentially leading to 

attenuated associations. Although one urine sample may reasonably represent several 

months of exposure to parabens as we previously published (33), we also collected multiple 

samples and this should further reduce exposure misclassification. Strengths of our study 

include its prospective design which minimizes the possibility of reverse causation, the 

comprehensive adjustment of possible confounding variables, and adequate power to detect 

clinically relevant differences in clinical outcomes between women in the highest and lowest 

quartiles of urinary paraben concentrations.

In conclusion, urinary methyl, propyl and butylparaben concentrations were not associated 

with clinical outcomes among women undergoing IVF treatments at a fertility clinic. The 

lack of associations suggests that paraben exposure at the levels experienced by this fertility 

clinic population do not affect IVF reproductive outcomes. Despite the null findings and due 

to widespread general population exposure, there remains the need for studies on other 

potential health effects of parabens, including effects on children’s health and male 

reproductive function.
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Figure 1. Relathionships between quartiles of urinary parabens concentrations (µg/L) with 
implantation, clinical pregnancy and live birth (n=356 fresh cycles)
Clinical outcomes (95% CI) per initiated cycle across quartiles of urinary parabens 

concentrations (represented by the medians for each quartile) are presented. Models are 

adjusted for age (continuous), BMI (continuous), race (white and nonwhite), smoking status 

(never and ever) and infertility diagnosis (male, female and unexplained). Implantation was 

defined as a serum β-hCG level > 6 mIU/mL typically measured 17 days (range 15–20 days) 

after egg retrieval, clinical pregnancy as the presence of an intrauterine pregnancy confirmed 

by ultrasound and live birth as the birth of a neonate on or after 24 weeks gestation.
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Table 1

Baseline characteristics of 245 women in the Environment and Reproductive Health Study (EARTH).

Median (IQR) or N (%)

Baseline characteristics

Age, years 35.0 (32.0, 38.0)

Race/Ethnic group, n (%)

    White/Caucasian 203 (82.8)

    Black 6 (2.5)

    Asian 20 (8.2)

    Other 16 (6.5)

Body Mass Index, kg/m2 23.1 (21.1, 25.9)

Ever smoker, n (%) 68 (27.8)

Education, n (%)

    < College graduate 19 (7.2)

    College graduate 75 (32.8)

    Graduate degree 135 (59.0)

Baseline Reproductive characteristics

Previous IUI, n (%) 116 (47.4)

Previous IVF, n (%) 59 (24.1)

Initial infertility diagnosis, n (%)

    Male factor 92 (37.6)

    Female factor 73 (29.7)

      Diminished Ovarian Reserve 16 (6.5)

      Endometriosis 18 (7.3)

      Ovulation Disorders 22 (9.0)

      Tubal 15 (6.1)

      Uterine 2 (0.8)

    Unexplained 80 (32.7)

Initial treatment protocol, n (%)

    Antagonist 29 (11.8)

    Flarea 40 (16.3)

    Luteal phase agonistb 176 (72.8)

Initial ICSI cycles, n (%) 127 (55.2)

E2 Trigger Levels, pmol/L 2028 (1509, 2614)

Day 3 FSH Levels, IU/L 6.9 (5.8, 8.3)

Embryo Transfer Day, n (%)

  No embryos transferred 26 (10.6)

  Day 2 9 (3.7)

  Day 3 132 (53.9)

  Day 5 78 (31.8)

Number of Embryos Transferred, n (%)
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Median (IQR) or N (%)

  No embryos transferred 26 (10.6)

  1 embryo 30 (12.2)

  2 embryos 144 (58.8)

  3+ embryos 45 (18.4)

a
Follicular phase GnRH-agonist/Flare protocol.

b
Luteal phase GnRH-agonist protocol.

Abbreviations: IQR, interquartile range; N, number; IUI, intrauterine insemination, IVF, in vitro fertilization, ICSI, intracytoplasmic sperm 
injection.
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