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Abstract

Total hair mercury (Hg) was measured among 205 women undergoing in vitro fertilization (IVF)
treatment and the association with prospectively collected IVF outcomes (229 IVF cycles) was
evaluated. Hair Hg levels (median=0.62 ppm, range: 0.03-5.66 ppm) correlated with fish intake
(r=0.59), and exceeded the recommended EPA reference of 1ppm in 33% of women. Generalized
linear mixed models with random intercepts accounting for within-woman correlations across
treatment cycles were used to evaluate the association of hair Hg with IVF outcomes adjusted for
age, body mass index, race, smoking status, infertility diagnosis, and protocol type. Hair Hg levels
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were not related to ovarian stimulation outcomes (peak estradiol levels, total and mature oocyte
yields) or to fertilization rate, embryo quality, clinical pregnancy rate or live birth rate.

Keywords
Mercury (Hg); oocyte; fertilization; in vitro fertilization (IVF); implantation; human

1. Introduction

Mercury (Hg) exists in three different chemical forms; elemental, inorganic, and organic
(methylmercury or MeHg). While Hg occurs naturally in the environment with sources such
as volcanoes and geothermal vents, the predominant source is coal combustion emissions in
the atmosphere [1, 2]. Inorganic mercury is released into the environment from industrial
processes, and subsequently metabolized into organic mercury by aquatic organisms. MeHg,
in turn, bioaccumulates within fish and biomagnifies up the food chain [1]. The primary
source of Hg exposure among humans is through seafood consumption, with inhalation of
elemental mercury vapors (from dental amalgams, button cell batteries, broken
thermometers, and compact fluorescent light bulbs) being a minor route of exposure. Due to
the ease of incorporation into biological tissue, MeHg is the most toxic form of
environmental mercury exposure for humans [1].

Mercury is a known neurotoxicant but its potential reproductive effects have not been well
studied. In 2004, based on its neurotoxicity, the United States Environmental Protection
Agency (EPA) and United States Food and Drug Administration (FDA) jointly issued
consumer advice regarding fish consumption for women who might become pregnant,
pregnant women, nursing mothers and young children [3]. In 2002, a study in Hong Kong
[4] compared 157 infertile couples to 26 fertile couples, and observed a positive correlation
of Hg levels with seafood consumption, and higher Hg levels among infertile couples than
fertile couples. Also noted was the association of unexplained infertility diagnosis and
abnormal semen analyses with higher levels of Hg. In a second study in 2008, among 619
women undergoing IVF [5], 18.7% of the women had blood Hg levels greater that the EPA
safety reference (=5.8 pg/L); however, no relationship with fertilization rates or pregnancy
outcome was observed. Finally, a small cohort study [6-10] evaluated blood mercury
concentrations in up to 50 female and 33 male IVF patients, depending on the covariate of
interest, finding no association between female Hg levels and fertilization rates. Embryo
fragmentation was noted to be significantly higher as Hg levels increased in the men.

Based on the limited study of the impact of mercury exposure on early reproductive
measures and potential risks, as shown in limited epidemiologic studies [4-10], we evaluated
hair mercury levels and gamete, embryo, and clinical outcomes in an assisted reproductive
technologies (ART) population seeking treatment through In Vitro Fertilization (IVF) due to
a history of inability to conceive. This unique study cohort allows evaluation at the very
earliest stages of conception through birth and provides an opportunity to study the impact
of mercury exposure at stages otherwise unobservable in humans.
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2. Methods

2.1. Study Participants and data collection

The cohort for this study included female patients from the Massachusetts General Hospital
(MGH) Fertility Center (Vincent Obstetrics and Gynecology Service, Division of
Reproductive Medicine and 1\VVF) undergoing IVF treatment using their own oocytes who
enrolled in an ongoing prospective cohort study on environmental risk factors for
reproductive health. All female patients over 18 years of age and less than 45 seeking
infertility evaluation or treatment at the MGH Fertility Center were eligible to participate.
Women were eligible to be included in this analysis if they had completed at least 1 fresh
IVF cycle between December 2004 and May 2013 and provided a hair sample for the
measurement of Hg (n=295 women with 429 corresponding fresh IVF cycles). Women were
excluded from the analysis if they had missing hair mercury levels (n=4) or BMI (n=1).
Cycles were excluded if hair mercury samples were taken >5 months after cycle initiation
(n=84 women, 192 cycles), or hair mercury samples were taken >1 year before cycle
initiation (n=1) leaving a total of 205 women and 229 cycles in our final analytic dataset.
The study was approved by the Human Studies Institutional Review Boards of the MGH and
Harvard School of Public Health (HSPH). Participants signed an informed consent after the
study procedures were explained by a research nurse and all questions were answered.

Upon entry into the study, subjects completed a brief questionnaire that collected data on
demographic characteristics, medical history and lifestyle. Subjects also completed two
extensive take-home questionnaires with one relating to lifestyle factors, occupation, and
medical history, and the second a validated food frequency questionnaire (FFQ) (introduced
in April 2007) [11]. Total fish intake was assessed in a subset of the subjects (n=157) with
the FFQ. Clinical information was abstracted from the patient's electronic medical record.
Subsequent to an infertility evaluation, each patient was assigned infertility diagnoses by a
physician at the MGH Fertility Center according to the Society for Assisted Reproductive
Technology (SART) definitions as previously described [12].

2.2. Clinical Protocols and Endpoints

Analysis of blood hormone values for Day 3 FSH and peak estradiol as well as oocyte
retrieval details have been previously described [12]. All study participants were treated per
clinic protocols for gonadotropin-induced ovarian stimulation also described previously
[12]. Briefly, one of three stimulating protocols was used for each subject: 1) Gonadotropin
releasing hormone (GnRH)- antagonist protocol, 2) follicular phase GnRH-agonist/flare
protocol, or 3) luteal phase GnRH agonist protocol using low, regular and high-dose
leuprolide (Lupron). Selection of protocol for the subject is based on their expected response
to the stimulating agents with the antagonist and flare protocols typically used for women
with expected or demonstrated diminished ovarian response. The flare protocol is often
reserved for the subgroup of low responder women above the age of 40, while the antagonist
protocol to the low responder group, that is, under 40 years of age.

Retrieved oocytes were subjected to either conventional insemination or intracytoplasmic
sperm injection (ICSI) using the male partner's sperm. Evaluation of oocyte maturation,
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pronuclear development and embryo scoring are as described previously [13]. Briefly,
oocytes were classified as germinal vesicle, metaphase I, metaphase Il (MII) or degenerated.
Fertilized oocytes were checked for fertilization and graded as either normally fertilized
(two pronuclei, referred to as 2PN thereafter) or abnormally fertilized (one, three or more
pronuclei). Fertilization rate was determined after 17-20 hours after insemination as the
number of oocytes with two pronuclei divided by the number of M1l oocytes inseminated.
Embryos were evaluated for cell cleavage rates on day 2 and 3 of culture with a division
from 2-4 and 6-8 cells, respectively, considered normal. Values below 2 cells (Day 2) and 6
cells (Day 3) were considered slow and greater than 4 cells (Day 2) and 8 cells (Day 3) were
designated accelerated. Cleavage stage embryos were designated with a grade based on
blastomere size and degree of cytoplasmic fragmentation, described as follows: Grade 1,
blastomeres of equal size with no cytoplasmic fragmentation; Grade 2, blastomeres of equal
size, with < 20% cytoplasmic fragmentation; Grade 3, blastomeres of distinctly unequal size
with < 20% cytoplasmic fragmentation; Grade 4, blastomeres of equal or unequal size with
significant fragmentation ranging from 20-50%; Grade 5, few blastomeres of any size with
fragmentation exceeding 50% of entire embryo. An embryo grade of 1 or 2 was categorized
as high quality, 3 of intermediate quality and grades of 4 or 5 were grouped as poor quality.
For analysis we classified embryo grade 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. Clinical outcomes were
evaluated per initiated cycle. We defined successful implantation as a serum p-hCG level >
6 mIU/mL typically measured 17 days (97% measured by day 17, 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.

2.3. Hair Collection and Mercury Analysis

Hair was chosen as the preferred biomarker for Hg levels in our subjects since it reflects
exposure over several months [14]. The hair sample was collected at (or as close as possible
to) the time of recruitment into the study. Hair samples were collected between June 2005
and March 2013. The whole hair sample was cleaned before analysis to remove extraneous
contaminants by sonication for 15 minutes in a 1% Triton X-100 solution. After sonication,
samples were rinsed with distilled deionized water and dried at 60°C for 48 hours. Total Hg
in parts per million (ppm) was measured in the proximal 2 cm of hair (where 1 cm of length
would represent 1 month of exposure) using a Direct Mercury Analyzer 80 (Milestone Inc,
Monroe, CT) with a matrix matched calibration curve. Certified reference material GBW
07601 (human hair; Institute of Geophysical and Geochemical Exploration, China)
containing 360 ppm mercury was used as the quality control standard. The limit of detection
(LOD) for Hg was 0.5 ppm with the percentage recovery for quality control standards
ranging from 90 to 110 percent.

2.4. Dietary assessment

Participants completed a previously validated 131-item FFQ at home [11]. They were asked
to report how often, on average, they consumed specific foods during the previous year. The
FFQ had nine categories for intake frequency options that ranged from never to six or more

times per day. The nutrient content of each food and the specific portion size was calculated
by the nutrient database from the US Department of Agriculture [15] with additional
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information from manufacturers when necessary. Assessment of fish intake using this
questionnaire has been validated against prospectively collected diet records representing 1
year of a diet in a different study [16]. In that study, the de-attenuated correlation of fish
intake assessed with the FFQ and the 1 year average of prospectively collected dietary
records was 0.66 [16]. Fish intake was defined as the sum of dark meat fish (e.g. canned
tuna, salmon), white meat fish (e.g. cod, haddock), and shellfish (e.g. shrimp scallops).

2.5. Statistical analysis

Women were classified into quartiles based on hair Hg concentrations. Demographic
characteristics of the study participants, as well as the distribution of outcome measures and
potential covariates, were reported (median and interquartile range (IQR), as appropriate).
We summarized the distribution of hair Hg exposures using the median and IQR, and used
analysis of variance, chi-square test, and Fisher's exact test, to test for associations across
quartiles. Among participants (n=62) with repeated hair Hg measurements (2 or 3) due to
high concentrations, the Hg concentration from the first sample was used in all statistical
analyses.

We used multivariate generalized linear mixed models with random intercepts to evaluate
the association between hair mercury and ART outcomes. We used Poisson models to
analyze the association between quartiles of Hg concentration with total number of oocytes
retrieved (count) and binomial distribution and logit link function were specified for
fertilization, embryo quality, and clinical outcomes. In addition, comparisons were made
between those above vs. below the EPA reference of 1 ppm [17]. Tests for linear trend were
conducted across quartiles of Hg using the median Hg concentration in each quartile as a
continuous variable in the regression models. We also used Hg as a continuous variable to
test for trend, but the results were similar to those using the median Hg concentration
(results not shown). Outcomes of interest included oocyte maturation (total Mll/total
oocytes retrieved), fertilization (total 2PN/total MI1), day 3 cleavage (fast vs. normal and no/
slow vs normal), and embryo quality (poor vs not poor) (proportions). For example, for
oocyte maturation, the outcome was total M1l and the offset was total oocytes retrieved.

Confounding was evaluated using prior knowledge on biological relevance (such as age
[18], BMI [19], and smoking [20]) or descriptive statistics from our study population
through the use of directed acyclic graphs [21]. Covariates considered in this way in all
models included: age (continuous), BMI (continuous), race (white vs. other), smoking status
(ever smoker vs other), infertility diagnosis (male factor, female factor, and unexplained
infertility), and treatment protocol type (Luteal phase agonist, flare, and GnRH antagonist).
We calculated the Spearman correlation coefficient for hair Hg concentrations with total fish
consumption per week. In a sensitivity analysis, clinical outcomes were evaluated per
embryo transfer. We considered the possibility that previous IVF or IUI outcomes might
influence Hg exposure, given the persistent nature of the latter. We conducted all statistical
analyses using SAS version 9.2 (SAS Institute Inc., Cary, NC) and considered two-sided
significance levels less than 0.05 as statistically significant.
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3. Results

3.1. Demographics, hair mercury, and dietary characteristics

The study included 205 women with 229 completed IVF cycles (median age at egg
retrieval=35 years; range 27 to 43 years). Excluded women did not differ significantly from
those included in the analysis in terms of age, hair Hg, smoking, BMI and other
characteristics but had lower percentage of previous infertility exam, previous 1Ul, and
previous IVF; and a longer time interval between cycle initiation and hair mercury sampling.
In addition, included women had higher percentage of day 5 embryo transfer (Supplemental
Table 1). Most women were Caucasian (82%) and non-smoking (74%). Approximately a
third of couples were categorized to 3 different primary SART diagnoses; female factor,
male factor or unexplained infertility. In a subgroup of patients (n=157) the median fish
consumption was 1.5 serving per week. The majority of cycles were low dose luteal phase
stimulation (73%) with 11.2 oocytes retrieved on average per cycle. Of total oocytes
retrieved 86% were considered mature prior to ICSI or at fertilization check after
conventional insemination. Of mature oocytes, 69% fertilized normally. Fifty seven percent
of cycles experienced an embryo transfer on day 3 of culture and 30% had a day 5 transfer
with an overall successful implantation per retrieved cycle of 54%.

The median total hair mercury level was 0.62 ppm (IQR=0.35 - 1.24), ranging from 0.03 to
5.66 ppm (Table 1). Thirty-three percent of the women exceeded the hair Hg EPA reference
level of 1ppm. Hair Hg was strongly correlated with total fish consumption per week
(r=0.59, p=0.0001). Age and alcohol consumption were also positively associated with hair
mercury concentrations (Table 1).

3.2. Association between Hg and IVF outcomes

Peak estradiol and the proportion of mature (MII) oocytes were not associated with hair Hg
concentration (Table 2). However, there were suggestions of inverse associations of hair Hg
levels with total oocyte yield and MII oocyte yield. After adjustment for age, race, BMI,
smoking status, infertility diagnosis and protocol type, the (95% CI) mean total oocyte yield
was 9.6 (8.5, 10.8) among women whose hair mercury concentration was above the EPA
reference of 1ppm and 11.2 (10.4, 12.1) among women whose hair mercury concentration
was below 1ppm (p=0.04) (Supplemental Table 2). The adjusted (95% CI) mean MII oocyte
yields were 8.3 (7.3, 9.3) and 9.4 (8.7, 10.2) among women whose hair mercury
concentration was above and below the EPA reference of 1ppm, respectively (p=0.08)
(Supplemental Table 2). There was no association of hair Hg with fertilization rate or
embryo cleavage (Tables 3 and 4). Hair Hg was, however, associated with lower % of best
quality embryos. Hair mercury concentrations were not associated with clinical outcomes
per initiated cycle (Table 5) or per transfer (Supplemental Table 3). Apart from total oocyte
yield, none of the outcomes evaluated (peak E2 levels, MII yield, proportion of Mll/total
oocytes, fertilization rate, embryo quality measures) differed between women above
compared to those below the EPA safety reference (results not shown). Hair Hg did not vary
by those who had prior IUI/IVF vs no prior IUI/IVF and previous IUl or IVF did not modify
the association between hair Hg and IVF outcomes (results not shown).
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4. Discussion

We evaluated the potential impact of Hg exposure, assessed via hair Hg measurements, in a
cohort of women undergoing infertility treatment with I\VF in eastern Massachusetts. Hair
Hg levels were considerably higher in this cohort compared to women of reproductive age in
a nationally representative sample [22] (0.62 ppm vs. 0.19 ppm) and one third of women in
this cohort had hair Hg concentrations that exceeded the EPA reference of 1ppm. The wide
range of Hg exposure in this population, coupled with a design focused on studying women
undergoing IVF, allowed us to investigate how Hg may impact very early measures of
reproductive success that cannot be observed among couples trying to conceive naturally.
Nevertheless, we found no evidence that Hg has an impact, detrimental or beneficial, on
measures of ovarian response to gonadotropins, fertilization, early embryonic development
or the probabilities of achieving a pregnancy or having a live birth following infertility
treatment with 1\VF.

While environmental exposure to methylmercury is widespread, evaluation of its impact on
reproductive outcomes has been limited. There is some information on the impact of Hg
exposure on early pregnancy outcomes in the accidental mass population exposures that
occurred in Minamata, Japan [23] in 1956 and Iraq in 1971 [24]. Very few epidemiological
studies have evaluated the association between Hg exposure and reproductive health
outcomes, in part due to the difficulty in assessing early reproductive outcomes in naturally
conceiving women. Some have studied these outcomes by comparing Hg levels in infertile
and fertile couples. One of the earliest studies to evaluate the influence of Hg exposure
included 155 infertile females, 150 infertile males and a fertile control group of 26 couples
in China [4]. In addition to blood Hg concentrations, a FFQ was conducted to determine
dietary intake, with emphasis on fish and shellfish. The infertile group had significantly
higher blood Hg levels than the fertile controls and the levels correlated with the quantity of
seafood consumed (r=0.21, P < 0.001).

A second study in a Saudi Arabian IVF cohort detected Hg in 79% of follicular fluid
samples collected during egg retrieval and 88% of blood samples collected from 619
women, with a median blood Hg level of 3.19 ug/L. Within this cohort, 19% had elevated (=
5.8 pg/L) blood Hg levels [5] compared to 33% elevated (>1 ppm) hair Hg in our study
population. Analysis of variables in the questionnaire from the Saudi Arabian study found
that 88% of women reported regular consumption of seafood, possibly an indication that fish
was a main source of Hg in this cohort. Elevated blood Hg levels were also noted in 14% of
women reporting use of skin-lightening creams (commonly containing inorganic Hg). As in
our study, the authors found no correlation between Hg levels (in both blood and follicular
fluid) and fertilization rate or pregnancy rate. Another small cohort of 25 women and 15
men has been studied extensively in San Francisco, CA [6-10, 25]. This cohort consisted of
a higher proportion of women of Asian ethnicity (30%) [9] as compared to the US general
population (4.8%) and our study (10%). Similarly, seafood consumption was positively
associated with Hg levels within the subjects, with 84% reporting consumption of at least
one seafood item in a week and the strongest association being found with “mollusks”
consumption [26]. Bloom et al. [6] found detectable levels of Hg in follicular fluid, however
at lower levels than in blood collected from these women. Follicular fluid Hg levels were
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higher for Asian women (0.92 ug/L) than other ethnic groups of their cohort (non-Asian =
0.79 ug/L). Blood Hg levels were positively associated with the number of mature oocytes
for use with 1CSI [8] whereas follicular fluid Hg levels were positively associated with
normally fertilized oocytes [6]. In this same cohort, while blood Hg was not associated with
pregnancy rates, when other heavy metals (lead and cadmium) were taken into account in
the model, blood Hg was associated with reduced pregnancy rates [25]. Another small
cohort in the United Kingdom of 30 women undergoing IVF reported a negative correlation
between hair Hg and oocyte yield and follicle number. However, there was no correlation
noted with other measures such as fertilization, cleavage rate or average embryo quality
[27]. While the San Francisco and UK cohorts found a relationship between Hg and oocyte
yield, these studies may have been limited due to sample size. The biomarkers of exposure
used in both studies were also different (blood verses hair). Blood and hair Hg have been
shown to be well correlated, offering valid measures of exposures with blood levels
demonstrating more immediate exposure and hair levels offering an averaged exposure over
time [28].

One criticism of these studies and ours is that women undergoing IVF may not be
representative of the general population. Findings from occupational studies in naturally
conceiving women have also found associations between elemental Hg exposure and
adverse reproductive health outcomes. A study in dental professionals found an association
between hair Hg and menstrual cycle disorders [29]. Two additional studies in dental
professionals demonstrated delayed time to pregnancy in the higher exposure groups [30,
31] and a linear increase in prevalence of adverse pregnancy outcomes was observed in
women occupationally exposed (industrial lamp factory) to Hg vapors [32]. In a recent
prospective cohort study, higher maternal blood Hg was associated with increased time to
pregnancy in couples trying to conceive naturally at environmentally relevant exposure
levels of Hg (highest quartile of total mercury = 1.2 pg/L) [33].

While we found limited associations with reproductive health outcomes in our study
population we cannot exclude the possibility that different results would be demonstrated in
a population with much higher Hg levels, for instance as found in populations with high
consumption of fish such as in the Faroes Islands [34] and Seychelles [35]. We are also not
able to evaluate the influence of an acute exposure during the actual IVF stimulation cycle.
Furthermore, hair Hg concentration was strongly correlated with total fish consumption per
week, an important proxy for Omega-3 fatty acid intake [4, 26, 36, 37]. A recent study in the
mouse model demonstrated that a diet rich in Omega-3 fatty acids resulted in improved
reproductive outcomes in older female mice (>10 months) and increased oocyte quality as
measured by percent reaching the mature metaphase Il stage and by mitochondrial
distribution throughout the oocyte [38]. It is therefore possible that hair Hg concentration is
acting as a biomarker of fish intake for the individuals studied and the dietary benefits from
consuming seafood outweigh any detrimental effects of mercury at the levels detected in our
study subjects. Our analysis is also limited because it does not include the male component
of the couple or the male/female interactions that may exist related to Hg exposure and
outcomes.
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In conclusion, we found very limited evidence of associations of hair mercury with adverse
reproductive outcomes among women undergoing IVF. In our study population, fish
consumption was the primary source of Hg exposure. Therefore, disentangling the beneficial
reproductive health effects of fish intake from any potential adverse effects of mercury is
difficult given the strong correlation between hair Hg and fish consumption in our study
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments and Grant Information

Work supported by grants ES009718, ES000002, and T32ES007069 from the National Institutes of Health (NIH).

We thank the study participants whose continued dedication and commitment make this work possible and the
research nurses Jennifer B. Ford, B.S.N., R.N. and Myra G. Keller, R.N.C., B.S.N.

References

1. Bank, MS. Mercury in the Environment. University of California Press; Berkeley, California: 2012.

2. Swain EB, Engstrom DR, Brigham ME, Henning TA, Brezonik PL. Increasing rates of atmospheric
mercury deposition in midcontinental north america. Science. 1992; 257:784—7. [PubMed:
17736465]

3. U.S. Environmental Protection Agency (U.S. EPA). Food and Drug Administration (FDA) joint
federal advisory for mercury in fish. What You Need to Know about Mercury in Fish and Shellfish.
2004. Available from: http://water.epa.gov/scitech/swguidance/fishshellfish/outreach/
advice_index.cfm

4. Choy CM, Lam CW, Cheung LT, Briton-Jones CM, Cheung LP, Haines CJ. Infertility, blood
mercury concentrations and dietary seafood consumption: a case-control study. BJOG : an
international journal of obstetrics and gynaecology. 2002; 109:1121-5. [PubMed: 12387464]

5. Al-Saleh I, Coskun S, Mashhour A, Shinwari N, EI-Doush I, Billedo G, et al. Exposure to heavy
metals (lead, cadmium and mercury) and its effect on the outcome of in-vitro fertilization treatment.
International journal of hygiene and environmental health. 2008; 211:560-79. [PubMed: 18160343]

6. Bloom MS, Kim K, Kruger PC, Parsons PJ, Arnason JG, Steuerwald AJ, et al. Associations between
toxic metals in follicular fluid and in vitro fertilization (I\VF) outcomes. Journal of assisted
reproduction and genetics. 2012; 29:1369-79. [PubMed: 23229520]

7. Bloom MS, Parsons PJ, Kim D, Steuerwald AJ, Vaccari S, Cheng G, et al. Toxic trace metals and
embryo quality indicators during in vitro fertilization (IVF). Reprod Toxicol. 2011; 31:164-70.
[PubMed: 21115110]

8. Bloom MS, Parsons PJ, Steuerwald AJ, Schisterman EF, Browne RW, Kim K, et al. Toxic trace
metals and human oocytes during in vitro fertilization (IVF). Reprod Toxicol. 2010; 29:298-305.
[PubMed: 20096775]

9. Hanna CW, Bloom MS, Robinson WP, Kim D, Parsons PJ, vom Saal FS, et al. DNA methylation
changes in whole blood is associated with exposure to the environmental contaminants, mercury,
lead, cadmium and bisphenol A, in women undergoing ovarian stimulation for IVF. Hum Reprod.
2012; 27:1401-10. [PubMed: 22381621]

10. Kim D, Bloom MS, Parsons PJ, Fitzgerald EF, Bell EM, Steuerwald AJ, et al. A pilot study of
seafood consumption and exposure to mercury, lead, cadmium and arsenic among infertile couples
undergoing in vitro fertilization (IVF). Environmental toxicology and pharmacology. 2013; 36:30—
4. [PubMed: 23538324]

11. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and
validity of an expanded self-administered semiquantitative food frequency questionnaire among

Reprod Toxicol. Author manuscript; available in PMC 2016 January 17.


http://water.epa.gov/scitech/swguidance/fishshellfish/outreach/advice_index.cfm
http://water.epa.gov/scitech/swguidance/fishshellfish/outreach/advice_index.cfm

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wright et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Page 10

male health professionals. American Journal of Epidemiology. 1992; 135:1114-26. [PubMed:
1632423]

Mok-Lin E, Ehrlich S, Williams PL, Petrozza J, Wright DL, Calafat AM, et al. Urinary bisphenol
A concentrations and ovarian response among women undergoing IVF. International Journal of
Andrology. 2010; 33:385-93. [PubMed: 20002217]

Ehrlich S, Williams PL, Missmer SA, Flaws JA, Ye X, Calafat AM, et al. Urinary bisphenol A
concentrations and early reproductive health outcomes among women undergoing IVF. Human
Reproduction. 2012; 27:3583-92. [PubMed: 23014629]

Grandjean, PJP.; Weihe, P. Biomarkers of Environmental Associated Disease.. In: Wilson, SHSW.,
editor. Validity of mercury exposure biomarkers. CRC Press/Lewis Publishers; Boca Raton, GL:
2002. p. 235-47.

U.S. Department of Agriculture ARS. USDA National Nutrient Database for Standard Reference,
Release 25.. Nutrient Data Laboratory Home Page. 2012. Available from: http://
www.ars.usda.gov/ba/bhnre/ndl

Salvini S, Hunter DJ, Sampson L, Stampfer M, Colditz GA, Rosner B, et al. Food-based validation
of a dietary questionnaire: the effects of week-to-week variation in food consumption.
International Journal of Epidemiology. 1989; 18:858-67. [PubMed: 2621022]

U.S. Environmental Protection Agency (U.S. EPA). Integrated Risk Information System
Methylmercury (MeHg) (CASRN 22967-92-6). 2001. Available from: http://www.epa.gov/iris/
subst/0073.htm

Malizia BA, Hacker MR, Penzias AS. Cumulative Live-Birth Rates after In Vitro Fertilization.
New England Journal of Medicine. 2009; 360:236—43. [PubMed: 19144939]

Luke B, Brown MB, Stern JE, Missmer SA, Fujimoto VY, Leach R. Female obesity adversely
affects assisted reproductive technology (ART) pregnancy and live birth rates. Hum Reprod. 2011,
26:245-52. [PubMed: 21071489]

Soares SR, Melo MA. Cigarette smoking and reproductive function. Current opinion in obstetrics
& gynecology. 2008; 20:281-91. [PubMed: 18460944]

Weng H-Y, Hsueh Y-H, Messam LLM, Hertz-Picciotto I. Methods of Covariate Selection:
Directed Acyclic Graphs and the Change-in-Estimate Procedure. American Journal of
Epidemiology. 2009; 169:1182-90. [PubMed: 19363102]

McDowell MA, Dillon CF, Osterloh J, Bolger PM, Pellizzari E, Fernando R, et al. Hair mercury
levels in U.S. children and women of childbearing age: reference range data from NHANES
1999-2000. Environ Health Perspect. 2004; 112:1165-71. [PubMed: 15289161]

Harada M. Minamata disease: methylmercury poisoning in Japan caused by environmental
pollution. Critical reviews in toxicology. 1995; 25:1-24. [PubMed: 7734058]

Amin-Zaki L, Elhassani S, Majeed MA, Clarkson TW, Doherty RA, Greenwood M. Intra-uterine
methylmercury poisoning in Iraq. Pediatrics. 1974; 54:587-95. [PubMed: 4480317]

Bloom MS, Fujimoto VY, Steuerwald AJ, Cheng G, Browne RW, Parsons PJ. Background
exposure to toxic metals in women adversely influences pregnancy during in vitro fertilization
(IVF). Reprod Toxicol. 2012; 34:471-81. [PubMed: 22732149]

Kim K, Fujimoto VY, Parsons PJ, Steuerwald AJ, Browne RW, Bloom MS. Recent cadmium
exposure among male partners may affect oocyte fertilization during in vitro fertilization (IVF).
Journal of assisted reproduction and genetics. 2010; 27:463-8. [PubMed: 20508982]

Dickerson EH, Sathyapalan T, Knight R, Maguiness SM, Killick SR, Robinson J, et al. Endocrine
disruptor & nutritional effects of heavy metals in ovarian hyperstimulation. Journal of assisted
reproduction and genetics. 2011; 28:1223-8. [PubMed: 22071884]

Yaginuma-Sakurai K, Murata K, Iwai-Shimada M, Nakai K, Kurokawa N, Tatsuta N, et al. Hair-
to-blood ratio and biological half-life of mercury: experimental study of methylmercury exposure
through fish consumption in humans. The Journal of toxicological sciences. 2012; 37:123-30.
[PubMed: 22293416]

Sikorski R, Juszkiewicz T, Paszkowski T, Szprengier-Juszkiewicz T. Women in dental surgeries:
reproductive hazards in occupational exposure to metallic mercury. International archives of
occupational and environmental health. 1987; 59:551-7. [PubMed: 3679554]

Reprod Toxicol. Author manuscript; available in PMC 2016 January 17.


http://www.ars.usda.gov/ba/bhnrc/ndl
http://www.ars.usda.gov/ba/bhnrc/ndl
http://www.epa.gov/iris/subst/0073.htm
http://www.epa.gov/iris/subst/0073.htm

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wright et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 11

Rowland AS, Baird DD, Weinberg CR, Shore DL, Shy CM, Wilcox AJ. The effect of occupational
exposure to mercury vapour on the fertility of female dental assistants. Occupational and
environmental medicine. 1994; 51:28-34. [PubMed: 8124459]

Dahl JE, Sundby J, Hensten-Pettersen A, Jacobsen N. Dental workplace exposure and effect on
fertility. Scandinavian journal of work, environment & health. 1999; 25:285-90.

De Rosis F, Anastasio SP, Selvaggi L, Beltrame A, Moriani G. Female reproductive health in two
lamp factories: effects of exposure to inorganic mercury vapour and stress factors. British journal
of industrial medicine. 1985; 42:488-94. [PubMed: 4015997]

Cole DC, Wainman B, Sanin LH, Weber JP, Muggah H, Ibrahim S. Environmental contaminant
levels and fecundability among non-smoking couples. Reprod Toxicol. 2006; 22:13-9. [PubMed:
16439098]

Choi AL, Weihe P, Budtz-Jorgensen E, Jorgensen PJ, Salonen JT, Tuomainen TP, et al.
Methylmercury exposure and adverse cardiovascular effects in Faroese whaling men. Environ
Health Perspect. 2009; 117:367—72. [PubMed: 19337510]

Stokes-Riner A, Thurston SW, Myers GJ, Duffy EM, Wallace J, Bonham M, et al. A longitudinal
analysis of prenatal exposure to methylmercury and fatty acids in the Seychelles. Neurotoxicol
Teratol. 2011; 33:325-8. [PubMed: 21145963]

Mozaffarian D, Rimm EB. Fish intake, contaminants, and human health: evaluating the risks and
the benefits. JAMA : the journal of the American Medical Association. 2006; 296:1885-99.
Dickman MD, Leung CK, Leong MK. Hong Kong male subfertility links to mercury in human hair
and fish. The Science of the total environment. 1998; 214:165-74. [PubMed: 9646524]

Nehra D, Le HD, Fallon EM, Carlson SJ, Woods D, White YA, et al. Prolonging the female
reproductive lifespan and improving egg quality with dietary omega-3 fatty acids. Aging cell.
2012; 11:1046-54. [PubMed: 22978268]

Reprod Toxicol. Author manuscript; available in PMC 2016 January 17.



1duosnuepy Joyiny 1duosnuey Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Wright et al.

Reprod Toxicol. Author manuscript; available in PMC 2016 January 17.

Page 12




1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Wright et al.

Table 1

Page 13

Demographic and dietary characteristics of 205 women in the EARTH Study by quartile of hair mercury.

Quartile of hair mercury concentration pa
Quartile (Range, ppm) Q1(0.03-0.34)  Q2(0.35-0.61) Q3 (0.62 - 1.24) Q4 (1.27 - 5.66)
N 51 51 52 51
Median (IQR) or N (%)
Personal Characteristics
Age, years 35.0(34.0,39.0)  35.0(31.0,39.0)  34.5(32.0,37.5) 36.0 (33.0, 39.0) 0.08
White/Caucasian, N (%) 40 (78.4) 40 (78.4) 43 (82.7) 44 (86.3) 0.77
Body Mass Index, kg/m? 24.3(21.6,29.2) 23.0 (21.0, 25.8) 22.7(21.1, 24.9) 23.0(20.5,25.2) 0.15
Ever smoker, N (%) 7(13.7) 11 (21.6) 21 (40.4) 15 (29.4) 0.12
Time enrolled from start of study months ~ 58.5 (36.7, 77.7) 62.3 (41.2,73.4) 54.8 (36.6, 71.4) 47.4 (18.2,74.7) 0.29
Baseline Reproductive Characteristics
Initial infertility diagnosis, % 0.89
Male factor 17 (33.3) 22 (43.1) 21 (40.4) 20 (39.2)
Female factor
Endometriosis 3(5.9 2 (3.9 2 (3.9) 4 (7.8)
Tubal factor 6 (11.8) 3(5.9) 4(7.7) 2(3.9)
Diminished ovarian reserve 5(9.8) 4(7.8) 4(7.7) 3(5.9)
Ovulation disorders 2(3.9 4(7.8) 4(7.7) 6 (11.8)
Uterine disorders 0 (0.0) 0(0.0) 0(0.0) 2(3.9)
Unexplained 18 (35.3) 16 (31.4) 17 (32.7) 14 (27.5)
Initial treatment protocol, % 0.94
Antagonist 8 (15.7) 5(9.8) 6 (11.5) 5(9.8)
Flare® 8 (15.7) 8 (15.7) 8 (15.4) 8 (15.7)
Luteal phase agonist® 35 (68.6) 38 (74.5) 38 (73.1) 38 (74.5)
Day 3 FSH, IU/L (n=181) 6.5 (5.5, 7.7) 6.8 (6.2, 8.1) 7.4 (5.6, 9.6) 6.3 (5.2, 8.5) 0.17
Previous infertility exam, n% 44 (86.3) 44 (86.3) 47 (90.4) 49 (98.0) 0.16
Previous 1UI, n% 26 (51.0) 21 (41.2) 33 (63.5) 31 (60.8) 0.09
Previous IVF, n% 19 (37.3) 13 (25.5) 17 (32.7) 17 (33.3) 0.64
Embryo Transfer Day, n (%)* 0.14
No embryos transferred 3(5.9) 3(5.9) 8 (15.4) 9 (17.7)
Day 2 5(9.8) 1(2.0) 1(1.9) 1(2.0)
Day 3 26 (51.0) 31(60.8) 31 (59.6) 25 (49.0)
Day 5 17 (33.3) 16 (31.4) 12 (23.1) 16 (31.4)
Number of Embryos Transferred, n (%) 0.27
No embryos transferred 3(5.9) 3(5.9) 8 (15.4) 9 (17.7)
1 embryo 10 (19.6) 5(9.8) 5(9.6) 3(5.9)
2 embryos 27 (52.9) 31 (60.8) 27 (50.0) 30 (64.8)
3+ embryos 11 (21.6) 12 (23.5) 12 (23.1) 8 (15.7)

Dietary Characteristics
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Quartile of hair mercury concentration pa
(n=157) 38 40 44 32
Total energy intake, kcal/day 1761 (1514, 2213) 1631 (1357, 2377) 1845 (1286, 2360) 1856 (1504, 2146)  0.97
Caffeine intake, mg/day 64.2 (11.5,195.4)  96.1(51.1,184.9) 111.9(32.7,252.9) 158.8(89.7,217.3)  0.11
Alcohol intake, g/day 1.9 (0.6, 9.9) 3.4 (15, 12.2) 10.2 (3.6, 17.6) 14.2 (7.4, 18.8) 0.0002
Saturated fat, % energy 9.9 (8.4, 11.3) 10.2 (8.8, 12.0) 10.6 (9.2, 12.5) 10.9 (9.7, 12.5) 0.49
Mono unsaturated fat, % energy 11.8 (9.8, 14.4) 11.9 (105, 13.7) 12.5(10.9, 14.8) 12.3(11.3, 14.0) 0.36
Polyunsaturated fat, % energy 5.9(4.9,7.6) 6.2 (5.2,7.0) 6.3 (5.4,7.0) 6.5 (5.6, 7.3) 0.59
Trans fat, % energy 1.0 (0.8, 1.2) 0.9 (0.7, 1.1) 1.0 (0.7, 1.1) 1.0 (0.9, 1.2) 0.66
Fish intake, servings/wk 0.7 (0.0, 1.1) 14(1.1,1.8) 2.2(13,2.7) 1.8(1.7,2.9) <0.0001
Dark meat fish, servings/wk 0.3 (0.0, 0.6) 0.6 (0.3,0.7) 1.1(0.6,1.1) 1.0(0.7,1.1) <0.0001
White meat fish, servings/wk 0.1(0.0,0.4) 0.4(0.1,0.7) 0.6 (0.3,0.7) 0.6 (0.6, 1.0) <0.0001
Shellfish, servings/wk 0.1 (0.0, 0.4) 0.6 (0.1,0.6) 0.6 (0.1,1.0) 0.6 (0.1, 0.6) <0.0001
Omega 3 intake from foods, g/day 0.1(0.0,0.1) 0.2(0.1,0.2) 0.3(0.2,0.4) 0.3(0.2,0.4) <0.0001

a . . . . .
From Kruskal-Wallis test for continuous variables and chi-squared tests and fisher exact tests (when one or more cell counts were < 5) for

categorical variables.

bFoIIicuIar phase GnRH-agonist/Flare protocol.

CLuteal phase GnRH-agonist protocol.
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Table 2

Association between hair mercury and controlled ovarian hyper-stimulation outcomes in 205 women (214
fresh cycles) from the EARTH Study é

Mean (95% CI)

N cycles Crude modelb Adjusted model excluding protocol and diagnosisc Adjusted modeld
Hair mercury [range, ppm] Peak E2 level, ng/dL
Q1[0.03-0.34] 55 2134 (1909, 2361) 2107 (1885, 2330) 2115 (1894, 2336)
Q21[0.35-0.61] 51 2129 (1902, 2365) 2094 (1869, 2320) 2076 (1853, 2300)
Q3[0.62 - 1.24] 52 2053 (1828, 2298) 2101 (1870, 2332) 2107 (1879, 2335)
Q4 [1.27 - 5.66] 54 1940 (1708, 2172) 1943 (1717, 2170) 1929 (1705, 2153)
p-trend® 0.18 0.25 0.21
Hair mercury [range, ppm] Oocyte total yield, n
Q1[0.03-0.34] 56 11.2 (9.8, 12.8) 10.9 (9.5, 12.6) 10.8 (9.5, 12.3)
Q21[0.35-0.61] 51 11.8 (10.3, 13.6) 11.7 (10.2, 13.5) 115 (10.1, 13.1)
Q3[0.62 - 1.24] 53 10.7 (9.3, 12.2) 10.9 (9.4, 12.6) 10.9 (9.6, 12.5)
Q4[1.27 - 5.66] 54 9.7 (8.4,11.3) 9.8 (8.5,11.3) 9.5 (8.3, 10.9)
P-trend 0.07 0.13 0.07
Hair mercury [range, ppm] MII oocyte yield, n
Q1[0.03-0.34] 56 9.2(8.0,10.5) 9.0(7.8,10.3) 8.9(7.8,10.2)
Q21[0.35-0.61] 51 10.1 (8.8, 11.6) 10.0 (8.7, 11.5) 9.9 (8.6, 11.2)
Q3[0.62 - 1.24] 53 9.1 (7.9, 10.4) 9.2 (8.0, 10.6) 9.2 (8.1, 10.6)
Q4 [1.27 - 5.66] 54 8.4 (7.2,9.6) 8.4(7.3,9.7) 8.2(7.1,9.4)
P-trend 0.13 0.21 0.15
Hair mercury [range, ppm] MII/Total oocytes
Q1[0.03-0.34] 56 0.83(0.78,0.87) 0.83(0.78, 0.88) 0.84 (0.79, 0.88)
Q21[0.35-0.61] 51 0.86 (0.82, 0.90) 0.86 (0.82, 0.90) 0.87 (0.83, 0.90)
Q3[0.62 - 1.24] 53 0.85 (0.81, 0.89) 0.86 (0.81, 0.89) 0.86 (0.81, 0.90)
Q4[1.27 - 5.66] 54 0.87(0.83,0.91) 0.87(0.83,0.91) 0.88 (0.84,0.92)
P-trend 0.29 0.31 0.26

Abbreviations: ClI, confidence interval; E2, estradiol; IVF, in vitro fertilization; MII, mature oocytes.

a . . . . . . . . T
All analyses were run using generalized linear mixed models with random intercepts, linear (for peak E2) or Poisson distribution (for oocyte
counts), identity (for peak E2) or log (for oocyte counts) link function, and compound symmetry correlation structure.

b . . .
Data are presented as predicted marginal means adjusted for age.

c . . . .
Data are presented as predicted marginal means adjusted for age, BMI, race, and smoking.

Data are presented as predicted marginal means adjusted for age, BMI, race, smoking, infertility diagnosis, and protocol type.

e . . . . . . . .
Test for trend were performed using the median level of hair mercury in each quartile as a continuous variable in the model.
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Table 3
Association between hair mercury and fertilization rates stratified by insemination and ICSI among 205

women (213 fresh IVF cycles) from the Environment and Reproductive Health Study.a (89 women with 91
IVF cycles; 110 women with 121 ICSI cycles)

Mean (95% Cl)

N cycles Crude modelb Adjusted model excluding protocol and diagnosisc Adjusted modeld
Hair mercury [range, ppm] Fertilization Rate, all cycles
Q1[0.03-0.34] 56 0.70 (0.62, 0.76) 0.71 (0.64, 0.78) 0.72 (0.64, 0.78)
Q21[0.35-0.61] 51 0.67 (0.59, 0.74) 0.67 (0.60, 0.74) 0.67 (0.60, 0.74)
Q31[0.62 - 1.24] 53 0.74 (0.67, 0.80) 0.73 (0.66, 0.80) 0.74 (0.66, 0.80)
Q4[1.27 - 5.66] 54 0.69 (0.61, 0.75) 0.69 (0.61, 0.75) 0.69 (0.61, 0.76)
p-trend® 0.98 0.75 071
Hair mercury [range, ppm] Fertilization Rate, IVF cycles
Q1[0.03-0.34] 25 0.66 (0.47, 0.80) 0.68 (0.49, 0.82) 0.67 (0.41, 0.86)
Q21[0.35-0.61] 17 0.71 (0.49, 0.87) 0.71 (0.49, 0.86) 0.70 (0.39, 0.89)
Q3[0.62 - 1.24] 23 0.71(0.52, 0.85) 0.70 (0.50, 0.84) 0.72 (0.45, 0.89)
Q4[1.27 - 5.66] 27 0.65 (0.47, 0.80) 0.66 (0.48, 0.81) 0.67 (0.42, 0.85)
P-trend 0.76 0.72 0.86
Hair mercury [range, ppm] Fertilization Rate, ICSI cycles
Q1[0.03-0.34] 31 0.73 (0.64, 0.81) 0.74 (0.64, 0.81) 0.74 (0.64, 0.82)
Q21[0.35-0.61] 34 0.64 (0.56, 0.72) 0.64 (0.56, 0.72) 0.64 (0.55, 0.73)
Q3[0.62-1.24] 29 0.78 (0.70, 0.85) 0.78 (0.70, 0.85) 0.78 (0.69, 0.85)
Q4[1.27 - 5.66] 27 0.71 (0.61, 0.79) 0.71 (0.60, 0.79) 0.71 (0.60, 0.80)
P-trend 0.77 0.94 0.88

Abbreviations: ICSI, intra-cytoplasmic sperm injection; IVF, in vitro fertilization.

aAII analyses were run using generalized linear mixed models with random intercepts, binomial distribution, logit link function
bDatat are presented as predicted marginal means adjusted for age.

CData are presented as predicted marginal means adjusted for age, BMI, race, and smoking

dData are presented as predicted marginal means adjusted for age, BMI, race, smoking, infertility diagnosis, and protocol type.

e . . . . . . . .
Test for trend were performed using the median level of hair mercury in each quartile as a continuous variable in the model.
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Table 4

Association between hair mercury and embryo quality among 179 women with 192 cycles from the

Environment and Reproductive Health Study.a

Mean Percentage (95% CI)

Crude modelb Adjusted model excluding protocol and dia\gnosisC Adjusted modeld

Hair mercury [range, ppm]
Q1[0.03-0.34]
Q21[0.35-0.61]
Q3[0.62 - 1.24]

Q4 [1.27 - 5.66]

p-trend®

Hair mercury [range, ppm]
Q1[0.03-0.34]
Q21[0.35-0.61]
Q3[0.62 - 1.24]
Q4 [1.27 - 5.66]

P-trend

Hair mercury [range, ppm]
Q1[0.03-0.34]
Q21[0.35-0.61]
Q3[0.62 - 1.24]
Q4 [1.27 - 5.66]

P-trend

Hair mercury [range, ppm]
Q1[0.03-0.34]
Q21[0.35-0.61]
Q3[0.62 - 1.24]

Q4 [1.27 - 5.66]
P-trend

17 (11, 25)
19 (13, 27)
16 (10, 23)
16 (11, 24)
0.75

5.9(3.3,10.2)
6.8 (4.0, 11.3)
6.7 (3.9, 11.3)
41(2.1,8.0)
0.27

22 (15, 31)
29 (21, 39)
31 (23, 42)
22 (15, 31)
0.48

80 (64, 90)
63 (47, 77)

*
56 (39, 71)
64 (48, 78)
0.34

Poor quality embryos %

16 (11, 24) 16 (11, 24)
19 (13, 27) 19 (13, 27)
15 (10, 23) 15 (10, 23)
16 (11, 24) 17 (11, 25)
0.75 0.85
Accelerated Cleavage, %
4.6(25,8.3) 43(2.3,8.1)
5.5(3.2,9.4) 5.1(2.9,9.0)
6.8 (4,11.4) 6.3 (3.6, 10.8)
43(2.2,83) 3.8(1.8,75)
0.71 0.58
Slow embryo cleavage %
22 (15, 31) 22 (15, 31)
31 (23, 40) 31 (23, 41)
30 (22, 40) 30 (22, 41)
21 (14, 29) 21 (14, 30)
0.30 0.36
% With = 1 Best Quality Embryo on Day 2 & 3
80 (64, 90) 80 (63, 90)
62 (45, 76) 62 (45, 77)
56 (39, 72) 57 (39, 72)"
65 (48, 79) 65 (47, 79)
0.40 0.44

a . . . . . . L o .
All analyses were run using generalized linear mixed models with random intercepts, binomial distribution, logit link function

b . . .
Data are presented as predicted marginal means adjusted for age.

[« . . . ’
Data are presented as predicted marginal means adjusted for age, BMI, race, and smoking

dData are presented as predicted marginal means adjusted for age, BMI, race, smoking, infertility diagnosis, and protocol type.

e . . . . . . . .
Test for trend were performed using the median level of hair mercury in each quartile as a continuous variable in the model.

*
Indicates a p-value < 0.05 comparing that quartile vs. first quartile.
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Table 5
Association between hair mercury and clinical outcomes per initiated cycle in 205 women (229 cycles) from
the EARTH Studya (157 women and 170 cycles with FFQ)

Adjusted Mean Proportion (95% Confidence Interval)

Crude modelb Adjusted model excluding protocol and diagnosisC Adjusted modeld

Hair mercury [range, ppm] Proportion with Successful Implantation (y/n)

1duasnuen Joyiny

1duosnuen Joyiny

Q11[0.03-0.34]
Q21[0.35- 0.61]
Q31[0.62 - 1.24]
Q4[1.27 - 5.66]

P—trende

Hair mercury [range, ppm]

Q1[0.03-0.34]

Q21[0.35-0.61]

Q3[0.62 - 1.24]

Q4[1.27 - 5.66]
P-trend

Hair mercury [range, ppm]

Q1[0.03-0.34]

Q21[0.35-0.61]

Q3[0.62 - 1.24]

Q4[1.27 - 5.66]
P-trend

0.50 (0.35, 0.64)

0.55 (0.40, 0.69)

0.52 (0.38, 0.66)

0.61 (0.46, 0.73)
0.30

0.46 (0.32, 0.60)

0.50 (0.35, 0.64)

0.45 (0.31, 0.60)

0.55 (0.41, 0.69)
0.36

0.34 (0.22, 0.49)

0.38 (0.25, 0.52)

0.39 (0.26, 0.53)

0.42 (0.29, 0.57)
0.44

0.49 (0.34, 0.64)

0.55 (0.40, 0.69)

0.54 (0.39, 0.68)

0.60 (0.45, 0.73)
0.32

Proportion with Clinical Pregnancy

0.45 (0.31, 0.61)

0.50 (0.35, 0.64)

0.46 (0.32, 0.61)

0.54 (0.39, 0.68)
0.42

Proportion with Live Birth

0.35 (0.22, 0.50)

0.37 (0.24, 0.53)

0.39 (0.26, 0.54)

0.41 (0.27, 0.55)
0.59

0.50 (0.35, 0.65)

0.54 (0.39, 0.69)

0.54 (0.39, 0.69)

059 (0.4, 0.73)
0.41

0.46 (0.31, 0.62)

0.49 (0.34, 0.64)

0.46 (0.32, 0.61)

0.54 (0.39, 0.68)
0.48

0.34 (0.21, 0.50)

0.36 (0.23, 0.52)

0.38 (0.25, 0.54)

0.40 (0.26, 0.55)
0.61

a . . . . . . L o .
All analyses were run using generalized linear mixed models with random intercepts, binomial distribution, logit link function
b . . .
Data are presented as predicted marginal means adjusted for age.

Data are presented as predicted marginal means adjusted for age, BMI, race, and smoking, infertility diagnosis, protocol type, fish and total calorie
intake.

dData are presented as predicted marginal means adjusted for age, BMI, race, smoking, infertility diagnosis, and protocol type.

e . . . . . . . .
Test for trend were performed using the median level of hair mercury in each quartile as a continuous variable in the model.
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