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Abstract

Evidence indicates that /n utero environmental exposures could influence reproduction in

female offspring. Perfluoroalkyl substances (PFAS) are synthetic, ubiquitous endocrine disrupting
chemicals that can cross the placental barrier. Lower levels of anti-Millerian hormone (AMH), a
biomarker of ovarian reserve, are associated with reduced fertility. We investigated the association
between /n utero PFAS exposure and AMH levels in female adolescents using data from the
Avon Longitudinal Study of Parents and Children, a British pregnancy cohort recruited between
1991 and 1992. Maternal serum samples were collected during pregnancy and analyzed for
concentrations of commonly found PFAS—perfluorooctane sulfonate (PFOS), perfluorooctanoic
acid (PFOA), perfluorohexane sulfonate (PFHxXS), and perfluorononanoic acid (PFNA). AMH
levels were measured in serum of female offspring (mean age, 15.4 years) and log-transformed
for analyses. We used a sample of 446 mother-daughter dyads for multivariable linear regression
analyses, controlling for maternal age at delivery, pre-pregnancy body-mass index, and maternal
education. Multiple imputation was utilized to impute missing values of AMH (61.2%) and
covariates. Median PFAS concentrations (ng/mL) were as follows: PFOS 19.8 (IQR:15.1, 24.9),
PFOA 3.7 (IQR: 2.8, 4.8), PFHxS 1.6 (IQR: 1.2, 2.2), PFNA 0.5 (IQR: 0.4, 0.7). The geometric
mean AMH concentration was 3.9 ng/mL (95% CI: 3.8, 4.0). After controlling for confounders,
mean differences in AMH per one ng/mL higher PFOA, PFOS, PFHXS, and PFNA were 3.6%
(95% Cl: -1.4%, 8.6%), 0.7% (95% CI: -0.2%, 1.5%), 0.9% (95% CI: —0.4%, 2.2%), and 12.0%
(95% ClI: —42.8%, 66.8%) respectively. These findings suggest there is no association between in
utero PFAS exposure and AMH levels in female adolescents.
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1. Introduction

Endocrine disrupting chemicals (EDCs), defined as chemicals that interfere with hormone
action, may alter an individual’s physiology at any time point, from fetal development into
adulthood. [1, 2]. Researchers have conducted numerous studies on the impact of EDC
exposure on human health outcomes including cardiovascular disease, obesity, female and
male reproductive health, thyroid disruption, and neurodevelopmental and neuroendocrine
effects [1].

A subset of EDCs known as perfluoroalkyl substances (PFAS) are synthetic, ubiquitous
chemicals that were widely used in industrial and consumer products, as their high stabilities
and low surface tensions make them ideal surfactants [3, 4]. Common consumer use of
PFAS as surfactants include food packaging, non-stick coatings, and textile coatings [3].
PFAS accumulate in both the food chain and environment, which leads to potential human
exposure through ingestion of contaminated food or drinking water [5]. The four most
commonly detected PFAS are perflourooctane sulfonate (PFOS), perfluorohexane sulfonate
(PFHxS), perfluorooctanoic acid (PFOA), and perfluorononanoic acid (PFNA) [6]. Although
the main manufacturers phased out production of PFOS in 2002, PFAS exposure is an
ongoing concern as PFAS have a half-life of up to 8.5 years in humans [3]. The United
States National Health and Nutrition Examination Survey (NHANES) detected PFOS,
PFOA, PFHxS, and PFNA in more than 95% of participants between 1999 and 2008 [6].

PFAS can cross the placental barrier into the fetal environment, which raises questions
about the effect of prenatal PFAS exposure on the health of offspring [7-9]. Exposure to
environmental toxins such as PFAS during fetal development could have long-term effects
on the offspring [10, 11]. Previous work by Kristensen et al. suggests that /n vtero PFAS
exposure could adversely affect reproduction in female offspring through changes in ovarian
development and function [12].

Anti-Millerian hormone (AMH), previously referred to as Mullerian Inhibiting Substance,
is a member of the transforming growth factor-beta family, which helps regulate the process
of ovarian follicle maturation [13]. AMH levels are strongly correlated with the number of
primordial, or resting, ovarian follicles which form during fetal development and deplete
over time [13, 14]. Women who experience a faster rate of depletion of the follicle pool

are more likely to have a younger age at menopause [15]. Previous work found a strong
correlation between serum levels of AMH and the number of ovarian primordial follicles,
contributing to a body of research that suggests AMH is a biomarker of ovarian reserve in
adult and adolescent females [16].

Limited evidence from studies assessing the relationship between PFAS exposure and
reproductive outcomes, such as age of menarche and fertility, suggests prenatal exposures
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may influence factors related to daughters” AMH levels later in life. The findings regarding
the relationship between prenatal PFAS exposure and age at menarche are inconsistent. In
the Avon Longitudinal Study of Parents and Children (ALSPAC), an analysis of 218 female
adolescents with early menarche and 230 without early menarche found no association
between prenatal PFAS exposure and early onset age at menarche among offspring [17].
Other researchers found no association between prenatal PFOS exposure and age of
menarche, but their findings did suggest increased /n utero PFOA exposure was associated
with a 5.3 months later age of menarche compared to a low PFOA reference group in

a sample of 377 women in a Danish national birth cohort [12]. Elucidating determinants

of delayed menarche is clinically relevant as previous research suggests late menarche is
associated with lower mineral bone density, shorter stature, negative physiological outcomes,
and cardiovascular disease in adulthood [18-21]. The research exploring PFAS exposure
with fertility and fecundity is also inconclusive and does not focus on prenatal PFAS
exposure.[22]

A Danish national birth cohort found no associations between prenatal PFOS or PFOA
exposure and concentrations of reproductive hormones, including AMH, in female offspring
approximately 20 years old [12]. To our knowledge, no study has evaluated the association
between prenatal PFAS exposure and AMH levels in adolescent females, which is an
important age group as AMH levels deplete over time. The aim of this study was to examine
the association of prenatal PFAS concentrations of PFOA, PFOS, PFxHS, and PFNA with
AMH levels in female adolescent ALSPAC participants aged 14-16 years.

2. Methods

2.1 Study Population

ALSPAC is an ongoing longitudinal birth cohort, initially established to determine how
genetic and environmental characteristics impact health and development in both parents
and children. Pregnant women with expected delivery dates between April 15t 1991 and
December 315t 1992 were recruited in three health districts in the former county of Avon,
Great Britain [23]. A series of questionnaires and clinical assessments were administered
to mothers during pregnancy and continue to be administered to children enrolled in
ALSPAC to collect health and demographic information. Detailed ALSPAC study design
and recruitment methods have been previously outlined elsewhere [23, 24]. The present
study used data from 448 mother-daughter dyads identified for a nested case-control study
exploring the associations between EDCs and adolescent development [25]. In the ancillary
study, case-control status was determined by age at menarche. Cases were girls with early
menarche, defined as menarche before 11.5 years, and controls were girls who attained
menarche at or after 11.5 years of age. We constructed stratum-weighted linear regression
models to account for the sampling selection probabilities where the weight for cases was 1
and the weight for controls was 15.1[25].

Ethical approval for this study was obtained from the ALSPAC Law and Ethics Committee,
the Local Research Ethics Committee, and the Centers for Disease Control and Prevention
(CDC) Institutional Review Board. All participants in the study provided written informed
consent and parents provided written informed consent for their child. The study website
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contains details of all the data that is available through a fully searchable data dictionary
(http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/).

2.2 Anti-Mullerian Hormone Assessment

AMH levels were measured from blood samples taken during a clinical assessment.
Participants attending the morning 14-16 year clinic were asked to fast overnight and
participants attending the clinic after lunch were asked to fast for a minimum of 6

hours. Blood samples were immediately spun and serum frozen at —80°C. As previously
described, AMH was assayed on serum using the commercial AMH Generation Il ELISA
kit (Beckman Coulter UK Ltd, High Wycombe, United Kingdom) [26]. Both the inter-
and intra-assay coefficients of variation were less than 5%. AMH values in this study are
reported in ng/mL. Data on AMH levels during the 14-16 year clinic were collected on
3,741 daughters.

2.3 Perflouroalkyl Substances

PFOS, PFOA, PFHxS, and PFNA concentrations were measured in 448 stored maternal,
gestational serum samples collected (median 15 weeks; interquartile range 10-28 weeks
gestation) between 1991 and 1992. PFAS analyses were conducted at the National Center
for Environmental Health of the Centers for Disease Control and Prevention (CDC) using a
modification of a previously described analytical method [27]. The PFOS limit of detection
was 0.2 ng/mL and the limit of detection for all other PFAS of interest was 0.1 ng/mL. No
PFAS values were below the limit of detection.

2.4 Potential Confounders

Potential confounders in the relationship between prenatal PFAS exposure and AMH levels
in female offspring were determined a priori based on biological plausibility and findings
from the literature. The following variables were evaluated as potential confounders: pre-
pregnancy body mass index (BMI; kg/m?), maternal education (categorized as less than
ordinary level (O-level), O-level, or greater than O-level), prenatal smoking (any vs. no
current smoking during last two months of pregnancy), maternal age at delivery (years) [12,
17, [28].

2.5 Analyses

All analyses were conducted using SAS 9.3 (Cary, NC). Two of the original 448 samples
had missing information on at least one PFAS of interest and were not included in the
sample. Descriptive analyses were conducted on the subset of 446 mother daughter dyads
with complete exposure information for each PFAS. AMH levels were log-transformed
for analyses due to a gross violation of normality in the distribution of the outcome.
Pre-pregnancy BMI, maternal education, maternal age at delivery, and breastfed status
were also assessed as potential effect modifiers. Crude estimates from linear regression
models of PFAS exposure and AMH levels were compared to adjusted estimates for

each potential confounder. Final parsimonious models using mother-daughter dyads with
complete information on PFAS exposure and AMH levels (N=173) were achieved through
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assessment of variables in a hierarchal manner. The final model was adjusted for maternal
age at delivery, pre-pregnancy BMI, and maternal education.

Multiple imputation by fully conditional specification (FCS) was applied to a subset of
mother-daughter dyads with missing data on covariates of interest and AMH [29]. The
imputation model included all variables used for analyses. A total of 10 imputations were
used to create the complete dataset of interest, providing a total study sample of 446
mother-daughter dyads with no missing data. Previously identified multiple linear regression
models were applied to the imputed dataset to arrive at the final estimates for the crude and
adjusted association between prenatal PFAS exposure and AMH levels in female offspring.

3. Results

Mothers in this study were predominantly white women with relatively high levels of
education, the majority of whom did not smoke during pregnancy (Table 1). Among mothers
in the study population, median PFAS concentrations (ng/mL) were: PFOS 19.8 (IQR:

15.1, 24.9), PFOA 3.7 (IQR: 2.8, 4.8), PFHxS 1.6 (IQR: 1.2, 2.2), PFNA 0.5 (IQR: 0.4,

0.7). Median PFOS concentrations were lower among mothers who reported any prenatal
smoking compared to mothers who reported no prenatal smoking.

The geometric mean AMH concentration was 3.9 ng/mL (95% CI: 3.8, 4.0). The distribution
of study population characteristics differed between the mother-daughter dyads with no
missing data on AMH and the mother-daughter dyads with missing data on AMH (61.2%).
Mothers of daughters with missing AMH were more likely to smoke at least one cigarette
during pregnancy and never breastfeed during pregnancy compared to mothers of daughters
without missing AMH (Table 2).

Model results of imputed analyses (N=446) were compared to the multivariable linear
regression analyses for the complete-case analysis (Supplementary Table 1) with no missing
AMH (N=173). Differences between the two results suggested the complete-case analysis
was biased with respect to exclusion of missing data. Due to the discrepancy between

the imputed analyses and complete-case analyses, results using the imputed model were
reported (Table 3).

No significant associations were observed between maternal PFAS exposure and AMH
levels in daughters. In the unadjusted models, mean differences in AMH per one ng/mL
higher in PFOS, PFOA PFHXS, and PFNA were 0.7% (Cl: -0.1%, 1.5%), 3.8% (ClI:

-1.4%, 9.0%), 1.0% (CI: -0.3%, 2.2%), and 13.3% (CIl: —43.7%, 70.3%). The multivariable
adjusted and unadjusted models were similar (Table 3). The results of the adjusted models
indicate mean differences in AMH per one ng/mL higher PFOS, PFOA, PFHXS, and PFNA
were 0.7% (Cl: —0.2%, 1.5%), 3.6% (Cl: —1.4%, 8.6%), 0.9% (Cl: —0.4%, 2.2%), 12.0%
(-42.8%, 66.8%). There was no evidence of effect modification by pre-pregnancy BMI,
maternal education, maternal age at delivery, or breastfed status.
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4. Discussion

In this study, we observed no associations between a range of prenatal PFAS exposures,
including PFOS, PFOA, PFHXS, and PFNA, and AMH, a marker of ovarian reserve, in
female offspring at 15 years of age. These findings are consistent with the only previous
study, to our knowledge, that evaluated the association between maternal PFAS exposure
and AMH levels in young adult females. The prior study used a Danish cohort (N=343
daughters) and found no associations between prenatal PFOS or PFOA exposure and
concentrations of AMH in female offspring who were approximately 20 years old [12].

In a study of 540 young adults aged 12 to 30 years in Taiwan, Tsai et al. explored the
association between serum PFAS concentrations and levels of reproductive hormones,

but did not assess AMH [30]. Among female participants ages 12 to 17, researchers
concluded that PFOA was associated with decreased sex hormone-binding globulin and
perfluorodecanoic acid (PFUA) was associated with decreased follicle-stimulating hormone
(FSH) in females [30]. The results of this study provide evidence to suggest prenatal PFAS
exposure can be associated with reproductive hormone levels in female adolescents.

While we did not control for race/ethnicity in this analysis due to the small number of
non-white girls in the sample, previous work suggests AMH levels do not vary greatly

by race/ethnicity [31]. Additionally, we did not control for prenatal smoking in the final
analysis as it was not statistically determined to be a confounder. This is in line with an
ALSPAC analysis among 1,144 mother daughter-dyads, which found no strong association
between maternal smoking and AMH levels in daughters 15 years of age [32]. However,
our results also indicated median PFOS concentrations among mothers differed by prenatal
smoking status. This particular finding is consistent with previous PFAS research among
306 mother-daughter dyads in Japan, which found significant differences in maternal PFOS
concentrations by smoking status during pregnancy.[33]

This analysis contributes to a growing body of literature examining the effects of
environmental exposures, specifically PFAS, on human health. Previous research found no
association between PFOA and PFOS and AMH levels in female offspring at 20 years

old (n=344) [13]. This analysis assessed the effect of two additional PFAS, PFHxS and
PFNA, with AMH levels in daughters at 15.5 years of age and utilized a larger sample size
(n=446). These findings provide a valuable contribution because the lack of association
between PFAS and AMH in a younger sample strongly supports the findings of the
previous study and indicates that a relationship does not exist [12]. Researchers utilized

a well-characterized dataset for all analyses and had access to a wide range of covariates.

Limitations of this study include the use of maternal gestational serum PFAS concentrations
as a proxy for prenatal PFAS exposure among female offspring. However, this method

of assessing prenatal PFAS exposure is commonly used in multiple studies as PFAS can
cross the placental barrier [12]. Further, the small number of non-white girls in the sample
prevented researchers from assessing race/ethnicity as a potential effect modifier in the
relationship between PFAS and AMH. Additionally, a limitation of this study is the sizeable
proportion of missing information on AMH levels in daughters. However, previous studies
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suggest that multiple imputation using FCS can be less biased than a complete case-analysis
in the presence of missing data[34].

4.1 Future Directions

Future studies could utilize a population that includes a greater percentage of non-white girls
to assess the relationship between prenatal PFAS exposure and AMH levels in daughters.
This type of population would allow for the assessment of race/ethnicity as a potential effect
modifier. Additional analyses might evaluate this relationship at earlier time points in the
daughter’s life to establish whether potential effects may weaken or strengthen over time.
Lastly, future studies could assess the underlying mechanism for the effect of PFAS on
reproductive outcomes.

5. Conclusions

In summary, we examined the association between prenatal exposure to four commonly
found PFAS and AMH levels in 15-year-old daughters in the ALSPAC cohort. Our results
indicated there was no association between in utero PFAS exposure and AMH levels in
female adolescents within this cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We are extremely grateful to all the families who took part in this study, the midwives for their help in recruiting
them, and the whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical
workers, research scientists, volunteers, managers, receptionists, and nurses. We would specifically like to thank
Antonia Calafat and Kayoko Kato from the Division of Laboratory Science at the Centers for Disease Control and
Prevention. The UK Medical Research Council and the Wellcome Trust (Grant ref: 092731) and the University of
Bristol provide core support for ALSPAC. This work was specifically funded by the Centers for Disease Control
and Prevention. The findings and conclusions in this report are those of the authors and do not necessarily represent
the views of the Centers for Disease Control and Prevention.

Funding sources:

The UK Medical Research Council and the Wellcome Trust (Grant ref: 092731) and the University of Bristol
provide core support for ALSPAC. This work was specifically funded by the Centers for Disease Control and
Prevention. AF is supported by a personal UK MRC fellowship (MR/M009351/1).

References

1. Zoeller RT, et al. , Endocrine-disrupting chemicals and public health protection: a statement of
principles from The Endocrine Society. Endocrinology, 2012. 153(9): p. 4097-110. [PubMed:
22733974]

2. Diamanti-Kandarakis E, et al. , Endocrine-disrupting chemicals: an Endocrine Society scientific
statement. Endocr Rev, 2009. 30(4): p. 293-342. [PubMed: 19502515]

3. Lau C, etal. , Perfluoroalkyl acids: a review of monitoring and toxicological findings. Toxicol Sci,
2007. 99(2): p. 366-94. [PubMed: 17519394]

4. Kissa E, Fluorinated Surfactants and Repellants. 2nd ed. 2001, New York: Marcel Decker.

5. Trudel D, et al. , Estimating consumer exposure to PFOS and PFOA. Risk Anal, 2008. 28(2): p.
251-69. [PubMed: 18419647]

Environ Res. Author manuscript; available in PMC 2022 March 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Donley et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

28.

Page 8

. Kato K, et al. , Trends in exposure to polyfluoroalkyl chemicals in the U.S. Population: 1999-2008.

Environ Sci Technol, 2011. 45(19): p. 8037-45. [PubMed: 21469664]

. Needham LL, et al. , Partition of environmental chemicals between maternal and fetal blood and

tissues. Environ Sci Technol, 2011. 45(3): p. 1121-6. [PubMed: 21166449]

. Apelberg BJ, et al. , Determinants of fetal exposure to polyfluoroalkyl compounds in Baltimore,

Maryland. Environ Sci Technol, 2007. 41(11): p. 3891-7. [PubMed: 17612165]

. Midasch O, et al. , Transplacental exposure of neonates to perfluorooctanesulfonate and

perfluorooctanoate: a pilot study. Int Arch Occup Environ Health, 2007. 80(7): p. 643-8. [PubMed:
17219182]

Heindel JJ, et al. , Developmental Origins of Health and Disease: Integrating Environmental
Influences. Endocrinology, 2015. 156(10): p. 3416-21. [PubMed: 26241070]

Braun JM, Early-life exposure to EDCs: role in childhood obesity and neurodevelopment. Nat Rev
Endocrinol, 2017. 13(3): p. 161-173. [PubMed: 27857130]

Kristensen SL, et al. , Long-term effects of prenatal exposure to perfluoroalkyl substances on
female reproduction. Hum Reprod, 2013. 28(12): p. 3337-48. [PubMed: 24129614]

Weenen C, et al. , Anti-Mullerian hormone expression pattern in the human ovary: potential
implications for initial and cyclic follicle recruitment. Mol Hum Reprod, 2004. 10(2): p. 77-83.
[PubMed: 14742691]

Visser JA, et al. , Anti-Mullerian hormone: a new marker for ovarian function. Reproduction, 2006.
131(1): p. 1-9. [PubMed: 16388003]

te Velde ER and Pearson PL, The variability of female reproductive ageing. Hum Reprod Update,
2002. 8(2): p. 141-54. [PubMed: 12099629]

Hansen KR, et al. , Correlation of ovarian reserve tests with histologically determined primordial
follicle number. Fertil Steril, 2011. 95(1): p. 170-5. [PubMed: 20522327]

Christensen KY, et al. , Exposure to polyfluoroalkyl chemicals during pregnancy is not associated
with offspring age at menarche in a contemporary British cohort. Environ Int, 2011. 37(1): p.
129-35. [PubMed: 20843552]

Fox KM, et al. , Reproductive correlates of bone mass in elderly women. Study of Osteoporotic
Fractures Research Group. J Bone Miner Res, 1993. 8(8): p. 901-8. [PubMed: 8213252]
Tuppurainen M, et al. , The effect of gynecological risk factors on lumbar and femoral bone
mineral density in peri- and postmenopausal women. Maturitas, 1995. 21(2): p. 137-45. [PubMed:
7752951]

Palmert MR and Dunkel L, Clinical practice. Delayed puberty. N Engl J Med, 2012. 366(5): p.
443-53. [PubMed: 22296078]

Zhu J and Chan YM, Adult Consequences of Self-Limited Delayed Puberty. Pediatrics, 2017.
139(6).

. Bach CC, et al. , Perfluoroalkyl and polyfluoroalkyl substances and measures of human fertility: a

systematic review. Crit Rev Toxicol, 2016. 46(9): p. 735-55. [PubMed: 27268162]

Boyd A, et al. , Cohort Profile: the ‘children of the 90s’--the index offspring of the Avon
Longitudinal Study of Parents and Children. Int J Epidemiol, 2013. 42(1): p. 111-27. [PubMed:
22507743]

Fraser A, et al. , Cohort Profile: the Avon Longitudinal Study of Parents and Children: ALSPAC
mothers cohort. Int J Epidemiol, 2013. 42(1): p. 97-110. [PubMed: 22507742]

Maisonet M, et al. , Maternal concentrations of polyfluoroalkyl compounds during pregnancy and
fetal and postnatal growth in British girls. Environ Health Perspect, 2012. 120(10): p. 1432-7.
[PubMed: 22935244]

Wallace AM, et al. , A multicentre evaluation of the new Beckman Coulter anti-Mullerian hormone
immunoassay (AMH Gen I1). Ann Clin Biochem, 2011. 48(Pt 4): p. 370-3. [PubMed: 21628625]
Kuklenyik Z, Needham LL, and Calafat AM, Measurement of 18 perfluorinated organic acids
and amides in human serum using on-line solid-phase extraction. Anal Chem, 2005. 77(18): p.
6085-91. [PubMed: 16159145]

Velez MP, Arbuckle TE, and Fraser WD, Maternal exposure to perfluorinated chemicals and
reduced fecundity: the MIREC study. Hum Reprod, 2015. 30(3): p. 701-9. [PubMed: 25567616]

Environ Res. Author manuscript; available in PMC 2022 March 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Donley et al.

29.

30.

31.

32.

33.

34.

Page 9

Liu Y and De A, Multiple Imputation by Fully Conditional Specification for Dealing with Missing
Data in a Large Epidemiologic Study. Int J Stat Med Res, 2015. 4(3): p. 287-295. [PubMed:
27429686]

Tsai MS, et al. , Association between perfluoroalkyl substances and reproductive hormones in
adolescents and young adults. Int J Hyg Environ Health, 2015. 218(5): p. 437-43. [PubMed:
25921520]

Elchuri SV, et al. , Anti-Mullerian hormone levels in American girls by age and race/ethnicity. J
Pediatr Endocrinol Metab, 2015. 28(1-2): p. 189-93. [PubMed: 25153582]

Fraser A, et al. , Prenatal exposures and anti-Mullerian hormone in female adolescents: the

Avon Longitudinal Study of Parents and Children. Am J Epidemiol, 2013. 178(9): p. 1414-23.
[PubMed: 24008900]

Kishi R, et al. , The Association of Prenatal Exposure to Perfluorinated Chemicals with Maternal
Essential and Long-Chain Polyunsaturated Fatty Acids during Pregnancy and the Birth Weight
of Their Offspring: The Hokkaido Study. Environ Health Perspect, 2015. 123(10): p. 1038-45.
[PubMed: 25840032]

Lee KJ and Carlin JB, Multiple imputation for missing data: fully conditional specification versus
multivariate normal imputation. Am J Epidemiol, 2010. 171(5): p. 624-32. [PubMed: 20106935]

Environ Res. Author manuscript; available in PMC 2022 March 14.



Page 10

sanfeA BuISSIW JO 8sneasq JUsISISU0dUl 8g Aew SIQUINN,,

1591 S1|[BA-[exSNI3] Uo paseq Go'0>d e souealy1ubls [eansiiess sajouaq
x

(20'%70) 50 (zzzm 9T (8v'8a)Le (8'72 '0'GT) 8'6T (rv2) eee Jang

(20'%70)50 (ez'eT) 9T TsTOTY (552 '€'aT) 8'6T (781) 28 JanaN
snjels pajisealqg

(20'%70) G50 (zzzn LT (8v'82)6°€ (e's2 'z'sT) ¥'0C (7'vv) 86T [813]-O Uey} Jayeal9

(L0'7v0) 90 (ez'znoT (0s'62) L€ (09z 'T'sT) 96T (7€) OVT 19A9]-0

(20'v0) 50 (zzen ot (rv'82) o€ (e'ez '6'vT) 28T (002) 68 18/3]-0 Uey) ss87]
P uo1eINPs |euldIeN

(L0'7v0) S0 wz'zn LT (9v's2) o€ (952 'T'ST) L'6T (6'Tv) 8T 6e<

(20'70) 90 (TzznoT (6v'0€) 8 (r'se 'v'sT) L'02 (8'9¢) ¥91 6¢-G¢

(90'70) S0 (tz'enot (8v'0¢€) 6€ (Tez 'T¥1) 581 (902) 26 Ge>

5 AJaniap 1e abe [eutsren

(L0'20) 50 CT'on YT L6202 (z'6T '§'TT) 94T CRIWA anyM-UON
(£0'7'0) S0 (zz'zn 9T L8762 8¢ (e'52'27'ST) 66T (9v6) z2v aMUM
9del |eussle|
(L'0'7'0) 90 @77 9T 67'82) g€ , (962 '7'sT) 902 (9'20) ove aUON
(£0'0) S0 Wwz'en LT v '62) ve LT YED TLT (221) 6L Auy
Bujows [ereuald
(L0'€0)90 (ezenvT (0s'22)9¢ (r'ez '8°€T) 26T (AR (0°0€<) 8s200
(L0'70) 90 (52'sT)6T (67ce)Le (952 '5°LT) 6°02 (6°€T) 29 (6°62-0"52) WbramIano
(L0'v0) S0 (zz'zm 9T (87 '872) 8¢ (g2 'TST) T'0C2 (8'79) 682 (6'72-5'8T) [eWION
(90'c0) S0 (ezen)ST (Lv'8d)se (922'0%1) 69T (o) 8T (§'81>) Wbramiapun
g 1 g Adueubaud-aad reussren
(L0'v'0) 50 (zzz1) 9T (8v'82)Le (6’72 ‘'T'ST) 8'6T o 11e18A0

(401) veipaN (qw/Bu) WN4d  (HOI) vetpain (Twy/Bu) SxHAd  (4O1) uelpaN (Tw/Bu) vOd4d  (HOI1) uelpan (w/Bu) SO-4d [(96)ul Aousnbaid

Donley et al.

(speAp Jaybnep-iayiow 9iy=N) Ualp|IyD pue slualed 1o} Apnis [euipniibuoT UOAY 8yl JO 18sgns & ul sa1sLIsioeseyd uone ndod Apnis
‘T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2022 March 14.



Page 11

Donley et al.

"9a163p Ajisianlun e pue ‘Ausiaaiun ojul 196 03 palinbal ing ‘reuondo ase yaiym ‘gT Je pala|dwod (S|ans] padueApR) S|aAs]-=|9A3]-O< ‘9T 40 abe ay}

1e pale|dwod pue palinbai ate (s|aAs] AJeulplo) s|aAs|-Q "salels paliun 8yl ul g39 e 1o ewojdip ou 03 JUsJBAINbS aJe YoIYM ‘UOIIEONPS [BUOITEIOA PUE ‘UOITeoNpT AJepuodss JO 818l ie) kwcocn_o>w_-0v.c

sIeak ul painseaw ‘A1ani|ap 1e abe _mESmS_u

NE\mv_ ul painseaw ‘N g Aoueubaid-aid _mEmES_Q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Res. Author manuscript; available in PMC 2022 March 14.



1duosnuey Joyiny

1duosnuen Joyiny

Donley et al. Page 12

Table 2:

Distribution of study population characteristics comparing individuals with missing AMH to individuals
without missing AMH (N=446)

No Missing AMHb Missing AMHb

Frequency [n(%0)]  Frequency [n(%6)]

Overall 173 273

Maternal pre-pregnancy BMI, kg/m?

Underweight (<18.5) 8 (4.6) 10 (3.7)

Normal (18.5-24.9) 113 (65.3) 176 (64.5)

Overweight (25.0-29.9) 26 (15.0) 36 (13.2)

Obese (230.0) 8 (4.6) 23 (8.4)
Prenatal smoking

Any 21 (12.1) 58 (21.3)

None 146 (84.4) 200 (73.3)
Maternal age at delivery, years

<25 23 (13.3) 69 (25.3)

25-29 65 (37.6) 99 (36.3)

>29 84 (48.6) 103 (37.7)

. a
Maternal education

Less than O-level 26 (15.0) 63 (23.1)

O-level 50 (28.9) 90 (33.0)

Greater than O-level 92 (53.2) 106 (38.8)
Breastfed status

Never 23(13.3) 59 (21.6)

Ever 138 (79.8) 194 (71.1)

a<O—IeveI:none, Certificate of Secondary Education, and vocational education, which are equivalent to no diploma or a GED in the United States.
O-levels (ordinary levels) are required and completed at the age of 16. >O-level=A-levels (advanced levels) completed at 18, which are optional,
but required to get into university; and a university degree.

b . . .
Numbers may be inconsistent because of missing values.
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Crude and Adjusteda Models using Multiple Imputation (N=446)

Model Beta 95% ClI
PFOS Crude 0.0069 (-0.001, 0.015)
Adjusted  0.0066  (-0.002, 0.015)
PFOA  Crude 0.0377  (-0.014, 0.090)
Adjusted  0.0358  (~0.014, 0.086)
PFHxS  Crude 0.0095 (-0.003, 0.022)
Adjusted  0.0090 (-0.004, 0.022)
PFNA  Crude 0.1333  (-0.437,0.703)
Adjusted  0.1200  (-0.428, 0.668)

aadjusted for maternal age at delivery (years), pre-pregnancy BMI (kg/mz), and maternal education (< O-level, O-level, > O-level)
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