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Abstract

Objective—To compare Anti-Mullerian Hormone (AMH) levels in women at high risk for
hereditary breast and ovarian cancer compared to healthy, low-risk controls.

Design—~Prospective cohort
Setting—Ambulatory

Patient(s)—Reproductive age women with a uterus and both ovaries were analyzed in four
groups: BRCAZ1 carriers, BRCA2 carriers, BRCA negative, and low-risk controls

Intervention(s)—Self-collected dried blood spot (DBS)
Main Outcome Measure(s)—AMH levels

Result(s)—One hundred ninety-five women were included: 55 BRCAL carriers, 50 BRCA2
carriers, 26 BRCA negative, and 64 low-risk controls. After adjusting for confounders, BRCA2
carriers had AMH levels that were 33% lower than controls (Geometric Mean Ratio(GMR)=0.67,
95% CI 0.47-0.94) and an increased odds of having AMH<1 ng/mL (OR 3.69, 95% CI 1.34—
10.19). BRCAL1 carriers and BRCA negative women had similar AMH levels to controls. When
analysis was restricted to regularly menstruating women younger than 40, BRCA2 carriers
continued to demonstrate significantly lower AMH levels and increased likelihood of low AMH.
Also, in this restricted group, BRCA negative women demonstrated AMH levels that were 42%
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lower than controls (GMR=0.58; 95%CI 0.35-0.95). No difference in AMH was observed among
BRCAL carriers.

Conclusion(s)—We observed significantly lower AMH levels among BRCAZ2 carriers compared
to low-risk controls. These results were stable across all models. BRCA negative women also had
lower AMH values, but only in models restricted to young, regularly menstruating women. In
contrast to previous analyses, BRCA1 carriers had AMH values that were similar to low-risk
controls, but this may be due to differences in the population studied.
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Introduction

BRCAL and 2 mutations are associated with increased risk of breast and ovarian cancer in
reproductive age women. Among BRCA carriers, the lifetime risks of breast and ovarian
cancer are as high as 65% and 39%, respectively. (1-3) BRCA gene mutations are also
common, impacting 2.5% of the Ashkenazi Jewish population and up to one in 300 in the
general population.

Several authors have suggested that BRCA carriers may also be at risk for infertility. A small
study of breast cancer patients undergoing in vitro fertilization (I\VVF) for fertility
preservation found that BRCA carriers were more likely to have a poor response to ovarian
stimulation compared to BRCA negative women. (4) The same group also showed that
BRCAL expression in human oocytes declines with age. (5) Natural menopause may occur
at a slightly younger age among BRCA carriers, suggesting early depletion of the follicular
pool. (6-8) When considering parity, some studies show lower parity among BRCA carriers
(7) while others show no difference (9-12) or higher parity. (13)

BRCAL and BRCA2 are tumor suppressor genes, acting to ensure the integrity of the
genome through repair of DNA double stranded breaks. (14) The hypothesized mechanism
of diminished ovarian function is premature depletion of the primordial pool due to impaired
repair of double stranded DNA breaks. (5) BRCA also maintains telomeres, and some
hypothesize that telomere shortening is associated with ovarian aging and reproductive
senescence. (15,16) BRCA1 deficient mice have fewer oocytes in response to ovarian
stimulation, smaller litter sizes, (5) and flaws in mitotic spindle formation (17), and BRCA2
deficient mice have increased nuclear abnormalities and depletion of germ cells. (18)
Histopathology examination of human ovaries suggests that BRCA mutation carriers
undergoing risk-reducing oophorectomy have fewer follicles than women undergoing
oophorectomy for other reasons. (19)

If indeed BRCA mutations are associated with diminished ovarian reserve or reduced
fertility that would have important implications for BRCA carriers and could help to
elucidate genetic mechanisms involved in ovarian aging. Therefore, our objective was to
compare AMH levels in women at high risk for hereditary breast and ovarian cancer

Fertil Steril. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Johnson et al. Page 3

compared to healthy, low-risk controls. We hypothesized that AMH levels will be
significantly lower among BRCA carriers compared to low-risk controls.

Materials and Methods

Participants

The Institutional Review Board approved this prospective cohort study at the University of
Pennsylvania. Subjects completed an online questionnaire to determine eligibility. Women
ages 18-45 years at high risk for hereditary breast and ovarian cancer who had been tested
for a BRCA gene mutation were eligible for inclusion in the exposed groups. Healthy
women (18-45 years old) at low risk for hereditary breast and ovarian cancer who had never
been tested for BRCA were eligible as controls. Women were deemed low risk if they had
less than a 5-10% chance of having an inherited predisposition to breast and ovarian cancer
and did not meet criteria for screening based on guidelines from the American Congress of
Obstetricians and Gynecologists. (20) Exclusion criteria included prior hysterectomy,
unilateral or bilateral oophorectomy, chemotherapy or pelvic radiation, pregnancy or
lactation within one month, polycystic ovary syndrome (PCQOS), or history of any condition
associated with premature ovarian failure (i.e. Turner’s syndrome, Fragile X premutation
carrier). Individuals with a diagnosis of cancer for which no systemic treatment was
administered were included. Eligible subjects completed a detailed questionnaire, which
included medical history, reproductive history, contraceptive use, history of infertility, and
prior fertility treatment (Supplemental Figure 1). BRCA carriers were asked to list their
specific mutation.

Participants were recruited from February 2014 to February 2016 through national advocacy
groups; through the University of Pennsylvania’s Basser Center of BRCA, Women’s Health
Clinical Research Center, and Division of Reproductive Endocrinology and Infertility; and
through local advertisements. Controls were recruited from the latter three groups.
Recruitment of controls was targeted such that age and hormonal contraceptive (HC) use
were similar among groups.

Study procedures

Subjects who met inclusion criteria received a collection kit with a link to an instructional
video. Participants were asked to collect the dried bloodspot (DBS) on cycle day one
through five if possible and to record the first day of their last menstrual period, the date of
collection, and recent HC use. Subjects returned the DBS in a prepaid return envelope with a
signed release of medical records so that their genetic testing results could be obtained.
Bloodspots were stored at —20°.

AMH DBS assays were performed by Ansh Labs (Webster, TX) using picoAMH ELISA.
The DBS assay for AMH is comparable to serum-based ELISA methods and has been
validated in healthy reproductive age women and in cancer survivors. (21-23) The inter-
assay and intra-assay variability was 4.7-6.5% and 3.5-7.2%, respectively. The sensitivity
was 2 pg/ml, and the range was 3—750 pg/ml. A subgroup of participants also had a serum
AMH level performed using ELISA kits (Diagnostic Systems, Gen2, range 0.050-10.0
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ng/ml, sensitivity 0.025 ng/ml, inter-assay variability < 8%, intra-assay variability 5%) so
that results from the DBS could be validated within this cohort.

We chose to assess ovarian reserve with AMH because it is relatively stable during the
menstrual cycle. AMH has been shown to correlate with pregnancy rates and response to
ovarian stimulation during IVF (24-26) and is associated with likelihood of pregnancy and
time to menopause in a fertile population. (27,28)

Data Analysis

We planned to include 213 subjects. The mean for the AMH DBS reported by McDade et al.
was 1.96 ng/mL (standard deviation 1.79 ng/mL) for the entire cohort and 1.29 ng/ml
(standard deviation 1.20 ng/mL) for those with infertility.(21) Assuming 2:1 enrollment of
BRCA carriers to non-carriers and that BRCA carriers have AMH values similar to the
infertility population, the sample size estimate of 213 participants provides 80% power to
detect a 0.67 difference in AMH (p=0.05). This difference was thought to be clinically
meaningful since it represents the difference in mean AMH observed by McDade and
colleagues between healthy and infertile women. We planned to inflate recruitment by 25%
to allow for dropout.

After recruitment began, the study design was altered to include a healthy, low-risk control
population. Therefore, participants were analyzed in four groups: BRCA1, BRCA2, BRCA
negative, and low-risk controls. Women with mutations of undetermined significance and
those with deleterious mutations in both BRCA1 and 2 were excluded. Demographic data
are presented as means and standard deviations for continuous variables and as percentages
for categorical data. Continuous variables were analyzed using Student’s t test or Wilcoxon
rank sum test as appropriate, and Pearson’s chi squared and Fisher’s exact test were utilized
for categorical data. AMH values were natural log transformed to reduce the impact of large
values and analyzed using linear regression. (29)

A multivariable linear regression model was fit to the data controlling for all covariates of
interest, including age (linear and quadratic terms were included to account for potential
non-linear association between age and log-AMH)(30), HC use, menstrual regularity (yes=1,
no=0), African American race, history of cancer, current smoking, menstrual cycle phase of
sample collection (early follicular phase=1, other=0), and days from sample collection to
assay performance. Backwards elimination was performed, and all covariates with p<0.10
were retained. Final model was adjusted for age, age?, HC use, African American race, and
menstrual regularity. Additional linear regression models evaluated each covariate above
individually. A subgroup analysis was performed in regularly menstruating women less than
40 years old to limit impact of undiagnosed PCOS and because it has been suggested that
the impact of BRCA mutations on fertility occurs only among late reproductive age women.
(31) We opted to include regularly-menstruating women taking HC in this subgroup analysis
because women with diminished ovarian reserve may use HC for cycle control, and
exclusion of HC users could potentially result in exclusion of those with the outcome of
interest. Additional subgroup analyses were performed for women without a history of
infertility, for women whose BRCA mutation was verified, and for women whose body mass
index (BMI) was available. After models were generated, AMH values were transformed
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from the log scale back to their original scale and presented as geometric means. Geometric
mean ratios (GMR) are presented for each model. The geometric mean represents the
median of AMH values, while the GMR represents the ratio of the median. (32) We chose to
use geometric means as the measure of central tendency because the distribution of AMH
values is positively skewed. Compared to the arithmetic mean, the geometric mean is less
impacted by outliers and, therefore, provides a more accurate reflection of the data.(33)
Geometric mean ratios allow for the groups to be compared to one another. For example, if
the GMR for AMH is 0.60, then group A has AMH values that are, on average, 40% lower
than group B. Beta coefficients with 95% Cls are included (Supplemental Table 1).
Geometric mean AMH values are also presented (Figure 1, Supplemental Table 2). Logistic
regression models assessing the likelihood of having a low AMH (defined as AMH <1
ng/mL) are also presented. Pearson’s correlation, rho, was utilized to examine the
correlation between AMH values collected from bloodspot and venipuncture. A Bland
Altman plot was constructed to show the relationship between the assays and to assess for
systematic bias.

Four hundred and ninety women completed the questionnaire; 284 were eligible to complete
the DBS, 274 agreed to complete the DBS, and 198 returned the DBS (Figure 1). There was
no significant difference in age, race, smoking status, BRCA group, menstrual regularity,
amenorrhea in the past year, parity, or history of infertility among those who returned
bloodspots and those who did not (Supplemental Table 3). Three samples were excluded:
one subject had a variant of undetermined significance, and two subjects had deleterious
mutations in both BRCA1 and BRCA2. Of the 195 subjects included, 55 were BRCA1
positive, 50 were BRCAZ2 positive, 26 were BRCA negative, and 64 were low-risk controls.
A list of individual mutations is included in Supplemental Table 4. The mean age of the
cohort was 31.5 years (range 19-45 years). BRCA negative women were, on average, three
years older than women in the other groups (p=0.06, Table 1.) There was no difference in
race, ethnicity, smoking history, HC use, or menstrual regularity among the groups. Nine
subjects reported a history of cancer (4.6%), and all were confirmed to meet inclusion
criteria. BRCA negative women were more likely to have a history of cancer compared to
other groups (p=0.04).

The majority of subjects were nulligravid. Low-risk controls were less likely to report trying
to conceive in the past, were less likely to have children, and were younger at the time of
first birth (Table 1). BRCA1 and BRCAZ2 carriers were more likely to have a history of
infertility (defined as 12 consecutive months of unprotected intercourse without pregnancy)
and to have received fertility treatment (Table 1). Three subjects, one BRCAL carrier and
two BRCAZ2 carriers, had undergone IVF; of those, one BRCA2 carrier used preimplantation
genetic diagnosis.

Log transformed AMH was negatively associated with age (p<0.001) and quadratic age
(p<0.001). After adjustment for age, AMH levels were lower in women reporting HC use
(p=0.04) and African American race (p=0.04) and higher in women with irregular menses
(p=0.02). Time since collection did not impact the AMH levels (p=0.85), nor did current
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smoking (p=0.61), body mass index (BMI) (p=0.35), history of cancer (p=0.26), or whether
the sample was collected in the early follicular phase (p=0.22).

Mean unadjusted AMH levels were significantly different among the groups (p=0.046, Table
1). Age-adjusted models showed a trend toward lower AMH levels in BRCAZ2 carriers
compared to low-risk controls (GMR 0.72, 95% CI 0.51-1.02, p=0.067, Table 2A). After
adjusting for additional confounders, BRCAZ2 carriers had AMH levels that were 33% lower
than controls (GMR 0.67, 95% CI 0.47-0.94, p=0.021, Table 2A).

Predicted geometric mean AMH levels adjusted for age were calculated and are presented in
Figure 2. In all groups, AMH was noted to increase until age 26 and then decline, which is
consistent with AMH trends observed in healthy, low-risk populations. (34) To demonstrate
differences in AMH levels between groups at varying ages, geometric mean AMH levels
were calculated at five-year intervals (Supplemental Table 4).

Several subgroup analyses were performed to assess confounding and confirm the
robustness of the findings. First, when the analysis was restricted to women with verified
mutation status, results for BRCAZ2 carriers were even more significant (GMR 0.59, 95% ClI
0.41-0.86, p=0.006, Table 2A). Similar results were obtained when subjects with a history
of infertility were excluded (GMR 0.66, 95% CI 0.45-0.98, p=0.038), when BMI was
included in the model (GMR 0.51 (0.28-0.91, p=0.023), and when Bonferroni correction
was used to control for multiple comparisons (data not shown). When the analysis was
restricted to women less than 40 years of age with regular menses, AMH levels continued to
be 33% lower in BRCAZ2 carriers compared to low-risk controls (GMR 0.67, 95% CI 0.45-
0.98, p=0.037). Interestingly, in this subgroup, BRCA negative women also had significantly
lower AMH levels compared to controls (GMR 0.58, 95% CI 0.35-0.95, p=0.031). BRCA1
carriers had similar AMH levels to low-risk controls in all models.

In order to further explore these associations, AMH was evaluated as a dichotomous
outcome with a low AMH defined as a value in the lowest quartile corresponding to an
AMH of less than 1 ng/ml. After backwards selection, linear age, HC use and regular
menses remained significant and were included in the model. When the entire cohort was
examined, BRCA2 carriers were more likely to have a low AMH (OR 3.69, 95% 1.34—
10.19, p=0.012, Table 2B) while BRCA1 and BRCA negative women did not. Similar
results were observed in restricted models.

Both DBS and serum AMH values were obtained in 21 subjects. When serum and bloodspot
log AMH values were compared, the results were highly correlated (rho=0.79, p<0.0001). A
Bland Altman plot, which demonstrates the difference in log AMH measured with DBS and
serum relative to the average of the two measurements, showed no evidence of systematic
error (Supplemental Figure 2).

Discussion

We observed significantly lower AMH levels in BRCA2 mutation carriers compared to low-
risk controls. Geometric mean ratios for BRCA2 carriers ranged from 0.59 to 0.72 across
models, suggesting that geometric mean AMH values were 28-41% lower compared to
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controls. BRCAZ carriers were also three to five times more likely to have low AMH
compared to controls. Furthermore, low AMH levels were observed among BRCAZ carriers
throughout the reproductive lifespan, a finding that challenges the current hypothesis that the
reproductive impact of BRCA2 mutations only occurs among women of advanced
reproductive age. (31) Interestingly, we also observed lower AMH values in BRCA negative
women, but only when the cohort was restricted to young, regularly menstruating women.
We did not observe differences in AMH among BRCAL carriers compared to controls.

Several authors have demonstrated decreased AMH levels among BRCAL carriers. A study
comparing unadjusted AMH levels in 15 BRCAL1 carriers, 9 BRCA2 carriers, and 60 non-
carriers demonstrated lower AMH values in BRCAL carriers compared to non-carriers (1.12
vs. 2.23 ng/ml, p<0.001). There was a trend toward lower AMH values in BRCAZ2 carriers
(1.39 vs. 2.23 ng/ml) but the difference was not significant (p=0.127). (5) Additionally, a
study examining AMH values among 62 BRCAL1 carriers, 27 BRCAZ2 carriers, and 54
controls found significantly lower AMH levels in BRCAL carriers but not in BRCAZ2 carriers
after adjusting for age and BMI. (35) Another study examining 124 BRCAL1 carriers and
controls observed that BRCA1 carriers have increased odds of low AMH but only among
women older than 35. (36)

One of the largest studies to date examined 693 women ages 25 to 45 years in Australia and
New Zealand who were enrolled in a prospective cohort study. (37) Similar to our findings,
increased age was associated with declining AMH, and HC users had 28% lower AMH
levels than non-users. The authors observed that AMH values were 25% lower in BRCA1
carriers compared to BRCAL non-carriers. The findings were robust after controlling for HC
use and other confounders. They observed no difference in AMH between BRCA2 carriers
and non-carriers.

While these studies suggest diminished ovarian reserve in BRCAL and not in BRCA2
carriers, others have reached different conclusions. Michaelson and colleagues examined
AMH in 41 healthy BRCA carriers (26 BRCAL, 12 BRCA2, 3 BRCAland?2) and found no
difference in AMH levels when compared to age-based AMH normograms. (38) In addition,
Valentini et al. examined chemotherapy-induced amenorrhea in 1,506 BRCAL carriers and
433 BRCA2 carriers. Compared to BRCAL carriers, BRCAZ2 carriers were more likely to
have chemotherapy-induced amenorrhea (47% vs. 33%, p<0.001). The difference remained
significant after adjusting for age at diagnosis and when excluding women treated with
Tamoxifen. (39) Finally, a large study examining age of natural menopause in BRCA
carriers showed that menopause occurred slightly earlier in BRCA carriers compared to
controls. When BRCA1 and BRCAZ carriers were analyzed separately, a statistically
significant difference remained for BRCAZ2 carriers but not for BRCALI carriers.(6)

There are several possible explanations as to why we observed lower AMH values in
BRCAZ2 carriers while others have not. With one exception, we included more BRCA2
carriers than previous studies, yielding more statistical power to detect a difference. In
addition, we controlled for several important confounders, including age, HC use, race, and
menstrual irregularity. HC use and African American race have been shown to be associated
with lower AMH levels, (30,40-42), and menstrual irregularity is associated with higher
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AMH levels, especially in the setting of PCOS. (43-46) In the current study, history of
PCOS was specifically evaluated, as it was part of the exclusion criteria. Furthermore, we
assessed menstrual cycle regularity and performed a subgroup analysis in regularly
menstruating women to reduce the impact that participants with undiagnosed PCOS would
have on the results.

We did not observe lower AMH levels in BRCAL1 carriers. On the contrary, BRCAL carriers
had AMH levels that were similar to low-risk controls. This difference may be due to our
heterogeneous population. Use of self-collected DBS allowed us to recruit women
nationwide, which resulted in a diverse population. Only 13 BRCAL carriers and 5 BRCA2
carriers in our study had an Ashkenazi Jewish mutation compared to 73% and 62%,
respectively, of BRCAL and BRCA2 carriers studied by Wang and colleagues. (35)
Similarly, all subjects included by Phillips et al. were recruited from Australia and New
Zealand, thus representing a different population. (37) Additionally, the current study
included healthy, untested women at low risk for hereditary breast and ovarian cancer as the
control group while most other investigators have utilized a control group composed of
BRCA negative women. BRCA negative women are, necessarily, at high risk for hereditary
breast and ovarian cancer due to personal or family history of cancer. It is possible that
BRCA negative women are also at risk for diminished ovarian reserve through BRCA-
independent mechanisms. If BRCA negative women are also at risk for diminished ovarian
reserve, then that could help to explain varying results across studies.

In addition, it has been hypothesized that women most severely affected by BRCA mutations
will have early-onset cancer and will not be eligible for inclusion in studies assessing

ovarian reserve. (31) If one assumes that the BRCA mutations with the most oncogenic
potential also cause the most damage to the ovarian follicle, then it is possible that exclusion
of women at the highest risk for early onset cancer also resulted in exclusion of those
women with the highest risk of diminished ovarian reserve. This could impact BRCA1
carriers preferentially since the average age of cancer diagnosis is earlier than BRCA2
carriers, and BRCAL1 carriers may undergo prophylactic oophorectomy earlier in life. When
we examined participants who were not eligible for the study, there was no difference in the
percentage of BRCAL carriers and BRCAZ2 carriers who were excluded due to prior bilateral
oophorectomy (29% vs. 26%, p=0.54) or due to prior chemotherapy (11% vs. 9%, p=0.61).
In addition, among those excluded for bilateral oophorectomy or chemotherapy, there was
no difference in age of last menstrual period between BRCA1 and BRCA 2 carriers (41 vs.
42 years, p=0.56). Therefore, there does not appear to be preferential exclusion of BRCAL
carriers in our cohort. Nonetheless, it is possible that young BRCAL carriers with early onset
disease or early oophorectomy were less likely to enroll, limiting our ability to detect low
AMH in that group. While this hypothesis could explain why we did not observe low AMH
in BRCAL carriers, it does not explain why we observed low AMH in BRCAZ2 carriers and
among BRCA negative women in some models.

A recent large-scale genome wide analysis suggests an alternate hypothesis. Day et al.
examined genes associated with age of natural menopause and showed associations with
DNA damage response genes. Early age at natural menopause was highly correlated with
four common BRCAL1 variants; however, all four are considered “not clinically important”

Fertil Steril. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Johnson et al.

Page 9

for hereditary breast and ovarian cancer risk. (47) These findings could suggest a potential
for misclassification bias since most studies include only women with deleterious mutations
in the affected group. Additionally, the authors identified 15 signals involving various DNA
repair mechanisms. At least one of these genes, RAD51, is also important in the BRCA2
pathway. (48) It is possible that the lower AMH levels that we observed in BRCAZ2 carriers
occurred due to variants in other DNA repair genes associated with the BRCA2 pathway.
While there is mounting evidence that DNA repair genes are involved in regulation of the
follicular pool, further studies are needed to more precisely identify the mechanisms and
candidate genes.

Interestingly, we observed lower AMH levels in BRCA negative women in some models,
which was unexpected. A possible explanation for this finding can be extrapolated from the
breast cancer literature. Some authors have demonstrated that women who come from
BRCAL1/2 positive families who themselves test negative for a BRCA gene mutation develop
breast cancer at a higher rate than expected.(49-51) It has been hypothesized that there are
inherited genetic modifiers in these families that increase the risk of breast cancer even in
the absence of a deleterious BRCA mutation. It stands to reason that the same could be true
for ovarian reserve. BRCA negative women may be more likely to inherit genetic modifiers
that predispose to early depletion of the follicular pool even in the absence of a deleterious
BRCA gene mutation. It is important to note that while some studies have shown increased
risk of breast cancer in BRCA negative women, others have not.(52,53) It is possible that
these well-designed studies found different conclusions because of differences in the patient
populations studied and the inability to control for unknown genetic and environmental
factors. Similar to oncogenesis, the regulation of the follicular pool likely involves a
complex interplay between multiple genetic pathways and environmental factors.

This study has several strengths. First, we used a validated, self-collected, dried bloodspot to
assess AMH levels. This novel approach allowed us to recruit women from a geographically
diverse population. We rigorously evaluated potential confounders and included important
confounders in our models. Multiple subgroup analyses were performed, and results for
BRCAL and BRCAZ2 carriers were consistent across models. In addition, mutation status
was confirmed for most participants, and restricting the analysis to those with confirmed
mutation status strengthened the findings observed in BRCAZ2 carriers. Furthermore, we
excluded women with PCOS, and we limited the impact of undiagnosed PCOS by
controlling for menstrual cycle regularity and performing a subgroup analysis of regularly
menstruating women.

The weaknesses of this study include small sample size. Dropout between questionnaire and
bloodspot was higher than expected, so we did not reach our target sample size. It is possible
that we did not detect a difference in AMH among BRCAL1 carriers due to small sample size.
However, BRCAL carriers and controls had similar AMH levels, and a trend toward lower
levels among BRCAL1 carriers was not observed. In addition, our results may have been
influenced by selection bias. It is possible that women with low ovarian reserve or infertility
were more likely to participate. However, the number of BRCA carriers with infertility was
low, and subgroup analysis excluding women with infertility revealed similar findings.
Additionally, BMI was only available for 41% of subjects, limiting our ability to assess BMI
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as a potential confounder. Nonetheless, when comparing BMI for those with data available,
there was no significant difference between groups. Similar to results reported in other
cohorts (46), linear regression analysis revealed no association between BMI and AMH in
this cohort. Furthermore, restricting the analysis to those with BMI available and including
BMI in the model had no impact on the results (Table 2, Supplemental Table 1). Finally, to
limit confounding, we did not include women who had been treated with chemotherapy,
which resulted in exclusion of most women with breast cancer. Similarly, women choosing
to undergo risk-reducing salpingo-oophorectomy at an early age were also excluded.
Therefore, the results may not be generalizable to those with severe mutations or those at the
highest risk for early onset breast cancer.

It is important to note that while we observed significantly lower AMH values in BRCA2
carriers, the differences observed between groups are small. It is unclear if differences in
AMH will correlate with lower fecundity or impaired response to ovarian stimulation during
IVF.

In conclusion, in this cohort, BRCA2 carriers had significantly lower AMH levels compared
to healthy, low-risk women and had increased odds of having a low AMH. BRCA negative
women were also noted to have lower AMH levels in some, but not all, models. BRCA1
carriers had AMH levels that were similar to low-risk women. These findings may suggest
that the BRCA2 DNA repair pathway is involved in regulation of the follicular pool. Further
studies are needed to validate these findings and elucidate the underlying cellular
mechanism.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.

Predicted geometric mean Anti-Mullerian Hormone (AMH) levels among BRCAL1 carriers,
BRCAZ2 carriers, BRCA negative women, and low-risk controls. Adjusted for age (linear and

quadratic terms).
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Demographic data, fertility history, and pregnancy history for BRCAL carriers, BRCAZ2 carriers, BRCA

negative women, and low-risk controls

Table 1

Demographic Data BRCAL1 (n=55) | BRCA2 (n=50) | BRCA - (n=26) | Controls (n=64)
Age (years) * 314 (5.5) 30.9 (6.2) 34.3(6.7) 30.9 (5.6)7
Caucasian race, n (%) 50 (90.9%) 48 (96.0%) 24 (92.3%) 57 (89.1%)
African American race, n (%) 3 (5.5%) 0 (0%) 1(3.8%) 4 (6.3%)
Hispanic ethnicity, n (%) 2 (3.4%) 3 (6.0%) 0 (0%) 2 (3.1%)
Body Mass Index (kg/m?) ¢ 25.7(5.3) 23.9 (4.1) 26.9(7.3) 24.3(3.7)
Current smoking, n (%) 2 (3.6%) 4 (8.0%) 0 (0%) 5 (7.8%)
History of Smoking, n (%) 12 (21.8%) 14 (28.0%) 6 (23.1%) 15 (23.4%)
History of Cancer, n (%)5 3(5.6%) 1(2.0%) 4 (15.4%) 1(1.6%)42
Hormonal contraceptive use, n (%) 16 (29.1%) 13 (26.0%) 6 (23.1%) 20 (31.3%)
Progestin-secreting 1UD use, n (%) 10 (18.2%) 7 (14.0%) 3 (11.5%) 7 (10.9%)
Regular menses, n (%) 42 (76.4%) 38 (76.0%) 22 (84.6%) 54 (84.4%)
Early follicular phase, n (%) 38 (69.1%) 37 (74.0%) 16 (61.5%) 49 (76.6%)
Graduated college, n (%) 50 (90.9%) 42 (84.0%) 23 (88.5%) 53 (84.1%)
Family history of BRCA mutation, n (%) 48 (87.3%) 44 (88.0%) 16 (61.5%) 0 (0%)a,b,c
Jewish ancestry, n (%) 18 (32.7%) 9 (18.0%) 3 (11.5%) 5 (7.8%)%

Fertility and Pregnancy History

Nulligravid, n (%)

31 (57.4%)

31 (62.0%)

11 (42.3%)

45 (71.4%)4

Parous, n (%) 19 (34.6%) 14 (28.0%) 13 (50.0%) 13 (20.3%)@
Age at first birth (years) * 30.6 (5.1) 21.1(56) 28.6(38) 247 (4.7)30
Tried to conceive, n (%) 23 (41.8%) 20 (40.8%) 13 (50.0%) 13 (20.3%)@17,(:
History of infertility, n (%) 12 (21.8%) 12 (24.0%) 1(3.8%) 0 (O%)b,c
Any infertility treatment, n (%) 4 (7.3%) 7 (14.0%) 1(3.8%) 0 (O%)b,c
Prior intrauterine insemination, n (%) 3 (5.5%) 2 (4.0%) 1(3.8%) 0 (0%)
Prior in vitro fertilization, n (%) 1(1.8%) 2 (4.0%) 0 (0%) 0 (0%)
Mean, unadjusted AMH (ng/mL) * 3.26 (2.83) 2.72(3.08) 2.13(231) 3.20 (2.62)4

ap<0.05 for BRCA negative vs. controls
bp<0.05 for BRCAL vs. control
Dp<0.05 for BRCA2 vs. control

*
Presented as mean (standard deviation)

¢Data available for 80 subjects: 18 BRCA1, 18 BRCA2, 8 BRCA-, and 36 controls

) . . . .
Cancer diagnoses included: Breast cancer (n=4), thyroid cancer (n=2), and skin cancer (n=3).
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