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study question: Are female young cancer survivors (YCS) able to self-collect high-quality dried blood spots (DBSs) at home to provide
biospecimens for studying ovarian reserve?

summaryanswer: YCS can self-collect high-quality DBS specimens in non-clinical settings, and anti-Mullerian hormone (AMH) levels can
be assayed in such specimens.

what is known already: Large-scale biosample collection is a barrier to studying ovarian reserve in YCS. DBS collected by research
personnel has high acceptability. AMH levels measured in DBS are highly correlated with those measured by serum-based methods.

study design, size, duration: In a prospective cohort study, YCS were recruited to self-collect DBS samples. AMH levels were
assayed in 112 samples.

participants/materials, setting, methods: YCS participants, ages 18–44, were recruited from a nationwide longitudinal
cohort and DBS collection materials were posted to them. AMH levels were assayed by the Ansh DBS AMH ELISA and compared according to
participant characteristics.

main results and the role of chance: Among 163 potential participants, 123 (75%) were enrolled. Of those enrolled, 112
(91%) were able to complete DBS self-collection and submit mailed samples adequate for measuring AMH. Participants (mean age 31.6 [SD
5.5]) were 85% white, 87% college graduates and 46% reported higher income. Common cancer types were lymphoma and leukemia (34%),
breast cancer (30%) and thyroid or skin cancer (8%). The geometric mean (95% confidence interval) AMH level in DBS samples was 0.24 ng/ml
(0.16–0.36). In adjusted analysis, AMH levels for survivors of breast cancer (0.02 ng/ml [0.01–0.07]) or leukemia/lymphoma (0.03 ng/ml
[0.01–0.08]) were lower than the levels in thyroid or skin cancer survivors (0.12 ng/ml [0.03–0.44]). Pelvic radiation remained associated with
lower AMH levels (0.20 ng/ml [0.10–0.40] in unexposed versus 0.02 ng/ml [0.01–0.06] in exposed). Amenorrheic survivors had AMH levels
(0.02 ng/ml [0.01–0.06]) that were lower than those of YCS with 7–9 (0.09 ng/ml [0.03–0.32]) or ≥10 (0.17 ng/ml [0.08–0.37]) menstrual
periods in the past year.

limitations, reasons for caution: The results are generalizable toa populationofhighlyeducated,higher income YCS. It is unclear
how generalizable the results are to other populations.

wider implications of the findings: Self-collectedDBS is a patient-friendlyand minimally invasive tool for studying ovarian reserve
in geographically diverse populations.
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Introduction
More than 80% of young girls and women who are diagnosed with cancer
before age 40 will survive long-term (Howlader et al., 2013). As a result,
there are nearly 400 000 reproductive-aged women with a history of
cancer and cancer treatment in the USA. These young cancer survivors
(YCS) are at risk of shortened reproductive lifespans, infertility and pri-
mary ovarian insufficiency, all of which result in poorer quality of life
(Schover, 2008; Gorman et al., 2010, 2012; Levine et al., 2010; Canada
and Schover, 2012). Because most YCS will have residual ovarian func-
tion after cancer treatment, estimating their remaining ovarian reserve is
important to identify potential opportunities for biologic parenthood
(Green et al., 2009).

Anti-Mullerian hormone (AMH), a glycoprotein expressed by granu-
losa cells of small growing ovarian follicles, is a biomarker of ovarian
reserve. Levels of AMH rise through adolescence, peak by the mid-20s
and decline thereafter to undetectable levels in women in their 40s;
AMH levels have been demonstrated to be associated with time to
menopause (Hagen et al., 2010; Kelsey et al., 2011; Tehrani et al.,
2011; Nair et al., 2015). With regard to fertility, AMH levels have been
also associated with responses to fertility treatment, and there are con-
flicting data on its ability to predict time to pregnancy (Scott et al., 2008;
Broer et al., 2009; Steiner et al., 2011; Hagen et al., 2012). In the context
of cancer, serum AMH levels are lower in YCS who are exposed to more
gonadotoxic treatments compared with those exposed to less gonado-
toxic treatments, and YCS who are amenorrheic have lower AMH than
YCS who are menstruating (Bath et al., 2003; Anderson et al., 2006; van
Beek et al., 2007; Partridge et al., 2010; Su et al., 2010; Graciaet al., 2012).
In addition, prechemotherapy AMH levels predict post-chemotherapy
ovarian function (Anderson et al., 2013; Su et al., 2014). Hence, AMH
is a promising marker for measuring the residual window of ovarian func-
tion after cancer. However, this area of investigation has been limited by
small sample sizes due to the costs and logistics associated with venipunc-
ture blood collection (Gorman et al., 2014; Su and Lin, 2014). A signifi-
cant barrier to studying ovarian function after gonadotoxic treatment
has been the lack of an efficient, valid tool for sampling ovarian reserve
in the large, geographically diverse YCS population.

Dried blood spots (DBSs) are a novel tool for measuring AMH. DBS is
an approach that collects drops of whole blood on filter paper following a
simple finger prick (McDade et al., 2007). Validation work has demon-
strated that assays for quantifying AMH in DBS samples are highly sensi-
tive, specific, precise and reliable, with a high level of agreement with
serum-based assays (Worthman and Stallings, 1994, 1997; Edelman
et al., 2007; McDade et al., 2012). Sampling is safe and relatively less
painful, invasive and costly than venipuncture. Following collection,
samples are stable for 2 weeks at room temperature for AMH and
may be mailed to the lab for analysis (Worthman and Stallings, 1997;
McDade et al., 2012). DBS have been collected in large health surveys
and in young adults with high acceptability (Costello et al., 1996; Frank
et al., 1997; Worthman and Stallings, 1997).

While DBS have been collected in clinical settings, self-collection of
these samples, which would facilitate accruing larger samples of YCS,
has not been described. The objectives of this study were (i) to deter-
mine the feasibility of obtaining self-collected DBS to measure ovarian
reserve in a large, geographically diverse population of female YCS and
(ii) to characterize the association of self-collected DBS AMH with par-
ticipant characteristics and cancer treatment exposures.

Materials and Methods

Study population
Participants for theDBSstudywererecruited fromapoolofYCS followedinthe
Fertility Information Research Study (FIRST). FIRST is an ongoing prospective
cohort study assessing the reproductive outcomes of reproductive-aged
cancer survivors (Gorman et al., 2014). Eligibility requirements for FIRST are:
female, ages 18–44 at study enrollment, and history of cancer or exposure to
cancertreatment.FIRSTparticipantswererecruitedfromsocialmediaoutreach
through young adult cancer survivor advocacy groups, six university-based fer-
tility preservation programs and additional sources including healthcare pro-
vider referrals. Participants were recruited from 44 states across the USA.

Among 295 FIRST participants who enrolled between May 2011 and Feb-
ruary 2013, 286 (97%) agreed to be contacted for future studies. For recruit-
ment to the DBS study, these women were emailed DBS study information.
Up to three recruitment emails were sent to each potential participant over
6 months. Those who provided consent then underwent study procedures.
DBS participants were compensated $20 for completing the study. The Insti-
tutional Review Board at the Universityof California, San Diego approved this
study.

Sample collection
Each interested participant was mailed a study packet that included: a bro-
chure on DBS collection, two lancets (BD Microtainer, Franklin Lakes, NJ,
USA), a blood spot collection card with five DBS circles (Whatman Inc./
GE Healthcare Bio-Science Corp., Westborough, MA, USA), a biohazard
foil bag (Whatman Inc., Sanford, ME, USA), two alcohol pads, four pieces
of gauze, two band aids, a desiccant, a brief questionnaire on current
hormone use and last menstrual period, the study consent and a pread-
dressed/prepaid FedEx 2-day shipping envelope. DBS samples were col-
lected, dried overnight at room temperature, placed in the biohazard foil
bag with desiccant, and mailed back to investigators. Once received, DBS
samples were frozen at 2808C. Telephone support before and/or during
DBS collection was offered to all participants.

The DBS collection brochure was generated by the investigators and
included instructions on sample collection and pictures of each procedure
step (Supplemental data, Fig. S1). Ten participants local to San Diego initially
evaluated the brochure for content and clarity and were observed by study
staff as they underwent DBS self-collection guided by only the brochure.

AMH measurements
AMH was measured using a three-step, sandwich-type enzymatic microplate
assay developed for blood spots (AL-129, Ansh Labs, Webster, TX, USA).
The assay uses stabilized recombinant human AMH as calibrators. From the
DBS collection card, two 7.9 mm discs were punched out and placed in extrac-
tion buffer. Samples were shaken at slow speed at room temperature for
60 min to elute the AMH. Following extraction, the liquid was separated
from the blood spot and analyzed for AMH. Calibrators in the assay were
mapped to two equivalent extracted DBS samples, and the AMH measure-
ments are reported as such. The mapping experiment is a comparison
between the serum and two equivalent DBSs from the same subject, per-
formed on 32 subjects in duplicates. The slope from this comparison was
used to define the serum equivalence of the DBS AMH measurements.
Intra-assay and inter-assay coefficients of variation were 0.1–6.0% and 2.2–
4.5%, respectively. The lower limit of detection was 0.014 ng/ml, comparable
to the serum assay.

Statistical methods
Categorical variables were summarized by frequencies and proportions,
while continuous variables were summarized by means, medians and
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range. Baseline characteristics were compared between DBS participants
versus non-participants using Fisher’s Exact or Student’s t-test, as appropri-
ate. AMH levels were log-transformed to approximate a normal distribution.
Values below detection thresholds were given half of the threshold value in
analyses. Linear regression models were used to compare log-transformed
AMH levels by participant characteristics, while adjusting for confounding.
Participant characteristics associated with log-transformed AMH at P ,

0.05 in the bi-variable analysis were included in the final adjusted linear regres-
sion model. Resulting estimates were exponentiated to yield geometric
means and 95% confidence intervals (CIs). Analyses were conducted using
SAS statistical software version 9.4 (Cary, NC, USA), and two-tailed
P-values ≤0.05 were considered significant.

Results

Feasibility of DBS self-collection
There were 163 YCS who expressed interest in the DBS study, of which
123 (75%) provided consent (Fig. 1). Table I summarizes the character-
istics of DBS study participants and non-participants. There were no sig-
nificant differences in baseline characteristics between survivors who
completed the DBS study and those who did not. The mean age (stand-
ard deviation) of DBS participants at recruitment was 31.6 (5.5) years.
DBS participants were mainly white (85%), college graduates (87%)
and in a marriage or marriage-like relationship (55%). The most
common cancer types among DBS participants were lymphoma/

leukemia (34%), breast cancer (30%) and thyroid or skin cancer (8%).
DBS participants were mainly 1–4 years post cancer diagnosis, and
their mean age at diagnosis was 27.0 (6.7) years.

Returned DBS samples were inspected by study staff for suboptimal
collections, including overlapping or unfilled blood spots. A total of
112 participants (91%) provided self-collected DBS that were adequate
for AMH measurements, while seven participants (6%) reported sending
back a completed DBS that was not received by study staff, and samples
from four participants (3%) were excluded by study staff due to poor
quality or inadequate quantity. No significant adverse effects of DBS self-
collection were reported to the study team. To obtain self-collected
DBS, only two participants used telephone-based coaching for DBS
collection, while the remainder was able to collect following pro-
vided written instructions without requiring additional research staff
coaching.

AMH levels and participant characteristics
Among the 112 participants for whom AMH was measured, the geomet-
ric mean (95% CI) AMH level was 0.24 ng/ml (0.16–0.36). Table II
depicts unadjusted and adjusted analyses comparing AMH levels by par-
ticipant characteristics. In unadjusted analyses, lower AMH levels were
associated with Hispanic ethnicity (P ¼ 0.03), cancer type (P ¼ 0.02),
chemotherapy exposure (P ¼ 0.03), pelvic radiation (P ≤ 0.01) and
current hormone use (P ≤ 0.01). AMH levels were also associated
with two reproductive characteristics: age and menstrual pattern.
AMH levels were lower in participants older than age 25 than in the
younger participants (Fig. 2A) and in participants who reported fewer
menstrual cycles in the past year than in those with normal menstrual
cycles (Fig. 2B). AMH levels were lower in women who were 25–29
years old, compared with levels in women who were younger than age
25 (P ¼ 0.007). While AMH levels in women who were ages 30 and
older appeared lower than in younger women, these comparisons
were not statistically significantly different. Participants who were ame-
norrheic in the past year had significantly lower AMH levels than
women who reported 7–9 or ≥10 menstrual periods in the past year
(both P , 0.001). Because use of hormone therapy can impact men-
strual pattern, we conducted a sensitivity analysis restricted to partici-
pants not on hormone therapy. Fewer periods were still significantly
associated with lower AMH levels. The geometric mean AMH level
(95% CI) for amenorrheic participants not on hormone therapy was
0.05 ng/ml (0.007–0.31), compared with 0.19 ng/ml (0.08–0.44) in
participants reporting 1–6 menses, 1.3 ng/ml (0.29–5.7) in participants
reporting 7–9 menses and 0.71 ng/ml (0.41–1.20) in participants
reporting at least 10 menses in the past year (P ¼ 0.008).

In a multivariable model adjusting for age, ethnicity, menstrual pattern,
cancer type, chemotherapy, pelvic radiation and current hormone
therapy, several participant characteristics remained significantly asso-
ciated with AMH levels (Table II). AMH levels (geometric mean [95%
CI]) for survivors of breast cancer (0.02 ng/ml [0.01–0.07]) or leukemia
and lymphoma (0.03 ng/ml [0.01–0.08]) were lower than levels in
thyroid or skin cancer survivors (0.12 ng/ml [0.03–0.44]). Among
cancer treatment exposures, only pelvic radiation remained significantly
associated with lower AMH levels (0.20 [0.10–0.40] in unexposed
versus 0.02 ng/ml [0.01–0.06] in exposed). Survivors who were ame-
norrheic had AMH levels (0.02 ng/ml [0.01–0.06]) that were lower
than those of survivors with 7–9 (0.09 ng/ml [0.03–0.32]) or ≥10
(0.17 ng/ml [0.08–0.37]) menstrual periods in the past year.

Figure 1 Flow of the DBS study participants.
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Chemotherapy, current hormone treatment, age and ethnicity were no
longer significantly related to AMH levels.

Discussion
We describe the feasibility of obtaining self-collected DBSs for measuring
ovarian reserve in young women with cancer. Ovarian function is a clin-
ically important issue in female cancer survivors, and large-scale data are
needed to elucidate whether biomarkers of ovarian reserve can estimate
residual windows of ovarian function for this vulnerable population. As

the number of YCS in single clinical sites is limited, the traditional ap-
proach of clinic-based recruitment and venipuncture blood collection
is not efficient. In this proof-of-concept study, we demonstrated that
YCS can collect high-quality DBS specimens by themselves at home,
that AMH levels can be assayed in these specimens and that the levels
appear to reflect ovarian reserve following exposure to gonadotoxic
treatments. This new research tool appears to be feasible for studying
ovarian reserve in YCS.

The logistics associated with DBS sample collection from YCS
were relatively straightforward. Study recruitment was performed by

.............................................................................................................................................................................................

Table I Baseline characteristics by DBS study participation status in female YCS (n 5 163).

Participant characteristics Overall (n 5 163)a Participant (n 5 123) Non-participant (n 5 40) P-valueb

Mean age (SD) at DBS recruitment 31.8 (5.5) 31.6 (5.5) 32.5 (5.7) 0.40

Mean age (SD) at cancer diagnosis 27.1 (6.8) 27.0 (6.7) 27.6 (7.2) 0.60

Race 0.15

White 133 (82.0) 104 (84.5) 29 (74.4)

Non-White 29 (18.0) 19 (15.5) 10 (25.6)

Ethnicity 0.73

Hispanic 11 (6.7) 8 (6.5) 3 (7.5)

Non-Hispanic 152 (93.3) 115 (93.5) 37 (92.5)

Education 0.75

,College graduate 22 (13.5) 16 (13.0) 6 (15.0)

≥College graduate 141 (86.5) 107 (87.0) 34 (85.0)

Marital status 0.56

Single/widow/divorce 75 (46.0) 55 (44.7) 20 (50.0)

Marriage/marriage-like relationship 88 (54.0) 68 (55.3) 20 (50.0)

Income 0.23

≤50 000 57 (35.0) 40 (32.5) 17 (42.5)

.50 000 76 (46.6) 57 (46.4) 19 (47.5)

Prefer not to answer 30 (18.4) 26 (21.1) 4 (10.0)

BMI 0.38

,25 95 (58.3) 75 (61.0) 20 (50.0)

25–29 37 (22.7) 25 (20.3) 12 (30.0)

≥30 31 (19.0) 23 (18.7) 8 (20.0)

Cancer type 0.67

Thyroid/skin 13 (8.0) 10 (8.1) 3 (7.5)

Breast 46 (28.2) 37 (30.1) 9 (22.5)

Lymphoma/leukemia 55 (33.7) 42 (34.2) 13 (32.5)

Other 49 (30.1) 34 (27.6) 15 (37.5)

Surgery 98 (60.1) 72 (58.5) 26 (65.0) 0.47

Chemotherapy 131 (80.4) 100 (81.3) 31 (77.5) 0.60

Radiation 89 (54.6) 65 (52.9) 24 (60.0) 0.43

Bone marrow transplant 7 (4.3) 5 (4.1) 2 (5.0) 0.68

Years since cancer diagnosis 0.61

1–4 112 (71.3) 85 (72.0) 27 (69.2)

5–9 31 (19.8) 24 (20.4) 7 (18.0)

≥10 14 (8.9) 9 (7.6) 5 (12.8)

Ever been pregnant 59 (35.8) 43 (35.0) 16 (40.0) 0.56

aDue to missing values, not all numbers add to total.
bFisher’s exact, x2 or Student’s t-test was used to compare characteristics between DBS participants and non-participants.
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sending standardized emails to a pool of potential participants, which
required few study resources. With the exception of the DBS instruc-
tions brochure, all supplies were commercially available. Self-collection
allowed participants to obtain the required biosamples without visits
to a medical facility and venipuncture. This was particularly advantageous
in this context, because many YCS experience limited venous access

after cancer treatment. As a prior stability analysis showed that DBS
samples can be stored at room temperature for up to 2 weeks without
loss of AMH, biosamples could be returned via routine delivery by
FedEx with shipment tracking (McDade et al., 2012). Inclusive of DBS
materials and mailings, each sample cost �$24 to collect, far more cost-
effective than in-clinic venipunctures and sample processing.

.............................................................................................................................................................................................

Table II Unadjusted and adjusted AMH levels by participant characteristics (n 5 112).

Participant
characteristics

Overalla

n (%)
Unadjusted AMH geometric
mean (95% CI)

P-valueb Adjusted AMH geometric
mean (95% CI)

P-valueb

Age at DBS completion 0.07 0.09 (0.03–0.26) 0.32

,25 15 (13.4) 0.78 (0.20–8.35) 0.04 (0.02–0.09)

25–30 41 (36.6) 0.16 (0.08–0.30) 0.06 (0.02–0.16)

31–35 27 (24.1) 0.27 (0.13–0.55) 0.07 (0.03–0.17)

.35 29 (25.9) 0.26 (0.13–0.53)

Age at cancer diagnosis 0.49 —

,20 14 (12.6) 0.50 (0.13–0.60)

20–24 28 (25.3) 0.28 (0.11–0.48) —

25–30 31 (27.9) 0.23 (0.10–0.36)

.30 38 (34.2) 0.19 (0.18–1.39)

Race 0.57 —

White 93 (83.8) 0.23 (0.15–5.81) —

Non-white 18 (16.2) 0.31 (0.11–5.10)

Ethnicity 0.03 0.11

Hispanic 8 (7.2) 0.05 (0.01–3.03) 0.04 (0.01–0.13)

Non-Hispanic 103 (92.8) 0.27 (0.19–5.90) 0.10 (0.05–0.19)

BMI 0.69 — —

,25 65 (58.6) 0.26 (0.16–0.43)

25–29 23 (20.7) 0.18 (0.08–0.37)

≥30 23 (20.7) 0.28 (0.11–0.76)

Periods past year ,0.001 ,0.001

0 16 (14.6) 0.05 (0.02–0.11) 0.02 (0.01–0.06)

1–6 29 (26.4) 0.13 (0.07–0.26) 0.05 (0.02–0.11)

7–9 10 (9.0) 0.50 (0.17–1.48) 0.09 (0.03–0.32)

≥10 55 (50.0) 0.51 (0.31–0.83) 0.17 (0.08–0.37)

Current hormone therapy ,0.001 0.06

No 61 (55.0) 0.46 (0.28–5.00) 0.08 (0.04–0.20)

Yes 50 (45.0) 0.12 (0.07–5.50) 0.05 (0.02–0.10)

Cancer type 0.02 ,0.001

Thyroid/skin 10 (9.0) 1.43 (0.49–4.17) 0.12 (0.03–0.44)

Breast 35 (31.6) 0.16 (0.09–0.28) 0.02 (0.01–0.07)

Lymphoma/leukemia 28 (25.2) 0.21 (0.10–0.41) 0.03 (0.01–0.08)

Other 38 (34.2) 0.29 (0.12–0.67) 0.17 (0.07–0.38)

Chemotherapy 0.03 0.83

No 22 (19.8) 0.54 (0.20–5.60) 0.06 (0.02–0.16)

Yes 89 (80.2) 0.20 (0.13–5.43) 0.07 (0.03–0.15)

Pelvic radiation 0.001 ,0.001

No 99 (89.2) 0.30 (0.20–5.62) 0.20 (0.10–0.40)

Yes 12 (10. 8) 0.04 (0.01–3.48) 0.02 (0.01–0.06)

aDue to missing values, not all numbers add to total.
bLinear regression was used to compare participant characteristics and AMH values.
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AMH levels measured in DBS were related to cancer type and cancer
treatment characteristics in expected directions. In the post-treatment
setting of this study, we used cancer type as a surrogate for cancer treat-
ment exposures. Thyroid cancer and skin cancers were designated as ref-
erence groups as individuals with these conditions are generally not treated
with gonadotoxic therapies. The mainstays of thyroid cancer treatment are
thyroid surgery, thyroid hormone suppression, local radiation and/or
radioiodine, none of which are known to be toxic to ovarian follicles
(Haddad et al., 2015). Similarly, both melanoma and non-melanoma skin
cancers are most frequently managed by surgery, possible radiation and
possible immune therapy, which are not known to be gonadotoxic
(NCCN ‘Basal Cell Skin Cancer’, 2016; NCCN ‘Melanoma’, 2016;
NCCN ‘Squamous Cell Skin Cancer’, 2016). In contrast, the majority of
young breast cancer survivors with invasive tumors will receive chemother-
apy incorporatingcyclophosphamide, analkylatingagent that iswell studied
in terms of its gonadotoxicity (Su et al., 2010). Likewise, leukemia and
lymphoma patients are managed with multi-agent chemotherapy, most
of which incorporate alkylatingagents (Alvarnas et al., 2015; NCCN ‘Non-
Hodgkins Lymphoma’, 2015). Consequently, our DBS results were in line
withstudies showingserummeasuresofovarian reserve tobe lower in sur-
vivors of these cancers compared with controls (Thomas-Teinturier et al.,
2015). Whether cancer itself impairs ovarian reserve is more controver-
sial, but such studies have primarily been performed in the pretreatment
setting and are less generalizable to this study (Yu et al., 2010; Lawrenz
et al., 2012; Su et al., 2013; van Dorp et al., 2014).

Pelvic radiation exposure was associated with decreased DBS AMH.
This was anticipated because ionizing radiation to the ovary accelerates
depletion of ovarian follicles (Wallace et al., 1989). Chemotherapy was
no longer associated with AMH in the multivariable model, likely
because of concomitant adjustment for cancer type. We postulate that
self-reported cancer type is more accurate for gonadotoxic treatment
exposure than self-reported specific cancer treatments. We recently
compared medical record data with self-reported cancer type and
stage, chemotherapy regimen and pelvic radiation in a subset of this
cohort (Knight et al., 2015). Accuracy was highest in self-report of
cancer type and stage, and less so with pelvic radiation and alkylating
chemotherapy exposure. In addition, self-reported pelvic radiation

was more accurate than self-reported alkylating chemotherapy expos-
ure. The limitations of self-reported cancer information may have mis-
classified participants’ cancer treatment exposure and contributed to a
null association between alkylators and AMH. Alternatively, the effect
size of alkylators on fertility was noted to be smaller than pelvic radiation,
and this more modest association may not have been detected in our
limited sample size (Bramswig et al., 2015).

Among demographic and reproductive characteristics, menstrual
pattern was related to DBS AMH. The fewer the number of menses
reported in the past year, the lower the AMH levels. This finding is con-
sistent with lower ovarian reserve with advancing stages of menopausal
transition (van Rooij et al., 2004; Sowers et al., 2008). Of interest is that
current age was no longer related to AMH levels in adjusted analysis, in
contrast to known declines in AMH with chronologic age. We attribute
this finding to the larger effect that cancer treatments had on ovarian
reserve than the effect of chronologic age. One additional observation
to note is the presence of detectable levels of AMH even in YCS with
amenorrhea or very few periods in the past year. In amenorrheic YCS,
37% had AMH levels .0.01 ng/ml, while in YCS with 1–6 periods in
the past year, 72% had AMH levels .0.01 ng/ml. The presence of
AMH suggests the presence of early growing follicles and is inconsistent
with menopause, the classic definition being 12 or moremonths of amen-
orrhea. In YCS, some very early longitudinal data show a drop in AMH
with gonadotoxic therapy, often to undetectable levels. However, fol-
lowing cessation of treatment, there can be recovery of ovarian function
as measured by both rising AMH and menstrual pattern (Dillon et al.,
2013; Su et al., 2014). Theoretically, measurable AMH from growing fol-
licles could precede recovery of ovulation and subsequent menses. But
this chronology needs further longitudinal analyses for confirmation.

Several challenges in DBS self-collection were identified in the study.
First, variability in the quality and quantity of specimens was observed.
While only four participants had no usable blood spots, samples that
did not fill the entire spot or consisted of overlapping blood spots
were more common, despite explicit instructions in the brochure to
avoid these suboptimal collection methods. Suboptimal collection
limited the number of hormones that could be assayed for each partici-
pant. Based on this experience, we recommend video- or telephone-

Figure 2 AMH levels (geometric means and 95% CI) by age (A) and menstrual pattern (B). AMH, anti-Mullerian hormone. *P ¼ 0.007 compared with
,25 years. **P , 0.001 compared with zero periods in prior year.

Self-collected blood spots to measure AMH 1575



based coaching with the first DBS collection, and return of suboptimal
specimens should trigger repeat collection.

Secondly, participantswhoultimatelycompletedDBS samplecollection
represented 56% of YCS who were willing to be contacted for future
studies and 75% of YCS who expressed interest in the DBS study. None
of the measured demographic, reproductive or cancer characteristics pre-
dictedparticipation.Thishighparticipationratemaybe due in part toapar-
ticipant pool that was highly educated and reported higher income, limiting
the generalizability of our findings. This rate is higher than the 52% rate
reported in 2350 participants with diabetes in the Health and Retirement
Study, a nationally representative sample of adults over the age of 50
(Heisler et al., 2007). Adherence rates may be improved by the more
resource-intensive approach of using interviewers to collect the
samples, as the National Longitudinal Study of Adolescent Health
(Wave IV, 2007–2008) and National Social Life, Health and Aging
Project (2005–2006 survey) report 84–94% completion of DBS collec-
tion (Williams and McDade, 2009; McDade, 2011). An additional strategy
may be to improve training for DBS collection (Spielberg et al., 2000). In a
cohort study on DBS home collection for HIV testing, participants under-
went semi-annual clinic visits, in-person training for DBS collection by
watching video and practicing the technique until adequate samples
were collected, and telephone-based reminders. This approach yields
84–90% specimen return rates. In the current study, several participants
reported being unable to perform a finger prick, and some participants
required more than one finger prick to complete the five DBSs. We
found that sending supplies for two finger pricks was important. Future
efforts to support self-collection by using training videos and/or real-time
video- or telephone-based coaching should be considered.

Additional limitations should be noted. We did not measure FSH, LH
and estradiol because specimens were not collected in a cycle day spe-
cific manner. Participants were recruited primarily from social media out-
reach by cancer advocacy groups and fertility preservation programs
(Mersereau et al., 2013; Gorman et al., 2014). Therefore, results are gen-
eralizable only to this YCS population. On current hormone use, we did
not solicit an indication, i.e. for contraception or menopausal hormone
replacement, limiting our ability to determine if lower AMH on
hormone therapy was due to hormone exposure or underlying
ovarian insufficiency. Finally, the small number of post-treatment preg-
nancies (n ¼ 16) and the significant time between the beginning of
those pregnancies and DBS preclude assessment of AMH levels in rela-
tion to pregnancy.

DBS is a patient-friendly, minimally invasive approach to biosample
collection. Self-collection, low costs and minimal sample processing of
DBS renders this biosample collection approach a novel, feasible re-
search tool for measuring ovarian reserve in geographically diverse popu-
lations.

Supplementary data
Supplementary data areavailable athttp://humrep.oxfordjournals.org/.
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