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STUDY QUESTION: Does the rate of miscarriage increase in the setting of adenomyosis independent of other known risk factors for mis-
carriage such as maternal age, BMI, embryo genetic status?

SUMMARY ANSWER: Adenomyosis and high BMI both significantly increase miscarriage risk independent of each other, maternal age and
embryo health. This study is the first to suggest that ultra-long down regulation GnRH agonist treatment may reduce the rate of early preg-
nancy loss in adenomyosis patients.

WHAT IS KNOWN ALREADY: The presence of adenomyosis is known to be associated with lower rates of successful implantation and
increased risk of early pregnancy loss. However, it is presently unclear whether this reproductive impairment is directly mediated by adeno-
myosis itself, or indirectly caused by adenomyosis association with known risk factors for miscarriage such as obesity and advancing maternal
age/foetal aneuploidy.

STUDY DESIGN, SIZE, DURATION: A retrospective cohort study was undertaken in a private infertility (IVF) clinic examining the out-
come for women (n = 345) undergoing the transfer of a genetically screened frozen–thawed embryo between 2012 and 2015.

PARTICIPANTS/MATERIALS, SETTING AND METHOD: A total of 171 women who successfully conceived (positive serum
βhCG) following the transfer of a single euploid good morphology frozen–thawed embryo were included in analysis after meeting the inclu-
sion criteria. Only the first conception cycle for each patient was included in the study. Patients with known pre-existing medical risk factors
for miscarriage (e.g. thrombophilia, poorly controlled diabetes, coeliac disease, SLE, uterine septum, chromosomal abnormalities) and those
women undergoing treatment using donated oocytes and surrogacy were excluded. Patients were then classified as having adenomyosis or
not based on a high-quality pelvic ultrasound or MRI. The direct and indirect effects of adenomyosis and BMI on overall miscarriage rate by 12
weeks gestation was then assessed using multivariate logistic regression and mediation analysis. Furthermore, the data were also analysed to
elucidate the influence of GnRH ultra-long down-regulation therapy on miscarriage rates.

MAIN RESULTS AND ROLE OF CHANCE: Overall, the adjusted rate of miscarriage was higher in those patients with adenomyosis
compared to those without (44.1 vs 15.3%, P < 0.0001), with most of these miscarriages occurring at the early biochemical stage. The rate of
miscarriage was especially high in adenomyosis patients not receiving GnRH agonist pre-treatment (82.4%), compared to those patients who
did receive GnRH pre-treatment (35.7%, P = 0.0089).

LIMITATIONS, REASONS FOR CAUTION: The study is mainly limited by its small sample size and retrospective design which carries
inherent potential for bias (i.e. misclassification and errors due to inadequate clinical notes). The small sample size precluded analysis to distin-
guish how the extent of adenomyosis disease may modify miscarriage risk (i.e. focal or diffuse disease). Furthermore, the relatively low num-
ber of adenomyosis patients not receiving GnRH agonist treatment, plus the non-randomized nature of the decision not to offer such
treatment, precludes definitive conclusions on the benefit of GnRH agonist therapy to reduce miscarriage risk.

WIDER IMPLICATIONS OF THE FINDINGS: Considering the significant emotional and financial impact of miscarriage, we suggest
screening of all women undergoing IVF treatment for the presence of adenomyosis, with consideration given to ultra-long down regulation
GnRH agonist treatment in any woman identified as having adenomyosis. Furthermore, given the persistent and often progressive nature of
the disease, adenomyosis should also be considered as a potential uterine cause of recurrent miscarriage. Finally, we hope our study highlights
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the need for high-quality prospective RCT to be undertaken to provide superior evidence for the potential benefit of GnRH agonist pre-
treatment.

STUDY FUNDING/COMPETING INTEREST(S): K.T. is a practicing IVF gynaecologist and holds a minority stake in the publicly listed
company Monash IVF. The other authors declare that they have no conflict of interest. This study was financially supported by Flinders
University Medical School.
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Introduction
Adenomyosis, the presence of ectopic endometrial tissue within the
myometrium, is a well-recognized and common cause of menorrhagia
and dysmenorrhoea that traditionally has not been linked with
impaired fertility since it is more commonly observed in multiparous
women (Brosens et al., 1998). However, a recent meta-analysis of IVF
outcomes demonstrated that adenomyosis is associated with lower
rates of successful implantation and an increased risk of early preg-
nancy loss, translating into an overall significant reduction in the live
birth rate (Younes and Tulandi, 2017). Since adenomyosis is also asso-
ciated with advancing maternal age and obesity, two factors known to
be associated with impaired pregnancy outcomes (Naftalin et al.,
2012; Trabert et al., 2011), it is presently uncertain whether the
observed reduction in live-birth potential in adenomyosis patients is a
direct result of impaired uterine function, or just an indirect result of
increasing rates of maternal age-related embryo aneuploidy and obes-
ity reproductive dysfunction.
Various lines of evidence suggest impaired uterine function may

impede successful live-birth in adenomyosis. First, a precondition for
successful pregnancy is a quiescent state of the uterus, with increased
uterine contractility being linked with increased subsequent miscarriage
risk (Bulletti et al., 1997). Hyper-peristaltic uterine contractions are
more commonly seen in women with adenomyosis (Kuijsters et al.,
2017), with these contractions even being suggested as an underlying
cause of adenomyosis (Leyendecker et al., 2015). Secondly, adenomyo-
sis has been linked with an increase in macrophage and natural killer
(NK) cell population density in mid-luteal endometrial biopsies
(Tremellen and Russell, 2012), plus an increase in the production of
inflammatory mediators and reactive oxygen species (Ota et al., 1998),
all posing potential harm to the implanting embryo. Finally, adenomyosis

has been associated with altered endometrial steroid hormone produc-
tion (aromatase activity) and receptor expression (Mehasseb et al.,
2011), both key determinants of endometrial functionality.
The primary aim of this study was to investigate whether adenomyo-

sis altered the risk of early pregnancy loss independent of other known
risk factors for miscarriage such as maternal age and increasing BMI,
plus poor embryo quality. To best achieve this, we analysed only preg-
nancy outcomes in which good morphology pre-implantation genetic
screened euploid embryos were transferred. Subsequently, mediation
analysis was used to statistically assess the direct and indirect effects of
BMI, age, type of hormonal endometrial preparation and adenomyosis
status on the rates of early pregnancy loss.

Materials andMethods

Study cohort
This study was a retrospective cohort analysis of IVF patients, with or with-
out adenomyosis, undergoing genetic screening (PGS) and a frozen
embryo transfer between 2012 and 2015 at a private IVF unit (Repromed,
Adelaide, Australia). Over this period, it was common practice in the unit
to perform genetic screening of embryos in order to maximize viable preg-
nancy rates from a single embryo transfer, especially in those individuals
older than 35 years or who had previous unsuccessful embryo transfers.
All patients presenting during this time were considered and consecutively
recruited if inclusion and exclusion criteria were satisfied. Inclusion criteria
were the presence of a recent (<12-month-old) high-quality pelvic ultra-
sound and/or MRI to determine adenomyosis status and the subsequent
transfer of a solitary euploid embryo in a frozen–thawed cycle. Diagnosis
of adenomyosis was performed entirely by ultrasound as all patients
undergoing IVF underwent a prior preliminary baseline ultrasound examin-
ation. Only the first biochemically confirmed (βhCG positive) pregnancy

WHATTHISMEANS FOR PATIENTS
This research looks at whether women who have adenomyosis, a condition where the womb lining grows into the muscle wall of the womb,
have an increased risk of miscarriage. Adenomyosis is linked to obesity and is more common in older women, both of which can also have an
impact on the risk of miscarriage, and in this study the researchers wanted to see whether adenomyosis alone made a difference.
The study looked back at more than 170 women who had a single frozen embryo transferred at a fertility clinic. The women were all screened

for adenomyosis and the embryos had all been through genetic screening.
The researchers made sure that any differences in obesity and age were matched in the women in the study, and they found that there was a

higher chance of miscarriage with adenomyosis independent of the women’s age or weight. They also found that the risk of miscarriage was
reduced when women went through a long down regulation phase of fertility treatment using a drug known as a GnRH agonist.
The researchers suggest that women having IVF should be screened for adenomyosis and if they do have it, a long down regulation phase with

a GnRH agonist should be considered, but they acknowledge that further research is needed as this was a small study.
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per patient was considered, and no restriction was made for the number
of previously failed cycles. Exclusion criteria included patients with significant
pre-existing medical conditions which could independently increase the rate
of miscarriage or implantation failure (e.g. thrombophilia, poorly controlled
diabetes, Coeliac disease, SLE, uterine septum, polyps, sub-mucosal fibroids,
hydrosalpinx, fibroids, chromosomal abnormalities in prospective parents), or
those women undergoing treatment using donated oocytes and surrogacy.
Women with thyroid disorders were not excluded provided they were
euthyroid prior to commencing treatment.

Adenomyosis status
All subjects underwent a screening baseline pelvic morphology ultrasound
between Days 2 and 6 of their menstrual cycle using a 9 MHz trans-vaginal
probe (GE Health, USA). The diagnosis of adenomyosis was made accord-
ing to standard radiological criteria (enlarged globular uterus, heterogen-
ous myometrium, sub-endometrial myometrial striations and cysts,
asymmetrical thickening of uterine walls, poorly defined junctional zone)
(Sakhel and Abuhamad, 2012), with an area of 2 cm or more of adeno-
myosis being required for a positive diagnosis. In the event of uncertainty,
a pelvic MRI was performed to confirm or refute the diagnosis of adeno-
myosis (junctional zone 12 mm or greater, sub-endometrial cysts). All pel-
vic MRIs were performed on a Philips Eclipse 1.5 T (Philips, Netherlands)
MRI scanner, with a 1.5 T magnet and 27-mT/m gradients in the luteal
phase of the menstrual cycle when adenomyosis is most prominent.

IVF treatment protocols
Embryos were generated using ICSI and cultured according to standard proto-
col as previously reported (Tremellen et al., 2017). Embryos which showed
significant compaction on Day 4 or who expanding blastocysts on Days 5–6
with inner cell mass and trophectoderm grading of A or B (Gardner et al.,
2000) were deemed suitable for biopsy and cryopreservation.

Whole genome analysis was performed according to manufacturer’s
instructions whereby positive (genomic DNA) and negative (amplification
mix only) controls were included in each amplification run (SurePlex DNA
Amplification System, BlueGnome, Cambridge, UK). Products were pro-
cessed via comparative genome hybridization (array-CGH technology)
(Gutierrez-Mateo et al., 2011).

In ovulatory patients without adenomyosis, embryo transfers were
timed after serum hormonal tracking, generally without any form of luteal
support. Anovulatory women without adenomyosis were managed either
with ovulation induction (clomiphene citrate, letrozole or rFSH), with
βhCG luteal support (Pregnyl 1500 IU, MSD, Sydney, Australia), or alterna-
tively with an artificial hormone replacement regime (estradiol valerate
2 mg t.d.s., Progynova, Bayer, Sydney, Australia) for a minimum of 2
weeks, followed by twice-daily vaginal progesterone (Crinone 8%, Merck
Serono, Sydney, Australia) once endometrial thickness exceeded 7 mm on
ultrasound assessment. Those women identified as having adenomyosis
were generally placed in a 4–12-week period of hypo-estrogenic state
using long down-regulation GnRH agonist therapy (Zoladex or Lucrin),
depending on the severity of the adenomyotic disease and treating physi-
cian’s preference. At the end of the down-regulation period endometrial
preparation was initiated using either an artificial hormonal regime, as pre-
viously outlined, or rFSH ovulation induction followed by βhCG luteal sup-
port (Pregnyl 5000 IU trigger, followed by three doses of 1500 IU on Days
4, 7 and 10 of the luteal phase). All subjects receiving long down regulation
therapy for adenomyosis were also given low dose prednisolone therapy
(15 mg daily) starting a week before ovulation and ending at 11 weeks ges-
tation, as per our previously published protocol (Tremellen and Russell,
2011). Only two of the seven adenomyosis patients not receiving long
down-regulation therapy received prednisolone treatment.

Pregnancy was confirmed by serum βhCG assessment 16 days post-
ovulation, whereby two rising measurements >5 IU/I indicated a biochem-
ical pregnancy. Clinical pregnancy was defined as the presence of foetal sac
at the 6–8 weeks trans-vaginal ultrasound. Biochemical miscarriage was
defined as a pregnancy which failed prior to visualization on ultrasound and
clinical miscarriage as the presence of a gestational sac with no foetal heart
movement. Records of live births,, foetal weight, foetal complications (still-
births, neonatal deaths and congenital abnormalities) along with maternal
complications were recorded as per local legislative requirements.

Ethical review
Ethical review and approval was given by the local institutional Scientific
Advisory Committee (Repromed, Dulwich SA, 13/7/16). Written con-
sent for this project was not required as this was a retrospective study and
all participants had previously given written approval for their data to be
used for retrospective audit studies, as per Australian ethical guidelines
(Ethical Considerations in Quality Assurance and Evaluation Activities,
2014).

Statistical analysis
Descriptive statistics were used to describe and compare the demographic
and clinical characteristics of participants with or without adenomyosis.
Student’s t-test or Mann–Whitney U test was used to compare continuous
data, depending on the normal distribution status, and chi-squared or
Fischer’s exact test to compare categorical variables. To assess the pos-
sible direct and indirect effects of BMI and adenomyosis status on the risk
of miscarriage we performed mediation analysis using Mplus software
(Muthen & Muthen). Model estimation was performed using maximum
likelihood. Due to having a combination of a binary outcome variable (mis-
carriage) and a normally distributed mediating variable (serum βhCG) we
calculated standardized beta coefficients for the indirect, direct and total
effects of both BMI and adenomyosis on the risk of miscarriage. The stan-
dardized beta coefficients can be interpreted as correlation coefficients that
range from −1.0 to +1.0 depending on the strength of the associations
between variables. We then assessed the independent effects of adenomyosis
status, maternal BMI and log-transformed serum βhCG with additional adjust-
ment for age using multivariate logistic regression with Stata version 14.1
(StataCorp, College Station, TX). Including serum βhCG in the model allowed
us to determine the independent effects of BMI and adenomyosis after the
effects of βhCG had been removed. In a second model excluding βhCG sta-
tus, we assessed the differential effects of adenomyosis status on the risk of
miscarriage depending on treatment type (natural ovulatory vs long down
regulation) by including a treatment type by adenomyosis status interaction in
the model, as well as age and BMI. Statistical significance for all tests was
determined using two-tailed tests with a Type 1 error rate of alpha=0.05.

Results

Participant characteristics
A total of 345 women underwent PGS in the study period, with 171
women meeting the study inclusion criteria. The remainder were
excluded due to no biochemically confirmed (βhCG positive) preg-
nancy occurring.
The baseline demographic characteristics of the study cohort are

outlined in Table I. Notably age, smoking status, gravidity and parity
were not significantly different between the adenomyosis negative (n =
137) and adenomyosis positive (n = 34) groups. However, the adeno-
myosis cohort did have a significantly higher BMI (P = 0.0144), along
with an increased duration of infertility (P = 0.0323). As expected, the
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etiology of infertility was also significantly different between the two
groups, with endometriosis being considered the dominant primary
etiology of infertility by the treating physician in 23.5% (n = 8) of the ade-
nomyosis positive patients, with male factor infertility (31.4%, n = 43)
being the most common diagnosis in the adenomyosis negative control
group. Comorbid medical conditions observed in the adenomyosis nega-
tive control group include insulin resistance (n = 2), anxiety/depression
(n = 9), hypothyroidism (n = 7), epilepsy (n = 2) and Crohn’s disease
(n = 1), while in the adenomyosis positive group there was one case each
of asthma, anxiety and hypothyroidism.
The distribution of the various types of frozen embryo transfer cycle

regimens for both the adenomyosis and non-adenomyosis subjects is
outlined in Supplementary Table S1. The majority of adenomyosis
patients (79.4%, n = 27) underwent ultra-long down regulation ther-
apy followed by either artificial hormone replacement (35.3%, n = 12)
or rFSH ovulation induction and βhCG luteal support (44.1%, n = 15).
Conversely, in the non-adenomyosis control group the majority
(68.6%, n = 94) were naturally ovulatory and simply underwent hor-
monally timed embryo transfers, while 18.2% (n = 25) required some
form of ovulation induction (clomiphene, letrozole or rFSH) or artificial
hormone replacement cycle (13.1%, n = 18). Overall, the live birth
rate was higher in the non-adenomyosis group (80%, n = 110) compared
to adenomyosis group (47%, n = 16) (P = <0.0001) (Supplementary

Table SII). Gestational age at birth was not available in the data set, how-
ever, average birth weight (3250 ± 742 g vs 3638 ± 575, respectively, P =
0.2728) was not significantly different between the two adenomyosis sta-
tus groups.

Biochemical data
As evidence of biochemical pregnancy was a criterion for inclusion in
this study, we cannot compare implantation rates between the adeno-
myosis and non-adenomyosis control groups. However, Day 16 post-
ovulation serum βhCG levels in the adenomyosis group were signifi-
cantly lower than those seen in the non-adenomyosis group (478.1 ±
686 vs 591 ± 543 IU/L, respectively; P = 0.0127), while serum
progesterone levels were not significantly different (102.5 ± 112 vs
89.1 ± 58, P = 0.1895) (Supplementary Table SI). As obesity is known
to lower serum βhCG levels, possibly due to a greater maternal vol-
ume of distribution (Gunnala et al., 2017), we performed a regression
analysis controlling for the impact of maternal BMI. Importantly, this
analysis still confirmed a statistically significant lower βhCG levels in
the adenomyosis group at 4 weeks gestation independent of BMI.
The overall (biochemical plus clinical) miscarriage rates were 53%

(n = 18) in the adenomyosis group and 19.7% (n = 27) in the non-
adenomyosis controls (P = <0.0001), with a 3-fold higher rate of early

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

Table I Clinical characteristics of the participants.

Adenomyosis (n= 34) No adenomyosis (n= 137) P-value

Age (years) 37.0 ± 4.0 35.9 ± 4.6 0.2001

(Median 37.3, IQR 32.7–39.4) (Median 35.6, IQR 34.2–39.5)

BMI (kg/m2) 27.6 ± 5.6 25.6 ± 6.0 0.0144

(Median 26.5, IQR 23.2–31.4) (Median 23.6, IQR 21.4–28.1)

Smoking status, n (%) (n = 30) (n = 122) 1.000

Non-smoker 28 (93.3%) 113 (92.6%)

Smoker 2 (6.7%) 9 (7.4%)

Duration of infertility (months) 17.5 (IQR 12–36) (Mean 26.8 ± 23.5) 12, IQR (9.5–24) (Mean 18.6 ± 14) 0.0323

Etiology 0.002

1: Male factor 5 (14.7%) 43 (31.4%)

2: Tubal 3 (8.8%) 6 (4.4%)

3: Endometriosis 8 (23.5%) 3 (2.2%)

4: PCOS 5 (14.7%) 16 (11.7%)

5: Advanced maternal age 1 (2.9%) 9 (6.6%)

6: Combined male and female factor 5 (14.7%) 25 (18.2%)

7: Other 7 (20.5%) 35 (25.5%)

Gravidity (n = 33) (n = 123) 0.579

0 18 (54.5%) 70 (56.9%)

1–3 14 (42.4%) 43 (35%)

≥4 1 (3%) 10 (8.1%)

Parity (n = 33) (n = 123) 0.347

0 25 (75.8%) 103 (83.7%)

1 7 (21.2%) 16 (13%)

≥2 2 (6%) 4 (3.2%)

Age and BMI are expressed as mean ±SD, duration of infertility (months) is expressed as median and inter-quartile range. Age was compared with unpaired two-tailed t-test and BMI
and duration of infertility with Mann Whitney test. Categorical variables were compared via Chi square test or Fishers Exact as appropriate.
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biochemical miscarriage being observed in the adenomyosis group
(44.1 vs 15.3%; P = <0.0006), and a doubling in the clinical miscarriage
rate (8.8 vs 4.4%) (Supplementary Table SII).

Mediation analysis
Figure 1 and Supplementary Table SIII show the results for the medi-
ation analysis. There was no significant direct effect of BMI on adeno-
myosis risk of miscarriage (standardized β = 0.134, P = 0.11).
However, there was a significant indirect effect of BMI on the risk of
miscarriage mediated via serum βhCG (standardized β = 0.141; SE =
0.044, P = 0.001). The total effect of BMI on the risk of miscarriage
was β = 0.317 (P < 0.001). There were a significant direct and indirect
effects of adenomyosis status on the risk of miscarriage (standardized
β = 0.211; P = 0.03 and β = 0.089; P = 0.033, respectively), with the
overall effect of adenomyosis status on the risk of miscarriage also
being significant (standardized β = 0.30; P < 0.001).

Logistic regression
Table II shows the results for the logistic regression models that con-
sidered the overall effects of BMI, βhCG, adenomyosis status and
treatment modality as predictors of the risk of miscarriage. In the first
model that included adenomyosis status, BMI, Day 16 βhCG, and
adjustment for age, there was a significant overall effect of adenomyo-
sis (OR = 3.7; 95% CI = 1.4–10.2, P = 0.01), as well as a significant
overall effect of log-transformed βhCG on the odds of miscarriage
(OR = 0.28; 95% CI = 0.17, 0.47, P < 0.001). There was no significant
overall effect of either age or BMI independent of βhCG. Furthermore,
there was no significant interaction between adenomyosis status and
BMI (P = 0.63) (Fig. 2).
When treatment type and adenomyosis status was included in a

logistic regression model as predictors of miscarriage, there was a sig-
nificant interaction between adenomyosis status and treatment type
(P = 0.015) (Fig. 3) indicating that the effects of endometrial prepar-
ation (natural, ovulation induction, artificial cycles and ultra-long down
regulation) were significantly different depending on adenomyosis sta-
tus. The risk of miscarriage was significantly higher in women with

adenomyosis undergoing natural ovulation cycles, with or without
luteal support, compared to those without adenomyosis (82.4 vs
12.0%, P = <0.001). Furthermore, the risk of miscarriage was also

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

Table II Odds ratios for miscarriage showing the independent effects of BMI, βhCG IU and adenomyosis.

Model 1 Model 2
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Adenomyosis (yes vs no) 3.74 (1.4, 10.2) 0.01

Age (years) 1.04 (0.94, 1.15) 0.47

BMI (kg/m2) 1.06 (0.99, 1.14) 0.12

Log-transformed serum βhCG IU 0.28 (0.17, 0.47) <0.001

Age (years) 1.04 (0.95, 1.14) 0.40

BMI (kg/m2) 1.10 (1.03, 1.17) 0.005

Adenomyosis status/treatment combination

Non-adenomyosis—natural 1.00 –

Non-adenomyosis—ultra-long down regulation 2.3 (0.9, 6.3) 0.10

Adenomyosis—natural 43.4 (4.5, 420.4) 0.001

Adenomyosis—ultra-long down regulation 1.92 (0.65, 5.6) 0.23

Figure 1 Adenomyosis status has a significant direct and indirect
effect on the risk of miscarriage. (A) Causal diagram showing
hypothesized causal pathways for the direct and indirect effects of
BMI and adenomyosis on miscarriage. (B) Standardized effects
(®-coefficients) for the path analysis model. Solid lines indicate signifi-
cant pathways (P < 0.05). ®-coefficients indicate the strength of the
correlation between the variables (range −1 to +1).
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higher in adenomyosis patients who did not receive long down regula-
tion treatment compared to those who did (82.4 vs 35.7%, P =
0.0089). However, there was no significant difference in risk of miscar-
riage for adenomyosis patients undergoing ultra-long down regulation
compared to those participants without adenomyosis (35.7 vs 23.2%,
P = 0.24).
Model 1 shows the direct effects of age, BMI and adenomyosis since

the mediating effect of serum βhCG has been removed by inclusion in

the model. Model 2 shows the combined impact of treatment and ade-
nomyosis (Table II). Marginal predicted probabilities for adenomyosis
and treatment at different levels of BMI were obtained using binary
logistic regression with adjustment for age. The effects of adenomyosis
were allowed to vary as a function of treatment type by including an
adenomyosis by treatment interaction term that was significant (P =
0.015).

Discussion
It is now well recognized that adenomyosis is associated with a signifi-
cantly lower rate of successful implantation, as attested to by a recent
meta-analysis of 11 studies involving over two thousand patients
undergoing IVF treatment (Younes and Tulandi, 2017). Our study
extends these findings by being the first to show that adenomyosis is
also associated with an increased rate of early pregnancy loss, inde-
pendent of maternal age and embryonic genetic status. While several
earlier studies have also reported an increase in miscarriage rate in
women with adenomyosis, many did not adequately control for con-
founders of miscarriage risk such as increasing age and BMI (Younes
and Tulandi, 2017). Our study differs by controlling for the impact of
maternal age by including only high-quality euploid embryo transfers in
the analysis, together with traditional regression analysis—thereby
strengthening the direct causal link between adenomyosis and early
pregnancy loss. Interestingly, an earlier Spanish study also reported a
similar increased risk of miscarriage in adenomyosis patients using
embryos created from young oocyte donors (Martinez-Conejero
et al., 2011), a legitimate alternative approach of controlling for mater-
nal age-related embryo aneuploidy risk. Importantly, both approaches
are consistent with the premise that the adenomyotic uterus provides
a dysfunctional environment for the maintenance of pregnancy beyond
early implantation events.
In our cohort of patients, those with adenomyosis had a significantly

higher BMI than controls, in line with previous literature (Trabert et al.,
2011). Since obesity is associated with enhanced estrogen production
by adipose aromatase activity (Nelson and Bulun, 2001), impaired ovu-
lation and reduced progesterone (Norman et al., 2004) all potentially
drivers for the development of adenomyosis (Taran et al., 2013),this
association between increasing BMI and adenomyosis is to be
expected. Furthermore, increasing BMI has also been associated with
increased risk of euploid miscarriage (Kroon et al., 2011; Boots et al.,
2014; Tremellen et al., 2017), possibly mediated by lower serum
βhCG driven progesterone production and early pregnancy luteal
insufficiency (Shah and Nagarajan, 2013). Therefore, in our statistical
analysis, we included maternal BMI as a predictor of miscarriage and
assessed both its direct and indirect effects that might be mediated via
serum βhCG levels. This analysis clearly demonstrated significant indir-
ect effects of both adenomyosis and BMI, mediated via βhCG.
Adenomyosis was associated with reduced βhCG levels early in preg-
nancy (4 weeks gestation), independent of BMI, and this was asso-
ciated with increased odds of miscarriage. The embryonic trophoblast
is responsible for production of βhCG, with βhCG levels being
accepted as an indirect marker of early placental function. The
observed reduction in βhCG levels in the adenomyosis cohort suggests
that adenomyosis has a significant negative impact on trophoblast func-
tion, independent of the transferred embryos initial health (genetic
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status and morphology) and the woman’s BMI, within just 10 days of
implantation.
Miscarriage rates were increased overall in all adenomyosis patients

compared to controls, but this increase was larger and statistically sig-
nificant only in the adenomyotic group that did not receive long down
regulation therapy before embryo transfer. This finding suggests that
ultra-long down regulation may reduce the rates of post-implantation
pregnancy loss. While previous studies have concluded that prolonged
GnRH agonist down regulation is effective in boosting implantation
(Tremellen and Russell, 2011; Niu et al., 2013; Park et al., 2016), this
study extends these claims by suggesting that this treatment may also
improve post-implantation pregnancy health. This observation makes
physiological sense given that GnRH receptors are present within ade-
nomyotic tissue, and the use of GnRH agonists and their associate
hypo-estrogenic state do induce apoptosis and reduce inflammation
within adenomyotic tissue which would otherwise be in direct contact
with invading trophoblast (Khan et al., 2010). Furthermore, our rou-
tine use of immune-suppressive prednisolone therapy in conjunction
with GnRH long down regulation therapy may also assist in reducing
hostile immune responses to the invading trophoblast, although we
recognize the merits of prednisolone therapy are contentious and cur-
rently under considerable debate (Robertson et al., 2016). Finally, as
the early pregnancy progesterone levels in the adenomyosis patients
were within the accepted healthy pregnancy range, we believe that it is
unlikely that additional progesterone luteal support would be an effect-
ive treatment for minimizing miscarriage in the setting of adenomyosis.
Similar findings have been reported in the setting of recurrent miscar-
riage, where progesterone support was also ineffective in preventing mis-
carriage in patients unselected for adenomyosis status (Coomarasamy
et al., 2015).
A potential weakness of our study, common to all retrospective

studies, is the potential for bias and possible misclassification and error
due to inadequate clinical notes. However, our outcome of interest
(miscarriage) is not subjective and the determination of adenomyosis
status was made prior to the knowledge of pregnancy outcome status,
thereby strengthening the veracity of our findings. However, we
acknowledge the relatively small sample size of subjects with adeno-
myosis, especially that sub-set of adenomyosis patients that declined
ultra-long down regulation therapy. However, despite this small sam-
ple size, the extremely poor pregnancy outcomes in this untreated
sub-group (82.4% miscarriage rate) was sufficient to demonstrate a
significant difference compared with controls and those adenomyotic
patients undergoing long down regulation treatment. Furthermore,
due to limited numbers, we were also unable to study whether preg-
nancy outcomes were influenced by the area of the adenomyotic
involvement (focal vs diffuse disease). Future studies are therefore
needed to determine if the extent of disease (area of junctional zone
involved or thickness of the junctional zone on MRI) also modifies mis-
carriage risk. These studies would also benefit from having a fixed
treatment type to compare the effect of long-down regulation to no
down regulation with the same type of endometrial preparation and
luteal support in each group. Due to the retrospective nature of our
study, this was not possible and therefore we accounted for these fac-
tors in our statistical analysis. Importantly, a recent systematic review
has not demonstrated any difference in miscarriage rates based on dif-
fering FET endometrial preparation regimes (Ghobara et al., 2017). As
such, it is unlikely that differences in endometrial preparation regime

used were a factor accounting for significant miscarriage rate differ-
ences demonstrated in our study. Finally, as the majority of our
patients did not undergo laparoscopy prior to IVF treatment, co-
existent endometriosis could not be excluded as a potential cause of
miscarriage. However, a recent analysis of US registry data has
reported no increase in IVF miscarriage rates in women with pure
endometriosis-related infertility compared to non-endometriosis
causes (Senapati et al., 2016).
Together with previous case-series and cohort studies that have

suggested the potential for ultra-long down regulation therapy to aug-
ment initial implantation of embryos in IVF treatment (Tremellen and
Russell, 2011; Niu et al., 2013; Park et al., 2016), our current findings
suggest for the first time that this treatment strategy may reduce early
miscarriage rates and thereby augment live-birth rates in patients
undergoing IVF.

Conclusion
By using an exclusive PGS euploid embryo transfer experimental
approach, and structural equation modelling to assess both direct and
indirect effects, we have been able to demonstrate for the first time
that adenomyosis is associated with an increased risk of miscarriage,
independently of maternal age and BMI. In addition, our study also sug-
gests that ultra-long down regulation inactivation of adenomyosis may
be an effective treatment approach to reduce the risk of miscarriage in
the setting of adenomyosis. However, prospective randomized con-
trolled trials of GnRH agonist down regulation therapy prior to
embryo transfer will be required to provide conclusive evidence of the
benefit of this approach.

Supplementary data
Supplementary data are available at Human Reproduction Open online.
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SUPPLEMENTARY DATA

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

Supplementary Table SI Distribution of FET cycle protocols and hormonal levels in adenomyosis positive and negative
groups.

Type of FET cycle Adenomyosis (n = 34) No Adenomyosis (n = 137) <0.0001

1 NO 4 (11.8%) 68 (49.6%)

2 NO + pregnyl luteal support/trigger 2 (5.9%) 26 (19.0%)

3 NO + progesterone luteal support 1 (2.9%) 0 (0%)

4 OI (clomid, letrazole, FSH OI) 15 (44.1%) 25 (18.2%)

5 Artificial 12 (35.3%) 18 (13.1%)

D16 βhCG, IU 478.1 ± 686 (n = 34) 591 ± 543 (n = 137) 0.0127

D16 Progesterone 102.5 ± 112 (n = 33) 89.1 ± 58 (n = 137) 0.1895

NO= natural, ovulatory; OI= ovulation induction.
D16 βhCG and D16 Progesterone are presented as mean ± SD, type of FET cycle was compared with Fishers exact test.



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

Supplementary Table SII Pregnancy outcomes.

Adenomyosis No adenomyosis P
(n = 34) (n = 137)

Non-viable
(miscarriage)

15 (44.1%) 21 (15.3%) <0.0006

Viable singleton 19 (55.9%) 107 (78.1%)

Viable twins 0 (0.0%) 9 (6.6%)

Clinical miscarriage 3 (8.8%) 6 (4.4%)

Live birth, n (%) 16 (47%) 110 (80%)

Live birth outcomes were compared via Fishers exact test.



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

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

Supplementary Table SIII Standardized direct effects, indirect effects and total effects of BMI and adenomyosis on
miscarriage.

Direct effect Indirect effects Total effect

β (SE) P-value β (SE) P-value β (SE) P-value

BMI 0.134 (0.084) 0.11 0.183 (0.049) <0.001 0.317 (0.088) <0.001

Separate indirect effects

via Ln βhCG 0.141 (0.044) 0.001

via Adenomyosis 0.029 (0.019) 0.126

via Adenomyosis/Ln βhCG 0.012 (0.009) 0.163

Adenomyosis 0.211 (0.077) 0.033 0.089 (0.042) 0.033 0.300 (0.084) <0.001

Separate Indirect effects

via Ln βHCG 0.089 (0.042) 0.033

Ln βHCG=log transformed βhCG.
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