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Serum estradiol levels decrease after oophorectomy
in transmasculine individuals on testosterone
therapy

Sahil Kumar"?, Elise Bertin?, Cormac O’Dwyer"?, Amir Khorrami'?, Richard Wassersug?, Smita Mukherjee?,
Neeraj Mehra®, Marshall Dahl*, Krista Genoway*>, Alexander G Kavanagh>¢

Transmasculine individuals, considering whether to undergo total hysterectomy with bilateral salpingectomy, have the option to have
a concomitant oophorectomy. While studies have evaluated hormone changes following testosterone therapy initiation, most of those
patients have not undergone oophorectomy. Data are currently limited to support health outcomes regarding the decision to retain
or remove the ovaries. We performed a retrospective chart review of transmasculine patients maintained on high-dose testosterone
therapy at a single endocrine clinic in Vancouver, British Columbia, Canada. Twelve transmasculine individuals who underwent
bilateral oophorectomy and had presurgical and postsurgical serum data were included. We identified 12 transmasculine subjects
as controls, who were on testosterone therapy and did not undergo oophorectomy, but additionally matched to the first group by
age, testosterone dosing regimen, and body mass index. There was a statistically significant decrease in the estradiol levels of case
subjects postoophorectomy, when compared to presurgical estradiol levels (P = 0.02). There was no significant difference between
baseline estradiol levels between control and case subjects; however, the difference in estradiol levels at follow-up measurements
was significant (P = 0.03). Total testosterone levels did not differ between control and case subjects at baseline and follow-up
(both P > 0.05). Our results demonstrate that oophorectomy further attenuates estradiol levels below what is achieved by high-
dose exogenous testosterone alone. Correlated clinical outcomes, such as impacts on bone health, were not available. The clinical

implications of oophorectomy versus ovarian retention on endocrinological and overall health outcomes are currently limited.
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INTRODUCTION
There is great variation in the social, hormonal, or surgical interventions
that best suit the goals of transgender and gender-diverse individuals
in their gender-affirming care.! Transmasculine (TM) individuals,
who are assigned female at birth, may choose to begin testosterone
(T) hormone therapy to suppress menses, promote virilization, and
help alleviate other aspects of gender incongruence.? Gynecological
gender-affirming surgery can further assist in one’s transition by
removing internal reproductive organs. For individuals considering
whether to undergo total hysterectomy with bilateral salpingectomy
(TH/BS), there is also a decision to undergo a concomitant bilateral
oophorectomy (i.e., TH/BS with oophorectomy [TH/BSO]).>*
Currently, there are insufficient data to support health-care providers
and patients in the decision-making process for ovarian retention or
removal.

One important consideration in elected TH/BS with or without
oophorectomy is the impact on endocrine functions as the ovaries are
the main source of endogenous sex hormones in the TM population

and a significant source of aromatase activity. Individuals who initiate
gender-affirming T therapy experience dose-dependent changes in
serum 17p-estradiol (E,) levels. Studies of TM patients with ovaries
illustrate that E, levels decrease following the initiation of T therapy,
eventually reaching a steady state.”” The aromatization of T to E,
primarily occurs in the gonadal and adipose tissues, which decreases
serum total T and increases serum E, levels.”® However, low-dose T
therapy does not inhibit the hypothalamic-pituitary-gonadal axis
adequately to attenuate endogenous E, production in individuals
without gonadectomy.*' Neither low nor high serum E, levels are likely
indicators that individuals are able to achieve secondary amenorrhea
with T therapy alone.! As such, additional hormonal therapy for
menstrual suppression or surgical intervention with TH/BSO is
required for adequate management. The influence of oophorectomy
itself on hormone levels has not been well investigated; studies
evaluating hormone changes following T initiations have mostly
focused on individuals who have not yet undergone an oophorectomy.
Only one study includes a subgroup of transmasculine individuals who
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underwent TH/BSO before and after T initiation, with serum E, levels
reported up to 36 months after T initiation.”

One relevant clinical outcome, when TM individuals were assessed
pre- and postoophorectomy, has been evaluated in the context of
bone health.'>* Lumbar spine bone mineral density (BMD) evaluated
that postoophorectomy was found to decrease compared to that
in preoophorectomy, despite TM individuals being maintained on
high-dose T therapy. While serum E, levels have not been directly
associated with bone health or fracture outcomes in TM patients,
this hormone plays an important role in bone maintenance. When
conversion of serum T to E, is impeded with the use of oral aromatase
inhibitors, serum markers of bone metabolism were increased in TM
individuals on T therapy." In cisgender men, serum E, may play a
role to protect BMD and serve as an important regulator of bone
metabolism." In these patients, serum E, levels lower than 37 pmol 1"!
were insufficient to prevent bone resorption.”” Though the effects of
E, on BMD and bone health are difficult to independently assess from
the actions of T, it is reasonable to evaluate serum hormone changes
following oophorectomy as factors supporting bone health.

Previous studies have not specifically addressed the question whether
serum E, levels are significantly altered in TM patients postoophorectomy,
when compared to their presurgical levels. Savkovic et al.' found that
8 trans men who underwent oophorectomy had lower serum E, levels
compared to nonsurgical trans men. However, this study did not
include presurgical levels for comparison. Chan et al.® noted in their
retrospective study that TM individuals that retained their ovaries had
slightly elevated serum E, levels, but they presented no quantitative
data. Thus, our primary objective here is to evaluate if serum E, and
total T levels change in TM individuals after bilateral oophorectomy
compared to preoophorectomy. A secondary objective of this study is to
determine if there are changes in serum total T and E, levels over time
in TM individuals maintained on T therapy and who do not undergo
oophorectomy. We hypothesize that serum E, levels decrease following
oophorectomy when compared to the presurgical levels, without an
increase in serum total T levels if T dosing is maintained.

PATIENTS AND METHODS

A retrospective chart review was performed of all TM and gender-diverse
persons (=18 years old), who were assigned female at birth, on
testosterone therapy, and were being followed at Dr. Dahl's outpatient
endocrinology clinic in Vancouver, British Columbia, Canada, between
January 1, 2012, and July 31, 2020. Electronic medical records (EMR)
were reviewed to identify candidates who received T therapy as part of
their endocrine care. Study procedures, consent, and access to patient
records were approved by the Clinical Research Ethics Board of the
University of British Columbia (Vancouver, British Columbia, Canada;
H20-02363).

Patients were included in the study if they (1) underwent bilateral
oophorectomy after a minimum of 12 months of T therapy and (2) had
serum data collected in the 12 months preceding and 24 months after
the surgery. Subjects were excluded if they (1) were using an aromatase
inhibitor to decrease E, levels, (2) had ovarian surgery prior to T
initiation, or (3) modified their T dosing regimen postoophorectomy.
Each patient who underwent oophorectomy served as his/her own
control pre- and postoophorectomy. Patients who had no laboratory
measurements at baseline (n = 21), as well as those on aromatase
inhibitors (n = 1), were excluded. All patients were using injectable T
formulations of either testosterone cypionate or testosterone enanthate
in dosages of 25 mg to 150 mg weekly, rather than a set formulation or
dose for every patient. The protocol for hormone monitoring involved a
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requisition for blood drawn at a “midcycle” time point, which was often
4-8 days (dependent on the individual T dosing regimen) following
self-injection. The serum samples were analyzed following the standard
protocols of hospital and commercial laboratories using quantitative
immunoassays or electrochemiluminescence. No patients included
in the study had serum hormone levels that were reported below the
detectable limits of the assays."”

Matched control subjects

From the pool of candidate patients, TM subjects on T therapy who
did not undergo oophorectomy served as controls for E, and T levels;
they were matched by age, equivalent T dosing regimen, and calculated
body mass index (BMI). These individuals were maintained on a T
dosing regimen for at least 12 months, but none had an oophorectomy
during the study period. Control subjects were eligible for inclusion
if they had serum data collected at two time points within 24 months
for a baseline and follow-up measurement.

Statistical analyses

Values were presented as mean * standard error of the mean (s.e.m.).
Individuals were used as their own controls in order to evaluate the
change in serum hormone parameters over time using pairwise testing.
Differences in serum hormone parameters within case or control
groups were tested using the Wilcoxon matched-pairs signed rank
test, when appropriate. The nonparametric multiple Mann-Whitney
U test was used to test differences between the independent groups.
Statistical analysis was performed with GraphPad Prism software
version 9 (GraphPad Software Inc., San Diego, CA, USA). P < 0.05
was considered statistically significant.

RESULTS

There were 160 TM patients identified who were receiving exogenous
T therapy. Of these patients, 45 (28.1%) had undergone bilateral
oophorectomy and 115 (71.9%) did not undergo any removal of their
internal reproductive organs. Only 12 patients of the 45 who underwent
oophorectomy (26.7%) met all the inclusion criteria for this study
(Figure 1). The most common reason for exclusion was the absence
of preoophorectomy serum laboratory measurements. Twelve patients
that did not undergo oophorectomy were identified as matched controls
for each case subject (Table 1). In both the groups, the median weekly
testosterone dose was 75 mg (Table 1).

For individuals who underwent oophorectomy, the 12 subjects
aged (mean * s.e.m.) 32 + 3 years at the time of surgery. There was
a statistically significant decrease in the serum E, levels within 2
years postoophorectomy when compared to presurgical serum E,
levels (Figure 2). The serum E, level (mean + s.e.m.) at baseline
(preoophorectomy) was 239.3 + 49.0 pmol 1!, whereas the serum E,
level (mean + s.e.m.) measured at a follow-up (postoophorectomy) was
133.6 £ 17.5 pmol I! (P = 0.02; Figure 2a). Serum total T levels were
not significantly different postoophorectomy (P = 0.47; Figure 2b).

Table 1: Comparative characteristics of study case and control subjects

Characteristic Oophorectomy Nonoophorectomy
group (cases)  group (controls)

Patient (n) 12 12

Age (year), meanzs.e.m. (range) 32+3 (20-51) 3243 (21-51)

Time to follow-up (day), mean+s.e.m. 316+55 302+27

BMI (kg m2), mean+s.e.m. 27.2+6.0 27.2+7.8

Weekly testosterone dose (mg), median (IQR) 75 (50-75) 75 (50-81.25)

All P values were nonsignificant and >0.4 (oophorectomy group vs nonoophorectomy
group). BMI: body mass index; IQR: interquartile range; s.e.m.: standard error of the mean
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Figure 1: Flow diagram of study overview with inclusion and exclusion
criteria. Twelve patients met the inclusion criteria and were matched to
transmasculine and gender-diverse control subjects (assigned female at birth)
who remained on testosterone therapy but did not undergo oophorectomy
during the study period. The most common reason for exclusion included no
preoophorectomy serum laboratory measurements available in the patient’s
chart. EMR: electronic medical record; GAS: gender-affirming surgery.

The age (mean * s.e.m.) of the 12 control subjects was also
32 + 3 years. The time on T therapy (mean + s.e.m.) for control
subjects was 707 £ 17 days. The time (mean * s.e.m.) between the
baseline and follow-up for case and control subjects was similar
(316 + 55 days vs 302 + 27 days, P = 0.86; Table 1).

While the baseline serum E, levels (mean # s.e.m.) between cases
and controls did not differ (239.3 + 49.0 pmol ! vs 234.9 + 53.3 pmol 1™,
P=0.54), the difference in serum E, level (mean +s.e.m.) between the case
and control subjects at follow-up was significant (133.6 + 17.5 pmol 1™ vs
290.1 + 68.4 pmol I, P = 0.03; Figure 3a). There was no significant
difference between baseline and follow-up serum E, levels for control
subjects (P = 0.34; Figure 3a). Serum total T levels were similar at
baseline and follow-up measurements between case and control
subjects (P = 0.50 at baseline, and P = 0.89 at follow-up; Figure 3b).

DISCUSSION

Our study suggests that serum E, levels in TM patients decrease
postoophorectomy, when compared to levels of this hormone
preoophorectomy. No significant change in E, was seen in the matched
controls who did not undergo oophorectomy. Our results demonstrate
that oophorectomy can attenuate serum E, levels below what is achieved
by high-dose exogenous T alone. However, our analysis revealed that
oophorectomy was not associated with changes in serum total T levels,
when exogenous T dosage was kept constant.

A greater understanding is needed for the risks and benefits of
TM patients retaining versus removing their ovaries as part of their
gender-affirming journey. Most patients on testosterone therapy at
our center retain their internal reproductive organs or decide later
to undergo TH/BS with or without oophorectomy as part of lower
reconstructive surgeries. Their options might be limited for ovarian
retention, as this reflects a dated clinical practice focused on a
homogeneous surgical pathway for transgender and gender-diverse
patients. Increasingly though, there has been both diversification of
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Figure 2: (a) Serum estradiol and (b) serum total testosterone levels of
subjects who underwent oophorectomy. Investigations were performed at
baseline and at a postoophorectomy follow-up visit within the first 2 years
(n=12). Serum estradiol level was significantly decreased at the follow-up
period postoophorectomy. Subjects were maintained on the same injectable
testosterone dose pre- and postoophorectomy. *P < 0.05. Data are presented
as mean + standard error of the mean. NS: not significant.

treatment options and a move to encourage patient engagement in
decisions about their treatment. TM satisfaction with their treatment
depends on the patients being effectively counseled on the hormonal
outcomes they may experience from ovarian retention versus removal.

Few publications have evaluated serum E, and serum total T
levels in TM individuals who have undergone TH/BSO.*”'* Only one
previous study evaluated serum E, in TM individuals with or without
TH/BSO, who had initiated T therapy.” The authors reported that there
was an observed difference in serum E, levels during the 1* year of T
therapy, but this normalized to the levels of those without TH/BSO
within 18 months. T dosing, however, may have been adjusted over
this time period making it difficult to compare those results to ours.
Furthermore, our study included individuals who were maintained
on T for a longer duration before TH/BSO and were followed up for
2 years postoophorectomy at the same T dosage. Our results did not
demonstrate a normalizing trend in E, after TH/BSO.

The optimal range for E,in TM individuals is unknown.
Currently, the Endocrine Society treatment guidelines do not include
recommendations for serum E, concentration in TM individuals.!
The serum E, level of cisgender females after surgical menopause can
fall as low as 36.7 pmol I'! (10 pg ml™") and are similar to the levels
observed in individuals after normal menopause.”” Target serum E,
levels for cisgender females on oral estradiol replacement therapy
have been reported in the literature to range from 110 pmol 1™ to
404 pmol I (30 pg ml™ to 110 pg ml™!) on a standard daily dose.”
Moreover, the typical laboratory reference range for serum E, in
cisgender eugonadal males is 36.7-147 pmol I (10-40 pg ml™").?! In our
study, the mean serum E, level postoophorectomy was 133.6 pmol I!
(range: 40-231 pmol I"!). The clinical implication of the reduction in
serum E, postoophorectomy warrants further research. It is interesting
to note, however, that our patients’ postoophorectomy serum E, level
was substantially higher than what has been reported for cisgender
females with surgical or natural menopause and consistent with targets
for cisgender females on exogenous E, supplements.

BMD is supported by the action of sex hormones, either directly
by T or by E, derived from T via aromatization."'* There is conflicting
evidence published over the last few decades, though, regarding BMD
after TH/BSO in the TM population, where density has been reported
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Figure 3: (a) Serum estradiol levels and (b) serum total testosterone levels
investigated at baseline and follow-up visit for control (white bars) and
case (gray bars) subjects (n=12 for each group). Control subjects did not
undergo oophorectomy and were maintained on the same testosterone dose.
Serum estradiol level was significantly decreased at the follow-up period
postoophorectomy compared to transmasculine individuals who did not
undergo oophorectomy ("P = 0.03). No significant difference was found
between testosterone levels at baseline or follow-up. P < 0.05. Data are
presented as mean + standard error of the mean. NS: not significant.

to either decrease, increase, or remain the same.'>'>*»>* Regrettably,
our patients did not undergo BMD scans pre- or postoophorectomy.
Such data would have supported a clinical outcome for bone health
and its correlation to sex hormone levels in TM individuals undergoing
TH/BSO versus ovarian retention.

There is a common belief that oophorectomy may allow for
decreased exogenous testosterone dosing in TM individuals wishing
to establish T levels within the cisgender male reference range from
8.4 nmol I"! to 28.8 nmol 1. In our cohort, 17 out of 23 individuals
who underwent oophorectomy maintained their presurgical T dosage
(Figure 1). Only 6 patients changed their T dosing regimens: 4
decreased and 2 increased it. Similar to our result, Rachlin ef al.** found
that 44% (50 out of 114) of respondents in their survey maintained their
presurgery T dose postoophorectomy, and 23% increased their dosage.
Individuals in that study who decreased their dose (25%) cited concerns
about increased scalp hair loss, unstable mood, significantly altered
lipid profile, and possible medication-induced liver damage.?* Others
reported just following a health-care provider’s reccommendation. Our
results did not support a consistent decrease in testosterone dosing
postoophorectomy and there is little evidence that most individuals
make such a change postsurgically.

While most of our case subjects showed a decreasing trend in their
E, levels at follow-up, three individuals had a slightly higher serum
E, levels when compared to baseline. In these three subjects, their
serum total T measurements were also higher, when compared to their
baseline measurements. While these individuals’ prescribed T dose
did not change, there could be inherent variability in the data due to
variation in patients’ self-administration of T and precisely when they
had their blood drawn. Individuals who had their blood drawn either
too early or past their midcycle point may have artifactually elevated
or reduced total T levels, respectively.

Limitations

Limitations of this study include the retrospective study design,
which restricted our ability to capture laboratory measurements
for all potential candidates and to include additional investigations.
Moreover, the study had a small-sized cohort as many patients did not
have follow-up bloodwork available. The small sample size substantially
limited the power for statistical testing. While few statistical
comparisons were made, the type I error rate was not corrected, and
significance was reported with a = 0.05. Future research with a larger
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sample size that is sufficiently powered would support the use of
Bonferroni corrections for multiple statistical tests.

The study design did not attempt to capture other serum hormone
markers, such as sex hormone-binding globulin (SHBG) and free
T, which are not normally assessed in routine bloodwork. Data on
luteinizing hormone, follicle-stimulating hormone, SHBG, and free T
were not uniformly available. Such data may have helped reveal factors
in the regulation of E, and T levels in the study population.

No patients had Dual-energy X-ray absorptiometry (DEXA) scans
to evaluate changes of BMD. Moreover, we did not have data for our
cohort on levels of smoking and alcohol use, which may affect the
metabolism of E,.**

Our data had heterogeneity due to variability in when patients
had their blood drawn after self-injection, and in processing those
blood samples. Preprinted requisition forms were not used in the
clinic; rather, tests were manually selected or entered. Three subjects’
laboratory panel did not include serum E, and thus no data were
reported for these cases. Add-on tests were not available in certain
instances. Sample collection sites included in-hospital and commercial
labs, which used varying assays to determine serum hormone levels,
limiting data precision.

We recognized how medical records can be incomplete or lacking
with respect to endocrinological management for the trans population.
More baseline and long-term endocrinological data should be collected
on trans and gender-diverse individuals, so that future studies are
not hampered by the lack of data, potentially relevant to the patients’
long-term health.

CONCLUSIONS

Serum E, levels decrease postoophorectomy when compared to
preoophorectomy levels for patients maintained at the same T dose.
This decrease in E, level was statistically significant in our study
when compared to individuals who did not undergo oophorectomy
over a similar follow-up time. Despite the decrease, serum E,
concentration remained much higher than what would be expected
for a postmenopausal cisgender female and consistent with targets for
serum E, with exogenous supplementation in this population. Only
a small minority of individuals were found to adjust their T dosing
following oophorectomy. More research is warranted on serum E, in
the TM population to determine the implications of oophorectomy
on how gender-affirming surgery may impact TM endocrinological
and overall health.
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