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ABSTRACT
Context: As the number of transgender (trans) people (including those who are binary and/or non-

asked to assist with interpretation of laboratory tests. Many common laboratory tests such as
hemoglobin, iron studies, cardiac troponin and creatinine are affected by sex steroids or body size. We
seek to provide a summary of the impact of feminizing and masculinizing hormone therapy on
common laboratory tests and an approach to interpretation.
Cases: Case scenarios discussed include 1) hemoglobin and hematocrit in a non-binary person
undergoing masculinizing hormone therapy; 2) estimation of glomerular filtration rate in a trans
woman at risk of contrast-induced nephropathy; 3) prostate-specific antigen (PSA) in a trans woman;
and 4) chest pain in a trans man with a cardiac troponin concentration in-between the reported male
and female reference ranges.
Conclusions: The influence of exogenous gender-affirming hormone therapy on fat and muscle
distribution and other physiological changes determines interpretation of laboratory tests which have
sex- pecific difference . In addi ion o affirma i e prac ice o en re a pa ien

name, gender and

pronoun are used appropriately, we propose that once individuals have commenced gender-affirming
hormone therapy, the reference range of the affirmed gender be reported (and specified by treating
clinicians) except for PSA or cardiac troponin which is dependent on organ size. Whilst suggestions
may be challenging to implement, they also represent an opportunity to lead best practice to improve
the quality of care and experiences of healthcare for all trans people.
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binary identified) seeking gender-affirming hormone therapy rises, endocrinologists are increasingly

Introduction
As the number of transgender (trans) people (including those who are binary and/or non-binary

increasingly asked to assist with interpretation of laboratory test results. Many common laboratory
tests such as hemoglobin, iron studies, cardiac troponin and creatinine are affected by sex steroids or
body size determined during pubertal growth and as such, have specific reference ranges (2). The
difference between sex-specific reference ranges for these analytes are most marked during puberty,
as the pubertal spikes of testosterone occur later in those presumed male at birth (3). We seek to
provide a summary of the impact of feminizing and masculinizing hormone therapy on common
clinical laboratory tests and an approach to interpretation.

Trans people are individuals whose gender is different to that presumed for them at birth and includes
people with a binary and/or non-binary gender identity. Estimates worldwide suggest that between 0.6
1.2% of the general population are trans or gender diverse (4,5). Due to often intense feelings of
incongruence between ones gender and body (termed dysphoria), many trans individuals undergo
gender-affirming hormone therapy to align their physical characteristics with their gender to improve
psychological, social and cultural functioning (6). Masculinizing hormone therapy is typically
testosterone alone, which induces significant gains in muscle mass, decrease in fat mass and fat
redistribution as well as deepening of the voice, facial and body hair growth (7,8). Feminizing
hormone therapy is usually estradiol and an anti-androgen such as spironolactone or cyproterone
acetate which will induce body fat redistribution to a more gynoid pattern with increases in fat mass,
decreases in muscle mass as well as skin softening, decrease in libido and breast growth (7,9). Target
sex steroid reference ranges on gender-affirming hormone therapy are generally the normal reference
range of an indi id al affirmed gender, ra her han he gender pre med for hem a bir h (10-12).
Notably, people with non-binary gender identities who seek medical affirmation, may undergo partial
masculinization with low-dose testosterone therapy to target sex steroid reference ranges that may be
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identified) seeking gender-affirming hormone therapy rises in society (1), endocrinologists are
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some may desire a slower rate of physical change and hence use low-dose or micro-dose genderaffirming hormone therapy(13). While many trans people will seek to update their legal name and

pronoun, gender marker or name, even if still listed on identity documents, can cause intense distress
and lead to, or exacerbate dysphoria for an individual (15). Due to current limitations of electronic
medical records, labora
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identity, interactions with laboratory services and healthcare providers can often magnify severe
distress and affect the mental health of an individual. This may result in the indi id al

el c a ce

return to care.

Whilst there are publications describing the effects of feminizing or masculinizing hormone therapy
on gender-specific laboratory tests, there is a lack of long-term outcome data on the safety of using a
particular reference range. As such, we base most of this discussion on physiological principles.
Furthermore, it is unclear if; 1) the reference ranges are a direct switch to the affirmed gender identity
for analytes which are immediately affected by sex hormones (e.g. growth hormone); 2) whether
analytes which are determined during pubertal growth but are not affected by sex hormones in later
life (e.g. troponin which reflects cardiac size) should continue with the reference range of the gender
presumed at birth or; 3) whether trans-specific reference ranges are required for a period after genderaffirming hormones are commenced to monitor analytes which are gradually affected by sex
hormones (e.g. creatinine which reflects muscle mass). The pivotal question is how we can have a
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resultant body composition changes that increase or decrease at different velocities and magnitudes.

Sex steroid concentrations
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gender marker to align with their identity, costs to do so are prohibitive for many (14). Using a former

Whilst guidelines recommend targeting sex steroid reference ranges of the affirmed gender for people
seeking full masculinization or feminization, this is based predominantly upon expert opinion and in
some instances, there is debate whether measurement of sex steroids are indeed clinically useful at all.

hormone therapy, with some clinicians adjusting therapy to estradiol concentrations whereas others
adjust therapy based on clinical response (10-12). No studies have evaluated the optimal estradiol
concentration for feminization in people presumed male at birth. In clinical practice, several clinical
cohorts of trans individuals in Europe, USA and Australia have reported the sex steroid concentrations
achieved in specialised gender clinics. These studies report that individuals undergoing feminizing
hormone therapy for at least 6 months typically achieve estradiol concentrations in the range of 211
400 pmol/L (57

109 pg/mL) with testosterone concentrations of 2

4 nmol/L (0.57

1.15

ng/mL)(7,16-19). These changes in sex steroid concentrations induce some shifts from lean mass to
fat mass which impacts upon laboratory tests such as creatinine (20).

For trans people presumed female at birth using masculinizing hormone therapy, testosterone
concentrations rise from the female reference range of < 2 nmol/L (<0.57 ng/mL) up to the male
reference range of 10

35 nmol/L (2.88

10.09 ng/mL) (7,18,21). It has been noted that despite

masculinizing hormone therapy increasing testosterone concentrations, serum estradiol concentrations
do not fall dramatically. A retrospective chart review in a US gender affirmation clinic, found that
mean estradiol only decreased by 26 pmol/L, from 217 to 191 pmol/L (59 to 52 pg/mL) after 6
months on masculinizing hormone therapy (16). Consistent with this, a European cohort observed that
after commencing testosterone therapy, serum estradiol concentrations in trans men decreased by
approximately 50 to 60 pmol/L (13.6 to 17.1 pg/mL) from baseline (18,22). In the setting of high
testosterone concentrations, the estradiol concentration per se does not affect masculinization, with
significant gains in muscle mass and strength of approximately 10% and loss of fat mass (8). In
addition to muscle mass gains, high testosterone concentrations also significantly impact upon
hematopoiesis and interpretation of hematology laboratory tests.
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One example of this is measurement of serum estradiol concentrations in those on feminizing

Case 1

masculinizing hormone therapy with transdermal testosterone gel. You receive a referral from their
primary care physician concerned about polycythemia. Their hemoglobin is 168 g/L with hematocrit
0.49 which has been flagged in the laboratory report as high (reported with female reference range of
115

155g/L and 0.33-0.45 compared to the male reference interval of 120 -170g/L and 0.36 0.50).

Hematology
Androgens are known to stimulate erythropoiesis whilst the impact of estrogens are not as well
understood. In trans people who have been on established and full-dose feminizing hormone therapy
(estradiol and anti-androgen) for at least 6 months, there is a significant decrease in hemoglobin,
hematocrit and red blood cell count to the female reference range (16,23-25). Conversely after 6
months of masculinizing testosterone therapy, trans people demonstrate an increase in hemoglobin,
hematocrit and red blood cell count to the male reference range (16,20,23,26). Serum hematocrit in
the range of the affirmed gender is evident from 3 months after commencing gender-affirming
hormone therapy (27). Of note, there are association studies suggesting higher hematocrit is
associated with a higher risk of cardiovascular disease (28,29). This is probably a consideration for
people using masculinizing hormone therapy more so than those using feminizing hormone therapy.
As smoking may additionally increase hematocrit, smoking cessation should be emphasised in those
with elevated hematocrit. Whilst the long-term cardiovascular implications of using a different
reference range for hemoglobin or hematocrit are unclear in general, reference ranges of the affirmed
gender should be used. Female reference ranges should be used for someone taking gender-affirming
feminizing hormone therapy and male reference ranges should be used for people using masculinizing
hormone therapy.
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A 28-year-old non-binary individual presumed female at birth has recently commenced full

In trans women, there is a small statistically significant but clinically insignificant rise in platelet
12

months of feminizing hormone treatment (16,19) while white blood cells do not change significantly.
No apparent changes are observed in either platelet count or white blood cells with masculinizing
hormone therapy(16,19).

Case 1 outlines a non-binary individual presumed female at birth receiving full-dose masculinizing
hormone therapy. In this case, the male reference range for hemoglobin and hematocrit would be
most appropriate and this should be shared with the non-binary individual so they are aware and can
expect to be misgendered when reviewing their own results. As such, their hemoglobin of 168 g/L and
hematocrit of 0.49 would fall within the expected reference range and no change in management
needs to occur.

Iron studies
Reference ranges for serum ferritin, a common indicator of body iron status, vary depending on age
and sex (30). Ferritin reference ranges are typically lowest in premenopausal people presumed female
at birth, followed by postmenopausal people and are highest in people presumed male at birth, with
lower limits of the female reference range approximately 10 to 20 ug/L below that of the male
reference range (30 ug/L) (31). This may be partially attributed to increased iron utilisation in
menstruating individuals resulting in lower ferritin, as well as a multitude of factors which have been
shown to impact upon adult serum ferritin levels including age, body mass index, waist to hip ratio,
and liver function (30,32). Animal studies suggest that iron is distributed differently in males and
females associated with differences in hepatic hepcidin expression rather than sex steroid
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count (which remains within the normal reference range) shown in several cohort studies after 6

concentrations (33,34). No studies have evaluated if ferritin or other iron indicators change with
gender-affirming hormone therapy.
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context of red cell indices such as mean corpuscular volume (MCV) and mean corpuscular
hemoglobin concentration (MCHC) to guide management rather than on the use of gender-affirming
hormone therapy. If the trans individual is menstruating or pregnant, it would be most practical to use
the premenopausal female reference range for interpretation of iron studies.

For evaluation of possible iron overload, in situations of borderline results which fall in between the
female and male reference ranges, relying on the absolute ferritin level or transferrin saturation will be
difficult. It is pertinent to assess for concurrent inflammatory disease, liver disease or iron overload
states such as hemochromatosis which may further guide clinical management.

Case 2
A cardiologist calls as they are planning a coronary angiogram for a 68-year-old trans woman and
are concerned because the estimated glomerular filtration rate (eGFR) is unknown. They are
uncertain how to risk stratify her for potential contrast-induced nephropathy. She has a history of
longstanding hypertension and hypercholesterolaemia, vaginoplasty and has been on various
formulations of estradiol therapy for over 20 years. On review of her investigations, her serum
creatinine is 109 umol/L (1.23 mg/dL) but her eGFR has not been reported for the last 18 months.
Laboratory providers cannot report eGFR if a male or female marker is not provided on the request
form, as this is required along with age to estimate eGFR. Using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula, if classified as female, the eGFR would be 45
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From a practical perspective, the main reason to evaluate for iron deficiency is anemia. In individuals

mL/min/1.73m2 classed as Stage 3 Chronic Kidney Disease and would meet the guidelines for
intravenous hydration prior to procedure. However, if classified male, the patient would have an
eGFR of 60 mL/min/1.73m2 which would be classed as Stage 2 Chronic Kidney Disease and would

Renal function
Accurately assessing renal function is essential for not only assessment of renal diseases, but also
clinical situations which may potentially affect renal function (such as diabetes or radioiodine contrast
administration) as well as considerations for medication dosing of renally cleared drugs. The most
commonly used marker of renal function in clinical pathology laboratories is eGFR which is
calculated based upon an individual s serum creatinine level, age, se (35). Typically, people
presumed male at birth have a higher eGFR than people presumed female at birth at the same level of
serum creatinine because the formula assumes a higher muscle mass in men contributing to the serum
creatinine independent of renal function. The difference between these groups (given the same age
and weight) is more marked at higher levels (with a difference of approximately 30 when eGFR > 90
mL/min/1.73m2), becoming much more similar as eGFR declines (difference of approximately 4
when eGFR < 30 mL/min/1.73m2). In clinical situations where accurate assessment of renal function
is necessary such as in the transplant setting, it may be more appropriate to use 24 hour urine
creatinine clearance, urinary inulin clearance (36) or serum cystatin c which are less affected by sex
and not affected by muscle mass in contrast to serum creatinine (37). Inulin clearance and cystatin c
are more expensive and less readily available. Creatinine clearance can be calculated on paired 24hour urine and serum creatinine concentration and is independent of muscle mass and sex steroids.
This can provide a baseline estimation for renal function and cumulative serum creatinine results can
then be used to monitor decline in renal function with aging.
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not require pre-hydration. Which is the most appropriate eGFR to use?

From a practical perspective, laboratory reports will need to make an assessment on how to report the
eGFR for trans individuals. For individuals receiving masculinizing or feminizing hormone therapy,
changes in body composition appear to be maximal in the early period after commencement, evident

with testosterone, given higher muscle mass and lower fat mass compared to females, the male CKDEpidemiology Collaboration (CKD-EPI) formula would be more appropriate. Conversely if a person
has been on feminizing hormone therapy which typically induces gain in fat and decrease in muscle
mass from 3 months of use, then the female equations should be used. It would be a challenging task
e ec
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igh eGFR gi e limi ed acce s to clinical

information.

We recommend that the treating clinician specify the sex-specific reference interval desired for
reporting on the laboratory request (i.e. female for a trans person using feminizing hormone therapy).
Using current laboratory information systems, the gender marker can be used as a field to specify the
reference range desired for reporting. Whilst the binary female or male gender may not necessarily
eflec he i di id al ge de , hi

ill all

f
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the trans patient informed so they can prepare to be misgendered. For laboratory providers, if the
gender marker is unknown, then treating clinicians should be contacted to specify the sex-specific
reference interval desired.

For the trans woman described in Case 2 who was on long-standing feminizing hormone therapy with
female body composition, the female reference range for renal function would be most appropriate
triggering appropriate renoprotection prior to administration of radioiodine contrast for her
angiogram. From a harm reduction approach, given the absence of data in the field, if either the male
or female calculated eGFR suggests renoprotective strategies, then this can be implemented. A 24hour urine creatinine clearance can also be performed to more accurately assess renal function.
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within the first 3 months of treatment (38,39). For those receiving masculinizing hormone therapy

Case 3

performed as part of a routine health check. She was taking transdermal estradiol 100mcg/24hr
patches twice weekly and cyproterone acetate 12.5mg daily. Her total testosterone was 1.5 nmol/L (43
ng/dl) and PSA was 2 ng/mL. She had mild lower urinary tract symptoms with reduced urinary flow
over a number of years but had no family history of prostate cancer. How should she be managed?

Prostate-Specific Antigen
There are no studies examining the effect of feminizing hormone therapy on prostate-specific antigen
(PSA). It is known that androgen deprivation as part of feminizing hormone therapy is associated with
a substantially lower risk for prostate cancer than the general male population(40). All published case
reports of prostate cancer in trans people using feminizing hormone therapy have had histology
showing high risk adenocarcinoma with PSA concentrations at diagnosis ranging from 5 to 1722
ng/mL (ng/mL equivalent to ug/L) (40,41). Physiologically, in the setting of androgen deprivation in
people with a prostate gland, it would be expected that PSA should be lower than the age-specific
reference interval. There is insufficient data to recommend a specific cut-off for trans people using
feminizing hormone therapy. Individualized decisions based upon clinical history and examination
should inform need for serial monitoring for PSA velocity or imaging.

Case 3 had a digital rectal examination which showed a smooth but mildly enlarged prostate gland.
She had an ultrasound of her prostate which showed a mildly enlarged prostate volume of 35 mL (35
cc). Repeat PSA monitoring revealed progressive lowering of her PSA concentration with ongoing
feminizing hormone therapy and an improvement in her urinary flow.
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A 70-year-old trans woman who had been on feminizing hormone therapy for 6 months had a PSA

Case 4

emergency department with central chest pain. His high-sensitivity cardiac troponin was 24 ng/L
(female reference range <16 ng/L, male reference range <26 ng/L). How should he be managed?

High sensitivity cardiac troponin
Cardiac troponin is released from damaged cardiomyocytes and is one of the most common
biomarkers used in the prediction of myocardial infarction. There is considerable debate regarding the
use of sex-specific reference ranges for high sensitivity cardiac troponin (hs-cTn) as there is
uncertainty whether the use of sex-specific reference limits impact upon clinical management or
outcome prediction (42). However, as upper reference limits based on sex-specific 99th percentiles for
hs-cTn are subtly higher for people recorded as males than those recorded females in population
studies (43), use of sex-specific cut-offs for hs-cTn assays have been endorsed by the International
Federation of Clinical Chemistry and Laboratory Medicine (44). The difference has been attributed to
people presumed male at birth having a larger cardiac mass as well as subclinical coronary artery
disease (45). No studies have been performed to examine cardiac mass changes that may occur with
masculinizing hormone therapy in people presumed female at birth. There are however data in
polycystic ovary syndrome (PCOS) in which high testosterone concentrations are a clinical feature
(albeit far lower than testosterone concentrations seen in transgender men). PCOS has been associated
with higher left ventricular mass index and larger left atrial diameter over 5 years of follow-up even
after adjustment for blood pressure, body mass index, glucose and lipids (46). Large population-based
studies have also shown that left ventricular mass correlates with body weight, lean body mass and fat
mass (47). There is currently insufficient data to draw an inference regarding the appropriate reference
range in people using gender-affirming hormone therapy, and emphasis must be placed on clinical
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A 49-year-old trans man who had been on testosterone therapy for 10 years presented to the

history, electrocardiogram (ECG) changes and serial trajectory of hs-cTn levels if the hs-cTn falls in
between the male and female-specific reference ranges.

male body composition, there is insufficient data to suggest that cardiac remodelling or change in
cardiac size occurs with high (or low) testosterone concentrations. Despite the risk of being
oversensitive, in order to minimise the risk of missing an acute coronary event, we suggest that the
reference range of the sex presumed at birth (female) should be used to interpret hs-cTn, provided the
patient is informed of this rationale in addition to monitoring with serial troponin to ensure there is
no rise. Case 3 s subsequent hs-cTn was elevated above the male reference range and his ECG
revealed anterior ST-segment depression consistent with acute coronary syndrome.

Recommendations
Given that changes in sex steroid concentrations, body composition and common laboratory values
begin to occur within 3 months of gender-affirming hormone therapy, we recommend that once an
individual has commenced gender-affirming hormone herap , he reference range of he indi id al
affirmed gender (either female or male

see below for non-binary recommendations) should be used

for tests with sex-specific reference ranges except for tests dependent on organ size for which the
reference range for the sex presumed at birth should be used (cardiac troponin, PSA). An overview of
recommended reference ranges for common laboratory tests is provided in the Table. Individualized
interpretation and decision-making will still need to occur, particularly for individuals early in the
course of gender-affirming therapy and for individuals on low-doses of gender-affirming hormones,
non-standard regimens or concurrent medical conditions.
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Despite the fact that Case 3 had been on established testosterone therapy for 10 years with resultant

In the absence of non-binary reference ranges, for people who may be using low dose masculinizing
hormone therapy as part of non-binary gender affirmation, the appropriate reference range is typically
somewhere between the male and female reference ranges. This poses challenges for reporting, and

affirming hormones, for someone using masculinizing hormones, the male reference range be used,
and for someone using feminizing hormones, the female reference range be used, except for
laboratory tests dependent on organ size such as cardiac troponin. We acknowledge that there is no
one si e fi s all and in erpre a ion ideall sho ld be indi id alised b

he rea ing clinician based on

the clinical information. Similarly, in the early period after newly commencing gender-affirming
hormones, the optimal range should be individualised as the serum sex steroid concentrations of the
affirmed gender gradually increase to their target concentrations.

Treating clinicians should clearly specify on the laboratory request whether the female or male
reference range should be reported. This may be easily satisfied within current constraints of
laboratory information systems by specifying the corresponding gender marker for the patient on the
laboratory request. In instances where the gender marker is unknown or not specified, clinicians
should be contacted to obtain the desired reference interval to be reported (i.e. the female reference
range for someone on feminizing hormone therapy). Laboratories should always report a reference
range to ensure that critical result notifications are triggered and appropriately actioned. Dual
reporting of both male and female reference ranges is another potential option, however current
laboratory information system barriers exist. Dual reporting and identifying a person as trans in the
gender marker field has the potential to lead to confusion and potentially open the opportunity for
discrimination which is feared by many trans people.

The challenge for medical record systems and laboratory information systems will be ensuring that
affirming practices are in place to provide quality care for trans people. Whilst our recommendations
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from a practical perspective, we recommend that similar to people using standard doses of gender-

propose a simplified approach for laboratories, this may pose challenges when more than one test and
reference range is desired in an episode (such as renal function and cardiac troponin). Ideally, system
fields that encompass legal name, preferred name, presumed gender at birth, actual gender and

should be incorporated. Signage or posters indicating to patients the need to obtain sensitive
information such as presumed gender at birth (which may induce dysphoria for some but is of clinical
importance for tests such as cardiac troponin), may help convey a safe, affirming space for trans
people.

Conclusions
There is increasing visibility of trans individuals globally and it is likely that endocrinologists will be
asked to interpret common laboratory results for people receiving gender-affirming hormone therapy.
We propose that once individuals have commenced gender-affirming hormone therapy, that the
reference range of the affirmed gender be reported other than for PSA and cardiac troponin which is
dependent upon organ size. The influence of exogenous gender-affirming hormone therapy on fat and
muscle distribution and other physiological changes determines the interpretation of most laboratory
tests which have sex-specific differences. This vital piece of clinical information should be provided
by clinicians to laboratory staff and the desired reference range can be reflected in current laboratory
information systems by using the corresponding gender marker on the laboratory request. As the
bina

male o female ma ke ma no al a

eflec a an pe on gende , comm nica ion o

explain the limitations are essential. Whilst these suggestions may be challenging to implement, they
also represent an opportunity to lead best practice to improve the quality of care and experiences of
health and healthcare for all trans people.
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pronoun which is particularly relevant for treating clinicians and laboratory test collection staff,
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Table. Recommendations for laboratory tests with sex-specific reference ranges in trans people
using gender-affirming hormone therapy

Estradiol
Total
Testosterone
Creatinine
Estimated GFR
Hemoglobin
Hematocrit
Iron studies

Electrolytes

Liver Function

Lipid Profile

Prostate Specific
Antigen (PSA)

High Sensitivity
Cardiac
Troponin

Recommended Reference
Range for Interpretation
Affirmed
Presumed
Gender
Sex at Birth

Comments

Alternatively perform a 24 hour urine
creatinine clearance
Insufficient data. Premenopausal female
reference range should be used for
menstruating or pregnant individuals
regardless of gender.
No sex-specific reference ranges. Minor
changes in sodium observed in small
retrospective uncontrolled studies;
sodium reduced with feminizing hormone
therapy and increased with masculinizing
hormone therapy.
No sex-specific reference ranges. There is
no clear evidence to suggest clinically
significant changes occur with genderaffirming hormone therapy
(16,19,23,25,48).
No sex-specific reference ranges.
Masculinizing hormone therapy
associated with decreases in HDL-c
(19,20,23,24,49,50). Feminizing hormone
therapy associated with inconsistent lipid
effects (19,23-25,51). If raised
triglycerides observed, consider use of
transdermal rather than oral estradiol
formulations(52).
Valid only for people with a prostate. The
prostate remains insitu even after
orchiectomy, vaginoplasty or labioplasty
surgery. PSA is expected to be low in the
setting of low testosterone concentrations.
Cardiac troponin is based upon organ size
which is not expected to change with
gender-affirming hormone therapy.
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Test

Note that consideration should be made as to the duration and dose of feminizing or masculinizing
hormone therapy used in interpretation of laboratory tests.
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Insulin resistance in transgender individuals
correlates with android fat mass
Ingrid Bretherton, Cassandra Spanos, Shalem Y. Leemaqz, Gehan Premaratne,
Mathis Grossmann, Jeffrey D. Zajac and Ada S. Cheung

Abstract
Background: Transgender individuals receiving gender-affirming hormone therapy (GAHT) are
at increased risk of adverse cardiovascular outcomes. This may be related to effects on body
composition and insulin resistance.
Aims: To examine relationships between body fat distribution and insulin resistance in
transgender individuals on established GAHT.
Methods: Comparisons of body composition (dual energy X-ray absorptiometry) and insulin
resistance [Homeostasis Model of Insulin Resistance (HOMA2-IR)] were made between
transgender individuals (43 trans men and 41 trans women) on established GAHT (>12 months)
and age-matched cisgender controls (30 males and 48 females). Multiple linear regressions
were used to examine the relationship between HOMA2-IR and fat mass with gender, adjusting
for age and total duration of GAHT and Pearson correlation coefficients are reported.
Results: Compared with control cisgender women, trans men had mean difference of +7.8 kg
(4.0, 11.5), p < 0.001 in lean mass and higher android:gynoid fat ratio [0.2 (0.1, 0.3), p < 0.001],
but no difference in overall fat mass or insulin resistance. Compared with control cisgender
men, trans women had median difference in lean mass of −6.9 kg (–10.6, –3.1), p < 0.001, fat
mass of +9.8 kg (3.9, 14.5), p = 0.001, lower android:gynoid fat ratio −0.1 (–0.2,–0.0), p < 0.05),
and higher insulin resistance 1.6 (1.3–1.9), p < 0.001). Higher HOMA2-IR correlated with higher
android (r2 = 0.712, p < 0.001) and gynoid (r2 = 0.572, p < 0.001) fat mass in both trans men and
trans women.
Conclusion: Android fat more strongly correlates with insulin resistance than gynoid fat
in transgender individuals. Higher fat mass and insulin resistance in trans women may
predispose to increased cardiovascular risk. Despite adverse fat distribution, insulin
resistance was not higher in trans men.
Keywords: body composition, gender dysphoria, gender identity, insulin resistance,
transgender persons, transsexualism
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Introduction
Background
It is estimated that 0.6–1.2% of the population
identify as transgender (or trans)1,2 and the number of individuals presenting to medical services
for assistance with gender transition is rapidly rising.3,4 Transgender individuals experience incongruence between the sex assigned to them at birth

and their deeply held sense of gender identity.
Gender-affirming hormone therapy (GAHT) is
used by many transgender individuals to align
physical characteristics with their gender identity.
Masculinising hormone therapy with testosterone
for trans men and feminising hormone therapy
with oestradiol and anti-androgen agents for trans
women are both associated with improvements in
psychological outcomes and quality of life.5
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GAHT is usually continued lifelong; however, little is known about the long-term effects. Two large
cohort studies suggest higher rates of cardiovascular events in transgender individuals on hormone
therapy compared with cisgender individuals.
Trans men on testosterone had higher rates of
myocardial infarction compared with cisgender
women, and trans women on oestrogen had an
increased risk of ischaemic stroke and venous
thromboembolism when compared with both cisgender men and cisgender women.6,7
Regional fat distribution, in particular central adiposity, is an important contributor to cardiovascular risk and is heavily influenced by sex steroids.8
A recent systematic review confirmed that feminising hormone therapy is consistently associated
with increases in fat mass and decreases in lean
mass, while trans men experience decreases in fat
mass and increases in lean mass with masculinising hormone therapy.9 In cisgender populations
central abdominal fat, also referred to as android
fat, is associated with high cardiovascular risk and
one of its measures, the waist:hip ratio, is more
strongly correlated with cardiovascular outcomes
than is body mass index (BMI).10 Trans men, but
not trans women, have an increase in waist:hip
ratio 12 months after commencing hormone therapy,9 suggesting higher cardiovascular risk.
Additionally, the route of administration of hormone therapy may influence fat mass. In postmenopausal women, oral conjugated equine
oestrogen is associated with higher body fat and
loss of lean tissue when compared with transdermal oestradiol, thought to be mediated via insulin-like growth factor 1 (IGF-1) production.11–13
Insulin resistance is also an important contributor
to cardiovascular risk. Both oestrogen and testosterone are capable of altering insulin sensitivity
via a direct effect on liver, muscle and endothelial
tissues, as well indirect effects via changes in body
fat distribution.14–18 Although central to the
pathogenesis of type 2 diabetes mellitus, insulin
resistance also independently predicts a variety of
poor outcomes in otherwise well non-diabetic
individuals including hypertension, obesity and
dyslipidaemia, as well as cardiovascular and allcause mortality.19–22
Regional fat distribution and insulin resistance in
cisgender individuals are well correlated. Adipose
tissue, particularly central adiposity, has been
shown to induce insulin resistance through release
2

of multiple mediators including free fatty acids,
steroid hormones and proinflammatory cytokines.18
Given the significant body composition changes
known to occur in transgender individuals with
gain in fat mass and loss of lean mass with feminising hormone therapy and the reverse seen with
masculinising hormone therapy,9 determining
whether a correlation exists between regional fat
mass and insulin sensitivity is important, yet not
previously described. Understanding this link will
provide insights into whether GAHT affects insulin resistance predominantly through direct versus
indirect (via changes in body composition) mechanisms, and guide clinicians in providing more
accurate preventative strategies.
We aimed to further investigate the effect of
GAHT on insulin resistance and body composition as surrogate markers of cardiovascular risk.
We hypothesised that, first, trans men on testosterone therapy would have higher lean mass, lower
fat mass and greater android:gynoid body fat distribution compared with control cisgender women
and that opposite effects would be seen in trans
women on oestradiol therapy compared with control cisgender men. Second, we hypothesised that
insulin resistance would correlate with higher
android fat and, therefore, would be higher in
trans men compared with control cisgender
women, with opposite effects seen in trans women.
Materials and methods
Study design and participants
We conducted a cross-sectional study between
1 April 2017 and 30 April 2018 in transgender
individuals aged 18 years and over who had been
on continuous GAHT for 12 months or more.
Trans men on standard dose testosterone therapy
were compared with individuals of the same sex
assigned at birth; cisgender female controls.
Trans women receiving standard doses of oestradiol-based therapy for feminisation were compared with cisgender male controls. Transgender
participants were recruited from endocrinology
outpatient clinics and from primary care general
practice clinics specialising in transgender health
in Melbourne, Australia. These participants were
compared with age-matched cisgender control
groups. Healthy control individuals were additionally recruited as control participants for a longitudinal study in bone health in transgender
individuals and exclusion criteria included
journals.sagepub.com/home/tae
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diabetes, established osteoporosis, metabolic
bone disease, glucocorticoid therapy, bisphosphonate therapy, antiepileptic medication, HIV
pre-exposure prophylaxis, pregnancy, thromboembolic disease, liver disease, or any disease likely
to lead to impairment in bone health. All participants provided written informed consent and the
protocol was approved by the Austin Health
Human Research Ethics Committee (approval
no. HREC/17/Austin/74).
Data collection
All participants underwent fasting blood testing to
measure oestradiol, testosterone, sex hormone
binding globulin (SHBG), blood glucose, insulin,
C-peptide and IGF-1 levels. Where possible blood
testing was undertaken as a trough level for those
on depot medications (such as testosterone undecanoate). In cisgender female participants blood
testing was not able to be timed to a particular point
in the menstrual cycle. Oestradiol was measured
using immunoassay (Cobas E801, Roche
Diagnostics, inter-assay variation 25% at level of
100 pnmol/L or less and 25% at a level of greater
than 100 pmol/L). Those on unmeasurable forms
of oestradiol (such as ethinyloestradiol) were not
included in the calculation of median oestradiol
levels. Testosterone was measured using immunoassay (Cobas E801, Roche Diagnostics, inter-assay
variation 14.8% at level of 2.7 nmol/L or less and
15% at a level of greater than 2.7 nmol/L). SHBG
was measured on immunoassay (Cobas E801,
Roche Diagnostics, interassay variation 6% at a
level of 21 nmol/L and 6% at a level of 40 nmol/L).
Fasting plasma glucose was measured using hexokinase photometric assay (Cobas C8000, Roche
Diagnostics, inter-assay variation 1.5 at levels of 4.8
and 15.5 mmol/L). Electrochemiluminescence
immunoassay (Cobas C8000, Roche Diagnostics)
was used to measure insulin (interassay variation
4% at 16.3 mIU/L and 5% at 154 mIU/L) and
C-peptide (interassay variation 4.5% at a level of
2.5 nmol/L and 6.8% at 0.55 nmol/L). Fasting
blood glucose and C-peptide were used to calculate
insulin resistance using updated Homeostasis
Model of Insulin Resistance (HOMA2-IR),23
which is available for download from The Oxford
Centre for Diabetes, Endocrinology and
Metabolism.24 This is a non-linear model, which
accounts for variations in hepatic and peripheral
glucose resistance. C-peptide can be used to model
both beta-cell function and insulin resistance and
compared with insulin is less likely to degrade if any
journals.sagepub.com/home/tae

haemolysis of the sample occurs.25 IGF-1 was
measured using chemiluminescence immunoassay
(Liaison XL, DiaSorin); interassay at a level of
11.4 nmol/L is 10% and at 42.2 nmol/L is 8.5%.
Body composition was measured using dual energy
X-ray absorptiometry (DXA) (Prodigy Version
7.51 GE Lunar, Madison, WI, USA). Coefficient
of variation was <2%.26
Statistical analysis
Characteristics and body composition parameters
of participants were summarised as median and
interquartile ranges for each group. Multiple linear regressions were used to examine the relationship between HOMA2-IR and fat mass with sex,
adjusting for age and total duration of GAHT.
HOMA2-IR, android fat mass, gynoid fat mass
and total fat mass were log-transformed to
approximate normality, and results were backtransformed to estimate the ratio of geometric
means with corresponding 95% confidence intervals (CIs). The mean difference with corresponding 95% CI (denoted in round brackets) were
reported for fat mass measures that were not logtransformed. Separate analyses were done comparing females versus transgender men, and males
versus transgender women. Further analysis of
correlation between HOMA2-IR with fat mass
was also performed using linear regression, and
the Pearson correlation coefficients and t-tests for
regression coefficient slope were reported. All statistical analyses were performed using R (version
3.6.0, R Foundation for Statistical Computing).
A p-value of less than 0.05 was considered statistically significant. No adjustment for multiple
comparisons was performed as the analysis is of
an exploratory nature.
Results
Participant characteristics
This study recruited a total of 162 participants:
84 transgender individuals (41 trans women and
43 trans men) and 78 controls (30 cisgender
females and 48 cisgender males). Participant
characteristics are summarised in Table 1. Mean
age in the cisgender male controls was younger
than in trans women and as such analyses were
adjusted for age.
All 43 trans men were receiving testosterone
[intramuscular (IM) testosterone undecanoate
3
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Table 1. Results (participant characteristics and effect sizes).
Trans men
n = 43

Control cisgender women
n = 48

Effect (95% CI)

Age, years

28.8 (25.0–33.0)

28.1 (24.0–38.7)

−

BMI

25.2 (23.1–28.6)

22.7 (20.9–26.1)

−

Total duration of GAHT, months

44.0 (22.6–67.0)

Oestradiol, pmol/L

115.0 (93.0–164.0)

Testosterone, nmol/L

15.6 (13.2–19.7)

SHBG

31.5 (21.0–41.0)

98.5 (73.8–132.0)

0.30 (0.21, 0.44)**

IGF-1

29.0 (22.0–33.5)

36.2 (28.1–40.2)

4.40 (–10.52, 1.73)

1.2 (1.0–1.6)

1.1 (0.9–1.4)

18.4 (14.3–28.0)

20.1 (14.6–25.4)

5.0 kg (–1.7, 11.8)

Android fat mass

2.0 (1.3–2.7)

1.4 (1.0–2.0)

1.4 (1.0, 2.1)

Gynoid fat mass

3.8 (2.9–5.4)

4.7 (3.5–5.5)

1.0 (0.8, 1.3)

1.0 (0.9–1.1)

0.8 (0.7–0.9)

0.2 (0.1, 0.3)**

48.1 (44.9–51.7)

40.7 (37.0–43.7)

7.8 kg (4.0, 11.5)**

Trans women
n = 41

Control cisgender men
n = 30

Effect (95% CI)

Age, years

41.1 (26.4–52.7)

32.0 (26.3–40.9)

−

BMI

23.6 (21.7–29.2)

23.8 (23.1–25.8)

−

Total duration of GAHT, months

39.0 (19.9–60.0)

−

−

Oestradiol, pmol/L

327.0 (147.2–460.5)+

72.5 (49.5–93.8)

5.12 (3.44, 7.61)**

20.5 (16.0–24.1)

0.04 (0.03, 0.06)**

HOMA2-IR
Total fat mass, kg

Android:gynoid fat ratio
Total lean mass, kg

Testosterone, nmol/L

0.6 (0.4–0.9)

−

−

177.0 (32.5–359.2)

1.12 (0.57, 2.22)
22.62 (15.73, 32.53)**

0.9 (0.4–1.2)

0.99 (0.75, 1.30)

SHBG

86.0 (59.5–116.8)

51.5 (39.0–75.2)

1.37 (1.06, 1.76)*

IGF-1

22.5 (16.5–27.5)

28.3 (23.0–35.2)

1.86 (–6.57, 2.86)

1.5 (1.3–2.2)

1.1 (0.8–1.3)

1.6 (1.3, 1.9)**

22.5 (17.3–34.2)

15.7 (11.6–20.5)

Android fat mass

2.1 (1.3–3.6)

1.5 (1.1–2.0)

1.40 (1.05, 1.87)**

Gynoid fat mass

4.5 (3.9–6.4)

3.1 (2.5–4.1)

1.53 (1.26, 1.85)**

1.0 (0.8–1.0)

1.0 (0.9–1.2)

0.1 (–0.2, 0.0)*

51.5 (47.0–55.7)

58.3 (54.2–64.0)

6.9 kg (–10.6, –3.1)**

HOMA2-IR
Total fat mass, kg

Android:gynoid fat ratio
Total lean mass, kg

9.8 kg (3.9, 14.5)**

Results are presented as median (interquartile range).
Effect adjusted for age and total duration of GAHT is presented as a ratio of geometric means, or mean difference (where arrows are shown).
*p < 0.05.
**p < 0.001.
+Those on unmeasurable forms of oestradiol (such as ethinyloestradiol) were not included in the calculation of median oestradiol levels.
BMI, body mass index; CI, confidence interval; GAHT, gender-affirming hormone therapy; HOMA2-IR, Homeostasis Model of Insulin Resistance;
IGF-1, insulin-like growth factor 1; SHBG, sex hormone binding globulin
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Figure 1. Correlation between android fat mass and Homeostasis Model of Insulin Resistance (HOMA2-IR).

n = 30, IM testosterone enanthate n = 8, topical
testosterone gel 1% n = 5] and all 41 trans women
were receiving oestradiol (oral oestradiol valerate
n = 34, oral ethinyloestradiol n = 3, transdermal
oestradiol n = 4). Seventy-eight per cent (n = 32)
of the trans women were taking anti-androgen therapy in addition to oestradiol therapy (cyproterone
acetate n = 21, spironolactone n = 5, progestogens = 5) (levonorgestrel n = 3, medroxyprogesterone n = 1, micronised progesterone n = 1),
gonadotropin releasing hormone analogue n = 1.
Twenty-seven per cent (n = 11) of the trans
women had undergone orchidectomy and 5%
(n = 2) of the trans men had undergone oophorectomy. In both trans men and trans women, the
median oestradiol and testosterone levels were
within the target reference range for their affirmed
gender. In trans men, median oestradiol was
115.0 (93.0, 164.0) pmol/L (laboratory male reference range for oestradiol was <160 pmol/L)
and median testosterone was 15.6 nmol/L (13.2,
19.7) (laboratory male reference range for testosterone was 9.9–27.8 nmol/L). In trans women,
median oestradiol concentration was 327.0
(147.2, 460.5) pmol/L (laboratory female reference range for oestradiol during follicular phase
was 46–607 pmol/L) and mean testosterone concentration was 0.6 (0.4, 0.9) nmol/L (laboratory
female reference range for testosterone was
<1.8 nmol/L).
journals.sagepub.com/home/tae

Masculinising hormone therapy
Trans men had significantly higher lean mass
than cisgender women with mean difference
+7.8 kg 95% CI (4.0, 11.5), p < 0.001) (Table 1).
Other absolute body composition parameters
(total fat mass, android and gynoid fat mass) were
not significantly different from cisgender female
controls; however, android:gynoid fat mass ratio
was higher [mean difference +0.2 (0.1, 0.3),
p < 0.001]. Total fat mass was lower and android:
gynoid fat mass was higher in trans men compared
with cisgender female controls.
There was no difference in HOMA2-IR in trans
men compared with cisgender female controls.
Insulin resistance as estimated by HOMA2-IR
was significantly correlated with android fat mass
(r2 = 0.712, p < 0.001) and gynoid fat mass
(r2 = 0.572, p < 0.001); see Figures 1 and 2.
HOMA2-IR was also weakly correlated with
android lean mass (r2 = 0.449, p < 0.001) and
gynoid lean mass (r2 = 0.220, p = 0.01) (data not
shown).
Whilst not the primary aim of our analyses, when
comparing trans men with cisgender male controls,
there was also no difference in HOMA2-IR
(Supplemental Material Appendix 1 online).
Although trans men were younger [trans men median
28.8 years (25.0–33.0)] compared with cisgender
5
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Figure 2. Correlation between gynoid fat mass and Homeostasis Model of Insulin Resistance (HOMA2-IR).

male controls [32.0 years (26.3–40.9)], they had a
higher BMI and lower lean mass. Testosterone levels
between groups were similar, but trans men had
higher median oestradiol than cisgender male controls [115.0 pmol/L (93.0–164.0) versus 72.5 (49.5–
93.8), p < 0.01] (Supplemental Appendix 1).
Feminising hormone therapy
Trans women had significantly lower lean mass
[mean difference –6.8 kg (–10.6, –3.1), p < 0.001]
and all fat mass parameters were significantly
higher than cisgender male controls (Table 1).
Android fat mass and gynoid fat mass were 40%
and 53% higher respectively in trans women
compared with cisgender male controls. There
was a significantly lower android:gynoid fat ratio
[mean difference –0.1 (–0.2, –0.0), p < 0.05].
Despite a lower android:gynoid fat mass, the total
android fat mass was still high amongst trans
women [median 2.1 kg (1.3–3.6)]. HOMA2-IR
in trans women was 1.5; significantly higher than
cisgender male controls (p < 0.001).
As with trans males, insulin resistance as estimated by HOMA2-IR was significantly correlated with android fat mass and, to a lesser degree,
gynoid fat mass. See Figures 1 and 2.

6

As an exploratory analysis, when trans women
were compared with cisgender female controls,
HOMA2-IR was significantly higher in trans
women [mean difference 1.47 (1.22, 1.77),
p < 0.01] as was android fat mass [mean difference 1.39 kg (1.06, 1.83), p < 0.001]. Trans
women were, however, significantly older
[trans women median 41.1 years (26.4, 52.7)]
compared with cisgender female controls
[28.1 years (24.0, 38.)], had a significantly
higher median oestradiol [327.0 pmol/L
(147.2–460.5) versus 177.0 pmol/L (32.5–
359.2), p < 0.01], but median testosterone
concentrations and BMI were not different
(Supplemental Appendix 1).
Trans women who had undergone orchidectomy
(n = 11) had a significantly lower HOMA2-IR
than trans women who had not (n = 30) [1.3
(1.1–1.5) versus 1.8 (1.4–2.3) p < 0.03]. This is
despite trans women who had undergone
orchidectomy being older in age [57.0 years
(40.5, 68.4) compared with 33.5 (25.5, 48.9)]
(p < 0.03), having longer duration of GAHT
[115.1 months (41.7, 180.9) versus 27.0 months
(15.3, 47.1)] (p < 0.002), yet similar body composition (no significant difference between BMI,
fat mass, or lean mass). See Supplemental
Appendix 2.

journals.sagepub.com/home/tae
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Discussion
This cross-sectional study showed a correlation
between insulin resistance and fat mass in transgender individuals on established GAHT. Trans men
had significantly higher lean mass as well as a higher
android:gynoid fat ratio with no significant differences in insulin resistance or overall fat mass compared with control cisgender women. Trans women
were more insulin resistant than control cisgender
men and had lower lean mass, higher fat mass and
a lower android:gynoid fat ratio. Insulin resistance
correlated with android fat mass but, contrary to
our original hypothesis, trans men did not have
higher insulin resistance, most likely because higher
lean mass may be protective in trans men.
Masculinising hormone therapy
Our findings of higher lean mass (median 7.8 kg)
and a higher android:gynoid fat ratio are consistent
with previous studies investigating masculinising
hormone therapy in trans men.27–39 Testosterone is
known to increase the synthesis of muscle tissue by
promoting differentiation of cells of the myogenic
lineage and to inhibit the differentiation of adipocyte precursor cells.40 Moreover, testosterone also
inhibits lipoprotein lipase activity in adipocytes, an
enzyme that increases fat deposition by decreasing
adipose tissue lipolysis.14
We found no significant difference in insulin resistance between trans men and cisgender female controls, in keeping with all but one prior study in
transgender men that showed either no cha
nge27–29,31–37,41 or a decrease30,39 in insulin resistance.
All these studies were prospective longitudinal in
design but only one had a control group.33 The lack
of change in insulin resistance is consistent with data
that found no change in incretin (glucagon-like peptide-1 and gastric inhibitory polypeptide) responses
in trans men before and after 12 months of GAHT.41
The importance of body composition – which takes
many months to change with masculinising hormone therapy – is highlighted by a small study demonstrating an increase in insulin resistance measured
by hyperinsulinaemic euglycaemic clamps in 13
transgender men over the first 4 months,38 but with
follow-up over 12 months, no significant differences
in insulin resistance over time emerged.34
It is important to note that the roles of sex steroids in insulin sensitivity in cisgender populations
are not fully understood. Men with hypogonadism
have increased insulin resistance;15,42 however,
journals.sagepub.com/home/tae

exogenous testosterone replacement is associated
only with a small, likely clinically insignificant,
improvement in insulin sensitivity.43 Elevated testosterone levels in women, such as in polycystic
ovary syndrome, are associated with increased,
rather than decreased, insulin resistance,14 suggesting that the primary driver of insulin sensitivity may be due to the indirect, rather than direct,
effects of testosterone.
The association observed between android fat
mass and insulin resistance in trans men also supports the importance of body composition. Whilst
there is also a significant correlation with gynoid
fat mass and insulin resistance, it is stronger for
android. This is in keeping with the predisposition to insulin resistance associated with abdominal adiposity in cisgender populations.10
Feminising hormone therapy
Trans women in our study had a significantly
higher fat mass (median 9.8 kg) and lower lean
mass (median 6.9 kg) compared with cisgender
male controls. These results are in line with previous studies that have evaluated body composition
using DXA in trans women.29,30,41,44–50 Only four
studies have also previously looked specifically at
android and gynoid fat mass regions, either using
DXA or magnetic resonance imaging, and, like
this study, found an increase in fat mass in both
regions.41,34,45,51 These findings support the theory that activation of oestrogen receptors can lead
to stimulation of adipocyte proliferation as well as
lipoprotein lipase activity.52,53 Oestrogen may also
act indirectly via oestrogen receptors in the hypothalamus to regulate energy expenditure.53,54
We found that trans women have significantly
higher levels of insulin resistance estimated by
HOMA2-IR compared with cisgender male controls. Nine studies have previously looked at insulin resistance in trans women on feminising
hormone therapy and, of these, six similarly
showed worsening insulin resistance.29,30,32,34,38,41
Three did not detect a significant change – one
showed a trend towards increase insulin resistance but failed to reach statistical significance,55
another had a sample size of only six participants27
and the remaining study did not measure body
composition changes so it is unclear whether
changes to this occurred.39 All but one study55
was prospective longitudinal in design but none
had a control group.
7
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Only four studies have specifically looked at
android and gynoid fat mass regions, and of these
only one sought to correlate insulin resistance and
regional fat mass. This 2003 case–control study
found a small increase in visceral fat area in both
trans males and trans females; however, it failed
to find a correlation with insulin sensitivity or
fasting insulin levels in either group, likely due to
small sample size and lack of control group.34
It is important to note that our findings, and others’, contradict existing theories and animal models suggesting that oestradiol has direct beneficial
effects on insulin sensitivity.14,16,56
In studies of cisgender women, oestrogen has generally been associated with a favourable effect on
insulin sensitivity.57 Low oestrogen states such as
menopause are associated with a decrease in insulin sensitivity, increased central adiposity and a
higher risk of metabolic disease, and subsequent
administration of oestrogen therapy in menopausal
women is associated with an improvement in insulin sensitivity.58
One proposed explanation for the differences
seen in trans women is the high amount of overall
fat as well as retention of central fat, which may
indirectly lead to increased insulin resistance.
This may mitigate any potentially beneficial direct
effect of oestrogen on the insulin receptor.16
The route of oestrogen administration may also be
important, with the majority of trans women in
this study taking oral oestradiol valerate. Oral, but
not transdermal, oestrogen has been shown to
impair the metabolic effect of growth hormone in
the liver, resulting in lower IGF-1 production and
fat oxidation with a subsequent gain of body fat
and loss of lean tissue seen in postmenopausal
women.11–13 Our study showed that trans women
had a lower IGF-1 than both cisgender male and
cisgender female controls. This is in contrast to the
only other study investigating IGF-1 and body
composition in trans women, which found serum
IGF-1 levels at 24 months were similar to baseline,
and that any changes were independent of the
route of administration of oestrogen.59 All participants aged under 45 years (n = 34) were taking oral
oestradiol and those aged 45 years and over (n = 15)
were taking transdermal oestradiol, so participant
age may have been a factor. Interestingly, another
study showed that there was no difference in total
regional fat mass between trans women on oral or
8

transdermal oestrogen.45 Oestrogen doses in
GAHT are generally higher than for menopausal
hormone therapy, so further prospective studies in
the transgender population are warranted.
Our findings of lower HOMA2-IR in the subset of
trans women who had undergone orchidectomy
are in keeping with a small prospective study from
2016,60 which hypothesised that orchidectomy in
this context may be protective due to the ratio of
circulating sex hormone levels; however, further
research is needed to confirm this.
Limitations
Limitations of the study include its cross-sectional
design. Characteristics were not assessed prior to
GAHT and baseline differences may have existed.
In fact, two previous studies suggest that trans
women have lower muscle mass and higher fat mass
than cisgender male controls at baseline and
reported doing significantly less physical activity.47,50
The trans women were slightly older than the
cisgender male controls. For simplicity the data
were presented uniformly using the median and
interquartile range; however, the mean age
between the two groups was more closely matched
– trans women were aged 40.8 ±15.7 years versus
cisgender male controls aged 36.0 ± 14.2 years.
Data were adjusted for age. Trans men had a
higher median BMI than cisgender female controls; however, if anything, this should lead to an
overestimation of insulin resistance in the trans
male group. Whilst our participants had undertaken GAHT for several years (median 44 months
in trans men and 39 months in trans women) it is
possible that changes to body composition are
still ongoing. Participants were not on standardised GAHT regimens and we cannot discount
that different hormone formulations, particularly
oral versus transdermal oestradiol, may have differential effects on body composition and insulin
resistance. Many participants were on a progestogen and this may affect the outcomes measured in
this study. Testosterone and oestradiol assays
used measured via immunoassay rather than liquid chromatography mass spectrometry. Although
this study focuses on body composition and insulin resistance there are other contributors to cardiovascular risk. Additional research is needed
and a prospective longitudinal study with a cisgender control group is needed to further investigate the impact of GAHT on body composition
and insulin resistance.
journals.sagepub.com/home/tae
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Conclusion
We highlight the importance of lean and fat mass
and the correlation with insulin resistance among
transgender individuals and the relatively stronger
correlation of insulin resistance with android over
gynoid fat. Significantly higher levels of fat mass
and lower lean mass in trans women is associated
with insulin resistance, and whilst there is some
degree of higher fat mass in trans men on established GAHT, the significantly higher lean mass
relative to fat mass appears to be protective. These
findings provide insights into sex hormone action
and suggest a predominantly indirect mechanism
of action (via changes in body composition) in
mediating insulin resistance. Longitudinal studies
are needed to further investigate this correlation
and to better guide clinical practice. Until then, a
proactive clinical approach to mitigate gain in fat
as well maintain or increase lean mass, particularly
in trans women, should be strongly encouraged.
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Context: The thrombotic effects of estradiol therapy in transgender women are unclear. Global
coagulation assays (GCA) may be better measures of hemostatic function compared with
standard coagulation tests.
Objective: To assess the GCA profiles of transgender women in comparison to cisgender controls
and to compare how GCA differ between routes of estradiol therapy in transgender women.
Design: Cross-sectional case-control study.
Setting: General community.
Participants: Transgender women, cisgender male and cisgender female controls.
Main outcome measures: Citrated blood samples were analyzed for (i) whole blood
thromboelastography (TEG®5000), (ii) platelet-poor plasma thrombin generation (calibrated
automated thrombogram); and (iii) platelet-poor plasma fibrin generation (overall hemostatic
potential assay). Mean difference (95% confidence intervals) between groups are presented.
Results: Twenty-six transgender women (16 oral estradiol, 10 transdermal estradiol) were
compared with 98 cisgender women and 55 cisgender men. There were no differences in serum
estradiol concentration (P = 0.929) and duration of therapy (P = 0.496) between formulations.
Transgender women demonstrated hypercoagulable parameters on both thromboelastography
(maximum amplitude + 6.94 mm (3.55, 10.33); P < 0.001) and thrombin generation (endogenous
thrombin potential + 192.62 nM.min (38.33, 326.91); P = 0.009; peak thrombin + 38.10 nM (2.27,
73.94); P = 0.034) but had increased overall fibrinolytic potential (+4.89% (0.52, 9.25); P = 0.024)
compared with cisgender men. No significant changes were observed relative to cisgender
women. Route of estradiol delivery or duration of use did not influence the GCA parameters.
Conclusion: Transgender women on estradiol therapy demonstrated hypercoagulable GCA parameters
compared with cisgender men with a shift towards cisgender female parameters. Route of estradiol
delivery did not influence the GCA parameters. (J Clin Endocrinol Metab 105: e2369–e2377, 2020)
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assay is less well studied, but fibrin generation has been
reported to be increased and fibrinolysis to be reduced
in patients with arterial disease or venous thromboembolism (20).
This study aimed to use GCA to assess the hemostatic profiles of transgender women compared with
cisgender controls. As a secondary objective, we also investigated the differences in GCA between transgender
women on oral estradiol therapy compared with those
on transdermal therapy. We hypothesized that transgender women on estradiol therapy would have more
hypercoagulable GCA parameters than cisgender male
and female controls and those on oral therapy would
also have more hypercoagulable GCA parameters than
those on transdermal therapy.

Material and Methods
This study was conducted at 2 major tertiary referral
centers (Austin Health and Northern Health, Melbourne,
Australia) and was approved by the Austin Health Human
Research Ethics Committee (H2013/04977) and the Northern
Health Human Research Ethics Committee (P5/13). This
cross-sectional analysis involved transgender women on established estradiol therapy for at least 6 months and they were
recruited from outpatient endocrine clinics and in the general
community via advertisement on social media. Transgender
women on anticoagulation or antiplatelet therapy, those who
had previous venous or arterial thrombotic events, moderate
renal or liver impairment (estimated glomerular filtration
rate < 60ml/min/1.73m2; liver function tests more than 3 times
upper limit normal or known liver pathology), cardiac disease
(ischemic heart disease or cardiac failure as reported by the
individual or recorded on medical records), or current malignancy and active infection/inflammation were excluded. Basic
demographic details such as age, body mass index, cardiovascular risk factors, duration and type of estradiol therapy (and/
or anti-androgen therapy), as well as mode of delivery were
recorded.
The transgender women were compared with previously
recruited cisgender male and female controls. In addition to
above exclusion criteria, the cisgender healthy controls were
not known to have any modifiable cardiovascular risk factors
such as hypertension, hyperlipidemia, diabetes or smoking nor
on any medications that may modify the coagulation parameters such as oral contraceptive pill and hormone replacement therapy. Written informed consent was obtained from
all participants.
Fasting blood samples were obtained from participants.
Electrochemiluminescence immunoassay assay using Cobas
C8000, Roche Diagnostics (Basel, Switzerland) was used to detect serum total testosterone (minimum detection 0.4 nmol/l,
inter-assay variation 5.0%-6.9%), and estradiol (interassay
variation 3.5% at 330 pmol/L and 1.9% at 1800 pmol/L). Full
blood examination, renal and liver function tests, coagulation
studies and von Willebrand studies were performed using
standard methodology for routine clinical care. The conventional tests were performed in 2 laboratories, both accredited
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apid rises in the number of transgender individuals, including gender-diverse people seeking
health services have been observed worldwide (1-4).
Approximately 0.1% to 2% of the general population
are estimated to be gender-diverse (5). Transgender
women (assigned male at birth) are typically treated
with estradiol as feminizing gender-affirming hormone
therapy to increase their serum estradiol concentrations to the cisgender female reference range (6). Antiandrogens to lower testosterone concentrations are also
commonly used in transgender women who have not
had genital reassignment surgery (7). Most transgender
women remain on estradiol therapy for life although the
long-term effects are unclear.
One of the adverse effects of estradiol therapy is
thrombosis and this risk is applicable to cisgender
women on the oral contraceptive pill, postmenopausal
women on oral estradiol therapy, as well as transgender
women undergoing feminizing hormone therapy with
estradiol (8-10). Recently, a large Dutch study of 2517
transgender women followed for a median of 6 years
found that myocardial infarction and ischemic stroke
was increased by more than 2-fold in transgender
women compared with cisgender women. Moreover, this
study reported a 5-fold increase in incidence of venous
thrombosis in transgender women, compared with both
cisgender women and men (11). Moreover, the impact
of the mode of estradiol delivery on the thrombotic risk
in transgender women remains unclear, with data in
cisgender women demonstrating that transdermal estradiol use is associated with lower venous (12) and arterial thrombotic events compared with oral estradiol
therapy (13). One of the remaining challenges is our
ability to predict thrombotic risk in these individuals.
Current routine coagulation tests, such as activated
partial thromboplastin time (APTT) or prothrombin
time (PT), only measure the time to start of clot formation, which accounts for < 5% of total thrombin
generation (14), making them poor indicators of a
hypercoagulable state. Relatively newer global coagulation assays (GCA) may provide a more comprehensive assessment of global hemostatic profile which may
aid in predicting venous and arterial thrombotic risks
(15, 16). Thromboelastography, currently used to guide
blood product replacement in trauma and massive transfusion settings (17), has recently been shown to have
a potential role in predicting hypercoagulability (16).
Furthermore, thrombin generation was found to be altered in individuals with coronary artery disease and may
help to distinguish individuals with low, intermediate,
or high risk of venous thromboembolism (18, 19).
Fibrin generation using overall hemostatic potential
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Thromboelastography assay
Thromboelastography measures the changes in the elastic
properties of whole blood during clot formation, propagation, and dissolution (21). 1 mL of citrated whole blood was
added to a kaolin tube and 340 μL of this mix was added
to 20 μL of calcium chloride in the cup. All samples underwent computerized TEG analysis (TEG®5000; Haemonetics).
Thromboelastography parameters generated include R-time
(minutes), the reaction time to first clot formation; K-time
(minutes), the achievement of certain clot firmness; maximum
amplitude (MA), the maximum strength of clot (within-run
variation 3.8%, between-run variation 3.4%); α-angle (°),
kinetics of clot development; and LY30 (%), percent lysis 30
minutes after maximum amplitude.

Thrombin generation assay via calibrated
automated thrombogram
The thrombin generation assay determined the rate and
extent of thrombin generated from thawed platelet-poor
plasma samples after tissue factor stimulus (5 pM), using
calibrated automated thrombogram (CAT) (Diagnostica
Stago) (22, 23). All samples were performed in triplicates,
with the average values recorded. A dedicated software program, Thrombinoscope BV (Diagnostica Stago), was used to
calculate thrombin activity against the calibrator to display
thrombin activity versus time. Parameters of thrombin generation, including lag time (minutes), the initiation phase;
endogenous thrombin potential (ETP; nM.min), amount
of thrombin formed over 60 minutes (within-run variation
4.0%, between-run variation 9.3%); peak thrombin (nM),
highest thrombin concentration that can be achieved; and velocity index (nM/min) were calculated.

Overall hemostatic potential assay
This assay is a spectrophotometric assessment of fibrinaggregation (24, 25). For each sample, the overall coagulation
potential (OCP) curve was generated from the addition of a
buffer consisting of Tris/NaCl/CaCl2/thrombin to 75 μL of
platelet-poor plasma (within-run variation 3.5%, between-run
variation 4.6%) and a corresponding overall hemostatic potential (OHP) curve was generated using a similar buffer with
the addition of tissue plasminogen activator (tPA) (within-run
variation 4.0%, between-run variation 6.8%). All samples
were performed in triplicates. Using the FLUOstar Optima
(BMG Labtech) plate reader operating at 37oC, the minuteby-minute absorbance at 405 nm was recorded to construct 2
fibrin-aggregation curves (OCP and OHP) with the difference

e2371

between the 2 areas under the curve reflecting the overall fibrinolytic potential (OFP).

Statistical analyses
Baseline characteristics were reported as median and interquartile ranges, with associations examined using Student’s
t-test or Mann-Whitney U test as the non-parametric alternative. Analysis of GCAs were performed using linear regression,
adjusted for age, with Tukey’s post-hoc pairwise comparisons
between cisgender male or cisgender female controls and
transgender women. Further analysis was performed amongst
transgender women, where data was available, using linear regression adjusted for age to examine the relationship between
GCAs and testosterone concentration, estradiol concentration,
estradiol treatment duration and anti-androgen treatment. All
analyses were performed using R, version 3.6.1 (R Foundation
for Statistical Computing).

Results
Demographics and baseline characteristics
Twenty-six transgender women were compared with
98 healthy cisgender female and 55 cisgender male
controls (Table 1). Only 2 transgender women had
associated cardiovascular risk factors (1 with stage
2 hypertension and the other with stage 1 hypertension, hyperlipidemia (total cholesterol 2.7 mmol/L;
low-density lipoprotein [LDL] 1.0 mmol/L) and type 2
diabetes (glycated hemoglobin A1c [HbA1c] 7.1%), all
on treatment). Two transgender women reported being
current smokers. From a cardiovascular risk perspective,
the median body mass index of the transgender women
was 25.6 kg/m2 and they had lower HbA1c and total
cholesterol compared with both groups of controls.
Sixteen transgender women were taking oral estradiol (all using estradiol valerate, median dose 6 mg
[range, 4-8]) with the remaining 10 women using
transdermal estradiol (median dose 100 mcg/24 hours
[100-137.5]). The overall duration of estradiol therapy
was 25.5 months (22.5-31.2). Estradiol concentrations
achieved and estradiol treatment duration as well as
median testosterone levels were no different between
transdermal and oral groups (Table 2). Nine individuals
were taking estradiol therapy alone (5 of these women
had had previous genital reassignment surgery), 14
were taking estradiol plus cyproterone acetate (median
daily dose 12.5 mg [12.5-18.8]) and 3 were taking estradiol plus spironolactone (median daily dose 100 mg
[100-200]).
In comparison to cisgender male controls, transgender women had lower hemoglobin levels but largely
comparable routine coagulation parameters (Table 1).
There were no differences in APTT, PT, factor VIII, and
von Willebrand factor antigen. Transgender women
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by the Royal College of Pathologists of Australasia (RCPA)
and National Association of Testing Authorities (NATA)
based on the international standard ISO 15189 Standard for
Medical Laboratories. Both laboratories also participate in
RCPA quality assurance programs. The experimental GCA
assays were performed in 1 research laboratory by a single
operator. Thromboelastography using TEG5000 was performed on whole blood citrated tubes and analyzed within 4
hours of sample collection. Other research bloods were collected in citrated tubes, double spun at 2500g within 2 hours
to generate platelet-poor plasma and immediately stored at
−80oC for thrombin and fibrin generation testing (16).
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Table 1. Characteristics of Transgender Women on Estradiol Therapy Compared With Cisgender Male and
Female Controls
Transgender Women

P Value*

Cisgender Female
Controls

P
Value**

55
28.7 (24.9-57.3)
154.5 (150.0-161.0)
230.5 (202.0-257.8)
11.4 (10.8-13.0)
29.2 (27.0-31.2)

0.867
<0.001
0.004
0.662
0.473

98
44.9 (25.5- 58.3)
139.5 (134.2-146.0)
258.0 (222.0-289.0)
11.0 (10.3-11.7)
27.5 (25.6-30.0)

0.072
0.643
0.210
0.001
0.052

100.5 (83.2-127.5)
100.0 (81.8-136.0)

0.798
0.091

112.0 (91.0-149.5)
108.0 (89.0-141.5)

0.029
0.327

240.0 (150.0-270.0)
2.5 (2.3-3.2)
5.2 (4.1-5.9)
5.2 (5.1-5.5)

0.001
0.009
0.004
0.020

250.0 (150.0-342.5)
3.1 (2.7-3.6)
5.1 (4.4-6.1)
5.4 (5.1-5.6)

0.022
0.620
<0.001
0.001

6.2 (5.2-7.2)
2.0 (1.6-2.3)
61.3 (49.5-66.0)
61.1 (58.2-65.0)
0.6 (0.1-1.4)

0.608
0.143
0.001
0.065
0.483

6.7 (5.5-8.2)
2.5 (2.2-3.1)
55.4 (50.4-58.9)
57.7 (54.0-61.8)
0.1 (0.0-1.1)

0.193
<0.001
0.154
<0.001
0.870

3.3 (3.0-3.7)
0.695
1215.4 (1080.4-1376.0) 0.009

3.0 (2.7-3.7)
0.092
1375.5 (1193.2-1585.8) 0.823

188.1 (146.8-230.2)
52.0 (31.0-72.9)

0.034
0.185

240.9 (186.3-283.5)
75.7 (47.2-105.2)

0.832
0.304

51.7 (43.0-63.5)

0.776

58.1 (52.2-65.4)

0.022

25.8 (21.4-30.1)

0.079

27.2 (24.0-31.3)

0.042

49.5 (42.6-54.3)

0.024

52.7 (49.0-55.9)

0.549

Median and (interquartile range) are reported. Post hoc (Tukey’s) P value from models adjusted for age. *P value of transgender women vs cisgender
men; **P value of transgender women vs cisgender women

had higher D-dimer and fibrinogen (P < 0.05) compared with cisgender male controls, although the levels
remained within the normal reference range. When
compared with cisgender female controls, transgender
women had slightly more prolonged PT but comparable
APTT and fibrinogen levels. D-dimer was higher in the
transgender women while factor VIII levels were higher
in cisgender female controls, with no differences seen in
the von Willebrand factor antigen levels.
Global coagulation assays in transgender women
on estradiol therapy compared with cisgender
male controls
Thromboelastography. Transgender women demonstrated shortened median K-time (1.8 vs 2.5 minutes;
P < 0.001) representing faster clot amplification and
increased clot strength or maximum amplitude (64.2
vs 57.7 mm; P < 0.001) compared with cisgender male
controls (Table 1).

Thrombin generation. Thrombin generation was
significantly increased in transgender women compared with cisgender male controls (ETP 1380.2 vs
1215.4 nM.min; peak thrombin (207.5 vs 188.1 mm;
P = 0.034).
Fibrin generation. There were no differences in the
fibrin generation parameters but the overall fibrinolytic potential was increased in the transgender women
(53.5% vs 49.5%; P = 0.024) compared with cisgender
male controls.
Global coagulation assays in transgender women
on estradiol therapy compared with cisgender
female controls
Thromboelastography. The rate of clot formation
(alpha angle) was reduced in transgender women compared with cisgender female controls (47.6 vs 61.3°;
P = 0.001) while other parameters were not significant
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N
26
Age (years)
32.8 (26.7-44.7)
Hemoglobin (g/L)
138.5 (133.0-143.8)
272.5 (229.0-297.0)
Platelet count (× 109/L)
Prothrombin time (s)
12.0 (11.0-12.0)
Activated partial
29.0 (27.0-30.0)
thromboplastin time (s)
Factor VIII (%)
103.0 (81.0-120.0)
von Willebrand factor
115.5 (96.8-135.5)
antigen (%)
D-dimer (ng/mL FEU)
282.0 (215.0-393.0)
Fibrinogen (g/L)
3.1 (2.7-3.4)
Total cholesterol (mmol/L)
4.6 (3.7-4.9)
HbA1c (%)
5.0 (4.9-5.3)
Thromboelastography (TEG)
R time (min)
6.2 (5.2-6.8)
K time (min)
1.8 (1.6-1.9)
Alpha-angle (°)
47.6 (43.0-52.0)
Maximum amplitude (mm)
64.2 (60.4-67.4)
Lysis 30 (%)
0.5 (0.1-1.5)
Calibrated automated thrombogram (CAT)
Lag time (min)
3.3 (3.0-3.7)
Endogenous thrombin
1380.2 (1214.2-1582.2)
potential (nM.min)
Peak thrombin (nM)
207.5 (192.5-276.4)
Velocity index (nM/min)
56.9 (44.9-93.1)
Overall Hemostatic Potential (OHP)
Overall coagulation
50.8 (46.3-55.7)
potential (U)
Overall hemostatic
23.3 (21.1-26.1)
potential (U)
Overall fibrinolytic
53.5 (50.0-55.2)
potential (%)

Cisgender Male
Controls
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Table 2. Characteristics of Transgender Women on Oral Estradiol Therapy Compared With Those on
Transdermal Therapy
Oral Estradiol Therapy

10
36.7 (31.9-59.1)
27.7 (24.0-35.5)
14.0 (10.8-62.5)
100 mcg/24h (100-137.5)
311.5 (220.2-459.2)
0.9 (0.7-1.6)
138.5 (133.5-143.0)
263.5 (229.2-285.2)
12.0 (12.0-12.0)
29.6 (27.0-31.0)
106.0 (78.5-120.8)
110.0 (103.0-185.2)
350.5 (231.8-420.8)
3.3 (2.8-3.5)
4.3 (3.9-5.0)
5.1 (5.0-5.4)
6.5 (5.2-6.8)
1.8 (1.7-1.9)
49.2 (46.8-62.6)
63.7 (60.6-66.0)
0.7 (0.1-1.4)

P Value (oral vs
transdermal)
0.165
0.159
0.496
0.929
0.549
0.833
0.493
0.274
0.537
1.000
0.921
0.315
0.577
0.812
0.221
1.000
0.997
0.627
0.909
1.000

3.3 (3.0-3.9)
1380.2 (1251.5-1564.5)

0.961
1.000

241.9 (193.0-254.6)
70.0 (48.6-90.0)

1.000
1.000

53.0 (47.2-59.5)
23.3 (21.3-25.3)
54.8 (53.5-55.2)

1.000
0.992
0.954

Median and (interquartile range) are reported. Post hoc (Tukey’s) P value from models adjusted for age.

including maximum amplitude (64.2 vs 41.1 mm;
P = 0.065).
Thrombin generation. No significant differences were
observed compared with cisgender female controls.
Fibrin generation. Compared with cisgender female
controls, fibrin generation was reduced in transgender
women while there was no significant difference in OFP
(P = 0.549).
Global coagulation assays in transgender women
receiving oral and transdermal estradiol therapy
Impact of mode of estrogen delivery. The method
of estrogen delivery did not influence the GCA parameters (Table 2). The maximum amplitude was comparable between oral and transdermal delivery (P = 0.91),
with similar clot lysis. There were also no significant
differences seen in the thrombin generation parameters
or fibrin generation and OFP. The duration of estradiol

replacement also did not impact GCA parameters (maximum amplitude slope coefficient = 0.03; P = 0.35, ETP
slope coefficient = 1.34; P = 0.45, OHP slope coefficient = 0.06; P = 0.008).
Impact of serum estradiol and testosterone concentration in transgender women. The GCA parameters
did not have any significant relationship with serum estradiol concentration, (maximum amplitude slope coefficient = 0.004; P = 0.42, ETP slope coefficient = −0.01;
P = 0.98, OHP slope coefficient = −0.002; P = 0.51),
or testosterone concentration (maximum amplitude
slope coefficient = −0.12; P = 0.65, ETP slope coefficient = −16.00; P = 0.31, OHP slope coefficient = 0.04;
P = 0.85).
Impact of anti-androgen therapy. No significant
differences were seen in the key GCA parameters in
those on anti-androgen therapy compared with those
without.
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N
16
Age (years)
29.0 (25.4-42.7)
25.2 (21.0-29.7)
Body mass index (kg/m2)
Duration of estradiol therapy (months)
28.5 (15.5-34.2)
Dose of estradiol therapy
6 mg (4-8)
Serum estradiol (pmol/L)
362.0 (263.2-451.0)
Serum testosterone (nmol/L)
0.6 (0.4-1.0)
Hemoglobin (g/L)
140.0 (132.8-143.2)
Platelet count (× 109/L)
291.0 (232.0-305.5)
Prothrombin time (s)
11.5 (11.0-12.0)
Activated partial thromboplastin time (s)
29.0 (27.0-30.0)
Factor VIII (%)
97.0 (84.0-118.0)
von Willebrand factor antigen (%)
121.0 (94.5-132.5)
D-dimer (ng/mL FEU)
268.0 (221.0-329.0)
Fibrinogen (g/L)
3.0 (2.7-3.3)
Total cholesterol (mmol/L)
4.6 (3.6-4.8)
HbA1c (%)
5.0 (4.9-5.1)
Thromboelastography (TEG)
R time (min)
6.0 (5.2-6.6)
K time (min)
1.8 (1.5-2.0)
Alpha-angle (°)
47.2 (42.5-51.4)
Maximum amplitude (mm)
65.0 (60.4-67.8)
Lysis 30 (%)
0.5 (0.1-1.4)
Calibrated automated thrombogram (CAT)
Lag time (min)
3.2 (3.0-3.4)
Endogenous thrombin potential (nM.
1396.7 (1198.8-1580.1)
min)
Peak thrombin (nM)
203.1 (194.1-278.9)
Velocity index (nM/min)
55.8 (43.9-94.0)
Overall Hemostatic Potential (OHP)
Overall coagulation potential (U)
50.1 (46.2-55.5)
Overall hemostatic potential (U)
23.3 (21.0-26.2)
Overall fibrinolytic potential (%)
52.8 (49.4-54.5)

Transdermal Estradiol
Therapy
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Discussion

Global coagulation assays in transgender women
To the best of our knowledge, there are no
studies investigating the use of viscoelastic testing
(thromboelastography) in transgender women or
cisgender postmenopausal women on menopausal
hormone therapy. Thromboelastography has been investigated in healthy young cisgender women before and
3 months after using the low-dose oral contraceptive
pill (<35 mcg ethinyl estradiol) and there was no overall
significant trend toward hypercoagulability (26). Oral
contraceptives in cisgender women have however, been
associated with increased maximum clot firmness (27) on
rotational thromboelastography, a parameter similar to
maximum amplitude on thromboelastography. Of note,
the transgender women in our study were on relatively
higher doses of estradiol therapy which may explain their
more marked hypercoagulable parameters observed on
thromboelastography compared with cisgender women
on oral contraceptive pills.
In thrombin generation studies, transgender women
demonstrated increased ETP when compared with
cisgender male controls. In contrast, there was no difference in ETP between transgender women and cisgender
female controls. Previous studies have shown that ETP
is elevated in cisgender women taking the oral contraceptive pill compared with cisgender women not on the
pill (28). A study comparing cisgender men, cisgender
women not using oral contraceptive pill, and cisgender
women using the oral contraceptive pill similarly found
that the latter group exhibited the highest peak height
and ETP on CAT (29).

Of note, in contrast to the hypercoagulable
thromboelastography and thrombin generation parameters, the overall fibrinolytic potential in transgender
women was increased compared with cisgender male
controls. The significance of this finding is uncertain,
as estrogen therapy is generally thought to induce
hypercoagulability. Teede et al measured the hemostatic
parameters in 42 postmenopausal cisgender women receiving either menopausal hormone therapy or placebo
for 6 weeks and found increased prothrombin fragments
1 + 2 (F1 + 2), another method of thrombin generation
measurement. Interestingly, they also observed reduced
plasma fibrinolytic inhibitor activity (plasminogen activator inhibitor-1 [PAI-1]) and increased fibrinolysis
(D-dimer) in those receiving hormone therapy compared with placebo (30). PAI-1 is the principal inhibitor
of tPA, leading to downregulation of plasminogen conversion to plasmin, which is required for fibrinolysis.
Reduced PAI-1 levels may be a surrogate for increased
in endogenous fibrinolytic activity as a result of estrogen
use, and have been reported in several other studies (3133). The transgender women in our cohort also demonstrated increased D-dimer compared with both cisgender
male and female controls. Further understanding of
the pathophysiology and clinical significance of the increased fibrinolytic capacity is required.
Route of estradiol administration
Most studies suggest that oral but not transdermal estradiol therapy is associated with increased venous and
arterial thrombosis (12, 13, 34, 35). One exception is a
population-based nested case-control study which suggested an increase in stroke in postmenopausal women
using high dose transdermal estradiol at doses of > 50
mcg/24 hours but not with low doses (36). Similarly,
postmenopausal cisgender women on HRT demonstrated increased thrombin generation parameters with
oral estradiol (P < 0.001), but not with transdermal formulations (37). Based on these data demonstrating no
increased risk of thrombosis with transdermal routes of
administration, some treatment protocols recommend
transdermal estradiol for older transgender women over
45 years of age due to the probable lower risk of thrombosis (38).
While data in transgender women are limited, several retrospective studies suggest that the rate of venous
thrombosis is highest with oral estrogen, particularly
ethinyl estradiol and in the first year after commencement, and lowest with transdermal estrogen (39), with
more uncertainty with regards to arterial cardiovascular effects. Our pilot study did not observe a difference in any GCA parameter in those using oral estradiol
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This is the first study to evaluate global coagulation
assays in transgender women. The combination of 3
GCAs offers a comprehensive assessment of the hemostatic status, compared with routine coagulation tests.
Transgender women demonstrated hypercoagulable
parameters on thromboelastography with faster clot
amplification and increased clot strength as measured
by maximal amplitude, as well as increased thrombin
generation (peak thrombin and ETP) when compared
with cisgender male controls. In contrast, transgender
women demonstrated increased overall fibrinolytic potential in comparison with cisgender male controls. Of
note, these differences were not observed when transgender women were compared with cisgender female
controls, suggesting a shift of their GCA parameters towards typically cisgender female parameters. Our study,
however, was not designed to determine whether these
changes influence clinical thrombotic risks.
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used in the research setting, the effect of the observed differences in the parameters on the actual thrombotic risk
is unclear. Nonetheless, this is the first study to evaluate
GCAs in transgender women, a population where thrombosis is a significant clinical concern, and uses 3 different
GCA assays to evaluate different aspects of hemostasis.
Our proof-of-principle study demonstrates that GCAs
may detect abnormalities in the hemostatic process not
captured by routine coagulation assays. Further validation of these findings in larger studies are needed, in addition to ultimately testing their utility to predict clinical
thrombotic events.

Conclusions
Transgender women on estradiol therapy demonstrated
a hypercoagulable thromboelastography and thrombin
generation profile compared with cisgender male controls with a shift towards the parameters of cisgender
female controls. In contrast, there was evidence of increased overall fibrinolytic potential compared with
cisgender male controls. Transdermal formulations in the
transgender women in this study did not appear to confer
any advantage in thrombotic potential over oral formulations. A larger prospective study is required with larger
sample sizes and older transgender women to assess how
these GCA parameter differences may influence clinical thrombotic risks, the mechanisms for induction of
hypercoagulability and to evaluate fibrinolytic pathways.
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compared with transdermal, but we acknowledge that
larger numbers are needed for a definitive comparison.
It is also possible that the lack of a difference in GCA
parameter between oral and transdermal estradiol in
our study may be related to the relatively high dose
transdermal estradiol used in transgender women compared with the menopausal hormone therapy setting.
Oral estradiol is metabolized via the hepatic firstpass effect and in exposing the liver to high concentrations of estradiol, increases production of hepatic
proteins such as coagulation factors and sex-hormone
binding globulin (SHBG) in a dose-dependent manner
in postmenopausal women (40-42). Transdermal estradiol used in postmenopausal women, (50 mcg/24h)
avoids the first-pass effect and hepatic SHBG and coagulation factors are typically not induced (43). The
difference with transgender women is that the doses of
transdermal estradiol used are higher than that used in
the postmenopausal setting in order to achieve serum
estradiol concentrations in the cisgender female reference range. The median dose of transdermal estradiol
patch used in our study was 100 mcg/24h and median
serum estradiol concentration was 330 pmol/L. Hence,
we postulate that these higher circulating serum concentrations of estradiol may expose the liver to relatively
high-dose estradiol and as such, may induce coagulation
factors. However, given that global coagulation assay
parameters were similarly hypercoagulable in our transgender women on transdermal therapy, our data suggest
that the recommendation to use transdermal estradiol
therapy in older transgender women may not limit
hypercoagulability if high doses of transdermal therapy
are used.
There are several limitations to this study. We acknowledge that it is a pilot study with small numbers, and hence,
our ability to assess the impact of the mode of delivery,
different doses of estrogen therapy and anti-androgen
therapy was limited. In addition, the transgender women
were relatively young (median age 32.8 years), so we
were not able to comment on the hypercoagulability risk
of older transgender women on oral versus transdermal
therapy. This pilot study was not designed to study clinical
thrombotic risks; however, the findings are hypothesisgenerating and prompt further investigation, particularly
the thrombotic potential of high-dose transdermal estradiol formulations as used in transgender women. Our
study only looked at a single time point and hence, we
were unable to follow patients over time to map the potential change in their hemostatic profile. While the standard
coagulation testing demonstrated some significant differences between groups, the results were within the normal
reference ranges. Given that GCAs are currently still only
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Abstract
Aim: Feminising hormone therapy with estradiol is used to align an individual’s physical
characteristics with their gender identity. Given considerable variations in doses of estradiol
therapy administered as gender-affirming hormone therapy (GAHT), we aimed to assess
if body mass index (BMI) correlated with estradiol dose/concentration and assess the
correlation between estradiol dose and estradiol concentrations.
Methods: In a retrospective cross-sectional study, we analysed transgender individuals
attending a primary or secondary care clinic in Melbourne, Australia who were prescribed oral
estradiol valerate for at least 6 months and had estradiol dose and concentration available.
Estradiol concentration was measured by immunoassay. Outcomes were the correlation
between estradiol dose and BMI, and estradiol dose and estradiol concentration.
Results: Data were available for 259 individuals {median age 25.8 [interquartile range (IQR)
21.9, 33.5] years}. Median duration of estradiol therapy was 24 (15, 33) months. Median
estradiol concentration was 328 (238, 434) pmol/l [89 (65, 118) pg/ml] on 6 (4, 8) mg estradiol
valerate. Median BMI was 24.7 (21.8, 28.6) kg/m2. There was a weak positive correlation
between estradiol dose and estradiol concentration (r = 0.156, p = 0.012). There was no
correlation between BMI and estradiol concentration achieved (r = −0.063, p = 0.413) or BMI
and estradiol dose (r = 0.048, p = 0.536). Estradiol concentrations were within the target range
recommended in consensus guidelines in 172 (66%) individuals.
Conclusion: Estradiol dose was only weakly correlated with estradiol concentration,
suggesting significant interindividual variability. Prescription of estradiol dose should not be
based upon an individual’s BMI, which did not correlate with estradiol concentration achieved.
In all, 66% of individuals achieved estradiol concentrations recommended in Australian
consensus guidelines with a relatively high oral estradiol dose.
Keywords: estradiol, gender dysphoria, gender identity, transgender
Received: 18 February 2020; revised manuscript accepted: 15 April 2020.

Introduction
Transgender, including gender diverse and nonbinary, individuals who seek feminisation of physical characteristics (hereafter termed transfeminine
individuals) are typically treated with estradiol with
or without anti-androgen to increase serum estradiol concentration and decrease serum testosterone

concentration into the respective female reference
ranges. This results in development of feminine
physical characteristics, including softening of
skin, a decrease in facial and body hair growth,
breast development, and changes in body composition manifested by body fat redistribution and
decreased muscle mass.1,2
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Estradiol is most commonly administered via the
oral or transdermal route,3 and oral estradiol valerate is the most common first-line feminising treatment in clinicians experienced in transgender
healthcare in Australia.4 Several consensus guidelines give recommendations for estradiol concentrations to allow titration of estradiol therapy.1,5
The Australian ‘Position statement on the hormonal management of adult transgender and gender
diverse individuals’ recommends targeting estradiol
concentrations of 250–600 pmol/l (68–163 pg/ml)
(GRADE 2D recommendation) based on local
cross-sectional data.5 Notably, given the lack of
data, this is an approximate guide and the position
statement states that the value of biochemical testing in addition to clinical assessment is unclear. It is
also unclear if body mass index (BMI) should be a
consideration during estradiol prescribing.
As such, the aim of this retrospective study in
adult transfeminine individuals on established
estradiol therapy was to assess, firstly, the correlation between BMI and serum estradiol concentration, and secondly the relationship between
estradiol dose and serum estradiol concentration.
In order to assess implementation of current
guidelines in clinical practice, we also aimed to
assess the proportion of individuals achieving
estradiol concentrations within the range now
recommended by consensus guidelines.
Methods
A retrospective cross-sectional analysis was
undertaken of consultations for gender-affirming
hormone therapy (GAHT) at Equinox Gender
Diverse Clinic, a primary care clinic specialising
in transgender health, and an Endocrine Specialist
Centre, a secondary care clinic, in Melbourne,
Australia. Data were obtained from consultations
between 1 January 2011 and 21 October 2019.
The audit was approved by the Austin Health
Human Research Ethics Committee (LNR/17/
Austin/102) and Thorne Harbour Health (THH/
CREP 19/015), who waived the need for informed
consent.
Transfeminine individuals treated with oral estradiol for at least 6 months who had estradiol dose
and estradiol concentration documented in their
medical records were included in this retrospective cross-sectional analysis. For individuals with
multiple estradiol concentrations available, the
most recent prior to sex reassignment surgery was
2

included. The primary outcome of interest was to
establish the correlation between BMI and estradiol concentration, and estradiol dose and estradiol concentration. We also aimed to establish the
proportion of individuals achieving estradiol concentrations in consensus guidelines.
As data were obtained retrospectively, sex steroid
concentrations were performed using immunoassay available at several laboratories used as standard care in clinical practice. Multiple National
Association of Testing Authorities (NATA, the
national accreditation body for Australia) accredited laboratories were used. Time of blood sampling with respect to estradiol dosing was not
systematically recorded in clinical notes and was
therefore unavailable for analysis in this study.
Statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences,
Chicago, IL, USA). As data were not normally
distributed, values are reported as median [interquartile range (IQR)]. Differences between
groups were tested using the Mann–Whitney U
test or Kruskal–Wallis test followed by Dunn’s
post hoc comparisons. Spearman’s rank correlation coefficient was used to assess the correlation
between variables. For all analyses, the level of
significance was set at p < 0.05.
Results
A total of 390 transfeminine individuals were
included in our analysis. After excluding individuals treated with concurrent transdermal estradiol
(n = 34), ethinyl estradiol (n = 12), estradiol implant
(n = 4), anti-androgen monotherapy (n = 3) or gonadotropin-releasing hormone (GnRH) subcutaneous implant (n = 3), 334 individuals treated with
oral estradiol valerate were left for analysis. Of
these, 259 were treated with oral estradiol valerate
for at least 6 months and had estradiol concentration available prior to sex reassignment surgery.
In all, 73 individuals were treated with oral estradiol valerate without anti-androgen, 95 with
spironolactone, 87 with cyproterone acetate, 2
with both cyproterone acetate and spironolactone, and 2 with bicalutamide. Concurrent progesterone was prescribed in 80 individuals, and
concurrent finasteride in 12 individuals.
Median age of individuals was 25.8 (21.9, 33.5)
years and duration of estradiol therapy was 24
journals.sagepub.com/home/tae
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Table 1. Characteristics by treatment group.
Estradiol without
anti-androgen
(n = 73)

Estradiol with
spironolactone
(n = 95)

Estradiol with
cyproterone
acetate (n = 87)

p value

Age (years)

27.9 (22.8, 38.6)

25.4 (20.9, 30.2)

25.4 (21.8, 30.2)

0.058

Duration of GAHT (months)

18.1 (12.9, 29.7)

24.4 (15.0, 32.4)

24.3 (15.5, 38.3)

0.130

Estradiol valerate dose (mg)

6 (4, 6)

6 (6, 8)

6 (4, 8)

0.015

Estradiol concentration
(pmol/l)

332 (225, 416)

355 (271, 456)

304 (230, 417)

0.264

BMI (kg/m2)

25.3 (22.7, 28.7)

24.3 (21.6, 28.2)

24.7 (20.7, 28.9)

0.353

(15, 33) months. Median BMI was 24.7 (21.8,
28.6) kg/m2. Median estradiol concentration
achieved was 328 (238, 434) pmol/l [89 (65, 118)
pg/ml] on 6 (4, 8) mg estradiol valerate.
There was no difference in the estradiol concentrations achieved between those treated with
estradiol without anti-androgen, estradiol with
spironolactone, or estradiol with cyproterone acetate (p = 0.264) (Table 1). There was no difference in the estradiol concentrations achieved
between groups at each estradiol valerate dose
(data not shown). There was no difference in the
estradiol concentrations achieved between those
treated with [331 (259, 453) pmol/l] or without
[325 (238, 423) pmol/l] concurrent progesterone
therapy (p = 0.354).

Figure 1. Correlation between estradiol valerate
dose and estradiol concentration.
BMI, body mass index.

There was a weak positive correlation between
estradiol dose and estradiol concentration
(r = 0.156, p = 0.012) (Figure 1). There was no
correlation between BMI and estradiol concentration achieved (r = –0.063, p = 0.413) (Figure 2)
or BMI and estradiol dose (r = 0.048, p = 0.536).
Table 2 demonstrates the estradiol concentrations
achieved and the proportion of individuals achieving recommended estradiol concentrations in consensus guidelines for each estradiol valerate dose.
A total of 172 (66%) individuals had estradiol
concentrations within the target range of 250–
600 pmol/l5; 70 (27%) individuals had estradiol
concentrations below target, and 17 (7%) above
target. However, if using the Endocrine Society
Clinical Practice Guidelines target of 367–
734 pmol/l (100–200 pg/ml),1 95 (35%) individuals reached target concentrations with 158 (61%)
below target and 6 (2%) above target.
journals.sagepub.com/home/tae

Figure 2. Lack of correlation between BMI and
estradiol concentration.
BMI, body mass index.
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Table 2. Estradiol concentration by oral estradiol valerate dose.
Estradiol
valerate
dose (mg)

Number of
individuals

Estradiol
concentration
(pmol/l)

Number of individuals
reaching target in
Australian guidelines

Number of individuals
reaching target in Endocrine
Society guidelines

1

2

246 (196, 297)

1 (50%)

0 (0%)

2

9

217 (207, 248)

2 (22%)

1 (11%)

3

4

226 (141, 390)

1 (25%)

1 (25%)

4

63

293 (207, 381)

39 (62%)

20 (32%)

6

111

362 (299, 470)

83 (75%)

51 (46%)

8

67

319 (249, 423)

45 (67%)

25 (37%)

10

3

406 (263, 613)

1 (33%)

2 (66%)

Median (IQR) are presented.
IQR, interquartile range.

Discussion
In this retrospective cross-sectional analysis of
transfeminine individuals treated with oral estradiol valerate, there was no correlation between
BMI and estradiol concentration. There was a
weak positive correlation between estradiol valerate dose and estradiol concentration with significant interindividual variability. In all, 66% of
individuals achieved estradiol concentrations
within Australian consensus guideline recommendations of 250–600 pmol/l, with small numbers
achieving supraphysiological concentrations.
Association between BMI and estradiol
concentration
Observational studies have demonstrated discrepant results with respect to the impact of BMI
on estradiol concentration in women treated with
menopausal hormone therapy. BMI was found to
be positively associated with estradiol concentration in a nested case-control study evaluating the
influence of sex steroids on breast cancer risk,6
whereas increasing BMI was associated with a
lower odds of achieving an estradiol concentration greater than 165 pmol/l in a cross-sectional
analysis of 309 post-menopausal women.7 Other
studies have found no association.8,9
In a previous retrospective analysis of 184
transfeminine individuals, BMI was positively
associated with estradiol concentration, but the
variance attributable to BMI was small.10 BMI
did not influence estradiol dose.10 In another
4

retrospective cohort of 84 individuals, there was
no statistically significant correlation between
BMI and the estradiol concentration achieved
though there was a trend toward a positive correlation.11 However, of the individuals who achieved
estradiol concentration within the target range,
there was a significant negative correlation
between estradiol dose and BMI.11 The median
BMI reported in both studies was significantly
higher than our cohort, which could contribute to
the discrepancy between previous studies and the
current findings.

Association between estradiol dose and
estradiol concentration
The association between estradiol dose and
estradiol concentration in transfeminine individuals was evaluated in two previous retrospective
analyses. Both studies reported a positive correlation between estradiol dose and the estradiol
concentration achieved.10,11 Spironolactone was
reported to reduce the effectiveness of estradiol
dosing achieving desired estradiol concentrations.10 However, our study did not find a difference in estradiol concentration achieved between
anti-androgen groups, and further prospective
studies are required. The weak association
between estradiol dose and serum estradiol concentration highlights significant interindividual
variability, where different individuals achieve
similar serum estradiol concentrations on wide
estradiol doses.
journals.sagepub.com/home/tae
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Estradiol concentrations and consensus
guidelines
No studies have examined the optimal estradiol
concentrations in transfeminine individuals.
Based on cross-sectional data,12 Australian consensus guidelines recommend targeting trough
estradiol concentrations of 250–600 pmol/l,5
whereas the Endocrine Society Clinical Practice
Guidelines recommend a target range of 367–
734 pmol/l based on the physiological range of
pre-menopausal women.1 The estradiol assay
used and timing of blood testing in relation to the
estradiol dose are other important considerations
when interpreting the estradiol concentration.
Estradiol concentrations are best measured via
liquid chromatography–mass spectrometry (LCMS) given that immunoassays lack selectivity and
precision, particularly at low estradiol concentrations.13 The clinician must also consider the
estradiol concentration in relation to the timing of
the estradiol dose, given that peak estradiol concentration is generally 4–5 hours post-dose with
an elimination half-life of 14–22 h.14 In one study
in which transfeminine individuals were treated
with 2 mg oral estradiol valerate, there was a peak
median estradiol concentration of 189 (99) pmol/l
with 24-h post-dose concentration of 56 (154)
pmol/l.15 No large study has evaluated the pharmacokinetic parameters at doses used in feminising hormone therapy regimens.
Various clinical guidelines also give recommendations for estradiol dosing. The Endocrine Society
Clinical Practice Guidelines recommend estradiol dosing of 2–6 mg daily,1 whereas the
European Network for Investigation of Gender
Incongruence (ENIGI) use an oral estradiol
valerate dose of 2 mg twice daily.16 Despite a
median estradiol valerate dose higher than that
used in ENIGI, only one-third of individuals in
our cohort achieved estradiol concentrations recommended in international guidelines.
Retrospective analyses have documented the proportion of individuals achieving estradiol concentrations in consensus guidelines; 77/136 (55.7%)
achieved an estradiol concentration in the
Endocrine Society Clinical Practice Guidelines
target range on 4–8 mg/day oral estradiol valerate.10 Only 21/136 (15.4%) achieved target estradiol concentrations on 4 mg/day; 13 individuals
(9.6%) did not achieve target estradiol concentration at 8 mg oral estradiol valerate. Similarly, 35
journals.sagepub.com/home/tae

(41%) individuals were able to achieve estradiol
concentrations within the Endocrine Society
Clinical Practice Guidelines in a separate analysis.11 The estradiol valerate doses that achieved
target estradiol concentrations were not reported,
but the entire cohort had a dose range 1–10 mg/
day.
Clinical implications
The value of biochemical monitoring is currently
unclear, and no prospective study has been
designed to compare the effectiveness of different
routes of estradiol administration or varying estradiol concentrations. Prospective studies from the
ENIGI cohort have reported that estradiol concentration did not predict breast development or
more feminine changes in body composition in
transfeminine individuals.2,17 However, higher
estradiol concentrations have been associated
with a higher lumbar spine bone mineral density.18 Ultimately, the best assessment of hormonal efficacy is the clinical response.19
Ensuring adequate feminisation also needs to be
weighed against the potential risks of escalating
estradiol doses. There is evidence in post-menopausal women that higher oral estradiol doses are
associated with an increased prevalence of venous
thromboembolic (VTE) events.20 However,
recent evidence in transfeminine individuals has
demonstrated a low incidence of VTE.21
No prospective studies have assessed the effectiveness of different estradiol concentration targets on clinical features of feminisation or
potential adverse events. Until further data are
available, current guidelines provide clinicians
with target ranges that allow suppression of testosterone while avoiding supraphysiological estradiol concentrations. Further research is required.
Limitations
This study has several limitations. The most critical of which is the lack of patient-reported outcomes or objective measures of feminisation such
as breast development. Although most clinicians
monitor trough estradiol concentrations, the concentrations reported represent a single time point
as part of routine clinical care so are not strictly
collected in a standardized manner, and we do
not have data on compliance with therapy. We
cannot be certain that an individual would have
5
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achieved stable dosing by 6 months but the clinical practice of clinicians at these clinics is to uptitrate over a period of approximately 3–6 months
so the 6 month cut-off was an arbitrary timepoint
to ensure that the gradual titration often seen at
initiation of feminising hormone therapy was not
captured. Data on medications that could influence estradiol metabolism such as cytochrome
P450 3A4 (CYP3A4) modulators were not collected.22 Given that bloods were taken as standard care, estradiol was measured via immunoassay
and not liquid chromatography tandem mass
spectrometry (LCMS/MS). However, all were
performed using NATA-accredited laboratories.
Conclusion
No correlation between BMI and serum estradiol
concentration is apparent, and a weak positive
correlation between estradiol dose and serum
estradiol concentration exists; 66% of transfeminine individuals treated with oral estradiol valerate had a serum estradiol concentration within
the target range recommended by the Australian
consensus guidelines. Reassuringly, few individuals had supraphysiological estradiol concentrations. Given the limited evidence base, it remains
reasonable for clinicians to consider other factors,
such as clinical feminisation, patient satisfaction,
and potential risks of escalating estradiol dose, in
making dosing decisions. Further prospective
longitudinal studies comparing various estradiol
concentration targets or doses and clinical features of feminisation are required.
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