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ABSTRACT

Context: As the number of transgender (trans) people (including those who are binary and/or non-
binary identified) seeking gender-affirming hormone therapy rises, endocrinologists are increasingly
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-specific differences. In addition to affirmative practice to ensure a patient’s 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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Introduction

As the number of transgender (trans) people (including those who are binary and/or non-binary
identified) seeking gender-affirming hormone therapy rises in society (1), endocrinologists are
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
ranges of an individual’s affirmed gender, rather than the gender presumed for them at birth (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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lower than the typical ‘male’ reference range (or conversely, partial feminization). Alternatively,
some may desire a slower rate of physical change and hence use low-dose or micro-dose gender-
affirming hormone therapy(13). While many trans people will seek to update their legal name and
gender marker to align with their identity, costs to do so are prohibitive for many (14). Using a former
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, laboratory information systems and health professionals’ understanding of gender
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 individual’s reluctance to

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 gender-
affirming 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
“one size fits all” solution to cater for a heterogenous group who have sex steroid concentrations and

resultant body composition changes that increase or decrease at different velocities and magnitudes.

Sex steroid concentrations
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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.
One example of this is measurement of serum estradiol concentrations in those on feminizing
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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Case 1

A 28-year-old non-binary individual presumed female at birth has recently commenced full
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 — 155¢/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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In trans women, there is a small statistically significant but clinically insignificant rise in platelet
count (which remains within the normal reference range) shown in several cohort studies after 6 — 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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concentrations (33,34). No studies have evaluated if ferritin or other iron indicators change with

gender-affirming hormone therapy.

From a practical perspective, the main reason to evaluate for iron deficiency is anemia. In individuals
who have a ferritin below the ‘male’ reference range, we suggest interpreting the iron studies in the
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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mL/min/1.73m? 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/1.73m? which would be classed as Stage 2 Chronic Kidney Disease and would

not require pre-hydration. Which is the most appropriate eGFR to use?

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, sex(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/1.73m?), becoming much more similar as eGFR declines (difference of approximately 4
when eGFR < 30 mL/min/1.73m?). 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 ¢ which are less affected by sex
and not affected by muscle mass in contrast to serum creatinine (37). Inulin clearance and cystatin ¢
are more expensive and less readily available. Creatinine clearance can be calculated on paired 24-
hour 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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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
within the first 3 months of treatment (38,39). For those receiving masculinizing hormone therapy
with testosterone, given higher muscle mass and lower fat mass compared to females, the male CKD-
Epidemiology 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
to expect pathology laboratories to provide the “right” eGFR given limited access 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
reflect the individual’s gender, this will allow for the appropriate reference range to be reported and
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 24-

hour urine creatinine clearance can also be performed to more accurately assess renal function.

Page 11 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



Case 3

A 70-year-old trans woman who had been on feminizing hormone therapy for 6 months had a PSA
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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Case 4

A 49-year-old trans man who had been on testosterone therapy for 10 years presented to the
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 99™ 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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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.

Despite the fact that Case 3 had been on established testosterone therapy for 10 years with resultant
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 therapy, the reference range of the individual’s
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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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
from a practical perspective, we recommend that similar to people using standard doses of gender-
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 size fits all” and interpretation ideally should be individualised by the treating 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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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
pronoun which is particularly relevant for treating clinicians and laboratory test collection staff,
should be incorporated. Sighage 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
binary male or female marker may not always reflect a trans person’s gender, communication to
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.

Page 16 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



References

10.

11.

12.

13.

14.

15.

Cheung AS, Ooi O, Leemaqgz S, Cundill P, Silberstein N, Bretherton I, Thrower E,
Locke P, Grossmann M, Zajac JD. Sociodemographic and Clinical Characteristics of
Transgender Adults in Australia. Transgender health. 2018;3(1):229-238.
Hannemann A, Friedrich N, Dittmann K, Spielhagen C, Wallaschofski H, VV6lzke H,
Rettig R, Endlich K, Lendeckel U, Stracke S, Nauck M. Age- and sex-specific
reference limits for creatinine, cystatin C and the estimated glomerular filtration rate.
Clinical Chemistry and Laboratory Medicine (CCLM). 2012;50(5):9109.

Hoqg M, Matthews S, Karlaftis V, Burgess J, Cowley J, Donath S, Carlin J, Yen T,
Ignjatovic V, Monagle P. Reference Values for 30 Common Biochemistry Analytes
Across 5 Different Analyzers in Neonates and Children 30 Days to 18 Years of Age.
Clin Chem. 2019;65(10):1317-1326.

Zucker KJ. Epidemiology of gender dysphoria and transgender identity. Sex Health.
2017.

Ahs JW, Dhejne C, Magnusson C, Dal H, Lundin A, Arver S, Dalman C, Kosidou K.
Proportion of adults in the general population of Stockholm County who want gender-
affirming medical treatment. PloS one. 2018;13(10):e0204606.

White Hughto JM, Reisner SL. A Systematic Review of the Effects of Hormone
Therapy on Psychological Functioning and Quality of Life in Transgender
Individuals. Transgender health. 2016;1(1):21-31.

Klaver M, de Blok CJM, Wiepjes CM, Nota NM, Dekker M, de Mutsert R, Schreiner
T, Fisher AD, T'Sjoen G, den Heijer M. Changes in regional body fat, lean body mass
and body shape in trans persons using cross-sex hormonal therapy: results from a
multicenter prospective study. Eur J Endocrinol. 2018;178(2):165-173.

Van Caenegem E, Wierckx K, Taes Y, Schreiner T, Vandewalle S, Toye K, Lapauw
B, Kaufman JM, T'Sjoen G. Body composition, bone turnover, and bone mass in trans
men during testosterone treatment: 1-year follow-up data from a prospective case-
controlled study (ENIGI). Eur J Endocrinol. 2015;172(2):163-171.

Fighera TM, da Silva E, Lindenau JD, Spritzer PM. Impact of cross-sex hormone
therapy on bone mineral density and body composition in transwomen. Clin
Endocrinol (Oxf). 2018;88(6):856-862.

T'Sjoen G, Arcelus J, De Vries ALC, Fisher AD, Nieder TO, Ozer M, Motmans J.
European Society for Sexual Medicine Position Statement "Assessment and
Hormonal Management in Adolescent and Adult Trans People, With Attention for
Sexual Function and Satisfaction™. J Sex Med. 2020;17(4):570-584.

Cheung AS, Wynne K, Erasmus J, Murray S, Zajac JD. Position statement on the
hormonal management of adult transgender and gender diverse individuals. Medical
Journal of Australia. 2019;211(3):127-133.

Hembree WC, Cohen-Kettenis PT, Gooren L, Hannema SE, Meyer WJ, Murad MH,
Rosenthal SM, Safer JD, Tangpricha V, T'Sjoen GG. Endocrine Treatment of Gender-
Dysphoric/Gender-Incongruent Persons: An Endocrine Society* Clinical Practice
Guideline. J Clin Endocrinol Metab. 2017;102(11):3869-3903.

Cocchetti C, Ristori J, Romani A, Maggi M, Fisher AD. Hormonal Treatment
Strategies Tailored to Non-Binary Transgender Individuals. J Clin Med. 2020;9(6).
Scheim Al, Perez-Brumer AG, Bauer GR. Gender-concordant identity documents and
mental health among transgender adults in the USA: a cross-sectional study. Lancet
Public Health. 2020;5(4):e196-e203.

Restar A, Jin H, Breslow A, Reisner SL, Mimiaga M, Cahill S, Hughto JIMW. Legal
gender marker and name change is associated with lower negative emotional response

Page 17 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

to gender-based mistreatment and improve mental health outcomes among trans
populations. SSM Popul Health. 2020;11:100595.

SoRelle JA, Jiao R, Gao E, Veazey J, Frame I, Quinn AM, Day P, Pagels P, Gimpel
N, Patel K. Impact of Hormone Therapy on Laboratory Values in Transgender
Patients. Clin Chem. 2019;65(1):170-179.

Nolan BJ, Brownhill A, Bretherton I, Wong P, Fox S, Locke P, Russell N, Grossmann
M, Zajac JD, Cheung AS. Relationships between body mass index with oral estradiol
dose and serum estradiol concentration in transgender adults undergoing feminising
hormone therapy. Ther Adv Endocrinol Metab. 2020;11:2042018820924543.

Auer MK, Ebert T, Pietzner M, Defreyne J, Fuss J, Stalla GK, T'Sjoen G. Effects of
Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals:
Focus on Metabolic Cytokines. J Clin Endocrinol Metab. 2018;103(2):790-802.
Humble RM, Imborek KL, Nisly N, Greene DN, Krasowski MD. Common Hormone
Therapies Used to Care for Transgender Patients Influence Laboratory Results. J Appl
Lab Med. 2019;3(5):799-814.

Mueller A, Zollver H, Kronawitter D, Oppelt PG, Claassen T, Hoffmann I, Beckmann
MW, Dittrich R. Body composition and bone mineral density in male-to-female
transsexuals during cross-sex hormone therapy using gonadotrophin-releasing
hormone agonist. Experimental and clinical endocrinology & diabetes : official
journal, German Society of Endocrinology [and] German Diabetes Association.
2011;119(2):95-100.

Nolan BJ, Leemaqgz SY, Ooi O, Cundill P, Silberstein N, Locke P, Grossmann M,
Zajac JD, Cheung AS. Prevalence of polycythaemia with different formulations of
testosterone therapy in transmasculine individuals. Internal medicine journal. 2020.
Defreyne J, Aers XP, Collet SM, Wiepjes CM, Fisher AD, Schreiner T, Den Heijer
M, Kaufman JM, T'Sjoen GGR. Lower Serum Estradiol Levels in Assigned Female at
Birth Transgender People with Initiation of Testosterone Therapy: Results from the
European Network for the Investigation of Gender Incongruence. LGBT health.
2020;7(2):71-81.

Wierckx K, Van Caenegem E, Schreiner T, Haraldsen I, Fisher AD, Toye K,
Kaufman JM, T'Sjoen G. Cross-sex hormone therapy in trans persons is safe and
effective at short-time follow-up: results from the European network for the
investigation of gender incongruence. J Sex Med. 2014;11(8):1999-2011.

Colizzi M, Costa R, Scaramuzzi F, Palumbo C, Tyropani M, Pace V, Quagliarella L,
Brescia F, Natilla LC, Loverro G, Todarello O. Concomitant psychiatric problems and
hormonal treatment induced metabolic syndrome in gender dysphoria individuals: a 2
year follow-up study. J Psychosom Res. 2015;78(4):399-406.

Roberts TK, Kraft CS, French D, Ji W, Wu AH, Tangpricha V, Fantz CR. Interpreting
laboratory results in transgender patients on hormone therapy. Am J Med.
2014;127(2):159-162.

Fernandez JD, Tannock LR. METABOLIC EFFECTS OF HORMONE THERAPY
IN TRANSGENDER PATIENTS. Endocr Pract. 2016;22(4):383-388.

Defreyne J, Vantomme B, Van Caenegem E, Wierckx K, De Blok CIM, Klaver M,
Nota NM, Van Dijk D, Wiepjes CM, Den Heijer M, T'Sjoen G. Prospective
evaluation of hematocrit in gender-affirming hormone treatment: results from
European Network for the Investigation of Gender Incongruence. Andrology.
2018;6(3):446-454.

Erikssen G, Thaulow E, Sandvik L, Stormorken H, Erikssen J. Haematocrit: a
predictor of cardiovascular mortality? J Intern Med. 1993;234(5):493-499.

Page 18 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Paul L, Jeemon P, Hewitt J, McCallum L, Higgins P, Walters M, McClure J, Dawson
J, Meredith P, Jones GC, Muir S, Dominiczak AF, Lowe G, Mclnnes GT,
Padmanabhan S. Hematocrit predicts long-term mortality in a nonlinear and sex-
specific manner in hypertensive adults. Hypertension. 2012;60(3):631-638.
McKinnon EJ, Rossi E, Beilby JP, Trinder D, Olynyk JK. Factors that affect serum
levels of ferritin in Australian adults and implications for follow-up. Clin
Gastroenterol Hepatol. 2014;12(1):101-108 e104.

Pasricha SR, Flecknoe-Brown SC, Allen KJ, Gibson PR, McMahon LP, Olynyk JK,
Roger SD, Savoia HF, Tampi R, Thomson AR, Wood EM, Robinson KL. Diagnosis
and management of iron deficiency anaemia: a clinical update. Med J Aust.
2010;193(9):525-532.

Gillum RF. Association of serum ferritin and indices of body fat distribution and
obesity in Mexican American men--the Third National Health and Nutrition
Examination Survey. Int J Obes Relat Metab Disord. 2001;25(5):639-645.

Kong WN, Niu QM, Ge L, Zhang N, Yan SF, Chen WB, Chang YZ, Zhao SE. Sex
differences in iron status and hepcidin expression in rats. Biol Trace Elem Res.
2014;160(2):258-267.

Dhindsa S, Ghanim H, Batra M, Kuhadiya ND, Abuaysheh S, Green K, Makdissi A,
Chaudhuri A, Dandona P. Effect of testosterone on hepcidin, ferroportin, ferritin and
iron binding capacity in patients with hypogonadotropic hypogonadism and type 2
diabetes. Clin Endocrinol (Oxf). 2016;85(5):772-780.

Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to public health. Am
J Kidney Dis. 2014;63(5):820-834.

Berger EY, Farber SJ, Earle DP, Jr. Comparison of the constant infusion and urine
collection techniques for the measurement of renal function. The Journal of clinical
investigation. 1948;27(6):710-716.

Stevens LA, Coresh J, Schmid CH, Feldman HI, Froissart M, Kusek J, Rossert J, Van
Lente F, Bruce RD, 3rd, Zhang YL, Greene T, Levey AS. Estimating GFR using
serum cystatin C alone and in combination with serum creatinine: a pooled analysis of
3,418 individuals with CKD. Am J Kidney Dis. 2008;51(3):395-406.

Haraldsen IR, Haug E, Falch J, Egeland T, Opjordsmoen S. Cross-sex pattern of bone
mineral density in early onset gender identity disorder. Horm Behav. 2007;52(3):334-
343.

Spanos C, Bretherton I, Zajac JD, Cheung AS. Effects of gender-affirming hormone
therapy on insulin resistance and body composition in transgender individuals: A
systematic review. World J Diabetes. 2020;11(3):66-77.

de Nie I, de Blok CJM, van der Sluis TM, Barbeé E, Pigot GLS, Wiepjes CM, Nota
NM, van Mello NM, Valkenburg NE, Huirne J, Gooren LJG, van Moorselaar RJA,
Dreijerink KMA, den Heijer M. Prostate Cancer Incidence under Androgen
Deprivation: Nationwide Cohort Study in Trans Women Receiving Hormone
Treatment. J Clin Endocrinol Metab. 2020;105(9).

McFarlane T, Zajac JD, Cheung AS. Gender-affirming hormone therapy and the risk
of sex hormone-dependent tumours in transgender individuals-A systematic review.
Clin Endocrinol (Oxf). 2018;89(6):700-711.

Eggers KM, Lindahl B. Impact of Sex on Cardiac Troponin Concentrations-A Critical
Appraisal. Clin Chem. 2017;63(9):1457-1464.

Christenson RH, Duh SH, Mullins KE, LeClair MM, Grigorov IL, Peacock WF.
Analytical and clinical characterization of a novel high-sensitivity cardiac troponin
assay in a United States population. Clin Biochem. 2020.

Page 19 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



44,

45.

46.

471.

48.

49,

50.

51.

52.

Apple FS, Sandoval Y, Jaffe AS, Ordonez-Llanos J, Bio-Markers ftiITFoCAoC.
Cardiac Troponin Assays: Guide to Understanding Analytical Characteristics and
Their Impact on Clinical Care. Clinical Chemistry. 2017;63(1):73-81.

Salton CJ, Chuang ML, O'Donnell CJ, Kupka MJ, Larson MG, Kissinger KV,
Edelman RR, Levy D, Manning WJ. Gender differences and normal left ventricular
anatomy in an adult population free of hypertension. A cardiovascular magnetic
resonance study of the Framingham Heart Study Offspring cohort. J Am Coll Cardiol.
2002;39(6):1055-1060.

Wang ET, Ku IA, Shah SJ, Daviglus ML, Schreiner PJ, Konety SH, Williams OD,
Siscovick D, Bibbins-Domingo K. Polycystic ovary syndrome is associated with
higher left ventricular mass index: the CARDIA women's study. J Clin Endocrinol
Metab. 2012;97(12):4656-4662.

Gardin JM, Wagenknecht LE, Anton-Culver H, Flack J, Gidding S, Kurosaki T,
Wong ND, Manolio TA. Relationship of cardiovascular risk factors to
echocardiographic left ventricular mass in healthy young black and white adult men
and women. The CARDIA study. Coronary Artery Risk Development in Young
Adults. Circulation. 1995;92(3):380-387.

Velho I, Fighera TM, Ziegelmann PK, Spritzer PM. Effects of testosterone therapy on
BMI, blood pressure, and laboratory profile of transgender men: a systematic review.
Andrology. 2017;5(5):881-888.

Deutsch MB, Bhakri V, Kubicek K. Effects of cross-sex hormone treatment on
transgender women and men. Obstet Gynecol. 2015;125(3):605-610.

Pelusi C, Costantino A, Martelli V, Lambertini M, Bazzocchi A, Ponti F, Battista G,
Venturoli S, Meriggiola MC. Effects of three different testosterone formulations in
female-to-male transsexual persons. J Sex Med. 2014;11(12):3002-3011.

Maraka S, Singh Ospina N, Rodriguez-Gutierrez R, Davidge-Pitts CJ, Nippoldt TB,
Prokop LJ, Murad MH. Sex Steroids and Cardiovascular Outcomes in Transgender
Individuals: A Systematic Review and Meta-Analysis. J Clin Endocrinol Metab.
2017;102(11):3914-3923.

Smith GI, Reeds DN, Okunade AL, Patterson BW, Mittendorfer B. Systemic delivery
of estradiol, but not testosterone or progesterone, alters very low density lipoprotein-
triglyceride kinetics in postmenopausal women. J Clin Endocrinol Metab.
2014;99(7):E1306-1310.

Page 20 of 22

020Z JagqwanoN £z uo 1senb Aq //6£685/97GeeBp/WaUID/0LZ ] 01 /10p/a[0e-80uBApe/wadl/woo dno-olwapeoe//:sdiy Woll papeojumo(]



Table. Recommendations for laboratory tests with sex-specific reference ranges in trans people
using gender-affirming hormone therapy

Test Recommended Reference | Comments
Range for Interpretation
Affirmed Presumed
Gender Sex at Birth

Estradiol v

Total v

Testosterone

Creatinine v

Estimated GFR v Alternatively perform a 24 hour urine
creatinine clearance

Hemoglobin v

Hematocrit v

Iron studies v Insufficient data. Premenopausal female
reference range should be used for
menstruating or pregnant individuals
regardless of gender.

Electrolytes v 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.

Liver Function v No sex-specific reference ranges. There is
no clear evidence to suggest clinically
significant changes occur with gender-
affirming hormone therapy
(16,19,23,25,48).

Lipid Profile v 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).

Prostate Specific v Valid only for people with a prostate. The

Antigen (PSA) prostate remains insitu even after
orchiectomy, vaginoplasty or labioplasty
surgery. PSA is expected to be low in the
setting of low testosterone concentrations.

High Sensitivity v Cardiac troponin is based upon organ size

Cardiac which is not expected to change with

Troponin gender-affirming hormone therapy.
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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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