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Abstract

Purpose of review: Nephrologists are increasingly providing care to transgender individuals with chronic kidney disease
(CKD). However, they may lack familiarity with this patient population that faces unique challenges. The purpose of this
review is to discuss the care of transgender persons and what nephrologists should be aware of when providing care to their
transgender patients.

Sources of information: Original research articles were identified from MEDLINE and Google Scholar using
the search terms “transgender,” *
“transplant,” and “nephrology.”
Methods: A focused review and critical appraisal of existing literature regarding the provision of care to transgender men
and women with CKD including dialysis and transplant to identify specific issues related to gender-affirming therapy and
chronic disease management in transgender persons.

Key findings: Transgender persons are at an increased risk of adverse outcomes compared with the cisgender population
including mental health, cardiovascular disease, malignancy, sexually transmitted infections, and mortality. Individuals with
CKD have a degree of hypogonadotropic hypogonadism and decreased levels of endogenous sex hormones; therefore,
transgender persons with CKD may require reduced exogenous sex hormone dosing. Exogenous estradiol therapy
increases the risk of venous thromboembolism and cardiovascular disease which may be further increased in CKD.
Exogenous testosterone therapy increases the risk of polycythemia which should be closely monitored. The impact of
gender-affirming hormone therapy on glomerular filtration rate (GFR) trajectory in CKD is unclear. Gender-affirming
hormone therapy with testosterone, estradiol, and anti-androgen therapies changes body composition and lean body mass
which influences creatinine generation and the performance for estimated glomerular filtration rate (eGFR) equations in
transgender persons. Confirmation of eGFR with measured GFR is reasonable if an accurate knowledge of GFR is needed
for clinical decision-making.

Limitations: There are limited studies regarding the intersection of transgender persons and kidney disease and those
that exist are mostly case reports. Randomized controlled trials and observational studies in nephrology do not routinely
differentiate between cisgender and transgender participants.

Implications: This review highlights important considerations for providing care to transgender persons with kidney
disease. Additional research is needed to evaluate the performance of eGFR equations in transgender persons, the effects of
gender-affirming hormone therapy, and the impact of being transgender on outcomes in persons with kidney disease.
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Abrégé

Motif de la revue: Dans leur pratique, les néphrologues sont de plus en plus appelés a traiter des personnes
transgenres atteintes d’insuffisance rénale chronique (IRC). Une population de patients qui fait face a des défis
particuliers et avec laquelle les spécialistes ne sont pas toujours familiers. L'objectif de cette revue est de discuter
des soins prodigués aux personnes transgenres et des enjeux auxquels les néphrologues qui soignent ces patients
devraient étre sensibilisés.

Sources: Les articles de recherche originaux ont été répertoriés sur MEDLINE et Google Scholar a I'aide des termes
transgender (transgenre), gender (genre), sex (sexe), chronic kidney disease (insuffisance rénale chronique), end stage kidney
disease (insuffisance rénale terminale), dialysis (dialyse), transplant (transplantation) et nephrology (néphrologie).
Méthodologie: On a procédé a un examen ciblé et une évaluation critique de la documentation portant sur les soins
aux personnes transgenres atteintes d’IRC, notamment la dialyse et la transplantation, afin de cerner les enjeux liés
spécifiquement aux thérapies d’affirmation du genre et a la prise en charge de la néphropathie chronique chez les
personnes transgenres.
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Principaux résultats: Les personnes transgenres courent un risque accru d’événements défavorables comparativement a la
population cisgenre, notamment en matiére de santé mentale, de maladies cardiovasculaires, de tumeurs malignes, d’infections
transmissibles sexuellement et de mortalité. Les individus atteints d’IRC présentent un certain degré d’hypogonadisme
hypogonadotrope et des taux réduits d’hormones sexuelles endogénes; les personnes transgenres atteintes d’'IRC pourraient
ainsi nécessiter un dosage réduit d’hormones sexuelles exogénes. L’estradiol exogéne augmente le risque de thrombo-embolie
veineuse et de maladies cardiovasculaires, un risque pouvant étre augmenté davantage en contexte d’IRC. La testostérone
exogene augmente le risque de polycythémie et doit étre surveillée étroitement. L'impact de ’hormonothérapie d’affirmation
du genre sur la trajectoire du débit de filtration glomérulaire (DFG) en IRC est encore mal connu. L’hormonothérapie
d’affirmation du genre avec testostérone, estradiol et anti-androgéne altére la composition corporelle et la masse maigre, ce
qui influe sur la production de créatinine et la performance des équations calculant le DFG estimé (DFGe) chez les personnes
transgenres. La confirmation du DFGe a 'aide du DFG mesuré est raisonnable si connaitre la valeur précise du DFG est
nécessaire pour la prise de décision clinique.

Limites: Peu d’études se sont penchées sur I'intersection des personnes transgenres et de la néphropathie, et les études
existantes consistent principalement en des rapports de cas. Les essais contrdlés randomisés et les études observationnelles
en néphrologie ne font pas systématiquement de distinction entre les participants cisgenres et transgenres.

Conclusion: Cette revue met en lumiére des considérations importantes pour la prise en charge des personnes transgenres
atteintes de néphropathies. D’autres recherches sont nécessaires pour évaluer la performance des équations calculant le
DFGe, les effets de 'hormonothérapie d’affirmation du genre et I'incidence d’étre transgenre sur les résultats des personnes
atteintes de néphropathies.
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nephrologists should be aware of when interacting with
and treating their transgender patients.

Introduction

Nephrologists are increasingly providing care to transgender
patients with chronic kidney disease (CKD) including those
with end-stage kidney disease (ESKD) treated with dialysis
or kidney transplantation. However, clinicians may lack
familiarity with this patient population that faces unique

Methods

MEDLINE and Google Scholar were searched using the
terms “transgender” on its own or in combination with

challenges. There are several issues that need to be consid-
ered when providing nephrology care to transgender patients
given that sex and gender differences exist within the cisgen-
der (non-transgender) population regarding kidney disease
but it is unknown how this applies to transgender individuals
with kidney disease who may be undergoing gender-affirm-
ing hormone therapy or surgery.

Scope and Purpose

The purpose of this review is to discuss the provision of
kidney care to adult transgender persons and the issues

“chronic kidney disease,” “end stage kidney disease,” “dial-
ysis,” “transplant” and ‘“nephrology” by the first author
(D.C.) to identify relevant literature. We also searched “sex”
and “gender” in combination with the same MeSH terms.
The searches were completed in May 2020. References of
key articles were reviewed for additional papers relevant to
the care of transgender with and without kidney disease. This
was supplemented by key articles from other authors who
either provide gender-affirming hormone therapy to trans-
gender persons (N.S.) or are experts in sex and gender in
kidney disease (S.A.). We prioritized the inclusion of clinical
practice guidelines, systematic reviews, meta-analyses, and
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large observational studies given the lack of randomized
controlled trials in this patient population.

Review

The Nomenclature of Gender Identity

Every person goes through a process of gender identity
development starting in infancy and develops their gender
identity over time which refers to one’s internal, deeply held
sense of gender such as being a male or a female or an alter-
native gender that may or may not correspond to a person’s
sex assigned at birth.'* Gender includes gender expression
(physical appearance and behavior related to gender), gender
identity (a person’s perception of their gender), and gender
roles (behaviors, values, and attitudes that a society consid-
ers appropriate to gender). In general, umbrella terms such as
“cisgender” and “transgender” are used to classify gender
identities.? A cisgender person is an individual whose gender
identity aligns with their sex assigned at birth and a transgen-
der person' is an individual whose gender identity does not
align with their sex assigned at birth.! Specifically, a trans-
gender man is an individual who was assigned female at
birth but who identifies and lives as a man? and a transgender
woman is an individual who was assigned male at birth but
who identifies and lives as a woman.? Importantly, gender
identities and their expression are diverse beyond the binary
framework; while this review focuses on transgender men
and women, it also applies to other gender diverse individu-
als* including those who identify as without gender or “agen-
der.” Furthermore, it is crucial to create a safe and welcoming
clinical environment for transgender patients with culturally
competent care.® In clinical practice and for research pur-
poses, it is important to document gender identity data and to
use patients’ preferred name and pronouns.’ In addition,
other important aspects to consider include appropriate staff
training, bathrooms, waiting areas, and having a basic under-
standing of transgender terminology.> All of this is important
in acknowledging and respecting individuals’ gender identity
and fostering trust in the patient-physician relationship.’

The Epidemiology of Transgender Persons

It is estimated that 0.3% to 0.6% of the adult population® is
transgender and that there are more than 150 000 transgender
persons in Canada, 1 million transgender persons in the United
States,” and 25 million transgender persons worldwide.® The
prevalence of transgender individuals in a population depends
on the definition of transgender and its classification by self-
report, the use of sex hormone therapy, or the receipt of gen-
der-affirming surgery.® In the Behavioral Risk Factor
Surveillance System which included more than 500 000 ran-
dom respondents from across the United States, 0.24% identi-
fied as male-to-female, 0.14% identified as female-to-male,
and 0.10% identified as gender nonconforming.’

Transgender persons have a higher burden of chronic dis-
eases when compared with the cisgender population'® and
have worse overall health outcomes due to many different
factors.!! Coexisting mental health comorbidities'? are com-
mon including mood disorders, substance abuse and depen-
dency, and self-harm behaviors'? that all negatively impact
health-related quality of life.'*!® Many of these factors can
influence or contribute to underlying CKD including nonad-
herence, HIV, highly active antiretroviral therapy, illicit
drugs, renovascular disease, and gender-affirming hormone
therapy.

Gender-Affirming Care

When transgender individuals experience gender dysphoria
or incongruence, they have distress or discomfort associated
with their gender identity being incongruent with their sex
assigned at birth and may seek treatment to alleviate this."»>!’
The World Professional Association for Transgender Health
(WPATH) clearly outlines the importance of mental health
support and treatment as well as the medical necessity for
providing gender-affirming hormone and/or surgical therapy
in many transgender individuals with gender dysphoria.!”
Gender-affirming care includes providing mental health sup-
port as well as support in transition-related care such as with
a social transition, coping with transphobia, changing legal
documents, and connecting patients to accessing gender ser-
vices. It also involves supporting transgender individuals
interested in gender-affirming hormone therapy and/or surgi-
cal therapy® in addition to general medical care' which
includes addressing mental health issues, malignancy screen-
ing, the prevention and treatment of HIV'® and other sexually
transmitted infections, cardiovascular (CV) risk reduc-
tion,'>?° and vaccinations.?' Inclusive?? and culturally com-
petent care? of transgender persons is typically provided by
a network of physicians that includes primary care physi-
cians, mental health professionals, endocrinologists, and sur-
geons but barriers to accessing care’*?* resulting in health
inequities?® and unmet healthcare needs?’ are common, espe-
cially outside of larger cities and urban settings.

Gender-Affirming Hormone Therapy in
Transgender Persons

There are 2 main objectives of gender-affirming hormone
therapy in transgender individuals. The first is to decrease
the levels of endogenous sex hormones and their associated
secondary sex characteristics of the sex assigned at birth.?
The second is to then replace and shift the individual’s bio-
chemical sex hormone configuration to reflect their affirmed
gender in a way that mimics physiology as best as possible
using the principles from hormone replacement therapy in
hypogonadal cisgender individuals.? This is guided by the
individual’s gender-affirming goals as well as providing this
hormonal therapy in a risk reduction manner depending on
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the clinical scenario and presence of medical comorbidities.
Gender-affirming hormone therapy is associated with an
improvement in quality of life,?®?° psychological outcomes,*
and sexual function? in transgender persons. Data also sug-
gest that the overall satisfaction is high after gender-affirm-
ing treatment.’!

Masculinizing Hormone Therapy in Transgender
Men

For transgender men, the general goal of masculinizing hor-
mone therapy is virilization with the development of mascu-
line secondary sexual characteristics that match their
masculine gender identity."3! This is accomplished by using
exogenous testosterone therapy to raise testosterone levels
into the male physiological range by using either injectable
or transdermal testosterone formulations.? This leads to
masculine changes which typically include voice deepening,
menstrual suppression, facial and body hair growth, and
increased muscle mass.'*! In particular, exogenous testoster-
one therapy leads to changes in body composition with
increased body weight, decreased body fat, and increased
lean body mass usually by several kilograms.?' Adverse
effects of exogenous testosterone therapy include erythrocy-
tosis’? and a risk of polycythemia especially with additional
risk factors,! acne, scalp hair loss, unexpected menstrual
bleeding, hypertriglyceridemia, and infertility.’!

Feminizing Hormone Therapy in Transgender
Women

For transgender women, the general goal of feminizing hor-
mone therapy is to decrease the effects of endogenous tes-
tosterone and to induce feminine secondary sex
characteristics that match their feminine gender identity.*!
This is achieved by adding estrogen and by reducing endog-
enous testosterone to attain estradiol and testosterone levels
within the female physiological range. This is accomplished
by using exogenous estradiol therapy which in itself can
suppress endogenous testosterone production via central
feedback mechanism as well as anti-androgen therapy that
suppresses either the secretion or action of androgens* such
as spironolactone, cyproterone acetate, or gonadotropin-
releasing hormone (GnRH) agonists.!**! Guidelines recom-
mend using oral, transdermal, or injectable exogenous
estradiol therapy in this clinical setting.> Feminizing hor-
mone therapy generally leads to skin softening, breast
development, decrease in body hair,?! as well as changes in
body composition®! with increased body fat and decreased
lean body mass which usually increases body weight by sev-
eral kilograms without any negative effects on bone mineral
density.’* Adverse effects of estrogens include venous
thromboembolism (VTE),*>-¢ malignancy,?”*® hypertriglyc-
eridemia, CV disease,'®?° and infertility.?! Progesterone

may also be used for breast development in transgender
women but may have side effects and increase the risk of
breast cancer’’ and vascular disease.

Gender-Affirming Surgery

Gender-affirming surgery refers to any surgery in which a
transgender individual uses to align their body with their
affirmed gender identity.’® Among these gender-affirming
surgeries, there is a group of surgeries that do not affect fer-
tility which include facial feminization, breast augmenta-
tion, bilateral mastectomy, and metoidioplasty.’> The other
group of surgeries that directly affect fertility include orchi-
ectomy, penectomy, vaginoplasty, hysterectomy, oophorec-
tomy, vaginectomy, and phalloplasty."? Gender-affirming
surgeries affecting fertility are irreversible and guidelines
recommend first having used gender-affirming hormone
therapy continuously for 1 year and having successfully
been living full-time in one’s affirmed gender role for 1
year.” Obstructive uropathy is a complication of gender-
affirming surgery and altered anatomy may result in chal-
lenges in the management of specific urological issues and
kidney transplantation. After gender-affirming surgery,
transgender persons remain at an increased risk of psychiat-
ric morbidity, suicidality, and death.*’

Special Considerations for Transgender
Care in the Setting of Kidney Disease

CKD and Hypogonadotropic Hypogonadism

It is believed that there is proportional increase in hypotha-
lamic-pituitary-gonadal (HPG) dysfunction as glomerular
filtration rate (GFR) decreases in individuals with CKD
that results in testosterone deficiency in men*' and estro-
gen deficiency and functional menopause in females.*
However, postmenopausal females with kidney disease
have similar estrogen levels as postmenopausal females
without kidney disease.* How kidney disease suppresses
the HPG axis is not entirely clear but is thought to be due
to the reduction in cyclic release of GnRH leading to the
loss of pulsatile luteinizing hormone and follicular stimu-
lating hormone release with subsequent decrease in the
secretion of sex hormones.* Another potential factor is the
presence of hyperprolactinemia which is also common in
CKD and dialysis as a result of increased pituitary produc-
tion due to resistance from dopamine inhibition and
decreased excretion by the kidneys.**® Transgender per-
sons with CKD may have decreased levels of endogenous
sex hormones and may thus potentially require lower dos-
ages of gender-affirming hormone therapy to meet their
gender-affirming goals but there is no evidence to support
this beyond the presumed hypogonadotropic hypogonad-
ism of patients with kidney disease.
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The Role of Sex Hormones in Kidney Disease

The effects of sex on kidney function are uncertain because
in human studies, unlike animal studies, it is challenging to
separate sex and gender as prognostic factors for the devel-
opment and progression of CKD. In a meta-analysis of stud-
ies in the Chronic Kidney Disease-Prognosis Consortium,
there was no difference in the progression of kidney disease
between men and women even after stratifying by age to
account for menopause.*’ This is different from previous
meta-analyses where female sex was associated with either
improved or deleterious kidney outcomes,***’ which in addi-
tion to differences in menopausal status in the included pop-
ulations likely reflects dissimilarities in definitions of kidney
outcomes in the different studies.

Estrogen and Kidney Disease

Estrogen has been shown to be renoprotective in animal
studies with estrogen receptors located in mesangial, endo-
thelial, and endothelial cells of the kidney where it affects the
synthesis and activity of cytokines, growth factors, vasoac-
tive mediators, renin-angiotensin aldosterone system
(RAAS) activity, and transforming growth factor-f signal
transduction.>® However, the renoprotective effects of estro-
gen in human prospective and observational studies have
been inconsistent. If in fact female sex is renoprotective, is
not clear whether this is because of a protective effect of
endogenous estrogen or due to decreased exposure to the
potentially harmful effects of testosterone. However, exoge-
nous estrogen may also be harmful. Oral contraceptives with
estrogen are associated with the development of microalbu-
minuria’! and macroalbuminuria® as well as RAAS and an
increase in blood pressure.’* Postmenopausal hormone ther-
apy in the setting of kidney disease is associated with a lower
low-density lipoprotein and higher high-density lipoprotein
without any effects on triglycerides or blood pressure.™
Studies examining the effect of postmenopausal hormone
therapy on long-term CV outcomes in CKD and ESKD are
lacking with those examining the effects of exogenous estro-
gen on albuminuria and GFR showing conflicting results3>-%’
which likely reflect differences in estrogen doses, routes,
concurrent use of progestins, and timing of initiation of ther-
apy relative to menopausal onset.

Whether the potential benefits and harms of exogenous
estrogen in transgender women and decreased estrogen in
transgender men are similar to that of cisgender individuals
are unclear. The pharmacokinetics of estrogen differs in cis-
gender women with CKD,>®° in that while little estradiol
and estrone are excreted in the urine and neither is dialyzed,
free and total estradiol plasma concentrations are still higher
in cisgender women with ESKD so it is recommended that
only 50% of its dose is administered. The absolute risks of
VTE from estrogen are likely increased in CKD and dialy-

sis® so its benefit to risk ratio should be revaluated as CKD

progresses. The development of additional risk factors such
as surgery and immobilization, as is in the setting of kidney
transplantation, may further increase VTE risk so that it may
be reasonable to temporarily discontinue estrogen to prevent
the risk of VTE (and graft thrombosis) until additional risk
factors have resolved but there is no evidence to guide this
approach. The route of estrogen (ie, transdermal vs oral vs
other) may influence the risk of VTE as transdermal estro-
gen may be safer in transgender® and postmenopausal
women.*? Similarly, given the already increased CV risk in
the setting of CKD, the use of estrogen in transgender
women may further increase the of CV events.®® In an elec-
tronic medical record—based cohort study of 2842 trans-
women and 2118 transmen from Kaiser Permanente
integrated health systems, the incidences of ischemic stroke
and myocardial infarction were higher in transwomen than
cisgender men and women controls but eGFR and eGFR/
proteinuria estrogen interactions were not considered.!”
Observational studies that accurately identify transgender
women, estrogen exposure, and both VTE and CV events
across the spectrum of CKD are needed to determine the
degree of effect modification by GFR and proteinuria.

Testosterone and Kidney Outcomes

Low testosterone is common in CKD% as a result of aging,
comorbidities such as diabetes, obesity, liver disease, and
medications (eg, glucocorticoids, angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, statins,
opioids) with many adverse outcomes including low mus-
cle mass,% frailty,° arterial stiffness,’” CV events,®® and
mortality.®+®-7! It is unknown whether low testosterone
levels from the effects of feminizing hormone therapy or as
a result of gonadectomy in transgender women are associ-
ated with similar risks. Similarly, it is also unknown
whether the goal of gender-affirming hormone therapy in
transgender men with CKD should be that of mimicking
normal physiology or targeting the lower testosterone lev-
els seen in the cismale CKD population.

If accurate testosterone levels are needed to guide clini-
cal decision-making, a measurement method that takes
into account sex hormone—binding globulin levels which
are altered in CKD and influence total testosterone levels
is recommended. This may include bioavailable testoster-
one, free androgen index, or free testosterone measured
using a validated equilibrium dialysis assay. The treatment
of low testosterone in cisgender men with hypogonadism
not only results in virilization and improves sexual func-
tion, muscle strength, fat-free mass, bone density but might
also increase the risk of CV events.”? Exogenous testoster-
one therapy increases erythropoiesis and so hemoglobin
should be carefully monitored in all patients on testoster-
one’® given the potential risk of iatrogenic polycythemia,
especially if there is the concurrent use of iron, erythropoi-
etin-stimulating agents, or post-transplant polycythemia. It
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appears that exogenous testosterone is not significantly
removed by hemodialysis as total and free testosterone
levels do not differ before and after dialysis in men using
transdermal testosterone.”

Cyproterone acetate and GnRH agonists do not need to be
dose adjusted in CKD and dialysis but this has not been for-
mally studied. However, spironolactone should be dosed
reduced for eGFR < 30 mL/min/1.73m? although lower
doses may not be effective as an anti-androgen. As spirono-
lactone may increase the risk of hyperkalemia, especially in
individuals approaching or currently being treated with dial-
ysis,” replacement by another anti-androgen may be neces-
sary in transgender women. Alternatively, pharmacologic
(eg, diuretics, novel potassium binding resins) and nonphar-
macologic treatments (strict dietary restriction, frequent dial-
ysis) for hyperkalemia may need to be initiated or intensified.
Androgen deprivation therapy for nonmetastatic prostate
cancer with GnRH agonists and combination therapy with
oral antiandrogens or estrogens increases the risk of acute
kidney injury’® but its mechanism and whether this is the
case in transgender persons are not known. In a retrospective
study of weightlifters that included 57 current anabolic-
androgenic steroid (AAS) users, 28 past AAS users, and 52
nonusers, adjusted eGFR was the lowest in current users,
intermediate in past users, and the highest in nonusers sug-
gesting either a direct nephrotoxic effect or an indirect effect
mediated by AAS-induced CV dysfunction.”

Estimating GFR in Transgender Persons

GFR is routinely estimated’® using creatinine and equations
developed from linear regression models including the
Modification of Diet in Renal Disease (MDRD)” and the
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI)® equations. Creatinine is a biomarker of GFR that is
derived from diet and skeletal muscle metabolism so it is
influenced not only by GFR but also by diet and muscle mass
which is dependent on age, sex/gender, and race but the latter
is controversial.®! For this reason, estimated GFR equations
typically adjust for these non-GFR-related factors to improve
their performance. The eGFR equations include sex as a
covariate because cisgender females generate less creatinine
than cisgender males due to having lower muscle mass and
there may also be sex/gender differences in diet and creati-
nine production.’? If sex and gender factors are not consid-
ered, eGFR is systematically overestimated in cisgender
females.

The adjustment in eGFR for female sex in the MDRD
equation is X 0.742. The adjustment in eGFR for female sex
in CKD-EPI equation®® is more complicated and is based on
sex differences in the (SCr/B)C term of the equation where
SCr is serum creatinine, B is 0.7 and 0.9 in cisgender females
and males, respectively, and C is either —0.329 or —0.411 if
SCris =62 and =80 pmol/L in cisgender females and males
(and 1.209 for both sexes above these SCr thresholds). The
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Figure |. Differences in eGFR by sex and age in MDRD and
CKD-EPI equations.

Note. MDRD= Modification of Diet in Renal Disease; CKD-EPI =
Chronic Kidney Disease Epidemiology Collaboration; eGFR = estimated
glomerular filtration rate.

issue with using sex in eGFR equations in transgender per-
sons is that it is unclear which adjustment to input into the
equation for transgender men and women because their mus-
cle mass and thus creatinine may not be the same as their
respective cisgender counterparts. It should be noted that the
MDRD and CKD-EPI populations used to derive and vali-
date their eGFR formulas did not specifically report if any
transgender persons were included or how sex and/or gender
were captured in the initial datasets. The differences in eGFR
estimation of using both sexes in the MDRD and CKD-EPI
equations across ages and serum creatinine are shown in
Figure 1. The absolute difference in eGFR between sexes
decreases as serum creatinine increases and is lower in the
elderly as compared with younger individuals. The bias
between measured GFR and eGFR may be larger in women
compared with men® (ie, —14.2 [-16.5 to —10.9] in women
and —3.4 [-6.3 to 0] in men using CKD-EPI) but how this
compares with transgender men and women is not known.
This potential bias (i.e., the difference in measured GFR
and eGFR) in transgender persons is most problematic in the
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Table I. Changes in Transgender Men and Women on Sex Hormone Therapy.

Prehormone therapy

Posthormone therapy

P value (between group*)

Study Population Duration serum creatinine serum creatinine (pre/post*¥)
Ruestche®’ 24 transwomen 125y Not applicable 80 pmol/L (10) Not reported
I5 transmen 76y Not applicable 90 umol/L (6)
Lapauw? 23 transwomen >3y Not applicable 0.78 mg/dL = 0.11 P <.00I%
46 age, height Not applicable (69 pmol/L = 10)
Matched cismales 0.94 mg/dL = 0.12
(83 pmol/L = I1)
Wierckx®! 50 transmen 63y Not applicable 0.9 mg/dL (0.9-1.0) P <.001*
50 transwomen 87y Not applicable (80 pmoliL)
0.8 mg/dL (0.7-0.9)
(71 pmol/L)
Sorelle® 133 transwomen >6 mo 0.98 mg/dL 0.86 mg/dL P < .0001**
89 transmen (87 pmol/L) (76 pmol/L)
0.74 mg/dL 0.90 mg/dL P < .0001**
(65 pmol/L) (80 pmol/L)
Fernandez” 33 transwomen 18 mo 0.90 mg/dL (0.03) 0.83 mg/dL (0.03) Not reported
|9 transmen (80 pmol/L [3]) (73 pmol/L [3])
0.73 mg/dL (0.03) 0.82 mg/dL (0.04)
(65 pmol/L [3]) (73 pmol/L [4])
Jarin® 72 transmen 6 mo Not reported Not reported P> .05
44 transwomen
Scharffe 249 transwomen 12 mo 78.5 pmol/L (10.8) 73.1 pmol/L (10.6) -5.0
278 transmen 66.0 umol/L (9.0) 77.4 pmol/L (10.6) (95% Cl: —6.2 to —3.8)**
.1
(95% CI: 10.1 to 12.2)**
Wierckx** 53 transmen ly 0.74 mg/dL (0.1) 0.84 mg/dL (0.1) P < .001**
53 transwomen (65 pmol/L [9]) (74 pmol/L [9]) P < .001**
0.9 mg/dL (0.1) 0.8 mg/dL (0.1)
(80 pmol/L [9]) (71 pmol/L [9])
van Kesteren® 20 transwomen Iy 81 umol/L (7) 77 pmol/L (7) P = .048%*
19 transmen 72 pmol/L (8) 79 pmol/L (9) P < .001%*

Note. Cl = confidence interval.

setting of gender-affirming hormone therapy, where body
composition and muscle mass change as described above
with a corresponding change in creatinine generation and
serum creatinine®>%¢; whether there is any true difference in
actual GFR is unknown. In a systematic review and meta-
analysis, testosterone therapy increased lean mass by 3.9kg
(95% confidence interval [CI]: 3.2-4.5) in transgender men
and estradiol therapy with or without anti-androgen therapy
decreased lean mass by 2.4 kg (95% CI: 2.8-2.1).87% The
effects of gender-affirming hormone therapy on serum cre-
atinine in transgender men and women before and after its
initiation or between cisgender and transgender groups are
shown in Table 1. On average, creatinine increases approxi-
mately 5 to 10 pumol/L in transgender men and decreases 5 to
10 umol/L in transgender women which may or may not be
clinically relevant as the minimally important difference in
eGFR bias across GFR levels and clinical decision-making is
unknown. The degree to which cystatin C is affected by gen-
der-affirming hormone therapy is not known, but is presum-
ably less than creatinine given that CKD-EPI equations that
incorporate cystatin C with or creatinine are less influenced

by sex (ie, the sex coefficient is .932 if female for the cystatin
C only equation and the male and female values for [cystatin/
B]C are identical for the combined creatinine and cystatin C
equation). To our knowledge, there are no studies that have
examined if there are any differences in cystatin C between
cisgender and transgender persons or pre/post gender-affirm-
ing hormone therapy.

Gandhi et al®® report the case of a 36-year-old transgender
man whose creatinine increased from 0.94 mg/dL (83
pmol/L) to 1.3 mg/dL (115 pmol/L) 2 years after the initia-
tion of testosterone. A 24-hour urine for CrCl was 92 mL/min
which, as expected, was higher than eGFR estimated by
CKD-EPI due to tubular secretion Cr using either male sex
(81 mL/min/1.73 m?) or female sex (61 mL/min/1.73 m?).
Whitley and Greene”’ report the case of a 33-year-old trans-
gender man on testosterone therapy with CKD and eGFR of
31 mL/min/1.73 m? or 23 mL/min/1.73 m? using male or
female sex, respectively, in the MDRD equation. The eGFR
equation performance in transgender persons is limited to
case reports and there are no specific data regarding trans-
gender women.
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Given that the performance of eGFR equations has
never been evaluated in any transgender populations, we
recommend that both male and female sexes are inputted
into eGFR equations for transgender persons on gender-
affirming hormone therapy. This will give a range of eGFR
by sex that can be narrowed by deciding on which value
likely reflects the muscle mass of the patient to which the
calculations were applied. In situations in which an accu-
rate knowledge of GFR is needed (eg, living donor suit-
ability, dosing of medications with a narrow therapeutic
index, referral for pre-emptive kidney transplantation, the
initiation of dialysis with vague but potentially uremic
symptoms), measured GFR can be obtained by use of non-
Cr exogenous filtration markers such as iothalamate or
iohexol, or radionuclide imaging with diethylenetriamine-
pentaacetic acid or ethylenediaminetetraacetic acid.
Ideally, Cr measurements before the initiation of gender-
affirming hormone therapy are available in most patients
so that accurate and precise baseline eGFR levels can be
referenced as well. For transgender persons not on gender-
affirming hormone therapy, because their muscle mass is
likely reflective of their sex assigned at birth, we recom-
mend that their sex assigned at birth and not their affirmed
gender be used in all eGFR equations. Additional research
is needed to determine the role of cystatin C instead of or
in addition to Cr for eGFR in transgender persons as well
as the performance (and possibly modification) of current
eGFR equations in transgender persons with and without
gender-affirming hormone therapy.

Inaccuracy in eGFR values on an individual level in
transgender persons can be harmful depending on the level
of GFR, the clinical decision at hand, and the availability
of confirmatory measured GFR testing. For any population
with a potential non-GFR determinant of an eGFR bio-
marker, bias and systemic overestimation in eGFR may
result in delays in accessing care (eg, referrals to nephrol-
ogy, vascular access, and transplant) and systemic under-
estimation could lead to the overdiagnosis of CKD, earlier
initiation of dialysis, the inadequate use or dosing of drugs
excreted by the kidney, limit access to diagnostic imaging
(contrast, gadolinium), and result in exclusion from
research.’® Thus, the potential lack of precision, accuracy,
and bias in any transgender eGFR calculation requires full
disclosure by health care providers and shared decision-
making® not only by nephrologists but also by all clini-
cians who provide care to transgender persons in addition
to the patient. Ultimately, if eGFR equations were vali-
dated in transgender persons on gender-affirming hormone
therapy and modified as necessary to optimize their perfor-
mance, this could improve clinical decision-making and
potentially avoid the need for measured GFR testing which
is invasive, time-consuming, impractical, and costly.
Potential differences in creatinine and eGFR equations in
transgender persons warrant better awareness among clini-
cians and researchers. For example, in the iPrEX study of
preexposure prophylaxis for HIV prevention in cisgender

men who have sex with men and transgender women'%%-10!

(who comprised 14% of the trial population, 20% of whom
were on gender-affirming hormone therapy), a creatinine
>1.2 mg/dL (106 pmol/L) or “the upper limit of normal”
and a CrCl <60 mL/min were both exclusion criteria and
safety events independent of sex or gender. While this
remains speculative, it is possible that thresholds of creati-
nine or eGFR that differed by gender may have modified
the trial recruitment and population and altered its results
regarding efficacy and safety.

Limitations

There is little research dedicated to the intersection of trans-
gender persons and kidney disease unlike other priority
areas for transgender persons such as HIV/AIDS, mood dis-
orders, CV disease, malignancy, and fertility.'” However,
even in these areas, there are unique methodologic and oper-
ational challenges'® to research. These barriers'* include
recruitment, retention, efficiency,!®> mistrust,'” a lack of
individual and community engagement by researchers, and
an overall concern for perceived more pressing issues such
as personal safety, police violence,'”” poverty, unemploy-
ment,'® and homelessness!'? instead of research that may or
may not directly impact transgender health. The nephrology
community needs to prioritize including transgender per-
sons in research by at minimum collecting sex and gender
separately to identify transgender persons in studies as well
as perform dedicated epidemiologic studies dedicated to
pertinent questions such as eGFR measurement and the
safety of gender-affirming hormone therapy in transgender
persons with kidney disease.

Conclusions

This review highlights important considerations for pro-
viding care to transgender persons with kidney disease.
Additional research is needed to evaluate the performance
of eGFR equations in transgender persons, the effects of
gender-affirming hormone therapy on the kidney, and the
impact of gender identity on outcomes of persons living
with kidney disease.
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