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Abstract

Background—Equations for estimated glomerular filtration rate (eGFR) based on serum 

creatinine include terms for sex/gender. For transgender and gender-diverse (TGD) youth, gender-

affirming hormone (GAH) treatment may affect serum creatinine and in turn eGFR.

Methods—TGD youth were recruited for this prospective, longitudinal, observational study prior 

to starting GAH treatment. Data collected as part of routine clinical care were abstracted from the 

medical record.

Results—For participants designated male at birth (DMAB, N = 92), serum creatinine decreased 

within 6 months of estradiol treatment (mean ± SD 0.83 ± 0.12 mg/dL to 0.76 ± 0.12 mg/dL, p 
< 0.001); for participants designated female at birth (DFAB, n = 194), serum creatinine increased 

within 6 months of testosterone treatment (0.68 ± 0.10 mg/dL to 0.79 ± 0.11 mg/dL, p < 0.001). 

Participants DFAB treated with testosterone had serum creatinine similar to that of participants 

DMAB at baseline, whereas even after estradiol treatment, serum creatinine in participants DMAB 

remained higher than that of participants DFAB at baseline. Compared to reference groups drawn 

from the National Health and Nutritional Examination Survey, serum creatinine after 12 months of 

GAH was more similar when compared by gender identity than by designated sex.
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Conclusion—GAH treatment leads to changes in serum creatinine within 6 months of treatment. 

Clinicians should consider a patient’s hormonal exposure when estimating kidney function via 

eGFR and use other methods to estimate GFR if eGFR based on serum creatinine is concerning.
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Introduction

Gender-affirming care for transgender and gender-diverse (TGD) youth may include 

treatment with gender-affirming hormones (GAH) [1]. Gender-affirming care has been 

associated with decreased lifetime suicidal ideation and favorable mental health outcomes 

[2–4]. In addition to inducing secondary sex characteristics concordant with the individual’s 

gender identity, GAH can alter multiple laboratory and anthropometric features including 

hemoglobin, cholesterol, and body composition [5–10]. Understanding these changes, 

especially when they affect clinical decision making, is important for the clinical care of 

TGD youth.

One example of a significant clinical laboratory measurement that may change during 

GAH treatment is serum creatinine and its use in estimating glomerular filtration rate 

(GFR). Assessment of GFR is an important clinical tool for screening and diagnosis of 

kidney disease and injury, dosing medications appropriately, assessing safety of radiological 

contrast, and assessing need for dialysis and eligibility for kidney transplantation. Given 

the challenges and cost of measurement of glomerular filtration rate via an ideal filtration 

marker such as inulin, clinicians commonly use equations for estimated GFR (eGFR) 

using serum creatinine [11]. However, serum creatinine is influenced by multiple factors 

in addition to GFR, including muscle mass and diet; these factors contribute to differences in 

serum creatinine between men and women, among racial and ethnic groups, and across age 

[12, 13].

Commonly used equations for eGFR have attempted to compensate for these differences in 

serum creatinine by adjusting for race and sex/gender using empirically derived coefficients 

[14]. These race and sex/gender-based coefficients act as surrogates for multiple other 

factors that impact GFR including measurable factors (e.g., sex-steroid concentrations, body 

size, and muscle mass) and factors that are more difficult to measure (e.g., genetic factors 

and diet) [15]. The underlying factors captured by the race and sex/gender coefficients in 

eGFR equations and precisely how these factors impact GFR are incompletely understood.

The appropriateness of incorporating race in eGFR equations has recently been called into 

question [16, 17]. The use of race as an imprecise proxy for physiological differences due to 

genetic ancestry can contribute to health disparities by introducing other social and external 

factors associated with race such as differences in access to medical care, minority stress, 

and socioeconomic status [15, 18].

Similarly, because adjustment for sex/gender in eGFR equations may capture multiple 

factors including sex-chromosome composition, sex-specific hormones, as well as societal 
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and environmental factors, this adjustment, likewise, may not accurately reflect these factors 

for all patients. For TGD patients in particular, clinicians have encountered difficulty 

determining which sex/gender-based equation is most appropriate [19]. For example, 

Whitley et al. reported a case of a transgender man with chronic kidney disease who 

experienced delays in both transplant eligibility and dialysis initiation because of confusion 

surrounding whether to use the creatinine-based eGFR equation for men or for women [20]. 

Additional knowledge regarding the impact of GAH on serum creatinine will aid in clinical 

decision making for TGD individuals.

Here, we report the changes in serum creatinine during GAH treatment in a cohort of TGD 

youth and compare these changes to a comparison group of adolescents drawn from the 

National Health and Nutrition Examination Survey (NHANES). In addition, we report the 

impact of these changes on eGFR as determined by equations without race adjustment: 

the Chronic Kidney Disease Epidemiology Collaboration 2021 (CKD-EPI 2021) and the 

Chronic Kidney Disease in Children Under 25 (CKiDU25) equations [21].

Methods

Participants were recruited prior to initiating GAH treatment at one of four study sites (e.g., 

Boston Children’s Hospital, Benioff Children’s Hospital, Lurie Children’s Hospital, and 

Children’s Hospital Los Angeles) as part of the Trans Youth Care—United States study. 

A full description of the study protocol has been published for reference [22]. Informed 

consent was obtained from all participants prior to study entry. The research protocol was 

approved by the Institutional Review Boards at all study sites. Laboratory, medication, and 

anthropometric data were collected as part of routine clinical care and abstracted from the 

medical record. Creatinine measurements were performed at the clinical laboratories of 

study sites and at outside facilities.

In order to take into account age-related changes in creatinine measurements, standardized 

serum creatinine levels (SCr/Q) were calculated by dividing serum creatinine levels by Q 

values calculated as follows [23]:

For males: ln(Q) = 3.2 + 0.259 × age − 0.543 × ln(age) − 0.00763 × age2 + 0.0000790 × age3

For females: ln(Q) = 3.08 + 0.177 × age − 0.223 × ln(age) − 0.00596 × age2 + 0.0000686 × age3

In addition, serum creatinine of study participants was compared to creatinine measurements 

performed as part of NHANES 2017–2018 [24]. NHANES creatinine measurements from 

participants between the ages of 12 and 22 years who were not pregnant at the time of 

measurement were used as reference data to generate an algorithm to calculate Z-scores by 

age and sex.

Estimates of GFR for study participants were made via 1) the CKiDU25 equation [21]:

Millington et al. Page 3

Pediatr Nephrol. Author manuscript; available in PMC 2022 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



eGFR = k × height
SCr

where height is in units of meters, serum creatinine (SCr) is in units of mg/dL, and k is 

calculated as follows:

For males:

< 12yearsold : k = 39.0 × 1.008(age − 12)

12to < 18yearsold : k = 39.0 × 1.045(age − 12)

> 18yearsold : k = 50.8

For females:

< 12yearsold : k = 36.1 × 1.008(age − 12)

12to < 18yearsold : k = 36.1 × 1.023(age − 12)

> 18yearsold : k = 41.4

and 2) the CKD-EPI 2021 equation [17]:

eGFR = 142 × min
SCr

κ , 1
α

× max
SCr

κ , 1
−1.200

× 0.9938age × 1.012[if female]

in which age is in units of years, κ = 0.7 for the female equation and 0.9 for the male 

equation, α = −0.302 for the male equation and −0.241 for the female equation. Additional 

eGFR calculations utilizing the bedside Schwartz, FAS, and EKFC equations are available 

in supplementary materials (Supplemental Table 1) [23, 25, 26]. Longitudinal analysis was 

completed via mixed-effects modeling. All analyses were performed using race and age as 

covariates. A p value <0.05 was considered significant. Stata Statistical Software: Release 16 

(College Station, TX) was used for analyses.

Results

The analysis included 286 participants, 92 (32%) designated male at birth (DMAB) and 194 

(68%) designated female at birth (DFAB) (Supplemental Fig. 1, Table 1). The majority of 

participants identified as white (64% of participants DMAB and 57% of participants DFAB).
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Serum creatinine measurements during GAH in TGD youth

Both participants DMAB and participants DFAB had significant changes in serum creatinine 

by 6 months of GAH treatment. Participants DMAB treated with estradiol had a decrease 

in serum creatinine of 0.07 ± 0.14 mg/dL over 6 months of treatment, from 0.83 ± 0.12 

mg/dL to 0.76 ± 0.12 mg/dL, p <0.001 (Table 2 and Fig. 1). There were no further changes 

in creatinine in participants DMAB following the 6-month visit. Participants DFAB treated 

with testosterone had an initial increase in serum creatinine of 0.11 ± 0.1 mg/dL over the 

first 6 months of treatment (from 0.68 ± 0.10 mg/dL to 0.79 ± 0.11 mg/dL, p < 0.001) and 

an additional increase between 6 and 12 months, for a total increase of 0.14 ± 0.11 mg/dL 

over the first year (from 0.79 ± 0.11 mg/dL to 0.82 ± 0.12 mg/dL, p = 0.03). There were no 

additional increases in serum creatinine beyond the first year of treatment.

After 12 months of testosterone treatment, participants DFAB had serum creatinine similar 

to the serum creatinine of DMAB participants at baseline (0.82 ± 0.12 mg/dL vs. 0.83 ± 

0.12 mg/dL). Although the serum creatinine in participants DMAB decreased with estradiol 

treatment, it did not decrease to the level of participants DFAB at baseline (0.76 ± 0.12 

mg/dL vs. 0.68 ± 0.10 mg/dL, p = 0.0003).

Serum creatinine increases with age across adolescence. To determine if the changes that 

we observed in serum creatinine during GAH in TGD youth were simply due to increasing 

age, SCr/Q scores were calculated and compared across GAH therapy (Table 2 and Fig. 1). 

SCr/Q values decreased in participants DMAB during the first 6 months of estradiol therapy 

when compared using the male (1.0 ± 0.15 to 0.9 ± 0.15, p < 0.001) and female (1.3 ± 0.17 

to 1.1 ± 0.18, p< 0.001) formulas. In participants DFAB, SCr/Q values increased in the first 

6 months of testosterone treatment by both the male (0.9 ± 0.14 to 1.0 ± 0.16, p < 0.001) 

and female formulas (1.0 ± 0.16 to 1.2 ± 0.18, p < 0.001). There were no further changes in 

SCr/Q after the 6-month visit in either designated sex group.

As an additional method of standardizing by age, we used serum creatinine measurements 

drawn from NHANES participants as reference data (Supplemental Table 2) to allow us 

to convert serum creatinine measurements from study participants to Z-scores for age and 

sex, with a Z-score of 0 indicating that a measurement was equal to the mean NHANES 

measurement for matched age and specified sex.

Compared to female NHANES participants, participants DFAB had higher mean serum 

creatinine at baseline (with a mean Z-score significantly greater than 0: + 0.3 ± 1.0, 

p = 0.002). After 12 months of testosterone treatment, this difference was even more 

pronounced (Z-score for female reference + 1.4 ± 1.0, p < 0.0001 compared to baseline), 

demonstrating that the increase in serum creatinine was beyond that expected solely based 

on increasing age (Supplemental Table 3 and Supplemental Fig. 3). Moreover, after 12 

months of treatment, participants DFAB had serum creatinine that was more similar to 

that of male NHANES participants (Z-score −0.3 ± 0.8) than that of female NHANES 

participants.

Participants DMAB had mean serum creatinine at baseline that was not significantly 

different from the reference group of male NHANES participants (Z-score −0.2 ± 0.9, p = 
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0.06, Supplemental Table 3 and Supplemental Fig. 3). Similar to participants DFAB, after 12 

months of estradiol treatment the difference between mean serum creatinine measurements 

and a reference group of male adolescents was more pronounced (Z-score for male reference 

−1.1 ± 0.9, p < 0.0001 compared to baseline). Likewise, after 12 months of estradiol 

participants DMAB had serum creatinine measurements that were closer to the mean for 

female NHANES participants (Z-score −0.6 ± 1.0) than male NHANES participants. Thus, 

in both participants DFAB and those DMAB the changes in serum creatinine during GAH 

were not due to increased age alone.

In participants DFAB, the increase in serum creatinine during the study period was 

positively associated with the increase in serum testosterone (R2 = 0.11, p = 0.003, 

Supplemental Fig. 2). In participants DMAB, the association between the changes in serum 

creatinine and in serum testosterone was not statistically significant (R2 = 0.14, p = 0.051, 

Supplemental Fig. 2).

Impact of spironolactone use on serum creatinine

There were 58 participants (63%) DMAB who were concurrently treated with 

spironolactone in addition to estradiol, with spironolactone started before, at the same time, 

or shortly after estradiol was started. There was no difference in baseline serum creatinine 

or SCr/Q levels between those taking and those not taking spironolactone (serum creatinine 

0.83 ± 0.11 mg/dL vs. 0.79 ± 0.16 mg/dL, p = 0.2; SCr/Q 1.0 ± 0.02 vs. 1.0 ± 0.04, p = 0.9). 

Spironolactone was associated with differences in the rate of decrease in creatinine with 

estradiol treatment; those not taking spironolactone had more of a decrease than those taking 

spironolactone, resulting in significant differences in serum creatinine and SCr/Q measured 

via the male equation at the 6-month follow-up visit (no spironolactone: serum creatinine 

0.67 ± 0.07 mg/dL and SCr/Q 0.83 ± 0.03, spironolactone: serum creatinine 0.78 ± 0.12 

mg/dL and SCr/Q 0.95 ± 0.02, p = 0.011 for serum creatinine and p = 0.02 for SCr/Q).

Change in body mass index during GAH in TGD youth

Because serum creatinine is affected by muscle mass [12], we analyzed changes in body 

mass index (BMI) during GAH to roughly estimate changes in body composition. For 

participants DFAB, BMI increased in the first 6 months of testosterone treatment (25.1 ± 

6.5 kg/m2 to 25.8 ± 6.2 kg/m2, p < 0.0001), with no further changes from 6 to 12 months 

(Supplemental Table 4). Participants DMAB experienced changes in BMI later in their 

course of estradiol treatment, with no significant change in BMI from 0 to 6 months (23.9 

± 6.4 kg/m2 to 24.0 ± 5.8 kg/m2, p = 0.6), then a significant increase in BMI from 6 to 12 

months (24.0 ± 5.8 kg/m2 to 25.2 ± 7.2 kg/m2, p = 0.0001).

Estimated GFR during GAH in TGD youth

eGFR calculated via the CKiDU25 equation, which accounts for age-related creatinine 

changes, was inversely associated with changes in creatinine: rising in participants DMAB 

treated with estradiol by 10.3 (2.2, 22.9) mL/min/1.73 m2 using the male equation and 

by 7.6 (1.8,18.0) mL/min/1.73 m2 using the female equation over the first 6 months 

of treatment. For participants DFAB treated with testosterone, eGFR calculated via the 
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CKiDU25 equation fell over 6 months using both the female (−13.5 (−22.4,−7.2) mL/min/

1.73 m2) and male equations (−12.4 (−19.7,−6.5) mL/min/1.73 m2).

We also calculated eGFR via the CKD-EPI 2021 equation using both the male and female 

equations for all participants. For participants DMAB, estradiol-induced decreases in serum 

creatinine led to an increase in eGFR after 6 months calculated via both the CKD-EPI 

2021 equation for males (2.7 (−0.4, 6.9) mL/min/1.73 m2) and the equation for females 

(6.6 (−0.3,12.6) mL/min/1.73 m2). For participants DFAB, testosterone-induced increases in 

serum creatinine led to a decrease in eGFR after 6 months by both the male equation (−7.1 

(−10.3,−3.8) mL/min/1.73 m2) and the female equation (−12.2 (−22.9,−5.4) mL/min/1.73 

m2) (Table 2 and Fig. 2). Changes in eGFR were similar using the bedside Schwartz, FAS, 

and EKFC equations (Supplemental Table 1).

Prevalence of chronic kidney disease by eGFR

Although there were no changes in mean serum creatinine for the entire cohort beyond 12 

months of GAH, two DFAB participants treated with testosterone demonstrated significant 

changes between the 12- and 24-month visits and had an eGFR concerning for chronic 

kidney disease via the definition of <75 mL/min/1.73 m2 proposed by Pottel et al. when the 

female CKD-EPI 2021 equation was used [12, 27, 28]. One participant had an eGFR of 60.8 

mL/min/1.73 m2 at the 18-month follow-up visit, which improved by the 24-month visit 

(female Eq. 74.1 mL/min/1.73 m2; male Eq. 99.0 mL/min/1.73 m2). The other participant 

had an eGFR of 69.1 mL/min/1.73 m2 by the female equation at the 24-month visit after 

having eGFR > 75 mL/min/1.73 m2 at all other study visits. Notably, both individuals had 

higher eGFR measurements when the male equation was used (81.3 mL/min/1.73 m2 and 

92.3 mL/min/1.73 m2, respectively).

Discussion

We observed significant changes in serum creatinine and corresponding eGFR within 6 

months of GAH treatment in TGD youth. In participants DFAB, testosterone therapy caused 

serum creatinine to increase to concentrations similar to the baseline measurements for 

participants DMAB. Participants DMAB experienced a decrease in serum creatinine during 

estradiol treatment, but at 12 months of treatment, the mean serum creatinine in this group 

remained above that of participants DFAB at baseline. When compared to a reference group 

of adolescents, serum creatinine in TGD youth treated with GAH was more similar when 

compared by gender than when compared by designated sex.

Serum creatinine and eGFR begin to diverge during puberty, with adolescents undergoing 

a testosterone-driven puberty displaying an increasingly higher eGFR than adolescents 

undergoing an estradiol-driven puberty [11]. The change in serum creatinine during puberty 

and during GAH in TGD youth is likely influenced by changes in body size and composition 

[29]. GAH treatment in TGD youth leads to changes in muscle mass; within 1 year of 

GAH treatment, transmasculine adolescents DFAB treated with testosterone have higher 

lean mass than cisgender female adolescents, and transfeminine adolescents DMAB treated 

with estradiol have lower lean mass than cisgender male adolescents [8]. These changes 

in body composition likely underlie some if not all of the changes in serum creatinine 
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with GAH. We found that changes in BMI in transmasculine individuals mirrored changes 

in serum creatinine, though we did not find a significant change in BMI in transfeminine 

individuals after the first 6 months of GAH. This is most likely because BMI does not fully 

reflect body composition, though it may also raise the possibility that GAH can affect serum 

creatinine through factors independent of body composition.

Indeed, in addition to the impact of changes in body composition, GAH treatment may have 

a direct effect on kidney function. In one study, female rats given exogenous testosterone 

for 4 months had increased kidney size with a larger glomerular area when compared to the 

female control group [30]. To our knowledge, there have been no human studies directly 

examining renal morphology or measuring GFR during sex-steroid exposure.

Lastly, other factors that were not measured in this study such as diet could impact 

serum creatinine and GFR. Additional medications including those utilized routinely 

in gender-affirming care can also have an impact on expected creatinine change. For 

example, spironolactone, which is routinely used in the care of transfeminine youth for its 

antiandrogen properties, attenuates the decrease in serum creatinine with estradiol treatment. 

Our results show that TGD youth can compensate for the slight volume contraction and 

decreased renal blood flow caused by spironolactone, as evidenced by the lack of a 

significant difference in baseline creatinine between participants taking and not taking 

spironolactone. It is possible that this compensation masks the effect of estradiol on serum 

creatinine. It is also possible that there is an interaction between the effects of estradiol and 

spironolactone on kidney function.

In the CKD-EPI 2021 equation, the sex-based covariate is an empirical proxy for one or 

more factors that affect GFR including some that are measurable (e.g., muscle mass) and 

some more difficult to measure (e.g., diet) [14, 31]. Additional studies directly measuring 

both body composition (e.g., via dual-energy X-ray absorptiometry) as well as GFR in TGD 

individuals would clarify the effect of sex steroids both on GFR itself and on creatinine and 

eGFR.

In the absence of such studies of serum creatinine and GFR changes in diverse TGD 

individuals, the existing creatinine-based eGFR equations will undoubtedly continue to 

be used for clinical decisions that require approximation of GFR. Some researchers have 

suggested using the eGFR equation associated with the patient’s gender identity for TGD 

individuals who have received GAH for at least 1 year [10]. Our data show that serum 

creatinine of TGD youth receiving GAH is more similar to that of reference population 

when matched by gender identity than when matched by sex designated at birth, and thus 

GFR equations corresponding to gender identity may be better at estimating GFR than 

equations corresponding to sex designated at birth. However, after 2 years of GAH therapy, 

transfeminine youth continued to have serum creatinine levels slightly above the mean for 

female adolescents, and transmasculine youth had serum creatinine levels slightly below 

the mean for male adolescents. Thus, using estimating eGFR equations corresponding to a 

patient’s gender identity may also not be a perfect approach, though studies involving direct 

measurement of GFR are needed to confirm this possibility.
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In the meantime, clinicians concerned about kidney function in TGD youth should consider 

measuring GFR directly, or if such measurement is not possible, using other endogenous 

markers. For example, cystatin C is not affected by lean muscle mass, unlike serum 

creatinine, and equations for eGFR utilizing cystatin C have been recommended as 

confirmatory tests for eGFR in individuals with low or borderline low eGFR by equations 

based on serum creatinine [32, 33]. Recent efforts to produce eGFR equations without a race 

adjustment found that equations utilizing both creatinine and cystatin C are more accurate 

at predicting eGFR than equations with creatinine alone [17]. It is plausible that given its 

independence from changes in body composition, cystatin C may be a more reliable marker 

of kidney function in transgender individuals receiving GAH, but formal studies of cystatin 

C in transgender individuals are needed to confirm this possibility.

Direct measurement of GFR and analysis of body composition were not performed as part of 

this study, presenting significant limitations to the study. Additionally, information regarding 

the method and precision of serum creatinine measurements was not collected. Lack of 

racial diversity in the cohort is an additional limitation. As our cohort consisted of healthy 

adolescents, our findings may not be applicable to patients with chronic kidney disease. 

Gender-affirming therapy serves to both increase the administered sex hormone level as well 

as decrease endogenous sex hormones; in this study, we could not ascertain if the decrease 

in endogenous sex steroids, the increase in the administered sex-steroid levels, or both were 

responsible for changes in serum creatinine in TGD youth.

Until future research efforts come to fruition, for patients who have been taking GAH 

for at least 6 months, we recommend calculating eGFR based on both the patient’s sex 

designated at birth and their gender identity. If eGFR is found to be low by either equation, 

we recommend using an eGFR equation based on cystatin C (though such equations also 

need validation in TGD cohorts) and/or direct measurement of GFR [27].
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TGD Transgender/gender diverse

GAH Gender-affirming hormones

DMAB Designated Male at Birth

DFAB Designated Female at Birth

BMI Body Mass Index
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GFR Glomerular Filtration Rate

eGFR Estimated Glomerular Filtration Rate

CKD Chronic Kidney Disease

NHANES National Health and Nutrition Examination Survey

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration
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Fig. 1. 
Change in serum creatinine (A and B) and standardized creatinine (SCr/Q; C and D) 

in participants designated male at birth (DMAB) treated with estradiol (A and C) and 

in participants designated female at birth (DFAB) treated with testosterone (B and D) 

during gender-affirming hormone treatment. SCr/Q was calculated using the Q equations 

corresponding to the participants’ sex designated at birth (closed squares and solid line) 

and corresponding to the participants’ gender identity (open squares and dashed lines). 

Symbols indicate means, and lines represent standard deviations. An asterisk indicates a 

significant change from the previous timepoint (p < 0.05). Creatinine decreased significantly 

in participants DMAB and increased significantly in participants DFAB from baseline to 6 

months (p < 0.001 for both). Serum creatinine continued to increase from 6 to 12 months in 

participants DFAB (p < 0.001). Standardized creatinine increased from 0 to 6 months in both 

participants DMAB and DFAB using either equation (p < 0.001 for all comparisons) and did 

not increase further
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Fig. 2. 
Change in estimated GFR by the CKiDU25 equation (A and B) and CKD-EPI 2021 

equation (C and D) during gender-affirming hormone treatment in participants designated 

male at birth (DMAB) treated with estradiol (A and C) and in participants designated female 

at birth (DFAB) treated with testosterone (B and D). Estimated GFR (eGFR) was calculated 

using equations corresponding to the participants’ sex designated at birth (closed squares 

and solid line) and corresponding to the participants’ gender identity (open squares and 

dashed lines). Symbols indicate means, and lines indicate standard deviations
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