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Gender-affirming hormone therapy carries the potential risk for shifts in 
biochemical markers that may impact cardiometabolic, hematologic, hepatic, 
and renal health. The critical evaluation of biochemical data is an integral part 
of a comprehensive nutrition assessment; therefore, nutrition professionals 
should be aware of shifts that are expected during the course of masculinizing 
and feminizing hormone therapy. Changes in important biochemical values 
along with binary sex-specific standards for interpreting laboratory data can 
pose significant challenges for nutrition professionals working with transgender 
and gender-diverse patients who receive gender-affirming hormone therapy. 
Overall, research on the biochemical impact of masculinizing and feminizing 
hormone therapy is nascent and limited. Methodologies and outcomes 
measured are heterogenous across studies, introducing complexities that 
impede researchers from drawing definitive conclusions. In light of these 
limitations, this narrative review aims to describe the potential implications 
of masculinizing and feminizing hormone therapy regimens on biochemical 
measures that may influence nutrition strategies and interventions to promote 
optimal health.
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1 Introduction

Nutrition professionals in the United States utilize the Nutrition Care Process (NCP) as a 
framework for providing nutrition care (1). The NCP is divided into four steps including 
nutrition assessment/reassessment, nutrition diagnosis, nutrition intervention, and nutrition 
monitoring and evaluation. An important domain within the nutrition assessment step of NCP 
is the evaluation of biochemical data, tests, and procedures. Information collected during the 
nutrition assessment step may influence subsequent steps within the NCP. For example, 
biochemical data collected as part of a nutrition assessment may be used to support a nutrition 
diagnosis, influence which nutrition goals or interventions are chosen, and drive decisions 
about what data should be monitored and evaluated when progress is later reassessed (1). The 
importance of nutrition in the overall care of people who are transgender and gender diverse 
(TGGD) has been recently underscored and presents an opportunity for nutrition professionals 
to expand their knowledge and skills (2–6).
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TGGD individuals may choose to transition to align their 
appearance with their gender identity. While there are many ways 
someone can transition, medically transitioning is one option which 
involves the use of masculinizing or feminizing hormone therapy 
(HT) such as testosterone or a combination of estrogen and anti-
androgens, respectively (7–9). Medical transition through the 
administration of exogenous hormones is often referred to as gender-
affirming hormone therapy (GAHT). When nutrition professionals 
work with TGGD individuals, unique challenges may arise related to 
the interpretation of biochemical data as part of a comprehensive 
nutrition assessment. These challenges are often due to established 
sex-specific reference standards for interpreting certain biochemical 
markers (6). Without evidence-based standards to guide the 
nutritional care of transgender and gender-diverse individuals, it can 
be difficult for nutrition professionals to decide which sex-specific 
standards to use when analyzing biochemical data. As an additional 
layer of complexity, GAHT may result in changes in certain 
biochemical measures over time. Further, there are nutrition-relevant 
conditions that may concomitantly occur with GAHT including 
insulin resistance, diabetes, dyslipidemia, hypertension, and other 
biochemical alterations (7–9).

The application of an appropriate nutrition intervention is 
dependent on a critical analysis of nutrition-relevant biochemical 
values along with other assessment data such as anthropometric 
measurements, a detailed history of dietary intake, and pertinent 
medical history. Together, these vital assessment components are 
used to formulate interventions that promote improved health and 
nutrition status (1). The biochemical data selected to examine in 
this review are directly related to the care provided by nutrition 
professionals and are often readily attainable in the clinical setting. 
Additionally, many of the biochemical measures examined are 
underscored in the current iteration of the World Professional 
Association for Transgender Health (WPATH) Standards of Care 
for the Health of Transgender and Gender Diverse People, Version 
8 (8). Monitoring serum lipid levels as well as measures related to 
blood glucose control are of significant relevance for the prevention 
and management of cardiometabolic conditions. Nutrition 
professionals can offer dietary counseling and education for 
reducing risk factors associated with cardiovascular disease and 
diabetes (10–12). Nutrition professionals are also accustomed to 
analyzing hematologic, hepatic, and renal biochemical data which 
provide insight on the development of nutritional anemias, 
hepatobiliary disease, and issues with hydration status/kidney 
function, respectively. As part of a multidisciplinary care team, it is 
within the scope of practice for nutrition professionals to offer 
strategies to help manage alterations in nutrition-relevant 
biochemical data (13).

The aim of this narrative review is to describe the available 
research published within the past 10 years that evaluates the impact 
of GAHT on nutrition-relevant biochemical data. A comprehensive 
search was conducted using PubMed, CINAHL, Cochrane, and 
ProQuest databases for studies published in English between January 
1, 2012, and April 30, 2022. Hand-searching and reference mining 
were also used. Titles and abstracts were reviewed for relevance. Full 
text versions were reviewed as needed to conclude relevance. Studies 
that were irrelevant were excluded. Study designs and selected 
participant characteristics are summarized for studies included in this 
review on transgender adults in Table 1.

2 Impact on of GAHT cardiometabolic 
biochemical markers

Individuals pursuing GAHT may develop cardiometabolic risk 
factors during the course of therapy (8). Comorbidities that may 
emerge include hypertension (39, 40), cardiovascular disease (40–44), 
and diabetes (39–47). These risk factors develop commonly during 
both masculinizing and feminizing hormone therapy regimens (8). 
Additionally, certain cardiometabolic events are a potential risk for 
those on GAHT regimens when compared to individuals not pursuing 
medical transition. These events may include myocardial infarction 
(39–41, 44, 48), stroke (40, 41), and venous thromboembolism (49). 
While these cardiometabolic events appear to be more prominent in 
individuals undergoing feminizing HT, they can also manifest for 
individuals on masculinizing HT regimens (8). The potential risk for 
these conditions and events are thought to be  related in part to 
alterations in serum lipid levels that onset with the initiation of 
hormone therapy (50–53) as well as unfavorable effects of GAHT on 
blood pressure and glycemic control (18, 34, 50, 53, 54). 
Anthropometric changes resulting from GAHT may also influence the 
development of cardiometabolic biochemical alterations and risk 
factors. These include an increase in body mass index (BMI) (15, 16, 
18, 22, 24, 25, 29, 32–34) and waist circumference (22, 34) in 
individuals pursuing masculinizing HT, and an increase in BMI (22, 
32–34) and body fat composition (17, 18, 34, 38, 55–57) for those on 
feminizing hormone regimens. An understanding of the 
cardiometabolic risks associated with GAHT can prepare nutrition 
professionals to provide early and preventative nutrition counseling 
to clients who are interested in initiating GAHT to support 
medical transition.

2.1 Total cholesterol

There are mixed results within the current literature regarding 
changes in serum total cholesterol (TC) while receiving GAHT 
(Table 2). In several studies where serum TC was compared at baseline 
with subsequent measurements at various time intervals after 
initiation of hormones in adult subjects, there were no significant 
differences observed for those receiving masculinizing (14, 17, 18, 24, 
25, 27, 31, 34, 35, 37) or feminizing hormone regimens (14, 17, 24, 25, 
27, 29, 31, 33, 35, 37). While most researchers have not observed a 
difference in TC in adult subjects undergoing GAHT, a few studies 
exist in which significant changes were reported (16, 18, 22, 29, 33, 
34, 38).

For adults receiving masculinizing HT, there is evidence that an 
increase in TC may be observed (16, 22, 33, 38). This biochemical 
shift may manifest as early as 6 months after HT initiation (16), 
however has been more commonly observed at 12- or 24-months 
post-initiation (16, 22, 33, 38). Participants were typically prescribed 
injectable testosterone esters, most commonly intramuscular 
testosterone undecanoate, with some participants using either 
injectable or transdermal preparations of testosterone (Table 1). In 
contrast to previous evidence, recent research conducted by Liu 
et al. (29) reported a reduction in mean serum TC that occurred 
after 3–6 months following initiation of intramuscular testosterone 
cypionate in 65 hormone-naïve transgender men (183.4 vs. 
178.2 mg/dL; p = 0.032). A recent large-scale study (58) comparing 
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TABLE 1 A summary of the study design and selected participant characteristics for each study reviewed.

References Study design (time 
frame)

Sample size 
(n)

Average age 
at baseline 

(years)

Average BMI 
at baseline 

(kg/m2)

HT regimen

Allen et al. (14) Multicenter retrospective 

(baseline to 5 years)

91 transmen

126 transwomen

27.8

31.1

–

–

Testosterone. Data on dosages and route of 

administration not provided.

Estradiol. Data on dosages and route of 

administration not provided.

Spironolactone. Data on dosages and route of 

administration not provided.

Aranda et al. (15) Prospective observational 

(baseline to 12 months)

12 transmen

6 transwomen

27.1

18.8

22.5

19.6

IM testosterone undecanoate (1,000 mg/ 

2–3 months) or TD testosterone (50 mg/day)

Estradiol valerate (2–4 mg/day). Data on route 

of administration not provided.

Cyproterone acetate (50 mg/day). Data on 

route of administration not provided.

Aranda et al. (16) Prospective observational 

(baseline to 12 months)

20 transmen 27.1 22.4 IM testosterone undecanoate (1,000 mg/2–

3 months) or TD testosterone (50 mg/day)

Auer et al. (17) Prospective observational 

(baseline to 12 months)

6 transmen

14 transwomen

–

–

23.5

23.9

Testosterone undecanoate 

(1,000 mg/3 months) Data on route of 

administration not provided.

Oral estradiol valerate (4 mg/day) or TD 17-β- 

estradiol patch (100 μg /24 h)

Oral cyproterone acetate (50 mg/day)

Auer et al. (18) Prospective observational 

(baseline to 12 months)

24 transmen

45 transwomen

27.5

34.8

24.0

23.8

Testosterone undecanoate 

(1,000 mg/3 months). Data on route of 

administration not provided.

Oral estradiol valerate (4 mg/day) or TD 17-β- 

estradiol patch (100 μg/24 h)

Cyproterone acetate (50 mg/day). Data on 

route of administration not provided.

Broulik et al. (19) Retrospective observational 35 transmen 48.2 25.7 Testosterone isobutyrate (1 × 25 mg/week) or 

Testosterone undecanoate (4×40 mg/day). 

Data on route of administration not 

provided.

Chan et al. (20) Retrospective observational 

(baseline to 6 years)

34 transmen 33.0 31.0 IM/SC testosterone cypionate or IM/SC 

testosterone enanthate (up to125 mg/week).

Chen et al. (21) Multicenter prospective 

(baseline to 3 months)

30 transmen

29 transwomen

22.0

26.0

23.2

22.1

IM testosterone esters (250 mg/2–3 weeks) or 

testosterone gel (50 mg/day)

Oral estradiol valerate (4 mg/day) or TD 

estradiol patch (100 mg/24 h).

Cyproterone acetate (50 mg/day). Data on 

route of administration not provided.

Colizzi et al. (22) Prospective observational 

(baseline to 24 months)

43 transmen

79 transwomen

28.8

30.2

21.0

21.8

IM testosterone ester depot (250 mg 

/21.6 ± 3.17 days)

TD estradiol gel (2.12 ± 0.57 mg/day)

Oral cyproterone acetate (100 mg/day)

Defreyene et al. 

(23)

Multicenter prospective 192 transmen

239 transwomen

22.5

28.5

24.4

23.4

IM testosterone undecanoate 

(1,000 mg/12 weeks) or TD testosterone gel 

(50 mg/day) or testosterone esters 

(250 mg/2 weeks).

Oral estradiol valerate (4 mg/day) or TD 

estradiol patch (50–100 μg/24 h).

Oral cyproterone acetate (50 mg/day).

(Continued)
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TABLE 1 (Continued)

References Study design (time 
frame)

Sample size 
(n)

Average age 
at baseline 

(years)

Average BMI 
at baseline 

(kg/m2)

HT regimen

Deutsch et al. (24) Prospective observational 

(baseline to 6 months)

31 transmen

16 transwomen

27

29

29.1

24.8

SC testosterone cypionate (50–70 mg/week) or 

1% testosterone gel (5 mg/day) or TD 

testosterone (4 mg/day).

SL micronized 17-β estradiol (4 m/day) or TD 

17-β- estradiol patch (100 μg/day) or IM 

estradiol valerate (20 mg/ 2 weeks).

Spironolactone (100–200 mg/day). Data on 

route of administration not provided.

Fernandez and 

Tannock (25)

Retrospective observational 

(baseline to 18 months)

19 transmen

33 transwomen

27

31

28.1

28.8

IM testosterone (average dose of 11 mg/day).

Oral estrogen (average dose 1.44–1.71 mg/day).

Oral spironolactone (100 mg/day).

Hashemi et al. (26) Multicenter retrospective 438 transmen

624 transwomen

–

–

–

–

Data on type of HT medication, route of 

administration, and dosages were not 

provided.

Humble et al. (27) Retrospective observational 

(baseline to 12 months)

150 transmen

152 transwomen

24.2

31.8

29.6

28.5

IM or SC testosterone or TD testosterone or 

a combination of the above regimens. 

Medication names and dosages not provided.

Oral/SL estrogen or TD estrogen or IM 

estrogen or combinations of the above 

regimens. Medication names and dosages not 

provided.

Oral spironolactone. Dosage not provided.

Kurahashi et al. 

(28)

Prospective observational 160 transmen 24.9–28.1 – IM testosterone enanthate (125–250 mg/2–

3 weeks)

Liu et al. (29) Retrospective observational 

(baseline to 12 months)

65 transmen

45 transwomen

27.9

26.0

22.6

20.6

IM testosterone cypionate (average dose 

166.6 mg/2 weeks)

Conjugated estrogen. Dosage and route of 

administration not provided.

Cyproterone acetate once daily if indicated. 

Dosage and route of administration not 

provided.

Maheshwari et al. 

(30)

Retrospective observational 

(baseline to 12 months)

24 transmen

84 transwomen

23.0

30.0

37.2

26.6

IM/SC testosterone (50–60 mg/week). Name of 

medication and dosage not provided.

Oral/SL estradiol (4–6 mg/day) or injectable 

estradiol (2–5.62 mg/weekly) or TD estradiol 

(0.1–0.3 mg/day)

Manieri et al. (31) Prospective observational 

(baseline to 12 months)

27 transmen

56 transwomen

30.2

32.7

–

–

ITD testosterone gel (25 mg/day) or IM 

testosterone enanthate (100 mg/10–15 days) or 

IM testosterone undecanoate (1,000 mg/3–

4 months)

Oral or TD 17-β- estradiol (2–6 mg/day).

Cyproterone acetate (50–100 mg/day) or 

spironolactone (100–200 mg/day) or 

dutasteride (0.5 mg/day). Administration route 

not provided.

Martinez et al. (32) Retrospective observational 

(baseline to 24 months)

21 transmen

19 transwomen

23.9

23.9

24.0

23.8

Data on type of HT medication, route of 

administration, and dosages were not 

provided.

(Continued)
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adherence to GAHT regimens in transgender men indicated that 
those who were prescribed testosterone undecanoate had a two-fold 
higher compliance and thus displayed more stability with their 
testosterone levels than those on testosterone cypionate. This may 

be  due to the shorter-acting nature of testosterone cypionate, 
requiring more frequent administration. This may have been a 
plausible explanation for the conflicting findings, however, in Liu 
et al. (29) study, the participants’ testosterone levels were well above 

TABLE 1 (Continued)

References Study design (time 
frame)

Sample size 
(n)

Average age 
at baseline 

(years)

Average BMI 
at baseline 

(kg/m2)

HT regimen

Quirós et al. (33) Retrospective observational 

(baseline to 24 months)

97 transmen

150 transwomen

28.6

32.4

24.0

24.1

TD testosterone gel (50 mg/5 g per day) or IM 

testosterone undecanoate (1,000 mg/month)

Oral conjugated equine estrogen or oral 

estradiol valerate or TD estradiol. Dosages not 

provided.

Cyproterone or flutamide (individualized 

dosages) Data on dosages or routes of 

administration not provided.

Shadid et al. (34) Multicenter prospective 

(baseline to 12 months)

35 transmen

55 transwomen

26.1

34.4

23.2

23.7

IM testosterone undecanoate 

(1,000 mg/12 weeks).

Oral estradiol valerate (4 mg/day) or TD 

estradiol patch (100 μg/72 h) or TD estrogen 

gel (3 mg/day).

Oral cyproterone acetate (50 mg/day)

SoRelle et al. (35) Multicenter retrospective 

(baseline to 6 months)

62 transmen

87 transwomen

27.0

31.0

28.0

27.0

Testosterone cypionate (35–300 mg) or TD 

testosterone or combinations of the above 

regimens. Frequency of dose not provided.

Oral estradiol (2–8 mg) or estradiol valerate 

(5–40 mg) or conjugated estrogens (2.5 mg) or 

estradiol cypionate (2–5 mg) or TD estradiol 

(0.5 mg) or combinations of the above 

regimens. Frequency of dose not provided.

Spironolactone (25–300 mg) or cyproterone 

(50 mg). Frequency of dose and route of 

administration not provided.

van Velzen et al. 

(36)

Prospective observational 

(baseline to 12 months)

188 transmen

242 transwomen

26.4

32.3

23.5

22.8

IM/SC testosterone undecanoate 

(1,000 mg/12 weeks) or TD testosterone gel 

(50 mg/day) or IM/SC testosterone esters 

(250 mg/2 weeks).

Oral estradiol valerate (4 mg/day) or TD 

estradiol patch (100 μg/24 h).

Cyproterone acetate (50 mg/day). Route of 

administration not provided.

Vita et al. (37) Retrospective observational 

(baseline to 30 months)

11 transmen

21 transwomen

25.1

25.2

22.6

22.5

IM testosterone enanthate or IM testosterone 

undecanoate. Dosages not provided.

Oral estradiol valerate (2–6 mg/day)

Cyproterone acetate (50–100 mg/day). Route of 

administration not provided.

Wierckx et al. (38) Multicenter prospective 

(baseline to 12 months)

53 transmen

53 transwomen

21.7–27.3

19.3–31.7

24.8

23.1 (oral)

26.1 (TD)

IM testosterone undecanoate 

(1,000 mg/12 weeks) or if not tolerated, IM 

testosterone esters.

Oral estradiol valerate (4 mg/day) or TD 17-β 

estradiol patch (100 μg/24 h) or TD 17-β 

estradiol gel (4 mg/day)

Cyproterone acetate (50 mg/day). Route of 

administration not provided.

BMI, body mass index; HT, hormone therapy; IM, intramuscular; TD, transdermal; SC, subcutaneous; SL, sublingual.
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the target range of 400–700 ng/dL (8) set by WPATH standards and 
were at a mean of 890 ± 90 ng/dL at the 3–6-month mark. It is 
difficult to draw solid conclusions regarding the impact of 
masculinizing HT on TC levels as there are several studies in which 
no significant changes were observed. If a change is anticipated to 
occur, it may be a potential increase in TC, though more research 
studies with homogeneity of samples are needed to formulate 
stronger interpretations of the impact of masculinizing HT on 
TC levels.

Feminizing HT regimens are thought to have a more favorable 
impact on cardiovascular biomarkers such as TC, although available 
evidence is not consistent. When a reduction in TC has been reported 
in individuals pursuing feminizing HT, it generally emerges around 
12 months after HT initiation (18, 34, 38). In contrast to findings that 
support a favorable change to TC with feminizing HT, a study of 79 
transgender women reported a significant increase in mean serum TC 
at 12 months (161.23 vs. 181.70 mg/dL; p < 0.001) and 24 months 
(161.23 vs. 194.44 mg/dL; p < 0.001) after initiation of HT (22). It 

TABLE 2 A summary of the changes in serum lipid levels in adults receiving masculinizing or feminizing hormone therapy.

References Number of 
participants

Changes in biochemical values

Masculinizing HT Feminizing HT

TC LDL-C HDL-C TRIG TC LDL-C HDL-C TRIG

Allen et al. (14) 91 transmen;

126 transwomen

NC ↑ ↓ NC NC NC ↑ NC

Aranda et al. (15) 12 transmen;

6 transwomen

NC ↑ ↓ – NC NC ↑ –

Aranda et al. (16) 20 transmen ↑ ↑ ↓ ↑ – – – –

Auer et al. (17) 6 transmen;

14 transwomen

NC NC NC NC NC NC ↑ NC

Auer et al. (18) 24 transmen;

45 transwomen

NC ↑ ↓ NC ↓ ↓ NC ↓

Chan et al. (20) 34 transmen – NC NC NC – – – –

Colizzi et al.(22) 43 transmen;

79 transwomen

↑ ↑ ↑ ↑ ↑ ↑ ↓ ↑

Deutsch et al. (24) 31 transmen;

16 transwomen

NC NC ↓ NC NC NC ↑ ↑

Fernandez and 

Tannock (25)

19 transmen;

33 transwomen

NC NC NC NC NC NC ↑ NC

Humble et al.(27) 150 transmen;

152 transwomen

NC NC ↓ NC NC NC ↑ NC

Liu et al. (29) 65 transmen;

45 transwomen

↓ ↑ ↓ NC NC NC NC NC

Manieri et al. (31) 27 transmen;

56 transwomen

NC NC NC NC NC NC NC NC

Martinez et al. 

(2018) (32)

21 transmen;

19 transwomen

– – – NC – – – ↑

Quirós et al. (2015) 

(33)

97 transmen;

150 transwomen

↑ ↑ ↓ ↑ NC NC NC NC

Shadid et al. (34) 35 transmen;

55 transwomen

NC ↑ ↓ NC ↓ ↓ ↓ ↓

SoRelle et al. (35) 62 transmen;

87 transwomen

NC NC ↓ ↑ NC NC NC NC

van Velzen et al. (36) 188 transmen;

242 transwomen

– ↑ ↓ ↑ – ↓ ↓ ↓

Vita et al. (37) 11 transmen;

21 transwomen

NC NC NC NC NC NC NC NC

Wierckx et al. (38) 53 transmen;

53 transwomen

↑ ↑ ↓ ↑ ↓ ↓ ↓ ↓

HT, hormone therapy; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TRIG, triglycerides; NC, no significant change; ↑, 
significant increase; ↓, significant reduction.
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should be noted that in this study (22), the HT regimen included a 
combination of transdermal estradiol gel (2.12 ± 0.57 mg/day) and oral 
cyproterone acetate (100 mg/day) (Table 1). Among research in which 
a favorable impact on TC was observed (18, 34, 38), a lower dosage of 
the anti-androgen cyproterone acetate was applied (50 mg/day) and 
the estrogen regimen typically included oral estradiol valerate (4 mg/
day) or a transdermal estrogen preparation for participants over the 
age of 45 years in the form of a patch (100 μg) (18, 34, 38) or a gel 
(3–4 mg/day) (Table 1) (34, 38). The variance in hormone regimens 
and dosages employed across the available research may explain the 
conflicting results. Based on the current available evidence, the impact 
of feminizing HT on TC levels is somewhat inconclusive. While 
available research on the impact of GAHT on cardiometabolic 
biochemical markers in adolescents is scarce, a few studies are focused 
more exclusively on this age group. There was a wide range of ages 
represented across these studies including participants as young as 
13 years old and as old as 25 years old. Adolescents and young adults 
were also more commonly reported to have no change in their serum 
TC while receiving masculinizing (59–62) or feminizing (59, 61, 63) 
hormone therapy regimens. Klaver and colleagues (63) did observe a 
slight increase in serum TC in young adults on masculinizing 
hormone regimens. This study (63) was the only one included in 
which 100% of the participants had been treated with gonadotropin-
releasing hormone agonists (also known as puberty blockers) prior to 
initiating testosterone, which complicates comparisons among studies 
and may be an explanation for the impact on TC. More research is 
required to better evaluate the implications of GAHT on TC in 
this population.

2.2 Low-density lipoprotein cholesterol

The impact of GAHT on serum low-density lipoprotein 
cholesterol (LDL-C) has been studied extensively in adults with mixed 
results (Table 2). In many studies, no significant changes in LDL-C 
were observed for transgender adults receiving masculinizing (17, 20, 
24, 25, 27, 31, 35, 37) or feminizing (14, 15, 17, 24, 25, 27, 29, 31, 33, 
35, 37) hormone therapy regimens, while other studies have detected 
significant shifts in LDL-C (14, 16, 18, 22, 29, 33, 34, 36, 38).

When changes in LDL-C have been reported with masculinizing 
HT, it has typically involved an unfavorable increase (14–16, 18, 22, 
29, 33, 34, 36, 38). These alterations may occur as early as 6 months 
after initiation of therapy (15, 16), however in most studies where an 
unfavorable change was observed, it occurred at 12 months or later 
(14, 15, 18, 22, 29, 33, 34, 36, 38). Intramuscular testosterone 
undecanoate (1,000 mg) or a form of transdermal testosterone (50 mg) 
were offered to participants as the masculinizing HT regimen in most 
of the included studies (Table 1) (15–18, 31, 33, 34, 36, 38). In many 
of the studies in which no change was observed in LDL-C with 
masculinizing HT, the type of testosterone, route of administration, 
and/or dosages were either not provided or not clear (25, 27, 37) or a 
different HT regimen was offered (20, 24, 35) (Table 1). The variability 
in HT regimens may offer one explanation for the conflicting findings. 
Current evidence suggests a potential increase in LDL-C may 
be anticipated for adults receiving masculinizing HT.

In studies of adults undergoing feminizing HT in which a change 
in LDL-C was observed, most reported a reduction over 12 months of 
therapy (18, 34, 36, 38). In these studies, cyproterone acetate (50 mg/

day) was the anti-androgen prescribed along with either oral estradiol 
valerate (4 mg/day) or a transdermal estrogen in the form of a patch 
(100 μg) (18, 34, 36, 38) or a gel (3–4 mg/day) (Table 1) (34, 38). Using 
a higher dose of cyproterone acetate (100 mg/day) with a transdermal 
estradiol gel (2.12 ± 0.57 mg/day), Colizzi et  al. (22) identified an 
unfavorable shift in LDL-C after 12 months (100.09 vs. 120.58 mg/dL; 
p < 0.001) and 24 months (100.09 vs. 130.05 mg/dL; p < 0.001). The 
difference in HT regimens may be  the reason for the variance in 
findings. Based on the current available evidence, a potential for 
reduction in LDL-C may be anticipated with feminizing HT.

Apart from one study in which an increase after 5 years was noted 
(63), LDL-C levels seem to remain stable in adolescents and young 
adults receiving GAHT (59, 60, 62, 64). Again, the few studies that 
included adolescents had a wide age range and in only one study (63), 
all the participants had received gonadotropin-releasing hormone 
agonists. Findings should be interpreted with caution.

2.3 High-density lipoprotein cholesterol

Existing data provide sound evidence for high-density lipoprotein 
cholesterol (HDL-C) alterations that co-occur with masculinizing HT 
in adults (Table 2). With a masculinizing HT regimen, an unfavorable 
reduction in HDL-C may be anticipated (14–16, 18, 24, 27, 29, 34–36, 
38). This effect on HDL-C may be observed as early as 3–6 months 
after HT initiation (14, 24, 27, 29, 35), and is often detected at 
12 months post-initiation or later (14–16, 18, 27, 29, 33, 34, 36, 38). 
Studies in which no impact on HDL-C with masculinizing HT was 
observed had smaller sample sizes (n ≤ 35) which may explain the lack 
of significance (17, 20, 25, 31, 37). For adults receiving feminizing HT, 
it may be anticipated that a favorable rise in HDL-C will result (14, 15, 
18, 24, 25, 27), although a few studies exist in which the opposite effect 
on HDL-C was observed (22, 34, 36, 38). Changes in HDL-C for those 
on feminizing HT seem to onset earlier at 3–6 months (14, 15, 24, 25, 
27), however can also first emerge at 12 or more months post-
initiation of HT (15, 17, 22, 27, 34, 36, 38). It is not clear why there 
exists such a conflict in findings among studies on individuals 
undergoing feminizing HT. Future research may explore the causes of 
variance among individuals. In adolescents and young adults, HDL-C 
may also drop with a masculinizing HT regimen (59, 60, 62–64) and 
rise with feminizing HT (61, 64).

2.4 Triglycerides

According to the WPATH-2022 Standards of Care (8), serum 
triglycerides may shift in adults on GAHT (Table 2). For those on a 
masculinizing hormone regimen, triglyceride levels seem to either 
increase (16, 22, 33, 35, 36, 38) or remain unchanged (14, 17, 18, 20, 
24, 25, 27, 29, 31, 32, 34, 37). A wide variety of HT regimens were used 
in both studies where triglyceride levels increased as well as those in 
which a change was not observed (Table 1). The majority of studies 
(75%) reviewed in which a change in triglyceride levels was not 
exhibited with masculinizing HT had smaller sample sizes (n ≤ 35) 
(17, 18, 20, 24, 25, 31, 32, 34, 37). This may serve as one explanation 
for the lack of significant findings. When there is a change in serum 
triglycerides, it typically manifests at 12 or more months post-
initiation of HT (16, 22, 33, 36, 38). While most research supports no 
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change in serum triglycerides for adults on feminizing HT (14, 17, 25, 
27, 29, 31, 33, 35, 37), studies that detected a shift had more variable 
results (18, 22, 24, 32, 34, 36, 38). Specific feminizing HT regimens 
administered were diverse across the available research. In all four 
studies in which a reduction in triglycerides with feminizing HT was 
observed, the regimen included either oral estradiol valerate (4 mg/
day) or a transdermal preparation (doses and routes of administration 
varied) as well as cyproterone acetate (50 mg/day) (18, 34, 36, 38). 
Although Auer et al. (17) and Vita et al. (37) also applied similar 
medication regimens in their studies, there were a small number of 
participants (n = 14 and n = 21, respectively) which may have impeded 
reaching statistical significance of the findings. In adolescents and 
young adults, serum triglycerides may rise with either masculinizing 
or feminizing hormone regimens (61, 63) although there is limited 
evidence available and much heterogeneity among the studies. While 
the current evidence may support anticipating a potential increase in 
triglycerides with masculinizing HT in adults, the impact of 
feminizing HT regimens on triglyceride levels requires 
further exploration.

2.5 Glucose

Fasting glucose (FG) levels do not seem to be  significantly 
impacted by GAHT for adults (27, 29, 31, 34, 38) (Table  3) or 
adolescents/young adults (61, 63). The studies included a wide range 
of feminizing hormone regimens. In two studies, a statistically 
significant increase in FG was detected for adults receiving feminizing 
HT (22, 35) however the results did not achieve clinical significance. 
There were no overt commonalities among the two studies that would 
differentiate them from others that lack statistically significant 
findings. Further exploration is needed to determine whether fasting 
blood glucose is impacted significantly by GAHT.

2.6 Hemoglobin A1C

Hemoglobin A1C (A1C) (Table  3) has not been extensively 
researched in individuals pursuing GAHT, therefore drawing solid 
conclusions is not feasible. Humble and colleagues (27) reported a 
reduction in A1C levels after 12 months of GAHT which was reflected 
for both masculinizing and feminizing hormone regimens. Conversely, 
another study indicated an increase in A1C in subjects after receiving 
3–6 months of feminizing hormones (29). Interestingly, participants 
were younger (mean age: 26 years vs. 31.8 years) and had a lower BMI 
(mean: 20.6 kg/m2 vs. 28.5 kg/m2) at baseline in the study (29) where 
an increase in A1C was observed compared to those who had a 
reduction in A1C (27). Further, a different HT regimen was prescribed 
in each of the studies, one (27) using estrogen (oral/sublingual, 
transdermal, or intramuscular) with spironolactone and the other (29) 
conjugated estrogen with cyproterone acetate. There are multiple 
variables that differ making it difficult to determine any solid 
conclusions. Data from studies on adolescents and young adults are 
limited and have yet to show a significant impact of GAHT on A1C 
levels (59). The scarcity of homogenous research presents significant 
challenges in understanding the impact of GAHT on A1C levels.

2.7 Insulin

Fasting insulin (FI) levels may be impacted by GAHT (Table 3), 
however more research is necessary to strengthen the existing 
evidence. While Colizzi et al. (22) detected a significant increase in FI 
levels in adults after 24 months of masculinizing HT, other studies 
have reported either no change (34) or a reduction in FI at 12 (38) or 
24 months (29) post-initiation of HT. For adults on feminizing HT 
regimens, it appears that FI may increase at 12 months (22, 34, 38) 
post-initiation of HT or remain unchanged (29). There are limited 

TABLE 3 A summary of the changes in fasting glucose, hemoglobin A1C, and fasting insulin levels in adults receiving masculinizing or feminizing 
hormone therapy.

References Number of 
participants

Changes in biochemical values

Masculinizing HT Feminizing HT

FG A1C FI FG A1C FI

Chan et al. (20) 34 transmen – NC – – – –

Colizzi et al. (22) 43 transmen;

79 transwomen

– – ↑ ↑ – ↑

Humble et al. (27) 150 transmen;

152 transwomen

NC ↓ – NC ↓ –

Liu et al. (29) 65 transmen;

45 transwomen

NC NC ↓ NC ↑ NC

Manieri et al. (31) 27 transmen;

56 transwomen

NC – – NC – –

Shadid et al. (34) 35 transmen;

55 transwomen

NC – NC NC – ↑

SoRelle et al. (35) 62 transmen;

87 transwomen

NC – – ↑ – –

Wierckx et al. (38) 53 transmen;

53 transwomen

NC – ↓ NC – ↑

HT, hormone therapy; FG, fasting glucose; A1C, hemoglobin A1C; FI, fasting insulin; NC, no significant change; ↑, significant increase; ↓, significant reduction.
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data available on the impact of GAHT on FI for adolescents and young 
adults, however Klaver and colleagues (63) reported a significant 
reduction in FI for young adults after receiving 5 years of masculinizing 
HT and no significant changes for those on a feminizing HT regimen. 
Overall, the etiology for the wide variability among findings is not 
clear. Further research with less heterogeneity would be necessary to 
sufficiently explore the impact of GAHT on FI levels.

2.8 Conclusion

The variety of hormone preparations and dosages used among 
participants in studies where changes in cardiometabolic biochemical 
markers were examined pose challenges in making clear inferences. 
Further, some studies only included participants who were hormone-
naïve, meaning they had never received GAHT prior to the study’s 
initiation (16, 18, 29, 34, 38), while others either included some 
participants who had received GAHT previously (17, 20, 33) or it was 
not clear whether researchers excluded participants for prior exposure 
to GAHT (22, 27, 31). Exclusion criteria in general varied widely 
across studies. In much of the research reviewed, potential subjects 
were excluded from participation for a history of cardiovascular 
disease or associated risk factors (16, 22), dyslipidemias (18, 22, 29), 
diabetes or hyperglycemia (16, 18, 22), however in some studies the 
participants were not excluded from analyses for these potentially 
confounding factors (33, 38). Additionally, BMI and age at baseline, 
which are variables that could impact cardiometabolic biochemical 
values, varied across studies. Despite the lack of homogeneity and the 
limitations within the current body of literature, some trends in the 
existing data may help healthcare professionals anticipate changes in 
cardiometabolic biomarkers. In adults undergoing masculinizing HT, 
the potential exists to observe an unfavorable increase in TC, LDL-C, 
and triglycerides; and a reduction in HDL-C. In adults on feminizing 
regimens, a favorable reduction in LDL-C may be anticipated. There 
is not enough congruent evidence at this time to support anticipating 
changes in FG, A1C, or FI in adults on GAHT or in TC, HDL-C, or 
TG with feminizing regimens.

3 Impact of GAHT on hematologic 
biochemical markers

Testosterone has an erythropoietic effect and thus it is expected to 
observe an increase in biochemical values like hemoglobin and 
hematocrit when one is on a masculinizing hormone regimen (9). For 
individuals pursuing masculinizing HT, it is recommended that 
hemoglobin and hematocrit are assessed at baseline and every 
3 months after initiation of HT for the first year and then at least 
annually thereafter (7, 9). When evaluating hemoglobin and 
hematocrit levels for patients on GAHT, it is important to use 
appropriate reference ranges. For individuals on masculinizing 
hormone regimens and who are amenorrheic, it is recommended that 
the male reference value is used for the lower limit of the normal 
reference ranges. The male reference value is recommended for the 
upper limit of the normal ranges (9). For transgender women, it is 
important to consider the reduction in testosterone as well as lack of 
menses. Additionally, if gonads are retained, there may be pulsatile 
testosterone activity. When assessing hemoglobin and hematocrit 

levels for those on feminizing HT, the female reference value should 
be used for the lower limit of the normal reference range and the male 
reference value for the upper limit (9).

3.1 Hemoglobin

Robust evidence exists to support that masculinizing HT regimens 
may result in an increase in hemoglobin (25, 27–29, 33, 35, 37) and a 
reduction for those receiving feminizing hormones (27, 29, 33, 35, 37) 
(Table 4). These shifts in hemoglobin may be detected as early as 
3–6 months after HT initiation (25, 27–29, 35). In adolescents and 
young adults, the same impact on hemoglobin levels has been 
observed for masculinizing (59, 61, 65) and feminizing HT regimens 
(61, 65).

3.2 Hematocrit

GAHT’s impact on hematocrit has been well-documented 
(Table 4). Much like hemoglobin, a rise in hematocrit is expected with 
masculinizing HT (20, 23, 25, 27–29, 35, 37, 38) and a reduction with 
feminizing HT (23, 27, 29, 35, 37, 38). Shifts in hematocrit may also 
be detected as early as 3–6 months after beginning GAHT (23, 25, 
27–29, 35). While limited data on adolescents and young adults exist, 
the available evidence supports that an increase in hematocrit may 
be observed with masculinizing HT (59, 60).

3.3 Mean corpuscular volume

Limited research exists on the impact of GAHT on mean 
corpuscular volume (MCV). In two recent studies, there were no 
significant changes in MCV for adults receiving masculinizing or 
feminizing HT (27, 37). The availability of evidence is not sufficient to 
draw conclusions on the impact of GAHT on MCV levels.

3.4 Red blood cell count

As expected with a rise in circulating testosterone, red blood cell 
(RBC) count seems to increase for adults on masculinizing HT (25, 
27, 28, 35, 37) and a reduction is typically observed in adults on 
feminizing HT (27, 35, 37). These shifts in RBC count may be observed 
at 3–6 months post HT initiation (25, 27, 28, 35). In one study on 
adolescents receiving GAHT, an increase in RBC count was reported 
for both subjects on masculinizing and feminizing hormone regimens 
after 4  months (65). Additional research is requisite to more 
adequately appraise the impact of GAHT on RBC count 
on adolescents.

3.5 Conclusion

Based on the research reviewed, a rise in hemoglobin and 
hematocrit may be anticipated for individuals on masculinizing HT 
regimens, while a reduction in both values may be expected for those 
on feminizing HT. In only one study (31) reviewed, no changes were 
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TABLE 4 A summary of the changes in hematologic biochemical data in adults receiving masculinizing or feminizing hormone therapy.

References Number of 
participants

Changes in biochemical values

Masculinizing HT Feminizing HT

Hgb Hct MCV RBC Hgb Hct MCV RBC

Chan et al. (20) 34 transmen – ↑ – – – – – –

Defreyene et al. (23) 192 transmen;  

340 transwomen

– ↑ – – – ↓ – –

Fernandez and 

Tannock (25)

19 transmen;

33 transwomen

↑ ↑ – ↑ – – – –

Humble et al.(27) 150 transmen;

152 transwomen

↑ ↑ NC ↑ ↓ ↓ NC ↓

Kurahashi et al. (28) 160 transmen ↑ ↑ – ↑ – – – –

Liu et al. (29) 65 transmen;

45 transwomen

↑ ↑ – – ↓ ↓ – –

Manieri et al. (31) 27 transmen;

56 transwomen

NC NC – – NC NC – –

Quirós et al. (33) 97 transmen;

150 transwomen

↑ – – – ↓ – – –

SoRelle et al. (35) 62 transmen;

87 transwomen

↑ ↑ – ↑ ↓ ↓ – ↓

Vita et al. (37) 11 transmen;

21 transwomen

↑ ↑ NC ↑ ↓ ↓ NC ↓

Wierckx et al. (38) 53 transmen;

53 transwomen

– ↑ – – – ↓ – –

HT, hormone therapy; Hgb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; RBC, red blood cell count; NC, no significant change; ↑, significant increase; ↓, significant 
reduction.

observed in hemoglobin or hematocrit, however the smaller sample 
size (n = 27) may have been a barrier to achieving statistical significance. 
Further investigation on the effects of GAHT on MCV is warranted in 
adults and adolescents, given the dearth of available research. Like 
hemoglobin and hematocrit, a rise in RBC count may be expected with 
masculinizing HT and a reduction with feminizing regimens.

4 Impact of GAHT on hepatic 
biochemical markers

The use of exogenous testosterone carries a moderate risk for 
severe liver dysfunction due to expected elevations in liver 
transaminases, therefore close monitoring of hepatic biochemical 
markers is indicated (7). It is important to use appropriate reference 
ranges when evaluating alkaline phosphatase levels due to potential 
retention or changes in lean body mass which can affect this 
biochemical marker. The male reference value should be used for the 
upper limit of the normal reference range for both masculinizing and 
feminizing hormone regimens (9).

4.1 Alkaline phosphatase

Alkaline phosphatase levels have the potential of shifting during 
the course of GAHT (Table 5). In one study of 11 adults receiving 
masculinizing HT, a significant increase in alkaline phosphatase (AP) 

was observed after a mean of 30 months (51.8 vs. 83.4 U/L; p < 0.0001) 
(37), whereas other research supports that AP may not significantly 
shift with masculinizing hormone regimens (19, 27, 35). The reason 
for the discrepancy in findings among the studies is ambiguous. In 
adults on feminizing HT, research from two studies provide evidence 
that a significant reduction in AP may observed after 6 months (27, 
35). Humble and colleagues (27) reported an increase in AP (69 vs. 
62 U/L; p < 0.05) in adults on feminizing HT. SoRelle et al. (35) also 
observed a reduction in AP with feminizing HT (73.2 vs. 62.3 U/L; 
p < 0.001). In one study (37), there was no observable shift in AP with 
feminizing HT. This may be attributed to a small sample size (n = 21). 
Overall, the impact of GAHT on AP has been underexplored and 
warrants further examination to establish consistent findings.

4.2 Aspartate transaminase

Most research exploring the impact of GAHT on aspartate 
transaminase (AST) has shown no significant changes for either 
masculinizing (21, 25–27, 37) or feminizing hormone regimens (25–
27, 37) (Table 5). However, in a few studies, a shift in AST levels has 
been reported (21, 35, 38). In a study of adults receiving 6 months of 
masculinizing HT an increase in AST was detected (18 vs. 23 U/L; 
p < 0.005) (35) which aligns with a different study with similar results 
(20 vs. 24 U/L; p = 0.01) (38). The basis for inconsistencies in results 
across studies investigating the influence of masculinizing HT on AST 
is unclear. Chen and colleagues (21) observed a slight reduction in AST 
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in adults on 3 months of feminizing HT (20 vs. 18 U/L; p < 0.01). 
Further, after 12 months of feminizing HT, Wierckx et al. (38) reported 
a reduction in AST (24.1 vs. 17.7 U/L; p < 0.001). In both studies (21, 
38), cyproterone acetate was prescribed as the anti-androgen while in 
two (25, 27) of the four studies where no changes in AST were detected, 
spironolactone was the anti-androgen prescribed. In one study (26), 
authors did not report the medication used and in the other 
cyproterone acetate was provided (37). Future research endeavors may 
benefit from exploring the influence of various anti-androgen regimens 
on AST levels. In studies evaluating changes in AST in adolescents and 
young adults, most have reported no significant changes (59, 60, 66), 
however in one study, a reduction in AST was observed with 
masculinizing and feminizing hormone regimens (61). Overall, the 
limited data that exist related to the impact of GAHT on AST are not 
consistent nor sufficient to derive any solid insights.

4.3 Alanine transaminase

Much of the published research investigating alanine transaminase 
(ALT) levels in adults on GAHT has shown no significant impact from 
either masculinizing (21, 25, 26, 28, 29, 37) or feminizing HT (21, 
25–27, 29, 37) (Table 5). In adults on masculinizing hormone regimens, 
results from three research studies support that ALT may rise after six 
(27, 35) or 12 months (38). Humble and colleagues (27) observed an 
increase from 15.9 to 18.7 U/L (p < 0.01) over six months, whereas 
SoRelle et al. (35) reported a more clinically significant increase from 
17 to 23 U/L (p < 0.001) with six months of masculinizing HT. After 
12 months of masculinizing HT, another study exhibited an increase in 

ALT from 16 to 20 U/L (p = 0.02) (38). For adults receiving feminizing 
HT, a reduction in ALT was observed in two different studies at six 
months (35) (21 vs. 18 U/L; p < 0.005) and 12 months (38) (25.0 vs. 
18.6 U/L; p = 0.01). Most of the research on ALT in adolescents and 
young adults on GAHT has indicated that shifts are not expected for 
masculinizing (59, 60, 66) or feminizing regimens (61, 66). However, 
minimal data support that a reduction of ALT may be observed with 
feminizing HT (59) and an increase with masculinizing HT (61). The 
rationale for the variations in findings among studies examining the 
impact of GAHT on ALT levels is not clearly elucidated. Further 
inquiry is imperative to clarify if there is an association.

4.4 Total bilirubin

Changes in total bilirubin (Tbili) have not been extensively 
studied in adults receiving GAHT (Table 5). In a small study of 11 
adults on masculinizing HT, Tbili increased from 0.7 to 1.2 mg/dL 
(p = 0.01) in greater than 24 months (37). Another study revealed a 
reduction in Tbili in adults on 6 months of feminizing HT (0.5–0.4 mg/
dL; p < 0.001) (35). At present, the existing body of research on the 
effects of GAHT on total bilirubin levels is far too scarce to form 
definitive conclusions.

4.5 Albumin

Minimal studies have explored shifts in albumin levels during the 
course of GAHT (Table 5). There does not appear to be any impact on 

TABLE 5 A summary of the changes in hepatic biochemical data in adults receiving masculinizing or feminizing hormone therapy.

References Number of 
participants

Changes in biochemical values

Masculinizing HT Feminizing HT

AP AST ALT TBili Alb AP AST ALT TBili Alb

Broulik et al. (19) 35 transmen NC – – – – – – – – –

Chen et al. (21) 30 transmen;

29 transwomen

– NC NC – NC – ↓ NC – ↓

Fernandez and 

Tannock (25)

19 transmen;

33 transwomen

– NC NC – – – NC NC – –

Hashemi et al. (26) 438 transmen;

624 transwomen

– NC NC – – – NC NC – –

Humble et al.(27) 150 transmen;

152 transwomen

NC NC ↑ – – ↓ NC NC – –

Kurahashi et al. (28) 160 transmen – NC NC – – – – – – –

Liu et al. (29) 65 transmen;

45 transwomen

– – NC – – – – NC – –

SoRelle et al. (35) 62 transmen;

87 transwomen

NC ↑ ↑ NC NC ↓ NC ↓ ↓ ↓

Vita et al. (37) 11 transmen;

21 transwomen

↑ NC NC ↑ – NC NC NC NC –

Wierckx et al. (38) 53 transmen;

53 transwomen

– ↑ ↑ – – – ↓ ↓ – –

HT, hormone therapy; AP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; TBili, total bilirubin; Alb, albumin; NC, no significant change; ↑, significant increase; 
↓, significant reduction.
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albumin levels in adults on masculinizing hormone regimens (21, 35). 
In adults receiving feminizing HT, albumin has been shown to 
decrease slightly, however shifts were not clinically significant (21, 35). 
Further exploration of the impact of GAHT on albumin levels is 
warranted to address gaps in knowledge.

4.6 Conclusion

The hepatic system is complex with many important nutrition-
relevant functions and thus it is important to gain insight on the 
impact of GAHT on liver function. While some of the existing 
research points to potential shifts in hepatic biochemical markers, 
there is not adequate evidence to support consistency in these 
findings. This topic warrants deeper exploration of large, 
homogenous samples to clarify the impact of GAHT on hepatic 
laboratory values.

5 Impact of GAHT on renal 
biochemical markers

Hyperkalemia is a known risk for estrogen-based regimens (8). It 
is recommended that individuals who are pursuing feminizing HT 
and are prescribed spironolactone as an anti-androgen have their 
electrolytes monitored every 3 months for the first year of HT with 
particular attention to serum potassium, BUN, and creatinine levels 
and then monitored every year (7, 9). When evaluating serum 
creatinine levels for individuals on GAHT, it is recommended that the 
male reference value is used as the upper limit of the normal reference 
range for those on masculinizing or feminizing hormone regimens. 
This is to account for the potential retention of muscle mass in 
transgender women and the increase in lean mass in transgender 
men (9).

5.1 Creatinine

Changes in serum creatinine (Cr) observed during GAHT have 
been well-documented in the literature (Table 6). In several studies, 
an increase in creatinine has been reported with the use of 
masculinizing HT (21, 25, 27, 29, 30, 35, 38) and this shift may 
manifest as early as 3 months following HT initiation (21, 25, 29, 30). 
There are also consistent results across several studies examining the 
impact of feminizing HT showing a reduction in serum Cr levels (21, 
25, 27, 29, 30, 35, 38) which can also be observed at 3 months post-
initiation (21, 25, 29, 30). Minimal evidence exists to support a change 
in serum Cr in adolescents and young adults on GAHT. In one study 
of this age group, no changes to Cr were observed (59), while in a later 
study, a rise in Cr was detected in those on a masculinizing hormone 
regimen and a reduction for those on a feminizing hormone regimen 
(64). Based on current research, an increase in creatinine may 
be  anticipated with masculinizing HT and a reduction with 
feminizing HT.

5.2 Potassium

Serum potassium (K) levels are not well-studied in adults who 
receive GAHT (Table 6). From the available evidence, it does not 
appear that masculinizing HT has a significant effect on serum K (27, 
35). A few studies have also documented no impact on serum K values 
with feminizing HT with spironolactone as the androgen antagonist 
(25, 35). In one study, a rise in serum K was observed at 6 months (3.9 
vs. 4.1 mEq/L; p < 0.001) and 12 months (3.9 vs. 4.2 mEq/L; p < 0.001) 
following initiation of feminizing HT (27). Although these 
biochemical were statistically significant, they lack clinical 
significance. It is important to note that most of the subjects on 
feminizing HT in this study (27) were also concomitantly receiving 
spironolactone as an androgen antagonist. Spironolactone also 

TABLE 6 A summary of the changes in renal biochemical data in adults receiving masculinizing or feminizing hormone therapy.

References Number of 
participants

Changes in biochemical values

Masculinizing HT Feminizing HT

Cr K BUN eGFR Cr K BUN eGFR

Chen et al. (21) 30 transmen;

29 transwomen

↑ – – – ↓ – – –

Fernandez and 

Tannock (25)

19 transmen;

33 transwomen

↑ – – – ↓ NC – –

Humble et al. (27) 150 transmen;

152 transwomen

↑ NC NC – ↓ ↑ ↑ –

Liu et al. (29) 65 transmen;

45 transwomen

↑ – – ↓ ↓ – – ↑

Maheshwari et al. (30) 24 transmen;

84 transwomen

↑ – – – ↓ – – –

SoRelle et al. (35) 62 transmen;

87 transwomen

↑ NC NC – ↓ NC NC –

Wierckx et al. (38) 53 transmen;

53 transwomen

↑ – – – ↓ – – –

HT, hormone therapy; Cr, creatinine; K, potassium; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; NC, no significant change; ↑, significant increase; ↓, significant 
reduction.
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functions as a potassium-sparing diuretic and was likely responsible 
for the potassium retention. A paucity of research exists exploring the 
impact of GAHT regimens on serum potassium levels. Further 
exploration on specifically the impact of spironolactone on the 
potassium levels of individuals undergoing feminizing HT may 
be  essential to provide informed guidance for monitoring 
potassium levels.

5.3 Blood urea nitrogen

Blood urea nitrogen (BUN) levels in individuals undergoing 
GAHT have not been well-researched (Table 6). The minimal available 
evidence suggests no significant changes in BUN for those on a 
masculinizing hormone regimen (27, 35). There are mixed results 
from two studies evaluating BUN in adults on feminizing HT, with 
one study showing no impact (35) and the other with a slight increase 
in BUN (12 vs. 13 mg/dL; p < 0.05) at 6 months following HT initiation 
(27). Although this is a statistically significant rise, the change does 
not appear to be clinically significant. Based on the results of one study 
in which the BUN levels of adolescents and young adults on GAHT 
were assessed, there was no significant change detected (59). More 
research is necessary to adequately explore the influence of GAHT on 
BUN levels.

5.4 Estimated glomerular filtration rate

Estimated glomerular filtration rate (eGFR) has not been 
researched extensively among individuals prescribed GAHT (Table 6). 
Liu et al. (29) evaluated the impact of GAHT on eGFR and observed 
a progressive and significant reduction in eGFR in adults on a 
masculinizing hormone regimen at several timepoints during HT 
with an overall shift from 97.6 mL/min/1.73 m2 at baseline to 88.0 mL/
min/1.73 m2 at 12–24 months following initiation of HT (p < 0.001). A 
slight increase in eGFR was also detected in subjects on a feminizing 
HT regimen for 6–12 months (115 vs. 118 mL/min/1.73 m2; p = 0.04), 
however this shift was minimal and not of clinical significance (29). 
Data on changes in eGFR levels during GAHT are extremely scarce 
and limited to one study in this review and therefore it is not feasible 
to draw any solid inferences. Additional studies focused on serial 
measures of eGFR during GAHT are warranted to gain a 
better understanding.

5.5 Conclusion

In alignment with the expected increase in muscle mass that is 
often observed in individuals pursuing masculinizing HT, a rise in 
serum creatinine is also expected. Due to the reduction of lean mass 
that often manifests with feminizing regimens, a subsequent reduction 
in creatinine is anticipated. Research on the influence of GAHT on 
potassium levels is inconclusive. Because of the pharmacological 
effects of spironolactone resulting in potassium reabsorption, 
expansion of research efforts on the impact of estrogen-based HT with 
spironolactone on serum potassium levels would provide more 
evidence-based guidance for monitoring this important electrolyte 
during feminizing HT. Inadequate evidence exists to support 

anticipated changes in BUN or eGFR, and further inquiry would 
address the gaps in understanding the relationship between GAHT 
and these important biochemical measures.

6 Discussion

Working with TGGD individuals receiving GAHT can pose 
challenges for nutrition professionals if they are unaware of the 
biochemical shifts that may be anticipated with HT. Based on the 
studies reviewed in which serum lipids were evaluated, it may 
be that some individuals will experience stable lipid levels, while 
others will exhibit unfavorable or favorable changes to their lipid 
panel, often observed with masculinizing or feminizing HT, 
respectively. Evidence available on biochemical data related to 
glycemic control and insulin resistance is emerging, however it is 
not adequate to draw solid conclusions. An increase in hemoglobin, 
hematocrit, and RBC count with masculinizing HT and a reduction 
with feminizing HT, on the other hand, is well-supported in the 
available literature and should be  anticipated. Most research 
exploring the impact of GAHT on biochemical measures evaluating 
hepatic function supports that there may be no significant change 
observed. Although in some studies a rise in liver enzymes was 
reported for those on masculinizing hormone regimens and a 
reduction observed for individuals receiving feminizing HT. As for 
renal function, serum creatinine was consistently observed to 
increase with masculinizing HT, and to decrease with 
feminizing HT. It may also be  important to closely monitor 
potassium levels if spironolactone is prescribed. Understanding the 
impact of GAHT on nutrition-relevant biochemical measures can 
assist nutrition professionals as they assess the nutritional needs of 
TGGD patients. Knowing the expected biochemical disturbances 
associated with GAHT can help rule out nutritional etiologies as 
well as provide an opportunity to offer proactive interventions. 
Future research may explore whether medical nutrition 
therapies can mitigate undesirable biochemical changes anticipated 
with GAHT. In addition, nutrition professionals may be unsure of 
which sex specific standards to use when interpreting assessment 
data. Anthropometric measures (body fat percentage, waist 
circumference, waist-to-hip ratio, body mass index-for-age 
percentiles) and certain biochemical data and medical tests 
(HDL-C, cholesterol to HDL-C ratio, hemoglobin, hematocrit, red 
blood cell count, ferritin, creatinine, alkaline phosphatase, bone 
mineral density) rely on sex-specific ranges for interpretation or 
diagnosis. Nutrition professionals may utilize values aligned with 
sex assigned at birth for patients who have not yet initiated HT, 
individualize their assessment based on the patient’s stage of 
medical transition, or apply a range (6). A limitation of this 
narrative review was that the researchers did not report in detail all 
of the approaches taken by the original authors of each study. 
Future research is needed to determine the precision of these 
strategies for patients at various stages of medical transitioning 
with GAHT.

The current body of literature exploring the impact of GAHT on 
nutrition-relevant biochemical measures is vastly heterogenous in the 
methodologies applied, including the prescribed hormone regimens 
and participant exclusion criteria. Much of the research is also 
retrospective with modest sample sizes. Larger prospective, 
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multi-center studies should be  conducted to further explore this 
emerging area of research and validate findings from earlier studies. 
This may facilitate a deeper comprehension of the expected alterations 
and the most efficacious strategies for their management.

7 Conclusion

Biochemical shifts related to cardiometabolic, hematologic, 
hepatic, and renal health are anticipated with masculinizing and 
feminizing HT. Nutrition professionals can be  attuned to these 
expected shifts when caring for transgender patients on HT and can 
apply strategies for interpreting sex-specific biochemical data. 
Ongoing research is needed to inform optimal nutrition care for 
transgender patients on GAHT.

Author contributions

JW: Conceptualization, Writing – original draft, Writing – review 
& editing. WL: Conceptualization, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
publication of this article. This work was supported by the Saint 
Louis University.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Swan WI, Vivanti A, Hakel-Smith NA, Trostler N, Howarter KB, Papoutsakis C. 

Nutrition care process and model update: toward realizing people-centered care and 
outcomes management. J Acad Nutr Diet. (2017) 117:2003–14. doi: 10.1016/j.
jand.2017.07.015

 2. Fergusson P, Greenspan N, Maitland L, Huberdeau R. Toward providing culturally 
aware nutritional care for transgender people: key issues and considerations. Can J Diet 
Pract Res. (2018) 79:74–9. doi: 10.3148/cjdpr-2018-001

 3. Joy P, Numer M. Queering educational practices in dietetics training: a critical 
review of LGBTQ inclusion strategies. Can J Diet Pract Res. (2018) 79:80–5. doi: 10.3148/
cjdpr-2018-006

 4. Rahman R, Linsenmeyer WR. Caring for transgender patients and clients: 
nutrition-related clinical and psychosocial considerations. J Acad Nutr Diet. (2019) 
119:727–32. doi: 10.1016/j.jand.2018.03.006

 5. Rozga M, Linsenmeyer W, Cantell Wood J, Darst V, Gradwell EK. Hormone 
therapy, health outcomes and the role of nutrition in transgender individuals: a scoping 
review. Clin Nutr ESPEN. (2020) 40:42–56. doi: 10.1016/j.clnesp.2020.08.011

 6. Linsenmeyer W, Garwood S, Waters J. An examination of the sex-specific nature of 
nutrition assessment within the nutrition care process: considerations for nutrition and 
dietetics practitioners working with transgender and gender diverse clients. J Acad Nutr 
Diet. (2022) 122:1081–6. doi: 10.1016/j.jand.2022.02.014

 7. Hembree WC, Cohen-Kettenis PT, Hannea SE, Hannema SE, Meyer WJ, Murad 
MH, et al. Endocrine treatment of gender-dysphoric/gender-incongruent persons: an 
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. (2017) 
102:3869–903. doi: 10.1210/jc.2017-01658

 8. World Professional Association for Transgender Health (WPATH) (2022). 
Standards of care for the health of transgender, and gender diverse people (Version 8). 
Available at: https://www.wpath.org/soc8.

 9. UCSF Gender Affirming Health Program, Department of Family and Community 
Medicine, University of California San Francisco In: MB Deutsch, editor. Guidelines for 
the primary and gender-affirming care of transgender and gender nonbinary people. 2nd 
ed (2016) Available at: http://transcare.ucsf.edu/guidelines

 10. Early KB, Stanley K. Position of the academy of nutrition and dietetics: the role of 
medical nutrition therapy and registered dietitian nutritionists in the prevention and 
treatment of prediabetes and type 2 diabetes. J Acad Nutr Diet. (2018) 118:343–53. doi: 
10.1016/j.jand.2017.11.021

 11. Kuehneman T, Gregory M, de Waal D, Davidson P, Frickel R, King C, et al. 
Academy of nutrition and dietetics evidence-based practice guideline for the 
management of heart failure in adults. J Acad Nutr Diet. (2018) 118:2331–45. doi: 
10.1016/j.jand.2018.03.004

 12. Marincic PZ, Salazar MV, Hardin A, Scott S, Fan SX, Gaillard PR, et al. Diabetes 
self-management education and medical nutrition therapy: a multisite study 
documenting the efficacy of registered dietitian nutritionist interventions in the 
management of glycemic control and diabetic dyslipidemia through retrospective chart 
review. J Acad Nutr Diet. (2019) 119:449–63. doi: 10.1016/j.jand.2018.06.303

 13. The Academy Quality Management Committee. Academy of nutrition and 
dietetics: revised 2017 scope of practice for the registered dietitian nutritionist. J Acad 
Nutr Diet. (2018) 118:141–65. doi: 10.1016/jand.2017.10.002

 14. Allen AN, Jiao R, Day P, Pagels P, Gimpel N, SoRelle JA. Dynamic impact of 
hormone therapy on laboratory values in transgender patients over time. J Appl Lab 
Med. (2021) 6:27–40. doi: 10.1093/JALM/JFAA192

 15. Aranda G, Fernandez-Rebollo E, Pradas-Juni M, Hanzu FA, Kalko SG, Halperin 
I, et al. Effects of sex steroids on the pattern of methylation and expression of the 
promoter region of estrogen and androgen receptors in people with gender dysphoria 
under cross-sex hormone treatment. J Steroid Biochem Mol Biol. (2017) 172:20–8. doi: 
10.1016/j.jsbmb.2017.05.010

 16. Aranda G, Mora A, Hanzu FA, Vera J, Ortega E, Halperin I. Effects of sex steroids 
on cardiovascular risk profile in transgender men under gender affirming hormone 
therapy. Endocrinol Diab Nutr. (2019) 66:385–92. doi: 10.1016/j.endien.2019.07.001

 17. Auer MK, Cecil A, Roepke Y, Bultynck C, Pas C, Fuss J, et al. 12-months metabolic 
changes among gender dysphoric individuals under cross-sex hormone treatment: a 
targeted metabolomics study. Sci Rep. (2016) 6:37005. doi: 10.1038/srep37005

 18. Auer MK, Ebert T, Pietzner M, Defreyne J, Fuss J, Stalla GK, et al. Effects of sex hormone 
treatment on the metabolic syndrome in transgender individuals: focus on metabolic 
cytokines. J Clin Endocrinol Metab. (2018) 103:790–802. doi: 10.1210/jc.2017-01559

 19. Broulik PD, Urbánek V, Libanský P. Eighteen-year effect of androgen therapy on 
bone mineral density in trans(gender) men. Horm Metab Res. (2018) 50:133–7. doi: 
10.1055/S-0043-118747

 20. Chan KJ, Liang JJ, Jolly D, Weinand JD, Safer JD. Exogenous testosterone does not 
induce or exacerbate the metabolic features associated with PCOS among transgender 
men. Endocr Pract. (2018) 24:565–72. doi: 10.4158/EP-2017-0247

 21. Chen H, Wiepjes CM, van Schoor NM, Heijboer AC, de Jongh RT, den Heijer M, 
et al. Changes of vitamin D-binding protein, and total, bioavailable, and free 
25-hydroxyvitamin D in transgender people. J Clin Endocrinol Metabol. (2019) 
104:2728–34. doi: 10.1210/jc.2018-02602

 22. Colizzi M, Costa R, Scaramuzzi F, Palumbo C, Tyropani M, Pace V, et al. 
Concomitant psychiatric problems and hormonal treatment induced metabolic 
syndrome in gender dysphoria individuals: a 2year follow-up study. J Psychosom Res. 
(2015) 78:399–406. doi: 10.1016/j.jpsychores.2015.02.001

 23. Defreyne J, Vantomme B, Van Caenegem E, Wierckx K, De Blok CJM, Klaver M, 
et al. Prospective evaluation of hematocrit in gender-affirming hormone treatment: 
results from European network for the investigation of gender incongruence. Andrology. 
(2018) 6:446–54. doi: 10.1111/andr.12485

 24. Deutsch MB, Bhakri V, Kubicek K. Effects of cross-sex hormone treatment on 
transgender women and men. Obstet Gynecol. (2015) 125:605–10. doi: 10.1097/
AOG.0000000000000692

 25. Fernandez JD, Tannock LR. Metabolic effects of hormone therapy in transgender 
patients. Endocr Pract. (2016) 22:383–8. doi: 10.4158/EP15950.OR

https://doi.org/10.3389/fnut.2024.1339311
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.jand.2017.07.015
https://doi.org/10.1016/j.jand.2017.07.015
https://doi.org/10.3148/cjdpr-2018-001
https://doi.org/10.3148/cjdpr-2018-006
https://doi.org/10.3148/cjdpr-2018-006
https://doi.org/10.1016/j.jand.2018.03.006
https://doi.org/10.1016/j.clnesp.2020.08.011
https://doi.org/10.1016/j.jand.2022.02.014
https://doi.org/10.1210/jc.2017-01658
https://www.wpath.org/soc8
http://transcare.ucsf.edu/guidelines
https://doi.org/10.1016/j.jand.2017.11.021
https://doi.org/10.1016/j.jand.2018.03.004
https://doi.org/10.1016/j.jand.2018.06.303
https://doi.org/10.1016/jand.2017.10.002
https://doi.org/10.1093/JALM/JFAA192
https://doi.org/10.1016/j.jsbmb.2017.05.010
https://doi.org/10.1016/j.endien.2019.07.001
https://doi.org/10.1038/srep37005
https://doi.org/10.1210/jc.2017-01559
https://doi.org/10.1055/S-0043-118747
https://doi.org/10.4158/EP-2017-0247
https://doi.org/10.1210/jc.2018-02602
https://doi.org/10.1016/j.jpsychores.2015.02.001
https://doi.org/10.1111/andr.12485
https://doi.org/10.1097/AOG.0000000000000692
https://doi.org/10.1097/AOG.0000000000000692
https://doi.org/10.4158/EP15950.OR


Waters and Linsenmeyer 10.3389/fnut.2024.1339311

Frontiers in Nutrition 15 frontiersin.org

 26. Hashemi L, Zhang Q, Getahun D, Jasuja GK, McCracken C, Pisegna J, et al. 
Longitudinal changes in liver enzyme levels among transgender people receiving gender 
affirming hormone therapy. J Sex Med. (2021) 18:1662–75. doi: 10.1016/J.
JSXM.2021.06.011

 27. 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) 3:799–814. doi: 10.1373/JALM.2018.027078

 28. Kurahashi H, Watanabe M, Sugimoto M, Ariyoshi Y, Mahmood S, Araki M, et al. 
Testosterone replacement elevates the serum uric acid levels in patients with female to 
male gender identity disorder. Endocr J. (2013) 60:1321–7. doi: 10.1507/endocrj.
ej13-0203

 29. Liu YH, Wu TH, Chu CH, Lin YC, Lin LY. Metabolic effects of cross-sex hormone 
therapy in transgender individuals in Taiwan. J Chin Med Assoc. (2021) 84:267–72. doi: 
10.1097/JCMA.0000000000000475

 30. Maheshwari A, Dines V, Saul D, Nippoldt T, Kattah A, Davidge-Pitts C. The effect 
of gender-affirming hormone therapy on serum creatinine in transgender individuals. 
Endocr Pract. (2022) 28:52–7. doi: 10.1016/j.eprac.2021.08.009

 31. Manieri C, Castellano E, Crespi C, Di Bisceglie C, Dell’Aquila C, Gualerzi A, et al. 
Medical treatment of subjects with gender identity disorder: the experience in an Italian 
public health center. Int J Transgend. (2014) 15:53–65. doi: 10.1080/15532739.2014.899174

 32. Martínez DB, Ponce MH, Romero AC, Villamarin XD, Gómez PN, Raya PM, et al. 
5PSQ-028 cardiovascular risk factor in individuals with gender identity disorder or 
cross-sex hormone therapy. Eur J Hosp Pharm. (2018) 25:A177–7. doi: 10.1136/
ejhpharm-2018-eahpconf.382

 33. Quirós C, Patrascioiu I, Mora M, Aranda GB, Hanzu FA, Gómez-Gil E, et al. Effect 
of cross-sex hormone treatment on cardiovascular risk factors in transsexual individuals. 
Experience in a specialized unit in Catalonia. Endocrinol Nutr. (2015) 62:210–6. doi: 
10.1016/j.endonu.2015.02.001

 34. Shadid S, Abosi-Appeadu K, De Maertelaere A-S, Defreyne J, Veldeman L, Holst 
JJ, et al. Effects of gender-affirming hormone therapy on insulin sensitivity and incretin 
responses in transgender people. Diabetes Care. (2020) 43:411–7. doi: 10.2337/
dc19-1061

 35. SoRelle JA, Jiao R, Gao E, Veazey J, Frame I, Quinn AM, et al. Impact of hormone 
therapy on laboratory values in transgender patients. Clin Chem. (2019) 65:170–9. doi: 
10.1373/CLINCHEM.2018.292730

 36. van Velzen DM, Paldino A, Klaver M, Nota NM, Defreyne J, Hovingh GK, et al. 
Cardiometabolic effects of testosterone in transmen and estrogen plus cyproterone 
acetate in transwomen. J Clin Endocrinol Metabol. (2019) 104:1937–47. doi: 10.1210/
jc.2018-02138

 37. Vita R, Settineri S, Liotta M, Benvenga S, Trimarchi F. Changes in hormonal and 
metabolic parameters in transgender subjects on cross-sex hormone therapy: a cohort 
study. Maturitas. (2018) 107:92–6. doi: 10.1016/j.maturitas.2017.10.012

 38. Wierckx K, Van Caenegem E, Schreiner T, Haraldsen I, Fisher A, Toye K, et al. 
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) 11:1999–2011. doi: 10.1111/jsm.12571

 39. Alzahrani T, Nguyen T, Ryan A, Dwairy A, McCaffrey J, Yunus R, et al. 
Cardiovascular disease risk factors and myocardial infarction in the transgender 
population. Circ Cardiovasc Qual Outcomes. (2019) 12:e005597. doi: 10.1161/
CIRCOUTCOMES.119.005597

 40. Pharr JR, Batra K. Propensity score analysis assessing the burden of non-
communicable diseases among the transgender population in the United States using 
the behavioral risk factor surveillance system (2017–2019). Healthcare. (2021) 9:696. 
doi: 10.3390/HEALTHCARE9060696

 41. Caceres BA, Jackman KB, Edmondson D, Bockting WO. Assessing gender identity 
differences in cardiovascular disease in US adults: an analysis of data from the 
2014–2017 BRFSS. J Behav Med. (2020) 43:329–38. doi: 10.1007/S10865-019-00102-8

 42. Downing JM, Przedworski JM. Health of transgender adults in the U.S., 
2014–2016. Am J Prev Med. (2018) 55:336–44. doi: 10.1016/j.amepre.2018.04.045

 43. Islam N, Nash R, Zhang Q, Panagiotakopoulos L, Daley T, Bhasin S, et al. Is there 
a link between hormone use and diabetes incidence in transgender people? Data from 
the STRONG cohort. J Clin Endocrinol Metabol. (2022) 107:e1549–57. doi: 10.1210/
clinem/dgab832

 44. Wierckx K, Elaut E, Declercq E, Heylens G, De Cuypere G, Taes Y, et al. Prevalence 
of cardiovascular disease and cancer during cross-sex hormone therapy in a large cohort 
of trans persons: a case-control study. Eur J Endocrinol. (2013) 169:471–8. doi: 10.1530/
EJE-13-0493

 45. Defreyne J, De Bacquer D, Shadid S, Lapauw B, T’Sjoen G. Is type 1 diabetes 
mellitus more prevalent than expected in transgender persons? A local observation. Sex 
Med. (2017) 5:e215–8. doi: 10.1016/j.esxm.2017.06.004

 46. Logel SN, Bekx MT, Rehm JL. Potential association between type 1 diabetes 
mellitus and gender dysphoria. Pediatr Diabetes. (2020) 21:266–70. doi: 10.1111/
pedi.12947

 47. Maru J, Millington K, Carswell J. Greater than expected prevalence of type 1 
diabetes mellitus found in an urban gender program. Transgender Health. (2021) 
6:57–60. doi: 10.1089/trgh.2020.0027

 48. Nokoff NJ, Scarbro S, Juarez-Colunga E, Moreau KL, Kempe A. Health and 
cardiometabolic disease in transgender adults in the United States: behavioral risk factor 
surveillance system 2015. J Endocr Soc. (2018) 2:349–60. doi: 10.1210/js.2017-00465

 49. Getahun D, Nash R, Flanders WD, Baird TC, Becerra-Culqui TA, Cromwell L, 
et al. Cross-sex hormones and acute cardiovascular events in transgender persons. Ann 
Intern Med. (2018) 169:205–13. doi: 10.7326/M17-2785

 50. Irwig MS. Cardiovascular health in transgender people. Rev Endocr Metab Disord. 
(2018) 19:243–51. doi: 10.1007/s11154-018-9454-3

 51. Maraka S, Singh Ospina N, Rodriguez-Gutierrez R, Davidge-Pitts CJ, Nippoldt TB, 
Prokop LJ, et al. Sex steroids and cardiovascular outcomes in transgender individuals: a 
systematic review and meta-analysis. J Clin Endocrinol Metabol. (2017) 102:3914–23. 
doi: 10.1210/jc.2017-01643

 52. Pelusi C, Costantino A, Martelli V, Lambertini M, Bazzocchi A, Ponti F, et al. 
Effects of three different testosterone formulations in female-to-male transsexual 
persons. J Sex Med. (2014) 11:3002–11. doi: 10.1111/jsm.12698

 53. 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) 5:881–8. doi: 10.1111/andr.12382

 54. 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) 11:66–77. doi: 10.4239/wjd.v11.i3.66

 55. Klaver M, de Blok CJM, Wiepjes CM, Nota NM, Dekker MJHJ, de Mutsert R, et al. 
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) 178:163–71. doi: 10.1530/EJE-17-0496

 56. Klaver M, de Mutsert R, Wiepjes CM, Twisk JWR, den Heijer M, Rotteveel J, et al. 
Early hormonal treatment affects body composition and body shape in young 
transgender adolescents. J Sex Med. (2018) 15:251–60. doi: 10.1016/j.jsxm.2017.12.009

 57. Van Caenegem E, Wierckx K, Taes Y, Schreiner T, Vandewalle S, Toye K, et al. 
Preservation of volumetric bone density and geometry in trans women during cross-sex 
hormonal therapy: a prospective observational study. Osteoporos Int. (2015) 26:35–47. 
doi: 10.1007/s00198-014-2805-3

 58. Morgentaler A, Lodaya K, Telang S, Hayashida DK, Hu Y. Comparison of patterns 
of use and clinical outcomes between injections of testosterone undecanoate and 
testosterone cypionate: an electronic health record cohort study. Androgens. (2022) 
3:31–40. doi: 10.1089/andro.2021.0024

 59. Jarin J, Pine-Twaddell E, Trotman G, Stevens J, Conard LA, Tefera E, et al. Cross-
sex hormones and metabolic parameters in adolescents with gender dysphoria. 
Pediatrics. (2017) 139:e20163173. doi: 10.1542/PEDS.2016-3173

 60. Laurenzano SE, Newfield RS, Lee E, Marinkovic M. Subcutaneous testosterone is 
effective and safe as gender-affirming hormone therapy in transmasculine and gender-
diverse adolescents and young adults: a single center’s 8-year experience. Transgender 
Health. (2021) 6:343–52. doi: 10.1089/trgh.2020.0103

 61. Olson-Kennedy J, Okonta V, Clark LF, Belzer M. Physiologic response to gender-
affirming hormones among transgender youth. J Adolesc Health. (2018) 62:397–401. doi: 
10.1016/j.jadohealth.2017.08.005

 62. Valentine A, Nokoff N, Bonny A, Chelvakumar G, Indyk J, Leibowitz S, et al. 
Cardiometabolic parameters among transgender adolescent males on testosterone 
therapy and body mass index-matched cisgender females. Transgender Health. (2021) 
6:369–73. doi: 10.1089/TRGH.2020.0052

 63. Klaver M, de Mutsert R, van der Loos MATC, Wiepjes CM, Twisk JWR, den Heijer 
M, et al. Hormonal treatment and cardiovascular risk profile in transgender adolescents. 
Pediatrics. (2020) 145:e20190741. doi: 10.1542/peds.2019-0741

 64. Millington K, Barrera E, Daga A, Mann N, Olson-Kennedy J, Garofalo R, et al. The 
effect of gender-affirming hormone treatment on serum creatinine in transgender and 
gender-diverse youth: implications for estimating GFR. Pediatr Nephrol. (2022) 
37:2141–50. doi: 10.1007/s00467-022-05445-0

 65. Chiniara LN, Bonifacio HJ, Palmert MR. Characteristics of adolescents referred 
to a gender clinic: are youth seen now different from those in initial reports? Horm Res 
Paediatr. (2018) 89:434–41. doi: 10.1159/000489608

 66. Meyer G, Mayer M, Mondorf A, Flügel AK, Herrmann E, Bojunga J. Safety and 
rapid efficacy of guideline-based gender-affirming hormone therapy: an analysis of 388 
individuals diagnosed with gender dysphoria. Eur J Endocrinol. (2020) 182:149–56. doi: 
10.1530/EJE-19-0463

https://doi.org/10.3389/fnut.2024.1339311
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/J.JSXM.2021.06.011
https://doi.org/10.1016/J.JSXM.2021.06.011
https://doi.org/10.1373/JALM.2018.027078
https://doi.org/10.1507/endocrj.ej13-0203
https://doi.org/10.1507/endocrj.ej13-0203
https://doi.org/10.1097/JCMA.0000000000000475
https://doi.org/10.1016/j.eprac.2021.08.009
https://doi.org/10.1080/15532739.2014.899174
https://doi.org/10.1136/ejhpharm-2018-eahpconf.382
https://doi.org/10.1136/ejhpharm-2018-eahpconf.382
https://doi.org/10.1016/j.endonu.2015.02.001
https://doi.org/10.2337/dc19-1061
https://doi.org/10.2337/dc19-1061
https://doi.org/10.1373/CLINCHEM.2018.292730
https://doi.org/10.1210/jc.2018-02138
https://doi.org/10.1210/jc.2018-02138
https://doi.org/10.1016/j.maturitas.2017.10.012
https://doi.org/10.1111/jsm.12571
https://doi.org/10.1161/CIRCOUTCOMES.119.005597
https://doi.org/10.1161/CIRCOUTCOMES.119.005597
https://doi.org/10.3390/HEALTHCARE9060696
https://doi.org/10.1007/S10865-019-00102-8
https://doi.org/10.1016/j.amepre.2018.04.045
https://doi.org/10.1210/clinem/dgab832
https://doi.org/10.1210/clinem/dgab832
https://doi.org/10.1530/EJE-13-0493
https://doi.org/10.1530/EJE-13-0493
https://doi.org/10.1016/j.esxm.2017.06.004
https://doi.org/10.1111/pedi.12947
https://doi.org/10.1111/pedi.12947
https://doi.org/10.1089/trgh.2020.0027
https://doi.org/10.1210/js.2017-00465
https://doi.org/10.7326/M17-2785
https://doi.org/10.1007/s11154-018-9454-3
https://doi.org/10.1210/jc.2017-01643
https://doi.org/10.1111/jsm.12698
https://doi.org/10.1111/andr.12382
https://doi.org/10.4239/wjd.v11.i3.66
https://doi.org/10.1530/EJE-17-0496
https://doi.org/10.1016/j.jsxm.2017.12.009
https://doi.org/10.1007/s00198-014-2805-3
https://doi.org/10.1089/andro.2021.0024
https://doi.org/10.1542/PEDS.2016-3173
https://doi.org/10.1089/trgh.2020.0103
https://doi.org/10.1016/j.jadohealth.2017.08.005
https://doi.org/10.1089/TRGH.2020.0052
https://doi.org/10.1542/peds.2019-0741
https://doi.org/10.1007/s00467-022-05445-0
https://doi.org/10.1159/000489608
https://doi.org/10.1530/EJE-19-0463

	The impact of gender-affirming hormone therapy on nutrition-relevant biochemical measures
	1 Introduction
	2 Impact on of GAHT cardiometabolic biochemical markers
	2.1 Total cholesterol
	2.2 Low-density lipoprotein cholesterol
	2.3 High-density lipoprotein cholesterol
	2.4 Triglycerides
	2.5 Glucose
	2.6 Hemoglobin A1C
	2.7 Insulin
	2.8 Conclusion

	3 Impact of GAHT on hematologic biochemical markers
	3.1 Hemoglobin
	3.2 Hematocrit
	3.3 Mean corpuscular volume
	3.4 Red blood cell count
	3.5 Conclusion

	4 Impact of GAHT on hepatic biochemical markers
	4.1 Alkaline phosphatase
	4.2 Aspartate transaminase
	4.3 Alanine transaminase
	4.4 Total bilirubin
	4.5 Albumin
	4.6 Conclusion

	5 Impact of GAHT on renal biochemical markers
	5.1 Creatinine
	5.2 Potassium
	5.3 Blood urea nitrogen
	5.4 Estimated glomerular filtration rate
	5.5 Conclusion

	6 Discussion
	7 Conclusion
	Author contributions

	References

