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Abstract

Purpose: This study aimed to investigate the patterns of breast development and the factors influencing this process following Gender-Affirming Hormone

Therapy (GAHT) in Chinese transgender women.

Methods: The clinical data of 113 transgender women from July 2022 to July 2024 were retrospectively analyzed. In addition, in the prospective

longitudinal study, 42 transgender women were followed at 4 time points: 0, 3, 6, and 12 months after starting GAHT. Demographic characteristics, Body Mass

Index (BMI), Body Fat Percentage (BFP), serum estradiol level, and breast thickness measured by ultrasound were collected. SPSS 25.0 and Python software
were used for statistical analysis, and genetic algorithm was used to analyze the related influencing factors.

Results: With the extension of GAHT, mammary gland thickness gradually increased, with the most rapid development occurring during the first six months
and stabilization after two years. Mammary gland thickness was positively correlated with treatment duration, BMI, BFP, and serum estradiol levels, with

treatment duration having the greatest impact. Over the two years of GAHT, the genetic algorithm predicted that maximum mammary gland thickness (16.35

mm) would be achieved in approximately 22.53 months, corresponding to a BFP of 24.96% and a serum estradiol level of 129.30 pg/ml.

Conclusions: After receiving GAHT, breast development in transgender women was most pronounced during the first six months and stabilized after two

years. Increased breast development correlated with treatment duration, BMI, BFP, and serum estradiol levels, providing clinical reference values for treatment

optimization. Further studies are necessary to validate long-term outcomes.

INTRODUCTION

Transgender women frequently experience gender
dysphoria due to the discordance between their assigned
sex at birth and their self-identified gender [1-4]. To
mitigate this dysphoria, many transgender women
pursue Gender-Affirming Hormone Therapy (GAHT) and
Gender Confirming Surgery (GCS) to modify their physical
appearance, thereby aligning their bodies with their
self-identified gender [5]. Research indicates that breast
development is one of the most sought-after changes for
transgender women [6], as breasts are often regarded as
a key aspect of femininity [7]. Consequently, the changes
in breast development during hormone therapy warrant
further investigation. However, the influence of factors

such as estrogen and Body Fat Percentage (BFP) on breast
development during treatment remains unclear.

Research on breast development and the factors
influencing it in transgender women undergoing GAHT
remains limited. Previous studies have primarily focused
on overall changes in breast volume. For instance, the
study by de Blok et al. utilized bra cup size as an indicator
of breast development and found that significant growth
occurred within the first six months of treatment, with
a mean increase in breast-chest difference of up to 7.9
centimeters after one year [7].

In another study employing 3D technology to measure
breast volume, findings indicated that while the increase
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in breast-chest difference stabilized after approximately
nine months, breast volume continued to rise over a
three-year period [8]. However, these studies have not
identified factors influencing breast development beyond
the duration of hormone treatment. Additionally, there is
a lack of data on changes in breast development following
hormone therapy specifically for Chinese transgender
women. It has been documented that estrogen and BFP
increase in transgender women after hormone therapy [9-
11].

Given that estrogen and adipose tissue are strongly
associated with mammary gland development in cisgender
women [12,13], it is plausible to hypothesize that a similar
relationship may exist in transgender women undergoing
hormone therapy. Furthermore, during hormone therapy,
mammary gland tissue proliferation occurs alongside
increased fat accumulation in the breasts, enhancing
both the mammary glands’ thickness and breast size.
Conversely, weight loss leads to a reduction in body fat
content, including in the breasts; however, mammary
gland tissue is typically not significantly altered by weight
loss.

In this study, mammary gland thickness was utilized as
an indicator to assess breast development in transgender
women undergoing GAHT at a tertiary hospital in
Guangzhou, China. A retrospective analysis involved
113 transgender women, followed by the enrollment
of 42 patients in a prospective, longitudinal study, with
assessments conducted at 0, 3, 6, and 12 months post-
treatment. The objective of this study was to elucidate
the patterns of breast development and the factors
influencing these changes in Chinese transgender women
following GAHT. It is hoped that it will establish a scientific
foundation for enhancing treatment efficacy and devising
personalized treatment plans, while also providing insights
for the clinical application of GAHT.

METHODS

Ethical Approval and Informed Consent

This study followed the ethical standards of the
Declaration of Helsinki revised in 2013 and was approved
by the Institutional Review Board (IRB) of the participating
tertiary hospital.

Study Population

The study population comprised 314 transgender
women who attended the outpatient clinic of the
reproductive endocrinology department at a tertiary

care hospital between July 2022 and July 2024 (Figure
1). Among them, 233 individuals underwent breast
ultrasound examinations. A total of 155 patients met the
inclusion-exclusion criteria, with 42 of these patients
being evaluated at 0, 3, 6, and 12 months post-initiation
of GAHT. In the retrospective analysis, 113 transgender
women were selected based on a review of available
case data, collecting baseline demographics, treatment
duration, BFP, serum estradiol levels, and mammary gland
thickness measurements. In the prospective longitudinal
study, 42 patients receiving GAHT were followed up at
0, 3, 6, and 12 months post-treatment to gather data on
demographics, BFP, serum estradiol levels, and mammary
gland thickness.

The inclusion criteria for patients were as follows: (1)
All participants were identified as transgender women
(individuals assigned male at birth with a female gender
identity) by a multidisciplinary team of endocrinologists
and psychiatrists specializing in gender confirmation
medicine. This identification and the framework for
supporting care were guided by the World Professional
Association for Transgender Health (WPATH) Standards
of Care (Version 8) and the International Classification
of Diseases, 11th Revision (ICD-11) [14,15]. Specifically,
in China, the clinical assessment process for transgender
women seeking medical transition typically involved
evaluation based on criteria outlined in the ‘Chinese
Classification of Mental Disorders, 3rd Edition (CCMD-3)’
(notably categories F64 ‘Sex identity disorders’ and F65
‘Disorders of sexual preference’) [16]. Additionally, the
conceptual framework and diagnostic criteria for Gender
Dysphoria as defined in the ‘Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5)" were
considered within the multidisciplinary assessment context
[17]. Itis important to note that ‘transgender woman’ is an
identity descriptor and not a diagnosis within any of these
classification systems. The relevant diagnoses (e.g., Gender
Dysphoria in DSM-5/ICD-11, F64 in CCMD-3) focus on the
presence of clinically significant distress or impairment
related to gender incongruence, which was a prerequisite
for accessing gender-affirming medical interventions like
GAHT in the studied setting; (2) hormones used for GAHT
were estrogen and antiandrogen; (3) had mammary gland
thickness measurements obtained via ultrasound; (4) age
at the start of GAHT was between 18 and 40 years old.

Anthropometric Measurements Data

Basic demographic and clinical data, including age,
height, weight, Body Mass Index (BMI), duration of GAHT,
BFP, serum estradiol levels, and bilateral mammary
gland thickness measurements (right and left), as well
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Figure. 1
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Figure 1 Participant inclusion flowchart

as mean mammary gland thickness, were collected from
transgender women. The data were categorized into two
distinct sets: retrospective and prospective longitudinal
(repeated measures), with the retrospective data being
analyzed exploratorily and subsequently validated against
the longitudinal data.

GAHT Programs

In this study, the primary hormones utilized for GAHT
were estrogens and antiandrogens. Estrogen therapy
primarily consisted of estradiol valerate tablets (2-4 mg/
day) or estradiol gel (1.5-3 mg/day), while antiandrogen
therapy mainly involved cyproterone acetate tablets
(6.25-25 mg/day).

In the retrospective analysis, patients were categorized
based on the duration of their GAHT treatment: 0
represented no GAHT treatment; 1 represented treatment
duration of up to three months; 2 represented treatment
duration between three and six months (including six
months); 3 represented treatment duration between
six and twelve months (including twelve months); 4
represented treatment duration between twelve and
twenty-four months (including twenty-four months); 5
represented treatment duration between twenty-four
and thirty-six months (including thirty-six months);
and 6 represented treatment duration exceeding thirty-
six months. Patients receiving GAHT were required to
have follow-up assessments every six months, which

included medical examinations such as liver and kidney
function tests, breast ultrasounds, and bone densitometry
assessments.

Mammary gland Thickness Measurement

All subjects underwent breast ultrasonography on
a Sonic Aixplorer ultrasonic diagnostic machine with
a line array SL15-4 probe at a frequency of 10 MHz, in
a supine position with the arms naturally raised at the
sides, fully exposing the breasts bilaterally for breast
ultrasonography. The BI-RADS classification of the breast
tissue was confirmed, and the Region of Interest (ROI) was
selected to measure the thickness of the breast gland. All
measurements were performed by two trained attending
sonographers.

Serum estradiol level testing and BFP measurement

Serum estradiol levels were assessed from blood
samples using a fully automated chemiluminescence
analyzer (Beckman Coulter DX1800). BFP was calculated
utilizing Dual-Energy X-ray Absorptiometry (DXA)
technology with a Lunar Prodigy system (GE Healthcare,
Chicago, IL, USA).

Statistical Analyses

Excel software was employed to construct the database,
and statistical analyses were conducted using SPSS version
25.0 (IBM Corp., Armonk, NY, USA) and Python (Python
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Software Foundation, Delaware, USA). All tests were two-
sided, with a significance level set at 0.05. Data conforming
to a normal distribution were described using mean *
standard deviation and analyzed using analyses of Analysis
of Variance (ANOVA) and Pearson’s correlation. Data
not conforming to a normal distribution were described
using median (range) and analyzed with the rank-sum
test and Pearson correlation analysis. Multifactorial
analyses were performed using multiple linear regression,
and generalized estimating equations were utilized to
analyze repeated measures data. Genetic algorithms were
employed to calculate the maximum mammary gland
thickness and the corresponding predictor values.

Consent to Participate

All individual participants included in this study
provided written informed consent before participation in
the study.

RESULTS
Characteristics of 113 transgender women

A total of 113 transgender women were included in
this retrospective study. The mean age of participants
was 24 years, with a mean height of 172.51 cm, a mean
BMI of 20.94 kg/m? and a mean weight of 62.38 kg. The
median BFP was 25.60%, with a median estradiol level of
34.07 pg/mL. The median thickness of the right mammary
gland was 9.90 mm, while the median thickness of the left
mammary gland was 10.00 mm. The average mammary
gland thickness was also 9.90 mm. Regarding treatment
duration, 37 participants (32.74%) had received no GAHT,
7 (6.19%) were in the 0-3 month category, 21 (18.58%)
in the 3-6 month category, 23 (20.35%) in the 6-12
month category, 8 (7.08%) in the 12-24 month category,
8 (7.08%) in the 24-36 month category, and 9 (7.96%)
had received GAHT for more than 36 months. The detailed
characteristics of the participants are summarized in
Table 1.

Correlation of mean mammary gland thickness with
other variables

Mean mammary gland thickness was significantly
correlated with medication duration, age, BMI, body
weight, BFP, and serum estradiol levels. Among these
variables, the strongest positive correlation was observed
between mean mammary gland thickness and medication
duration (p = 0.526, P < 0.01). Detailed correlations are
presented in Table 2.

Changes in mammary gland thickness after receiving
different durations of GAHT

The differences in right mammary gland thickness, left

Table 1: Characteristics of 113 transgender women

Variables Total (N=113)
Age (years) 24+5
Height (cm) 172.51 +6.89
BMI (kg/cm? 20.94 £3.27
Weight (kg) 62.38 £10.90
treatment duration, N (%)
0 37 (32.74)
1 7 (6.19)
2 21 (18.58)
3 23(20.35)
4 8(7.08)
5 8 (7.08)
6 9 (7.96)
BFP (%) 25.60 (20.10, 29.90)
Estradiol (pg/ml) 34.07 (23.57,63.01)
Right mammary gland thickness (mm) 9.90 (5.60, 13.80)
Left mammary gland thickness (mm) 10.00 (6.00, 13.90)
Average mammary gland thickness (mm) 9.90 (5.55, 13.85)

Note: Data are presented as mean * SD, median (range), or percentages. treatment
duration: based on 0.

0: No received gender-affirming hormone therapy; 1: 0-3 months (including
3 months); 2: 3-6 months (including 6 months); 3: 6-12 months (including 12
months); 4: 12-24 months (including 24 months); 5: 24-36 months (including 36
months); 6: > 36 months.

Abbreviation: N, sample size; BFP, Body Fat Percentage; BMI, Body Mass Index; SD,
Standard Deviation.

mammary gland thickness, and mean mammary gland
thickness among the seven groups were statistically
significant (P < 0.05). Mammary gland thickness increased
progressively with the duration of GAHT, with the most
notable increase occurring approximately six months after
the initiation of treatment. Detailed information regarding
these changes is provided in Table 3.

Multiple linear regression results of factors
influencing mean mammary gland thickness

The multiple linear regression analysis was
conducted using treatment duration, age, BMI, body
weight, BFP, and serum estradiol levels as independent
variables, with average mammary gland thickness as the
dependent variable. The results indicated a significant
linear regression relationship between changes in mean
mammary gland thickness and treatment duration, BMI,
and BFP. Specifically, changes in mean mammary gland
thickness were positively correlated with treatment
duration, BMI, and BFP, with treatment duration exerting
the greatest influence on mean mammary gland thickness.
The most significant difference in mean mammary gland
thickness was observed between treatment durations of
6-12 months versus no receiving treatment. Additionally,
the greatest change in mammary gland thickness occurred
during the 3-6-month period following the initiation of
treatment compared to other time intervals. Detailed data
are provided in Tables 4, 5, and 6.
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Table 2: Correlation of mean mammary gland thickness with other variables

Right mammary gland thickness (mm) Left mammary gland thickness (mm) | Average mammary gland thickness (mm)
Variables
p P p P p P
Treatment duration 0.529 <0.01 0.397 <0.01 0.526 <0.01
Age (years) 0.182 0.018 0.201 0.009 0.18 0.02
Height (cm) -0.089 0.251 -0.08 0.3 -0.086 0.266
BMI (kg/cm?) 0.367 <0.01 0.407 <0.01 0377 <0.01
Weight (kg) 0.323 <0.01 0.358 <0.01 0.330 <0.01
BFP (%) 0.461 <0.01 0.439 <0.01 0.462 <0.01
Estradiol (pg/ml) 0.283 <0.01 0.284 <0.01 0.285 <0.01
Table 3: Changes in mammary gland thickness with treatment duration
Variables Total(N=113) O(N=37) 1(N=7) 2(N=21) 3(N=23) 4(N=8) 5(N=8) 6(N=9) F Pvalue
Right mammary gland g, 561 | 3961356 886+223 1342£2.65 1245356  1320£333  1188:264 1174484 3337  <.001*
thickness (mm)
Leftmammarygland g 17, 503 5924369 976318 1411271 1270+374  1338:321 1168:168 1166:528 3325  <.001*
thickness (mm)
Average mammarygland | g 30, 567 5944359 9314264 1376%253 1257+355 1320324 | 1178205 1170502 3472  <.001*
thickness (mm)
*Statistical significance at a level of 0.05.
Table 4: Independent variable assignment method
Independent variable Assignment method
Age Original value input
BMI Original value input
Weight Original value input
BFP Original value input
Estradiol Original value input

treatment duration

No received GAHT=0

0-3 months (including 3 months)=1

3-6 months (including 6 months)= 2

6-12 months (including 12 months)= 3

12-24 months (including 24 months)= 4

24-36 months (including 36 months)=5

> 36 months= 6

Abbreviation: GAHT: Gender-Affirming Hormone Therapy. Note: Treatment duration

Table 5: Multiple linear regression results of factors influencing mean breast thickness factors1

Variables B standard 8 . P 95% Confidence Interval
error lower-bound upper-bound
(constant) -8.052 1.781 -4.52 <0.01 -11.584 -4.519
BMI (kg/cm?) 0.346 0.107 0.2 3.239 0.002 0.134 0.557
BFP (%) 0.184 0.057 0.204 3.213 0.002 0.07 0.297
treatment duration

1 5.014 1.166 0.214 4.299 <0.01 2.701 7.326
2 8.976 0.803 0.618 11.184 <0.01 7.384 10.567
3 9.203 0.778 0.656 11.832 <0.01 7.661 10.746
4 8.769 1.118 0.398 7.846 <0.01 6.553 10.986

5 7.809 1.105 0.355 7.068 <0.01 5.618 10
6 7.464 1.082 0.358 6.9 <0.01 5.319 9.609

1-0: with 0 as the reference

point in time, 1 compared to 0;

JSM Sexual Med 9(5): 1167 (2025)
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Table 6: Multiple linear regression results of factors influencing mean breast thickness factors 2
Variables B standard 8 . P 95% Confidence Interval
error lower-bound upper-bound
(constant) -1.314 1.819 -0.722 0.472 -4.921 2.293
BMI (kg/cm?) 0.329 0.106 0.19 3.09 0.003 0.118 0.539
BFP (%) 0.195 0.057 0.216 3.429 0.001 0.082 0.307
treatment duration
1—0 6.528 0.524 0.653 12.459 <0.01 5.489 7.567
2—1 7.694 0.874 0.657 8.802 <0.01 5.961 9.427
3—2 5.201 0.877 0.574 5.929 <0.01 3.462 6.94
4—3 2.521 0.838 0.226 3.009 0.003 0.86 4.182

2-1: with 1 as the reference point in time, 2 compared to 1;
3-2: with 2 as the reference point in time, 3 compared to 2;
4-3: with 3 as the reference point in time, 4 compared to 3.

Characteristics of 42 Transgender women Before
GAHT

At baseline, the median age of the participants was 24
years, with a mean height of 172.25 cm, a mean weight
of 61.89 kg, a BMI of 20.84 kg/m? and a median BFP of
24.60%. Secondary outcome indicators revealed a median
estradiol level 0f 29.79 pg/ml. Among the primary outcome
indicators, the median right mammary gland thickness
was 7.45 mm, while the median left mammary gland
thickness was also 7.45 mm, resulting in a mean mammary
gland thickness of 7.65 mm. Overall, the patients were
generally young and of lower body weight. Hormone levels
and mammary gland thickness variability were high. The
specific data are provided in Table 7.

Analysis of factors influencing mammary gland
thickness

A generalized estimating equation was used to analyze
the model with mean breast thickness as the dependent
variable and length of treatment as the factor, while BMI,
body fat percentage, and serum estradiol level were
included as the main effects. The model demonstrated
a good fit. The results indicated that as the duration of
GAHT increased, the average mammary gland thickness
exhibited a statistically significant upward trend (3
months: §=4.229,P <0.001; 6 months: $=5.635,P <0.001;
12 months: $=4.346, P < 0.001). Furthermore, BFP (§ =
0.320, P < 0.001) and serum estradiol level (8 = 0.013, P
< 0.001) were significantly and positively correlated with
average mammary gland thickness. The specific data are
provided in Table 8.

Using a genetic algorithm, it was predicted that the
maximum mammary gland thickness of 16.35 mm within
two years of receiving treatment would correspond to a

Table 7: Characteristics of 42 transgender women Before gender-affirming
hormone therapy

Variables 0(N=42)
Age (years) 24.24 (21.25,25.75)
Height (cm) 172.25+4.74
Weight (kg) 61.89 +8.14
BMI (kg/cm? 20.84 +2.96
BFP (%) 24.60 (18.35,26.31)

Estradiol (pg/ml) 29.79 (20.49,62.13)
7.45 (0.00,10.84)
7.45 (0.00,10.87)

7.65 (0.00,10.86)

Right mammary gland thickness (mm)

Left mammary gland thickness (mm)

Average mammary gland thickness (mm)

Note: Data are presented as mean * standard deviation, median (range). Only BFP
is presented as percentages.

treatment duration of 22.53 months, a BFP of 24.96%, and
a serum estradiol level of 129.30 pg/ml.

DISCUSSION

Current research shows that after receiving GAHT,
mammary gland development occurs primarily in the
earliest 6 months, with the greatest changes occurring at
3-6 months, with significant mammary gland development
at 1year, and stabilization of mammary gland development
at roughly 2 years. As the duration of treatment increases,
rising BMI, BFP and estrogen levels promote an increase in
mammary gland thickness.

In prior studies, breast development has been
evaluated through measures such as breast volume,
Tanner staging [18], and chest measurements to calculate
bra cup size. These studies have found that mammary
gland development predominantly occurs during the first
six months of GAHT, with complete breast development
potentially requiring more than two years of continuous
hormone therapy [18-20]. The present study utilized
ultrasound to measure mammary gland thickness as a
means of assessing breast development.

The evaluation results aligned with previous research,
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Table 8: Generalized estimating equation analysis of factors influencing breast thickness

95% Confidence Interval
Variables coef standard error z P
lower-bound upper-bound
Intercept -6.641 1.972 -3.368 0.001 -10.506 -2.776
BMI (kg/cm? 0.248 0.132 1.878 0.060 -0.011 0.508
BFP (%) 0.320 0.069 4.675 <0.001 0.186 0.455
Estradiol (pg/ml) 0.013 0.003 3.947 <0.001 0.007 0.019
treatment duration

3 months 4.229 0.626 6.758 <0.001 3.003 5.456
6 months 5.635 0.627 8.985 <0.001 4.406 6.864
12 months 4.346 0.700 6.208 <0.001 2.974 5.717

indicating that the rate of breast development is most
rapid during the first six months of GAHT. Subsequently,
the rate of development gradually decreases, leveling off
after 24 months. During puberty in cisgender women,
mammary gland thickness increases with age due to
hormonal influences, transitioning from basic to mature
mammary glands [21].

Nevertheless, the current study did not observe an
effect of age on mammary gland thickness, likely due to
the smaller patient sample size, the shorter observation
period, and minimal age variation among patients during
the one-year cycle. Previous research has indicated a
strong correlation between body weight and breast mass
in cisgender women, with heavier individuals typically
exhibiting larger breast masses, primarily attributed
to differences in fat content [22]. However, this study
measured only mammary gland thickness and did not
account for adipose tissue within the breasts, thus
precluding any observed effect of body weight on breast
development. Additionally, two prominent studies on
breast development in transgender women did not find
age or weight to be predictive of breast development [7,8].

Histologically, the breast tissue of transgender women
undergoing GAHT exhibits chemotaxis and develops ducts,
lobules, and alveoli, analogous to the mammary gland
development observed in cisgender women [20]. This
process occurs during puberty and is hormone-dependent,
with estrogen playing a critical role [23-25]. Consequently,
this study incorporated serum estradiol levels into the
generalized estimating equation for analysis, revealing
a positive correlation between estradiol levels and the
thickness of mammary gland development. Hormone
therapy elevates estrogen levels in transgender women,
thereby stimulating breast tissue growth and development.

However, it is important to note that breast
development may not depend solely on estrogen levels.
Our findings suggest that BFP is also a significant predictor

of mammary gland thickness. Adipocytes can participate in
the synthesis and storage of estrogen; as BFP increases, the
number of adipocytes rises, allowing for greater estrogen
storage, which can further stimulate the proliferation and
development of mammary glands. Additionally, adipose
tissue secretes various growth factors, such as insulin-
like growth factor-1 (IGF-1), which may be implicated in
mammary gland development [19].

Research indicates that during the first year of
treatment, increases in BFP and serum estradiol levels
promote the thickening of breast tissue. Throughout the
long-term treatment process, BMI and BFP are positively
correlated with changes in mammary gland thickness.
However, excessive estradiol intake can lead to numerous
side effects and increase the risk of various conditions, such
as Venous Thromboembolism (VTE) [26], hepatotoxicity,
cholelithiasis, and hyperprolactinemia [27]. Furthermore,
a high BFP can also increase the risk of cardiovascular
disease.

Additionally, this study demonstrates that changes
in breast development primarily occur during the first
two years of treatment. Therefore, we utilized a model
to calculate the optimal serum estrogen levels and BFP
values during this critical period of breast development,
providing clinicians with reference indices for blood
estrogen levels and BFP when administering hormone
therapy to transgender women. Consequently, we propose
that during the early stages of hormone therapy, when
breast development is most pronounced, estrogen dosages
should be maintained at a higher value within the normal
range to facilitate optimal breast growth, followed by a
reduction in estrogen dosage. Such a treatment strategy
may help mitigate the side effects associated with
exogenous estrogen.

Limitations

While this study elucidates the effects of hormone
therapy on breast development and identifies various
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factors influencing this process, it has notable limitations.
The small sample size and the one-year observation
period of the longitudinal study restrict our ability to
understand the long-term changes in breast development.
To obtain a more comprehensive understanding of breast
development changes, future studies should aim to
increase the sample size, extend the observation period,
and employ more robust methods for assessing breast
development. Furthermore, it would be valuable to
investigate whether varying dosages of estrogen, different
administration methods, and the use of estrogen alone
versus in combination with cyproterone acetate impact
breast development.

CONCLUSIONS

This study investigated the patterns of breast
development and the influencing factors in Chinese
transgender women following GAHT. The findings
indicated that transgender women experienced the most
rapid breast development during the first six months of
GAHT, primarily concentrated within the first two years of
treatment, after which development stabilized.

During the first year of treatment, increased BFP and
elevated serum estradiol levels contributed to increased
breast development. Throughout the long-term treatment
period, BMI and BFP were positively correlated with
changes in breast development. Thus, estrogen appears
to significantly influence breast development in the
early stages of treatment, with this effect diminishing as
hormone levels stabilize over time. By utilizing genetic
algorithm prediction, this study provided clinicians with
reference values for serum estradiol levels and BFP to
optimize breast development outcomes, thereby reducing
the side effects associated with exogenous estrogen and
enhancing treatment efficacy.

Although this study offers important insights into
breast development processes in transgender women, the
limitations of a small sample size and a short observation
period must be acknowledged. Future research should aim
to increase the sample size, extend the observation period,
and employ more comprehensive assessment methods to
further refine hormone treatment regimens and improve
medical care for transgender women.
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