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Background: Anti-Miillerian hormone (AMH) serves as a reliable biomarker of testicular function in
males and ovarian function in females. However, reference intervals (RIs) for AMH in Chinese pediatric
populations are scarce. This study aimed to establish age- and sex-specific RIs for AMH in healthy Chinese
children and explore its correlation with six sex hormones.

Methods: A cross-sectional study conducted from September 2022 to August 2023 recruited 2,450
healthy participants aged 1 day-19 years. Serum AMH levels were measured using the CL-6000i automated
chemiluminescence immunoassay analyzer (Mindray, Shenzhen, China). RIs were established following Clinical
and Laboratory Standards Institute (CLSI) guidelines and were defined according to the nonparametric median
(P50), the 2.5th (P2.5) and 97.5th (P97.5) percentiles and 95% interval range (P2.5-P97.5).

Results: In males, serum AMH levels were high at birth [1 d-1 m: 46.49 (2.89, 120.15) ng/mL], increased
markedly from 1 to 12 months [94.75 (0.49, 248.73) ng/mL], and then continuously declined until 18 years of
age [15-18 years: 5.33 (0.83, 13.72) ng/mL)], followed by a slight increase between 18 and 19 years of age [6.79
(2.22, 17.32) ng/mL]. In females, serum AMH levels were low within the first month after birth [0.27 (0.01,
88.7) ng/mL], gradually increased thereafter, peaked at 9 years of age [I m—9 y: 2.32 (0.45, 103.99) ng/mL],
underwent a slight decline between 9 and 15 years [2.49 (0.51, 60.00) ng/mL], and reached a plateau from 15 to
19 years [3.44 (1.13, 10.32) ng/mL]. Age- and sex-specific RIs for AMH were determined. There were four age-
specific RIs in males including 1 day—1 month (P50 46.49 ng/mL; 95% interval range, 2.89-120.15 ng/mL),
>1 month-3 years (P50 92.20 ng/mL; 95% interval range, 1.05-232.77 ng/mL), >3-12 years (P50 44.97 ng/mL;
95% interval range, 1.50-121.97 ng/mL), and >12-19 years (P50 6.23 ng/mL; 95% interval range, 1.94-
16.14 ng/mL). Similarly, there were four age-specific RIs in females, includingl day-1 month (P50
0.27 ng/mL; 95% interval range, 0.01-88.7 ng/mL), >1 month-9 years (P50 2.32 ng/mL; 95% interval range,
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0.45-103.99 ng/mL), >9-15 years (P50 2.49 ng/mL; 95% interval range, 0.51-60.00 ng/mL), and >15-19 years

(P50 3.44 ng/mL; 95% interval range, 1.13-10.32 ng/mL).

Conclusions: In this study, we established age- and sex-specific serum AMH RlIs using the Mindray CL-

6000i system in healthy children in Wuhan, China. AMH exhibits significant fluctuations across the various

stages of growth and development in both genders. This will aid in providing clinicians with a decision-

making tool and broaden its application in pediatric care.
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Introduction

Anti-Miillerian hormone (AMH), alternatively termed
Miillerian-inbibiting substance, is a 140-kDa homodimeric
glycoprotein belonging to the transforming growth factor
(TGF)-B superfamily (1,2). This hormone not only plays a
pivotal role in regulating embryonic sex differentiation by
controlling the involution of the Miillerian ducts (3) but
also exerts a profound influence on both male testicular
and female ovarian function (4,5). Significantly, AMH
exhibits fluctuations across the various stages of growth and
development in both genders (6). Hence, timely and accurate

Highlight box

Key findings

* This study established age- and sex-specific serum anti-Miillerian
hormone (AMH) reference intervals (RIs) for children in Wuhan,
China.

What is known and what is new?

* AMH serves as a reliable biomarker of testicular function in males
and ovarian function in females, and the application of AMH in the
diagnosis of pediatric endocrine disorders is becoming increasingly
prevalent.

* AMH exhibits significant fluctuations across the various stages of
growth and development in both genders. This analysis examined
the age- and sex-specific RIs for serum AMH in 2,450 healthy
children from Wuhan, China, ranging from 1 day to 19 years old.
The RIs for serum AMH established using the Mindray CL6000i
system were relatively reliable and may demonstrate sufficient
comparability across different instruments.

What is the implication, and what should change now?

* This study established age- and sex-specific RIs for AMH on
the Mindray CL-6000i platform, facilitating effective laboratory
use. The RIs can augment the clinical application of AMH

measurement in pediatric care.

© AME Publishing Company.

monitoring of AMH levels is crucial for clinical decision-
making regarding management of growing and developing
children, as well as the related and associated diseases.

AMH is generally considered to be closely related to the
number of primordial follicles and has been traditionally
used to assess female ovarian function and fertility (7,8). For
instance, AMH has been clinically applied in the evaluation
of ovarian reserve, the diagnosis of polycystic ovary
syndrome (PCOS), and the prediction of ovarian response to
hyperstimulation during in vitro fertilization (IVF) in adults
(9,10). Moreover, it is particularly noteworthy that AMH
is also associated with the sexual development process in
children, which is regulated by the hypothalamic-pituitary-
gonadal (HPG) axis. Abnormal changes in AMH levels may
indicate the presence of sexual development-related diseases
in children, such as precocious or delayed puberty (11).
Compared to the relatively inactive testosterone and
gonadotropin secretion before puberty, AMH can also
reflect testicular function. Low or undetectable AMH
concentrations can indicate primary testicular dysfunction,
which is commonly observed in patients with conditions
such as cryptorchidism, monorchidism, partial gonadal
dysplasia, or central hypogonadism. Therefore, AMH is an
invaluable biomarker for achieving adequate diagnosis while
avoiding the need for invasive surgical procedures (12-14).
The serum AMH level in male children with precocious
puberty is lower and can return to prepubertal levels after
successful treatment. Conversely, if the serum AMH level
remains high during puberty, it may indicate delayed
puberty or the presence of sex cord-stromal tumors (15).

In addition, AMH can serve as a marker of
gonadotoxicity (16). Hematopoietic stem cell transplantation
and cytotoxic treatments such as chemotherapy can easily
lead to gonadal dysfunction and premature ovarian failure in
children and adolescents. Compared to other sex hormones,
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such as follicle-stimulating hormone (FSH), AMH offers
an earlier prediction of the onset of ovarian failure. This
allows the determination of the need for ovarian tissue
cryopreservation and transplantation as a means to maintain
fertility (17-20). Precise diagnostics depend on establishing
reference intervals (RIs). Thus, establishing the RIs of
AMH and timely identification of abnormal changes
have key clinical application value for monitoring sexual
development-related diseases in children and assessing
fertility.

In recent years, the establishment of RIs for AMH
in adult female populations across Western and Asian
countries has significantly broadened its clinical
applications, particularly as a diagnostic tool for PCOS (21).
However, notable differences exist in AMH level trends
between children and adults. The direct application of adult
AMH RIs to children may not accurately reflect children’s
physiological status and ovarian function, thereby limiting
its clinical utility in pediatrics. AMH serves as a reliable
biomarker for assessing testicular and ovarian function in
children and adolescents, necessitating the establishment
of RI tailored to children based on gender and age.
Unfortunately, data on serum AMH levels in individuals
aged 1 day to 19 years remain scarce to the best of our
knowledge. This inadequately captures the dynamic changes
in AMH levels during childhood and adolescence, further
complicating the accurate interpretation of AMH results in
pediatric patients. Consequently, there is an urgent need to
re-establish the RIs of AMH for specific age groups using
large, representative cohorts.

The establishment of Rls is contingent upon accurate
and reliable AMH testing. The AMH Gen II ELISA assay
supplanted the cumbersome first-generation AMH assay
and gained widespread use. However, its reliability has been
questioned due to its poor reproducibility. Subsequently
developed automated chemiluminescent immunoassays
(CLIAs) have addressed these deficiencies, further
enhancing reproducibility and accuracy (2). Prominent
automated immunoassay platforms include those offered
by Beckman Coulter and Roche. A study has attested to the
exceptional precision, sensitivity, linearity, and specificity of
the CLIAs from Mindray (Shenzhen, China), which exhibit
high concordance with Roche’s enhanced CLIA results (22).

This study aimed to systematically establish age- and
gender-specific Rls for AMH in healthy Chinese children
based on previous cohorts (23,24) using the Mindray CL-
6000i automatic chemiluminescence immunoassay analyzer.
The ultimate goal was to augment the clinical application

© AME Publishing Company.
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of AMH measurement in pediatric care. We present
this article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-2025-104/rc).

Methods
Research participant recruitment

In total, 2,506 healthy pediatric participants were recruited
from the Physical Examination Center at Wuhan Children’s
Hospital between September 2022 and August 2023. The
inclusion criteria were as follows: healthy full-term neonates
with birth weight ranging from 2.5 to 4.0 kg, an Apgar score
of 8 to 10; and born without apparent congenital anomalies,
genetic disorders. For healthy newborns, children, and
adolescents, physical examination and laboratory test results
were required to be within the reference range. Meanwhile,
the exclusion criteria were as follows: suspicion of disorders
of sex development (DSD), Turner syndrome, or PCOS;
premature ovarian insufficiency; inherited metabolic
disease; hepatorenal dysfunction; circulatory system
disease; acute or chronic infection; and prescribed or non-
prescribed medications for endocrine disease. Children with
blood specimen abnormalities, such as hemolysis, were also
excluded (Figure I). After screening, 2,450 samples from
healthy individuals (aged 1 day to 19 years) were included
in the establishment of the RI for AMH. Participants
were stratified into nine age-specific groups based on age
distribution: 1 day-1 month, >1-12 months, >1-3 years,
>3-6 years, >6-9 years, >9-12 years, >12-15 years, >15-
18 years, and 18-19 years.

Ethical approval

The cross-sectional study adhered to the 2013 revision of
the Declaration of Helsinki and received approval from
the Ethics Committee of Wuhan Children’s Hospital (No.
2024R042-E01). Written informed consent was obtained
from all participants or their legal guardians (at least one
guardian).

Sample collection and measurement

Venous blood (approximately 1-4 mL) was drawn in the
morning from each participant when they most likely
had an empty stomach. As in our previous study (23), the
serum was processed and separated within 6 hours using
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2,506 children and adolescents (age range 1 day-19 years)
who participated in health check-ups were recruited

35 cases were excluded:
* 19 cases incomplete information

\

* 16 cases abnormalities such as
hemolysis in blood specimens

2,471 blood samples were collected for AMH test and
divided into 9 age groups (1 day-1 month;
>1-12 months; >1-3 years; >3-6 years; >6-9 years;
>9-12 years; >12-15 years; >15-18 years; >18-19 years)

21 cases were excluded by

\

> extreme studentized deviate
(ESD) judged to be outlier values

2,450 blood samples results (1,419 males,
1,031 females) were analyzed for AMH reference

Piecewise regression was used

Y

to establish healthy reference
intervals for different age groups

Y

A

Male reference
¢ 1 day-1 month
* >1 month-3 years
® >3-12 years
® >12-19 years

Female reference
¢ 1 day-1 month
* >1 month-9 years
* >9-15 years
* >15-19 years

Figure 1 Flowchart depicting the recruitment and exclusion process for establishing a healthy reference interval for AMH. AMH, anti-

Miillerian hormone; ESD, extreme studentized deviation.

the Roche Cobas P612 preprocessing system (Roche
Diagnostics, Basel, Switzerland). Serum AMH levels
were quantified using the Mindray CL-6000i automated
CLIA analyzer. Standard methodologies were employed,
dedicated reagents (Mindray) were used according to the
manufacturer’s instructions, and routine maintenance was
performed. The qualified serum samples were stored at
-80 °C prior to analysis.

Quality control

In a previous study (22), the analytical and clinical diagnostic
performance of AMH assays were thoroughly evaluated.
All tests were performed according to standard operating

© AME Publishing Company.

procedures recommended by the National Committee for
Clinical Laboratory Standards (NCCLS). The analytical
procedure was rigorously governed by regular maintenance,
calibration, and quality control according to the Mindray
manufacturer's instructions, clinical laboratory norms, and
standard operating procedures. Sample analysis proceeded
only when all analytical parameters were acceptable. The
linear range of the AMH kit was 0.01-23 ng/mL, and the
limit of detection (LoD) for this assay was 0.01 ng/mL.

Statistical analysis

The dataset was generated using R v. 3.6.3 and R-Studio
v, 1.4.1106 (The R Foundation for Statistical Computing,
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Table 1 Comparison of age distribution between males and females

687

Age group Outlier Total Female Male
1 day-1 month 3(1.76) 167 69 (6.69) 98 (6.91)
>1-12 months 0 223 80 (7.76) 143 (10.08)
>1-3 years 0 140 70 (6.79) 70 (4.93)
>3-6 years 0 209 106 (10.28) 103 (7.26)
>6-9 years 2 (0.34) 583 266 (25.8) 317 (22.34)
>9-12 years 3(0.71) 417 172 (16.68) 245 (17.27)
>12-15 years 8 (3.57) 216 104 (10.09) 112 (7.89)
>15-18 years 4(1.73) 227 120 (11.64) 107 (7.54)
>18-19 years 1(0.37) 268 44 (4.27) 224 (15.79)
1 day-19 years 21 (0.85) 2,450 1,031 (100.00) 1,419 (100.00)
Data are presented as n (%).

Vienna, Austria). The categorical variables are expressed Results

as frequencies and percentages. Outliers were removed
following the Clinical and Laboratory Standards Institute
(CLSI) EP9-A3 guidelines via a combination of the
generalized extreme studentized deviation (ESD) method
and box plots (<5% outlier ratio). Data normality was
assessed with the Shapiro-Wilk test and skewness/kurtosis
analysis. Sex-related differences in AMH distribution were
analyzed using the Kruskal-Wallis test. Probability density
curves for AMH in males, females, and the total population
were plotted using the “ggplot2” package in R. A scatter plot
and linear regression of AMH levels across ages was created
in GraphPad Prism version 8.00 (GraphPad Software,
Dotmatics, Boston, MA, USA). When comparing AMH
values across different genders and age groups, adjacent
age groups were merged if no significant differences were
observed between them. Piecewise regression analysis
was used to explore the changing relationship of AMH
distribution at different age stages, so as to determine the
optimal age range for AMH distribution among different
gender populations AMH levels were reported as the 2.5th
(P2.5), 50th (P50), and 97.5th (P97.5) percentiles. The RI
was with P2.5 as the lower limit and P97.5 as the upper
limit. All P values were two sided, with P<0.05 considered
statistically significant. Spearman correlation coefficients
were calculated to evaluate the correlation strength between
serum AMH levels and estradiol (E2), FSH, luteinizing
hormone (LH), prolactin (PRL), progesterone (PROG),
and testosterone (TESTO).

© AME Publishing Company.

Characteristics of the study population

Based on the generalized ESD method and box diagram,
21 AMH values were eliminated as outliers. A total of
2,450 healthy individuals aged 1 day—19 years in the study,
including 1,031 females and 1,419 males, were enrolled
and stratified into age subgroups. Among the participants,
167 (female 6.69%; male 6.91%) were aged under 1 month
(newborn), 223 (female 7.76%; male 10.08%) were aged
>1-12 months (infant), 140 (female 6.79%; male 4.93%)
were aged >1-3 years, 209 (female 10.28%; male 7.26%)
were aged >3—6 years, 583 (female 25.8%; male 22.34%)
were aged >6-9 years, 417 (female 16.68%; male 17.27%)
were aged >9-12 years, 216 (female 10.09%; male 7.89%)
were aged >12-15 years, 227 (female 11.64%; male 7.54%)
were aged >15-18 years, and 268 (female 4.27%; male
15.79%) were aged >18-19 years. Detailed characteristics of
the study populations were shown in 7Table 1.

Distribution characteristics of AMH

The probability density distributions of serum AMH
levels across the total population, males, and females were
presented in Figure 2. The distribution of serum AMH levels
in the pediatric population was markedly skewed by Shapiro-
Wilk test (W=0.015, P<0.01). The median and 95% interval
range (P2.5-P97.5) of AMH levels, categorized by age and
sex, were displayed in Table 2. The overall serum median of

Transl Pediatr 2025;14(4):683-693 | https://dx.doi.org/10.21037/tp-2025-104
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AMH was 6.21 (95% interval range, 0.44-137.22) ng/mL.
This was higher in males (median 33.45 ng/mL; 95%
interval range, 1.71-155.83 ng/mL) than in females (median
2.48 ng/mL; 95% interval range, 0.11-80.57 ng/mL)
(P<0.001; Table 2). In males, the levels were highly variable
in infants under 1 year of age, with a gradual increase as age

P2.5 P50 P97.5
Group
Female
Male
L Total
0.9 1
2 0.6 4
[%]
C
o)
o
0.3
0.0 - 4 \
T T ~0.36 ! 0.79" T2.14
-2 -1 0 1 2
Log,;( AMH

Figure 2 Sex-specific AMH probability density distributions are
shown. The red, green, and blue curves represent the female,
male, and total distributions, respectively. The three dashed lines
represent P2.5, P50, and P97.5, respectively. AMH, anti-Miillerian
hormone; P2.5, 2.5th percentile; P50, median; P97.5, 97.5th
percentile.

progressed from 1 to 12 months. Conversely, in females, the
variation was minimal (Figure 3).

Pediatric RIs

Serum AMH levels across different age groups were
analyzed using the Kruskal-Wallis test. By consolidating
adjacent age groups without significant differences from
Table 2, the age- and sex-specific pediatric RIs for AMH
were shown in Figure 4 and Table 3. In males, serum AMH
levels were high at birth; increased markedly from 1 to
12 months, with a P50 of 94.75 (95% interval range, 0.49—-
248.73) ng/mL; continuously declined until 18 years of age,
with a notable decrease observed between 12 and 15 years
(P50 6.22 ng/mL; 95% interval range, 1.4-17.03 ng/mL),
followed by a slight increase between 18 and 19 years.
In females, serum AMH levels were low within the first
month after birth, with a P50 of 0.27 (95% interval range,
0.01-88.7) ng/mL, gradually rose thereafter, peaked at
9 years, underwent a slight decline between 9 and 15 years,
and reached a plateau at 15 to 19 years. Compared to males
of corresponding ages, females demonstrated substantially
lower AMH levels, especially in the neonates.

Correlation between AMH and six sex hormones

In males, the correlation heatmap revealed weak negative
correlations between AMH and LH (r=-0.38) and E2
(r=—0.35); meanwhile, AMH was moderately negatively
correlated with FSH (r=-0.46) and TESTO (r=-0.5). In

Table 2 Serum AMH concentrations (ng/mL) across different age groups in both sexes

Age group

Total

Male

1 day-1 month
>1-12 months
>1-3 years
>3-6 years
>6-9 years
>9-12 years
>12-15 years
>15-18 years
>18-19 years

1 day-19 years

27.15 (0.02, 112.04)
62.42 (0.28, 224.26)
6.04 (0.35, 208.01)
11.8 (0.54, 136.52)
24 (0.99, 108.44)
19.77 (0.85, 93.67)
3.77 (0.67, 15.16)
4.19 (1.09, 12.82)
6.11 (1.77, 16.44)
6.21 (0.44, 137.22)

46.49 (2.89, 120.15)
94.75 (0.49, 248.73)
91.9 (3.54, 211.68)
74.27 (2.52, 157.01)
45.28 (1.03, 113.16)
39.18 (2.99, 102)
6.22 (1.4, 17.03)
5.33 (0.83, 13.72)
6.79 (2.22, 17.32)
33.45 (1.71, 155.83)

Female P
0.27 (0.01, 88.7) <0.001
1.43 (0.16, 152.77) <0.001
1.33 (0.26, 80.51) <0.001
2.17 (0.48, 71.87) <0.001
3.23 (0.89, 102.78) <0.001
2.75 (0.58, 73.94) <0.001
2.13(0.42,7.1) <0.001
3.41(1.12, 8.9) <0.001
3.46 (0.82, 13.37) <0.001
2.48 (0.11, 80.57) <0.001

Data were analyzed by the Kruskal-Wallis test and are presented as P50 (P2.5-P97.5). AMH, anti-Mdllerian hormone.

© AME Publishing Company.
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Figure 3 Graphical representation of AMH concentration distributions by age, with color coding for the different sexes. (A) AMH levels

in children from 0 to 19 years of age. (B) AMH levels in infants from 0 to 12 months of age. Female values are depicted by red dots, while

male values are depicted by black dots. The linear distribution of AMH is illustrated by a fitted curve derived from an age-adjusted linear

regression model. AMH, anti-Miillerian hormone.

Male >12-19y —H—

Male >3-12y

Male >1 m -3y

Male 1 d-1m

Female >15-19 y
Female >9-15 y p—————
Female >1 m -9y p—————"

Female 1 d-1 m +—mm

0 5I0 160 1’:I30 2(I)O QéO
AMH, ng/mL
Figure 4 The age- and sex-stratified group distributions of AMH
RIs are displayed. The 95% interval range is represented by the
line, and the three short vertical lines correspond to P2.5, P50,
and P97.5, respectively. The blue line represents males, and the
green line represents females. AMH, anti-Miillerian hormone; d,
day; m, months; P2.5, 2.5th percentile; P50, median; P97.5, 97.5th

percentile; RI, reference interval; y, years.

females, a weak negative correlation was observed between
AMH and FSH (r=-0.24) (Figure 5).

Discussion

This study represents the largest investigation to date to
establish age- and sex-specific RIs for AMH in Chinese
children aged 1 day to 19 years, a period widely recognized
as crucial for of gonadal development. Recent guideline (25)
also indicate that AMH RlIs in clinical laboratories can serve
as a critical tool for clinicians in accurately interpreting

© AME Publishing Company.

Table 3 Sex- and age-specific pediatric RIs for AMH (ng/mL)
RI, P50 (P2.5, P97.5)

Group

Male

1 day-1 month 46.49 (2.89, 120.15)
>1 month-3 years 92.20 (1.05, 232.77)
>3-12 years 44.97 (1.50, 121.97)
>12-19 years 6.23 (1.94, 16.14)
Female

1 day-1 month 0.27 (0.01, 88.7)
>1 month-9 years 2.32 (0.45, 103.99)
>9-15 years 2.49 (0.51, 60.00)
>15-19 years 3.44 (1.13,10.32)

AMH, anti-Mdllerian hormone; P2.5, 2.5th percentile; P50,
median; P97.5, 97.5th percentile; R, reference interval.

patient results, significantly enhancing the application of
AMH in the diagnosis of pediatric endocrine disorders.
Notably, we observed high concentrations of AMH in
males at birth, with levels peaking between 1 months and
1 year of age, subsequently declining significantly with
advancing age, and being at the low level in adolescence.
This pattern aligns with previous research findings (26).
The surge in AMH during male infancy is attributed
to minipuberty, a transient period which is crucial for
sexual development and is characterized by heightened
HPG axis activity (27). Within the first week after birth
until approximately 6 months of age, males experience

an increase in gonadotropin secretion, including LH and
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Figure 5 Heat maps of the correlation test between AMH and six sex hormones in (A) male and (B) female children. AMH, anti-Miillerian

hormone; E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; PROG, progesterone; TESTO,

testosterone.

FSH. FSH stimulates the production of testicular AMH
through the induction of Sertoli cell proliferation, and the
upregulation of AMH transcription and AMH production
during this phase is not modulated by androgen negative
feedback, leading to exceptionally high AMH levels. During
puberty, the increase in TESTO concentration and the
maturation of Sertoli cells lead to the downregulation of
AMH expression (28). In contrast, female AMH levels in
our study were low at birth but gradually increased during
infancy and childhood. Later, they rose slowly, reaching
a moderate peak around the age of 9 years and further
increased between the ages of 15 and 19 years. Yates ez al.
argued that the increase of AMH levels in the female age
group of 8-12 years might indicate hormonal changes at the
onset of puberty (29). These observations also align with
previously published data, underscoring the reliability of our
study results (30). Additionally, compared to our research,
the P97.5 AMH levels in females reported by Jopling et .
were relatively lower (31), which may be related to
ethnicity, as corresponding studies have found that AMH
levels tend to be lower in black and Hispanic women,
while Chinese women under the age of 25 generally have
significantly higher AMH levels than Caucasian women (32).
In summary, when it comes to AMH reference ranges,
there are many factors that influence AMH test values,
including gender, ethnicity, geographic location, and testing
equipment systems, all of which need to be considered in

© AME Publishing Company.

the analysis of test results.

The Mindray CLIA analyzer demonstrated a high degree
of concordance with the Roche Cobas E602 analyzer
in AMH detection (22), exhibiting high precision and
accuracy, which are essential for establishing robust Rls. In
this study, we achieved a more comprehensive and detailed
stratification by age and gender through the inclusion of
2,450 participants, thereby establishing more precise Rls
of AMH in Chinese children. Conversely, previous studies
have often been limited to selected pediatric populations,
which potentially compromise the generalizability of the
established RlIs due to factors such as small sample sizes
and the lack of specific stratifications by age and gender.
For example, Ronn et 4l. established RIs of AMH with the
Beckman assay based on serum samples from 300 healthy
girls aged 6 to 19 years within the Canadian Laboratory
Initiative on Pediatric Reference Intervals (CALIPER)
cohort (33). Additionally, some studies still employed first-
generation AMH detection methods (34,35).

To better understand the role of AMH in sexual
development, we analyzed the correlation between AMH
and six sex hormones based on our previous research (36).
We found that in healthy males, AMH exhibited moderate
negative correlations with FSH and TESTO, whereas
in healthy females, AMH demonstrated a weak negative
correlation with FSH. In males, as previously discussed, the
upregulation of AMH can be explained by two mechanisms:
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the first is the direct effect of FSH on Sertoli cell
proliferation, and the second is the direct action on AMH
transcription. Interestingly, during normal puberty, FSH
and AMH levels are negatively correlated due to TESTO’s
potent inhibition of AMH expression, overriding FSH
stimulation (37). For females, evidence indicates a negative
correlation between AMH and FSH levels during controlled
ovarian stimulation with FSH (10). The reason may be
that FSH is a crucial hormone in follicular development,
promoting the growth and maturation of follicles; as its
levels rise, more follicles are recruited into the growth
cycle, leading to the depletion of ovarian reserve and a
subsequent reduction in the number of follicles producing
AMH (38). Additionally, research indicates that TESTO
exerts a negative regulatory effect on AMH (14,28), which
is consistent with the results we observed in male patients
in our study. Another recent study demonstrated that AMH
exerts pivotal functions within the HPG axis, including the
modulation of gonadotropin-releasing hormone (GnRH)
neurons in the hypothalamus, gonadotropin secretion in the
pituitary gland, and gonadal function (39). These findings
constitute novel insights into the regulatory mechanisms
of reproductive endocrinology. These sex hormones are
derived from the HPG axis (FSH, LH, and PRL are
produced by the pituitary, and E2, PROG and TESTO are
produced by the gonads). Thus, we speculate that AMH
may be linked to the HPG axis and further validation is
required with larger population-based studies.

The RIs established in this study are highly relevant
to the clinical practice of pediatric endocrinology. By
providing accurate AMH reference values for different age
groups and genders, clinicians can better assess the gonadal
function and development of pediatric patients. This is
particularly useful in the diagnosis of DSD, precocious
puberty, and delayed puberty. Additionally, the RIs can
guide the monitoring of gonadal function in pediatric
cancer survivors undergoing gonadotoxic therapies.

Despite the strengths of our study, several limitations
should be acknowledged. First, the sample size, while larger
than that of some previous studies, may still be insufficient
to fully capture the variability in AMH levels within each
age and gender group. Future studies with even larger
sample sizes are warranted to further validate and refine
the RlIs. Second, due to the unique characteristics of the
pediatric population, sample collection proves challenging,
and consequently, achieving a 1:1 male-to-female ratio in
certain age groups is not feasible. Finally, our study was
conducted at a single center, necessitating further validation

© AME Publishing Company.
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through multicenter trials.

Conclusions

The gender- and age-specific RIs of AMH established in
this study, which cover the complete range from 1 day
to 19 years of age, represent an important contribution
to the field of pediatric endocrinology. By enhancing the
clinical application of AMH, these RIs have the potential
to improve the diagnosis and management of pediatric
endocrine disorders. Future research should focus on
validating and refining these intervals in larger, more diverse
populations and on clarifying the longitudinal changes in
AMH levels throughout childhood and adolescence.
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