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Purpose: This study aimed to analyze the distribution and factors influencing anti-Miillerian hormone (AMH) levels among family-
planning women of childbearing age in Beijing, China.

Patients and Methods: We collected the data of 3,236 family-planning women of childbearing age who underwent pre-pregnancy
examinations at Xicheng District Maternal and Child Health Hospital in Beijing between October 2021 and July 2024. Collected data
included age, education level, ethnicity, height, weight, and systolic and diastolic blood pressure. We calculated the body mass index
(BMI) of each participant. The collected blood test results included AMH, fasting blood glucose (FBG), thyroid-stimulating hormone
(TSH), creatinine (Cr), and alanine aminotransferase, and hemoglobin levels and platelet count. A structured questionnaire was used to
document the subjects’ dietary and lifestyle habits, environmental factors, and emotional and mental stress statuses. The patients were
divided into age groups (=36 years versus <35 years) and factors compared between them. Two different factors influencing AMH
level were analyzed using a logistics model.

Results: The AMH level decreased with age, with a median AMH of <2.0 ng/mL for subjects aged >36 years. Significant intergroup
differences were noted in ethnicity, education level, FBG, creatinine level, BMI, diastolic blood pressure, hemoglobin level, smoking
rate, and life-related stress level. A logistic regression analysis suggested that age was a negative factor affecting AMH level in both
groups (P=0.000 and 0.002, respectively). Hemoglobin and educational levels were also important influential factors of AMH in
patients aged < 35 years but not in those aged > 36 years.

Conclusion: AMH levels gradually decreased with age. Although nutritional status and educational level significantly impacted AMH
levels among women < 35 years of age, their effects decreased thereafter. Thus, 35 years of age is considered an important
reproductive boundary for women of childbearing age.

Keywords: AMH, women of childbearing age, cross-sectional study

Introduction

The decline in fertility rates is a global issue; by 2021, over half of all countries and regions had a rate below the
replacement level.! Over the past few decades, the number of women giving birth at age 30-40 years has significantly
increased in developed countries.” This phenomenon is particularly common among Asian women, with the average age
at first childbirth reaching 28 years in China and Malaysia versus 31 years in South Korea.?

International Journal of Women’s Health 2025:17 99—107 99
Received: 4 October 2024 © 2025 Song et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 14 January 2025
Published: 22 January 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-5347-837X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Song et al

The age at childbearing is not always a conscious process, and its delay depends on many factors, including personal,
family, social, and social policy.* Although the ovarian functional reserve of women of childbearing age significantly
impacts fertility rates, fertility intent may be a more important factor. Thus, investigating the ovarian reserve function of
women with fertility intent in a real-world environment can help improve fertility rates.

Anti-Miillerian hormone (AMH), a member of the transforming factor beta family, is expressed in granulosa cells that
grow within the follicles.” AMH level, which indirectly reflects the number of functional follicles and is considered
a biomarker of functional ovarian reserve, is used in pre-pregnancy examinations for women with pregnancy plans. Low
AMH levels may indicate a short reproductive window.® Recent studies reported that AMH is closely associated with
oocyte quality and in vitro fertilization results.” Thus, testing AMH levels in women of childbearing age can aid the
evaluation of ovarian reserve function and selection of subsequent pregnancy strategies.”

AMH levels gradually decrease with increasing reproductive age.” However, there is currently no precise boundary
for AMH to distinguish ovarian function,'® and the cutoff values for AMH and pregnancy-related tests vary in the
literature among regions and ethnic groups.*'''?

This study investigated the distribution of AMH levels among women planning to conceive within 3—6 months among
the permanent population in a certain area of Beijing, China, as well as the factors affecting its reduction to clarify the
real-world reproductive status of women of childbearing age and aimed to provide information that could improve
fertility rates.

Materials and Methods

Patients
This study enrolled 3,236 women of childbearing age who had a clear pregnancy plan and underwent pre-pregnancy
examinations at the Xicheng District Maternal and Child Health Hospital in Beijing between October 2021 and July 2024.

The inclusion criteria were as follows: 1. age 2045 years; 2. planning to conceive in the next 3—6 months; 3. not
taking contraceptive pills or other sex hormone drugs within the previous 3—6 months; and 4. willingness to participate.

The exclusion criteria were as follows: 1. history of ovarian surgery; 2. discovery of malignant tumors during the pre-
pregnancy examination; 3. systemic autoimmune diseases or other psychiatric disorders and clear factors making
pregnancy unfavorable; and 4. congenital structural abnormalities of the reproductive tract or tumors of the reproductive
system or pituitary gland.

We calculated the median and mean AMH values of the subjects of different ages. To prevent the influence of special
values in the group data, we grouped the participants into groups based on median values (<2.0 or >2.0 ng/mL) and
analyzed the impact of differences in general condition, lifestyle, and blood indicators between them on AMH levels.

The study was conducted in accordance with the ethical standards of the Declaration of Helsinki and approved by the
Ethics Committee of Beijing Xicheng District Maternal and Child Health Care Hospital (no. 2023-KY-006-02).

Observed Parameters
We collected data including age, education level, and ethnicity through the medical record system and collected the
subjects’ height, weight, and systolic and diastolic blood pressure through physical examinations. We then calculated the
body mass index (BMI) of each subject based on their height and weight.

We also collected data on factors related to the participants’ lives and work. Each participant filled out a questionnaire
asking items such as if they eat meat or eggs, vegetables, or raw meat and if they smoke. The possible answers for most
items were “yes” and “no.” The options for questions about whether they smoke passively or drink alcohol included
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no”, “occasionally”, and “frequently.” The options for questions about life and work pressure, tense relationships with
relatives, friends, and et.al, and economic pressure included “none”, “very little”, “a little”, “relatively high”, and “very
high.” All participants answered all questions clearly and independently.
We also collected the blood test results including hemoglobin content, platelet count, and fasting blood glucose
(FBG), thyroid-stimulating hormone (TSH), alanine aminotransferase (ALT), and creatinine (Cr) levels to evaluate their

nutritional status and thyroid, liver, and kidney function.
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AMH Measurement

To perform the AMH measurements, we extracted 3 mL of venous blood from each fasted participant, allowed the sample to
stand at room temperature for 30 min, centrifuged the sample at 3000 rpm for 10 min, and collected the serum. We then measured
the AMH levels using a fully automated electrochemiluminescence immunoassay analyzer (cobas e801; Roche,Swiss).

Statistics

All statistical analyses were performed using SPSS (v. 26.0), SigmaStat (v. 3.5), and Excel (v.16.0.18227.20082). We
used the “ggplot2” package in R (4.4.1) to plot the data. We analyzed the level data using analysis of variance and
compared the data between groups using one-way analysis of variance. If an option had 0 participants in a group, the
entire option was omitted from the analysis. We calculated the relevant factors influencing AMH in subjects of the
different groups using a binary logistic regression analysis. Statistical significance was set at P < 0.05.

Results

An analysis of the relationship between the AMH values of the 3,236 subjects with their age revealed that the subjects
reached the maximum AMH value at age 27-29 years. Subsequently, the AMH levels gradually decreased with age
(Figure 1). As the median AMH of subjects aged > 36 years was <2.0 ng/mL (Table 1), we divided the subjects into
groups of women <35 years and those >36 years (younger and older groups, respectively) for further study.

An intergroup comparison (Table 2) showed significant differences in educational level (P<0.001) and ethnicity
(P=0.038). The mean education level was significantly higher in the younger versus older group, mainly due to the
significant increase in the number of participants with a graduate-level or higher education.

In terms of blood test results, the mean AMH was significantly higher in the younger versus older group (P<0.001).
The FBG (P<0.001), Cr (P=0.005), BMI (P=0.019), and diastolic blood pressure (P=0.017) were significantly lower
among the younger versus older groups. Moreover, the mean hemoglobin level was significantly higher among the
younger versus older subjects (P=0.024).

In terms of the impact of daily life on the body, the proportion of smokers was significantly higher among the younger
versus older subjects (2.4% vs 1.3%, respectively; P=0.000); their life- and work-related pressures were also reportedly
higher (P=0.000). We detected no significant intergroup differences in dietary habits, alcohol consumption, work
pressure, or economic pressure (P>0.05).
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Figure | Scatter plot of AMH for different ages, with the lines connecting the mean and median. The Orange line represents the line connecting the mean AMH for each
age, and the blue dashed line represents the line connecting the median AMH for each age.
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Table 1 Age Groups and AMH Mean and Median Values

Age (years) | Number | AMH Mean t Standard Deviation (ng/mL) | AMH Median (25%-75%, ng/mL)
21 [ 6.30 -

22 | 5.93 -

23 4 840 +1.84 843 (2.11-9.47)
24 13 3.09 £1.66 3.35 (2.73-4.34)
25 31 3.73 £2.47 3.23 (2.004.29)
26 80 4.18 £2.41 3.76 (3.30-5.44)
27 12 4.16 £2.33 3.86 (2.97-5.43)
28 295 4.36 £2.95 3.71 (2.95-5.38)
29 430 4.35 £3.00 3.55(3.36-5.67)
30 490 3.97 £2.34 3.53(2.90-5.21)
31 447 3.95 +2.45 3.42(2.77-5.06)
32 349 3.59 +2.50 3.05(2.78-4.69)
33 278 346 +2.43 2.99(2.51-4.24)
34 198 3.01 =191 2.59(2.24-3.90)
35 139 3.10 £2.34 2.58(2.81-4.20)
36 92 249 +1.87 1.85(2.64-3.74)
37 57 240 +1.87 1.78(2.52-3.61)
38 36 2.53 +1.34 2.65(1.97-3.45)
39 31 1.81 +1.58 1.21(1.95-2.71)
40 27 1.18 +0.99 0.79(1.02-1.48)
41 18 1.80 1.8l 1.28(0.67—1.68)
4?2 18 1.36 £0.97 1.45 (1.17-1.76)
43 4 1.39 £1.74 0.78 (1.10-1.63)
44 5 1.38 £1.73 0.94 (0.63—1.03)
45 3 0.04+0.03 0.04

Next, we conducted a statistical analysis of the factors influencing AMH in the younger versus older age groups
(Table 3). We divided younger group into those 21-25, 25-30, and 30-35 years and the older group into those 3640 and
>40 years to evaluate whether age had a significant impact on AMH in either group. Age significantly affected AMH
levels in both groups (P=0.000/0.001); this relationship was negatively correlated. Other factors such as blood test results
and lifestyle were not considered significantly influential in the older group. In the younger group, education level
(P=0.002) and hemoglobin content (P=0.001) were considered influential factors of AMH; this relationship was
positively correlated.

Discussion

The ovarian primordial follicle pool quantity and quality determine ovarian reserve function, which, to some extent,
reflects female fertility potential.'> Ovarian reserve function testing includes imaging tests such as follicle count, ovarian
volume, and ovarian-related blood marker tests.'"* Serum AMH levels are considered an important indicator that is
closely related to the number of follicles and represent functional ovarian reserve.'”

The reproductive age of women significantly impacts a population’s size and age structure. Over the past few
decades, the mean maternal age at childbirth has significantly increased in developed countries,'® as has the number of
women delaying childbirth in Asia.'” Delaying childbirth helps parents receive more education, which provides a safer
and more stable living environment for their children.'®'” This finding indicates that women who plan to conceive in
the short term may not have the best ovarian function and may not even be 25-30 years old, the optimal reproductive
age. Because of increasing maternal age, she is at a higher risk of infertility and obstetric complications.?>*' Only
when a woman desires to have children will she become pregnant and give birth. Therefore, it is necessary to test and
report on their pregnancy plans.
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Table 2 General Comparison Between the Population Aged 35 and Below and Women of Childbearing Age Aged 36 and Above

Aged 35 and Below Aged 36 and Above P
(n=2945) (n=291)

AMH 3.34 (2.12-5.01) 1.51 (0.76-3.27)) <0.001
Education <0.001
Unknown 7 0
Junior middle school 2 |
High school 22 5
Bachelor and college 1173 164
Master ans Doctor 1741 121
Race 0.038
Han 2729 269
Man 83 9
Hui 48 10
Mongolian 4?2 0
Others 43 3
HGB (g/L) 131 (125-137) 130 (124-136) 0.024
PLT (x10°/L) 273 (238-313)) 279 (240-314.75) 0.366
FBG (mmol/l) 5.0l (4.80-5.27) 5.14 (4.90-5.40) <0.001
TSH (mUIL) 1.79(1.28-2.47) 1.76(1.26-2.54) 0.986
ALT (U/L) 13.00(10.00-17.00) 13.00(10.00-17.00) 0.102
Cr (umol/L) 52.00(47.00-57.00) 54.00(48.00-59.00) 0.005
Whether they eat meat or eggs 0.767
No 34 2
Yes 2911 289
Whether they not prefer eating vegetables 0.794
No 2904 288
Yes 41 3
Whether they have a preference for consuming raw meat 0.430
No 2874 282
Yes 71 9
Whether they smoke 0.000
No 2914 287
Yes 31 4
Whether to smoke passively 0618
No 1956 185
Occasionally 907 97
Frequently 82 9
Whether to drink alcohol 0.785
No 2170 218
Occasionally 769 72
Frequently 6 |
Whether feeling life and work pressure 0.000
None 836 84
Very little 6l 49
A little 1172 127
Relatively large 287 29
Very large 32 2
Whether the relationship with relatives, friends, and colleagues is 0.367
tense
None 1926 183
Very little 752 87
A little 254 20

(Continued)
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Table 2 (Continued).

Aged 35 and Below Aged 36 and Above P
(n=2945) (n=291)
Relatively large Il |
Very large 2 0
Whether feeling economic pressure 0.346
None 1369 134
Very little 764 66
A little 720 80
Relatively large 78 I
Very large 14 0
BMI (kg/m?) 20.6(19.2-22.5) 21.0(19.5-22.6) 0.019
Systolic pressure (mmHg) 108(100-116.25) 110(101-109) 0.051
Diastolic pressure (mmHg) 67(62-73) 68(62-76) 0.017

Table 3 Binary Logistics Regression Analysis of AMH in Groups 35 and Under and 36 and Over

Aged 35 and Below (n=2945) | Aged 36 and Above (n=291)

P EXP (B) P EXP (B)
Age 0 0.608 0.001 0.219
Education 0.002 1.292 0.942 0.981
Race 0.608 1.037 0.376 1.218
HGB (g/L) 0.001 1.014 0.664 1.006
PLT (x10°/L) 0.766 I 0.977 |
FBG (mmol/l) 0.542 0.945 0.646 1.148
TSH (mUIL) 0.508 1.015 0.546 1.055
ALT (U/L) 0.754 1.001 0.486 0.989
Cr (umol/L) 0.069 1.011 0.898 1.002
Whether they eat meat or eggs 0.338 0.622 0.615 0.449
Whether they not prefer eating vegetables 0.8l 0911 0.999 0
Whether they have a preference for consuming raw meat 0.52 0.831 0.426 1.878
Whether they smoke 0.759 0.878 0.519 2.088
Whether to smoke passively 0.801 1.023 0.152 1.435
Whether to drink alcohol 0.726 1.038 0.571 1.193
Whether feeling life and work pressure 0.589 1.031 0.309 0.839
Whether the relationship with relatives, friends, and colleagues is tense 0.79 0.979 0.609 1.142
Whether feeling economic pressure 0.505 1.044 0.404 0.86
BMI (kg/m?) 0.961 | 0.752 1.017
Systolic pressure (mmHg) 0.168 0.993 0.231 1.019
Diastolic pressure (mmHg) 0.492 1.005 0.963 1.001

In fact, AMH levels and cutoff values vary greatly among different studies.”> When the cutoff value of AMH for

predicting clinical pregnancy is 1.0-3.22 ng/mL, its sensitivity and specificity are 34.4-86.2% and 26-78.5%,

respectively.”> AMH level is now mainly used in examinations performed prior to assisted reproductive methods. In

a meta-analysis of 28 studies, AMH had good predictive ability for adverse ovarian reactions, with an area under the

curve of 0.78.* Moreover, AMH has significant utility in predicting ovarian hyperstimulation in response to gonado-

tropin stimulation. At a critical value of 3.36-5.0 ng/mL, its sensitivity and specificity were 53-90.5% and 70-94.9%,

respectively,”” indicating that assisted reproduction requires higher AMH levels than natural pregnancies. Because our

subjects were women planning to conceive rather than patients diagnosed with infertility or ovarian dysfunction, we
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ultimately chose 2.0 ng/mL as the cutoff value for grouping patients by age. Owing to the significant individual
differences in AMH within each group, we chose to group the subjects into younger and older groups based on the
median AMH of each. AMH level is closely related to age, first increasing in adolescence, peaking at 25 years of age,
and gradually decreasing to undetectable levels at the end of menopause.”®’ Similar conclusions were drawn from our
observational data; when patients were >40 years old, the median AMH level was even lower than 1.1 ng/mL, the level
recognized in relevant guidelines in China as one manifestation of ovarian dysfunction. Interestingly, in terms of
pregnancy, women > 35 years are considered elderly; this group often has high rates of perinatal mortality,”® gestational
diabetes, and other pregnancy diseases.”” Our research suggests an urgent need for active pregnancy and childbirth for
women > 35 years of age with or without the use of assisted reproduction.

The influence of race on reproductive status has been increasingly emphasized. AMH levels differ significantly
among different races and ethnicities, and studies evaluating different reproductive declines in European and Asian
populations reported that allelic frequencies significantly impact AMH.*° One study comparing Chinese women to
European women found that the former had higher peak serum AMH concentrations and their levels declined more
rapidly with age.*' In our study, we examined AMH results for common ethnic groups in Beijing, including the Han,
Manchu, Hui, and Mongolian. We found no significant differences among ethnic groups (P=0.774). An examination of
the influence of ethnicity on AMH levels by age group revealed that it was not important. Thus, in China’s AMH
examination and subsequent pregnancy guidance, ethnicity may not be an important reference indicator. Of course, Yang
et al’s research conducted in different areas of China suggested that female AMH levels differ among them, possibly due
to various factors such as ambient air quality. Therefore, a single study result should not be used as a guide unless it is
that of a large-scale national study.

Hemoglobin is considered an indicator of a patient’s nutritional status in other diseases, especially in tumor treatment,
and often associated with a poor prognosis.**>* Pregnant women with high hemoglobin levels at the time of their first
visit are more likely to develop diabetes in the third trimester of pregnancy,”* while the hemoglobin level in the first
trimester of pregnancy is related to the end-diastolic volume of male infants at 10 years of age.*> Our research indicates
that patients < 35 years of age have higher hemoglobin levels, which are among the important influential factors of AMH
level; this was not the case in the >36 years group. This may indicate that young people have a better nutritional status,
whereas an age > 36 years has a much greater impact on AMH than other influencing factors. However, statistics are
currently lacking on pregnancy status, and it cannot be determined whether hemoglobin levels are related to whether
patients can conceive and carry a pregnancy to term.

It should be noted that our study included only women with pregnancy plans, which means that our research results
do not represent the AMH status of all women in the same age group. The conclusions of this study should not be used as
a survey conclusion for AMH in women of all age groups, as this would lead to significant bias including age, ethnicity,
and social environment. A large-scale stratified study based on age is necessary to determine the true AMH values in
women. For example, in the review by Kotlyar et al,>® women aged 21-24 years had the highest AMH levels.

Conclusion

The AMH level of women of childbearing age who intend to have children decreases with age. Moreover, it is related to
hemoglobin content and education level in women < 35 years of age but not in those >35 years. These findings suggest
that it is necessary to advise women who desire to have children to do so sooner rather than later, preferably before 35
years of age.

Ethical Approval

The study was carried out in accordance with the ethical standards laid down in the Declaration of Helsinki, and was
approved by Ethics Committee of Beijing Xicheng District Maternal and Child Health Care Hospital(N0:2023-KY-006-
02). We informed and obtained consent from patients after September 2023. The ethics committee of the earlier
retrospective study considered that the informed consent form could be waived.
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