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Age-specific serum anti-Mullerian
hormone reference values for infertile
Filipino women in a tertiary in vitro
fertilization center in the Philippines

Virgilo M. Novero. Jr.,»?, Mary Liezl N. Yu', Arnel D. Gamilde?,
Rowena B. Beramende', Alvin Duke R. Sy?

Abstract:

BACKGROUND: Anti-Mullerian hormone (AMH) levels have been used as an invaluable tool in
reproductive medicine for over a decade, especially in predicting ovarian reserve and follicular
response during in vitro fertilization (IVF) cycles. Age-specific reference values of AMH levels have
been derived from mostly Western and few Asian population groups but none from the Philippines.
In this study, we attempted to determine the first age-specific AMH reference values from infertile
Filipino women to be able to provide local infertility centers a guide in treating Filipinos and those
with similar racial and lifestyle characteristics.

MATERIALS AND METHODS: This was a retrospective cross-sectional study that was conducted
at the Center for Advanced Reproductive Medicine and Infertility at St. Luke’s Medical Center Global
City. Age, serum AMH levels, body mass index (BMI), and cause of infertility of Filipino women who
underwent IVF from August 2015 to March 2020 were taken. AMH was assayed using the automated
Access AMH Immunoassay (Beckman Coulter).

RESULTS: A total of 1463 women who underwent IVF and with valid AMH results were initially found
but only 1233 were included in the study. Mean age was 36.67 + 4.35 years and mean BMI was 24.43
+ 4.14 kg/m?. There was minimal effect of BMI on AMH levels and increasing age (R? = 0.0068), but
there were significant differences of mean AMH levels among the general causes of infertility. The
mean and median AMH values decreased with advancing age (R? = 0.1391) although the mean values
were consistently higher than the median values. The mean level of the AMH was 2.32 + 1.90 ng/mL
with a 0.16 ng/ml (confidence interval: 0.14-0.19 ng/ml) level decrease per year of increase in age.
By age category, the following were the derived AMH values (ng/ml) at the 25" to 75" percentiles:
25-29 = 1.52-4.92; 30-34 = 1.60-4.10; 35-39 = 0.95-3.13; 4044 = 0.44-1.99; 45 = 0.47-1.08.
The mean AMH in this study appears to be similar to several but lower than most other reported
AMH nomograms from other population groups.

CONCLUSION: The first age-specific AMH reference values for infertile Filipino women are presented
and may serve as a useful diagnostic marker in local infertility centers, especially those treating
Filipino patients or others with similar characteristics.
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the number of primordial follicles that are
proportional to the decline in anti-Mullerian
hormone (AMH) levels.l' AMH is a
glycoprotein produced by granulosa cells

Introduction

s a woman ages, her fertility potential
decreases in part due to the decline in
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of small and large preantral and small antral follicles that
belong to the transforming growth factor-f superfamily.

A number of studies have reported the strong correlation
of serum AMH levels with antral follicle count and
are more accurate than other serum biomarkers such
as follicle-stimulating hormone, serum estradiol, or
inhibin B in predicting ovarian reserve and response
to controlled ovarian stimulation.?* It can be tested
on any day of the cycle because it is independent of
the circulating gonadotropins and is reliable with high
sensitivity and specificity.”) One of the limitations
of AMH, however, is the lack of an internationally
standardized assay.?

Itis critical to mention the type of AMH immunoassay
that is utilized. The first and second generations
of commercial AMH immunoassays including the
Gen II Immunoassay (Beckman Coulter) were in
use until 2013 when problems about reproducibility
were reported.! Since then, third-generation
automated AMH immunoassays such as the Access
(Beckman Coulter) have been introduced. These
third-generation systems used a far more sensitive
measuring method and have significantly simplified the
AMH process with improved uniformity and reliability
of results plus a dramatic reduction in measurement
time.”) Historically, St. Luke’s Medical Center Global
City was the first facility in the Philippines to offer
serum AMH determination and is believed to have
the largest number of AMH results in its databank
because of its in vitro fertilization (IVF) unit. The Gen 11
Immunoassay was introduced in 2011 but was replaced
by Access in 2015.

Serum AMH is often requested during the initial fertility
evaluation and has a variety of uses in the management
of infertile couples. It can guide clinicians in identifying
women who are more likely to respond poorly or
hyper-respond to gonadotropin stimulation. The other
proposed uses of AMH are as a biomarker forpolycystic
ovary syndrome (PCOS), as a predictor of menopause,
and as a predictor of time to menses in women receiving
gonadotoxic medications.!

Considering the wide application of AMH levels in
clinical practice, it is important to arrive at a local
reference range. Although studies on normal AMH
reference values have been conducted in a number of
Western and some Asian studies,””'no AMH nomogram
has been established for Filipino women. Knowing the
age-specific reference values of serum AMH for Filipino
women would provide a framework for those presenting
at their initial fertility assessment.!"® These values would
guide clinicians in counseling and managing these
patients in the local setting.

Materials and Methods

This is a retrospective cross-sectional study that primarily
aimed to establish the age-specific AMH reference values
of infertile Filipino women undergoing IVF from August
2015 to March 2020. This was conducted at the Center
for Advanced Reproductive Medicine and Infertility
(CARMI) at St Luke’s Medical Center Global City.

The absence of local data on the prevalence of infertility,
the limited number of women who took the serum AMH
test, and the unknown utility of the biomarker made
sample size computation to be inefficient. Thus, all
eligible patients within the study period were included.

The secondary objectives were to determine if body
mass index (BMI) affected AMH levels and to determine
differences of AMH levels, if any, among the causes of
infertility.

Upon approval of the hospital review board
(RPC-078-04-20; SL-20109), data on patient’s age, serum
AMH levels, BMI, and cause of infertility were extracted
from the center’s database and entered into the datasheet.

Patients and Anti-Miillerian hormone
measurement

Filipino women, 25-45 years of age, that underwent IVF
treatment at CARMI from August 2015 to March 2020
with serum AMH results that were processed at the
hospital’s Pathology laboratory were included. Women
diagnosed with polycystic ovary syndrome (PCOS),
non-Filipinos, and those with previous ovarian surgery
such as oophorectomy or oophorocystectomy were
excluded.

The machine for measuring AMH levels was the Access
AMH immunoassay (Beckman Coulter) that was utilized
in the hospital from August 2015. Values were reported
in ng/ml. Assay kit performance was validated by
in-house assessment of reproducibility and linearity.

Statistical analysis

After the data were extracted from the patient charts,
all the information were manually entered into an
electronic spreadsheet, with subsequent data processing
and analysis carried out using the software, Stata 13
(StataCorp.2013. Stata Statistical Software: Release 13.
College Station, USA: Texas: StataCorp LP).

Descriptive statistics using mean, standard deviation,
and median for continuous data variables and frequency,
and percentage for the categorical data variables
were computed to provide an overview of the study
population.
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The study participants were then stratified according to
the following age categories: 25-29, 30-34, 35-39, 40-44,
and =45 years old. The mean (and their 95% confidence
interval [CI]), standard deviation, median, range, and
percentiles (5%, 10%, 25%, 50%, 75%, 90, and 95%) of the
AMH levels were tabulated and presented in a series of
graphs and charts.

The correlation between age and the levels of AMH was
also estimated using Pearson’s correlation coefficient
including its interval estimate.

A series of one-way analysis of variance and
Kruskal-Wallis tests was performed to determine
differences in the AMH levels across the age range
and body mass index. Analysis of covariance was also
performed with the actual age in years, BMI classifications,
and causes of infertility as the covariates for the different
levels of the AMH in the sample population.

The level of significance for all sets of analysis was set at
a P <0.05 using two-tailed comparisons. The said levels
were adjusted for the multiple comparison procedure
performed using the Fisher-Hayter method.

Results

A total of 1463 women were initially found but only 1233
were eligible and included in the study. Those excluded
were women with PCOS (113), non-Filipinos (70), those
<25 or >45 years old (43), and those with a history of
ovarian surgery (4).

Baseline clinicodemographic characteristics
The baseline demographic and clinical characteristics of

Table 1: Baseline clinicodemographic characteristics
of the study population
Variables

Summary measures,
frequency (%)

36.67+4.35
24.43+4.14 (14.6-51.1)

Mean age (years)
Mean BMI (kg/m?), range
Categories of BMI!"9

Underweight 28 (2.27)

Normal 468 (37.96)
Overweight 207 (16.79)
Obese | 424 (34.39)
Obese Il 106 (8.60)

Causes of infertility
Male factor only 81 (6.57)
Female factor only 625 (50.69)
Both male and female factors 374 (30.33)
Unknown/unexplained 153 (12.41)

Serum AMH levels (ng/ml)
Mean+SD 2.32+1.90
Range 0.01-13.39

BMI: Body mass index, AMH: Anti-Mdillerian hormone, SD: Standard deviation

the study population are summarized in Table 1 where
mean age, mean BMI, general causes of infertility, and
mean AMH levels are presented. It is interesting to note
that almost half of the women are classified as being
obese (n: 530, 42.98%, CI: 40.20%—45.80%) based on the
BMI categories for Asian women.!"! Furthermore, half of
the women have infertility attributed to a female factor
only, followed by more than a quarter of the subjects
reported to have both male and female factors at 30.33%
(95% CI: 27.78%—-32.98%) both representing significant
proportions of the study population. Finally, with mean
levels of AMH at2.32 + 1.90 ng/mL, it is noted that half of
the sample population have the biomarker levels below
1.89 (IQR: 2.36) ng/ml.

Anti-Mullerian hormone and age

The AMH values of women who were classified into five
age-based categories or their actual age are presented
according to mean, median, and percentile in Table 2.
The results consistently show decreasing AMH levels
with increasing age in terms of mean, median, or
percentile of AMH levels. This is better illustrated in
Figure 1 where box plot levels of mean AMH across
the age categories show the progressive decrease with
increasing age. The 25" to the 75" percentile values
across the different age categories may be used as a
guide in managing Filipino women seeking infertility
treatment.

The mean and median values of AMH across the five
age categories may also be compared [Table 2]. The
mean levels of AMH are significantly different across
age categories (F[4, 1228] = 43.56, P < 0.01). Based on
the Fisher-Hayter multiple comparisons procedure, the
levels of AMH among women at the 35-39, 40—44, and
45-year-old groups were significantly lower than the
mean AMH levels of women between 25 and 34 years
old. Similarly, median AMH values across age categories
decreased with age. It is interesting to note that mean

AMH Levels in ng/mL

I e

25-29 30-34 35-39 40-44 45

Figure 1: Box plot of AMH levels and age categories
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Table 2: Correlation of mean, median, and percentiles of serum anti-Mullerian hormone level with actual age and
age categories

Age n  Frequency Mean Median Percentiles of AMH level (ng/mL)
(%) AMH+SD AMH (IQR) 5th 10t 25t 50t 75th 9ot g5th
25 5 82 (6.65) 3.43x2.27 3.20(3.40) 2.38 0.71 2.38 1.08 3.39 152 3.63 3.20 7.56 4.92 9.51 6.64 9.51 7.54
26 9 1.54 1.54 2.92 3.57 6.36 7.54 7.54
27 11 1.14 1.32 2.35 3.67 6.64 713 8.83
28 26 0.24 0.61 1.37 3.65 5.89 6.59 6.65
29 31 0.71 1.00 1.12 1.86 3.28 4.29 5.63
30 43 288(23.36) 3.08+1.99 2.71(2.50) 0.16 0.49 0.48 093 1.64 1.60 2.59 2.71 423 4.10 529 560 850 6.55
31 48 0.85 1.23 2.04 2.54 3.27 5.06 5.61
32 43 1.01 1.19 1.60 2.79 4.91 6.67 8.70
33 66 0.61 0.72 1.48 2.81 3.90 5.25 5.83
34 88 0.64 1.04 1.56 2.79 4.10 5.63 6.21
35 99 513(41.61) 2.32+1.82 1.89(2.18) 0.41 0.34 0.61 049 1.16 0.95 225 1.89 3.77 3.13 576 4.86 7.13 6.12
36 94 0.43 0.66 1.07 2.03 3.70 5.66 6.78
37 111 0.34 0.67 1.00 2.09 2.98 4.24 5.79
38 108 0.17 0.34 0.64 1.55 2.44 4.37 5.34
39 101 0.39 0.51 0.91 1.84 2.66 4.06 4.47
40 96 328 (26.60) 1.44+1.35 1.04(1.55) 0.22 0.11 0.27 0.22 0.63 0.44 1.45 1.04 245 1.99 390 3.30 4.37 4.19
41 85 0.14 0.31 0.63 1.36 1.99 3.52 5.13
42 60 0.10 0.13 0.36 0.72 1.35 2.82 3.19
43 55 0.08 0.14 0.27 0.70 1.21 2.07 3.18
44 32 0.05 0.20 0.33 0.75 2.22 3.16 3.80
45 22 22 (1.78) 1.08+1.03 0.72(0.64) 0.12 0.12 0.14 0.14 0.44 0.47 0.72 0.71 1.08 1.08 298 298 3.15 3.15
Overall 1233 100% 2.32+1.90 1.89 0.24 0.39 0.89 1.89 3.25 4.97 6.12

AMH: Anti-Mullerian hormone, SD: Standard deviation, IQR: Interquartile range

AMH values were consistently higher than median AMH \
levels across all age categories.

The Kruskal-Wallis test was also performed which
showed that for the same age groups (i.e., 35-39, 40-44,
=45 years old), more than half of the women in their
categories have AMH levels lower than median value for
the age group (** =126.70, P < 0.01). Moreover, the levels
of the serum AMH was negatively correlated with age
(p=-0.37,95% CI =-0.32 to — 0.42, P < 0.01), and it was
noted that a single year of increase in the age of a woman ~

can result to about 0.16 ng/ml reduction (95% CI: -0.14 T~ o
to — 0.19) in the levels of the biomarker (R? = 13.91%). [T soth

——————__ == 25th
we= 10th

Legend

The trend of decreasing AMH levels with increasing actual
age is illustrated in a nomogram [Figure 2] where the
decline appears greater in the younger ages and becomes
less with increasing age. The scattergram presented
[Figure 3] with an R* = 0.1391 suggests that the average
rate of decline of AMH level is 13.91 ng/ml per year.

Figure 2: Distribution of the various AMH percentiles and actual age

The levels of the serum AMH was correlated with BMI
(p =—-0.08,95% CI = -0.03 to —0.14, P = 0.04), and it was
found that a single kilogram per square meter of increase
in a woman is associated with 0.04 unit reduction (95%

Effect of BMI on Anti-Miillerian hormone

Based on Table 3, the mean levels of AMH appear to
be significantly different across the categories of BMI
(F[4, 1228] =2.43, P = 0.04). The Fisher-Hayter multiple
comparison procedure has shown that the levels of AMH
among women in the Obese II groups are significantly
lower than the average levels of women in the normal
and overweight groups.

CI: —0.01 to —0.06) in the level of the AMH (R? = 0.68%).
This suggests that increasing BMI decreases AMH levels
quite minimally.

The estimated marginal means were also computed
and presented in Table 4, which shows the “adjusted”
average AMH levels along the five age categories after
statistically removing the effect of BMI. This further

Philippine Journal of Obstetrics and Gynecology - Volume 45, Issue 2, March-April 2021 71



[Downloaded free from http://www.pogsjournal.org on Thursday, March 2, 2023, IP: 122.49.209.98]

Novero, et al.: Age-specific AMH values for infertile filipino women

Table 3: Serum anti-Mullerian hormone levels across body mass index categories
BMI category!'! AMH levels (ng/ml)

Mean+SD P Median (IQR) P Range (minimum-maximum)
Underweight 2.53+1.80 0.04 2.03 (2.57) <0.01* 0.26-5.96
Normal 2.38+1.87 2.04 (2.42) 0.02-11.48
Overweight 2.43+1.98 1.98 (2.64) 0.05-9.97
Obese | 2.31+1.93 1.86 (2.27) 0.01-13.39
Obese Il 1.79+1.66 1.25 (1.90) 0.04-7.56

AMH: Anti-Mullerian hormone, SD: Standard deviation, IQR: Interquartile range, BMI: Body mass index

Table 4: Estimated marginal means of anti-Mullerian
hormone levels after controlling for body mass index

Age category (years) Adjusted mean SE 95% CI

AMH level (ng/ml)
25-29 3.40 0.20 3.02-3.79
30-34 3.07 0.10 2.86-3.27 .
35-39 2.33 0.08 2.17-2.48 :
40-44 1.45 010  1.26-1.65
45 1.11 0.38 0.37-1.86

AMH: Anti-Mullerian hormone, SE: Standard error, Cl: Confidence interval

confirms the earlier trends of decreasing AMH levels
with increasing age.

Effect of cause of infertility on Anti-Miillerian
hormone

Summarized in Table 5 are the mean and median
AMH levels along four major categories of causes
of infertility. There is a significant difference in the
AMH levels across the different causes of infertility
(F[3, 1229] = 4.55, P < 0.01), which could be attributed
to multiple clinical factors such as the significantly
younger women among those couples with male factors
(F[3, 1229] = 33.33, P < 0.01).

Discussion

Main findings

The mean age of 36.67 + 4.35 years old by the study
participants is similar to the average ages of other AMH
reference range studies.*!% That a significant portion of
the cause of infertility is female in origin is similar to the
results of a Japanese study where majority of the of the
causes were due to purely female reasons.!"”

However, the mean level of AMH was 2.32 +1.90ng/mL,
a result which is relatively low compared to published
studies reporting higher mean AMH levels of 2.42-2.51
ng/ml among Japanese,' Lebanese,”! and British®"
and Southeast Asian®! women [Figure 4]. Furthermore,
the average decrease in AMH level per year of increase
in age is 0.16 ng/ml, a figure comparatively lower than
in other studies.”!>'"] These lower values that were
found in the current study are attributed to three main
reasons: (1) the exclusion of PCOS women from the
study where AMH levels are at least two to three times
higher than healthy controls;??? (2) the study population

Figure 3: Scattergram of AMH values with age in years (R? = 0.1391 or 13.91%)

has more female factor causes than male factor causes
where the latter groups tend to have younger women
and thus higher AMH levels. Most other studies
included women diagnosed with PCOS in their study
population;!'>1517201(3) the utilization of Access, the third
generation AMH immunoassay by Beckman Coulter.
Most of the other cited studies used the generation II
ELISA AMH immunoassay. This third-generation AMH
immunoassay is automated, has a higher sensitivity,”!
and the derived values are substantially lower than those
obtained from preexisting assays.*’!

The finding that the mean AMH is consistently higher
than its median levels in the different age categories is a
similar trend found in a recent Japanese study."?! These
findings suggest that frequency of low values of AMH
in the same group for all categories is far more than the
frequency of high AMH values.

The finding of decreasing AMH with increasing
age supports the same trend reported in published
nomograms.!'>572 This trend is apparent in Table 2
and illustrated in the downward slope in the box plot in
Figure 1 and the nomogram in Figure 2. The values within
the 25" to 75™ percentile of each age group may best
represent their reference range (2529 years = 1.52-4.92;
30-34 years = 1.60—-4.10; 35-39 years = 0.95-3.13; 4044
years = 0.44-1.99; 45 years = 0.47-1.08). The values
beyond these ranges need to be studied further. There are
several papers on AMH levels that predict poor response
during IVF ovarian stimulation in the range from 0.3 to
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Table 5: Effect of causes of infertility on age and anti-Miillerian hormone levels

Cause of infertility Age (years) AMH level (ng/ml) P
Mean Median (range) Mean Median (range)

Male factors only 32.41x3.54 32 (25-44) 3.03+1.63 2.70 (0.70-7.54) <0.01

Female factors only 37.22+4.40 38 (25-45) 2.21+1.96 1.73 (0.01-13.39)

Both male and female factors 36.95+4.00 37 (25-45) 2.34+1.96 1.78 (0.01-10.86)

Unexplained infertility 36.01+4.05 36 (26-45) 2.33+1.54 2.08 (0.08-7.64)

AMH: Anti-Mullerian hormone

Filipino British Lebanese Japanese

Figure 4: Comparison of mean AMH levels among British,” Lebanese, " and
Japanese!™ population groups with the current study

0.75 ng/ml.>**?1 Based on these, the lower limit of each
age-specific reference range may be used as the threshold
level to predict poor response. Similarly, the upper limits
of the derived nomogram values may be used to predict
hyper response among regularly cycling women, but
their utility in predicting the presence of PCOS is another
totally different issue that needs to be verified.

The pattern of AMH decline with increasing age was
similar to the pattern observed in the AMH nomograms
of Indonesian and Korean women.'*'! The pattern
described is a general decline below the 50" percentile
but variable in the 75", 90*, and 95" percentiles. Other
studies have mentioned a biphasic pattern among older
women,”! but the current findings do not support this
observation. Instead, a moderate, negative relationship
exists between the levels of AMH and age as illustrated
in the correlation, regression, and the analysis of
covariance.

There are conflicting reports on the effect of BMI on AMH
levels. Multiple studies have shown that BMI does not
affect AMH levels,®*% although Moy et al. found the
same finding in African-American, Hispanic, and Asian
but not Caucasian women.®" Several studies report a
negative correlation of BMI with AMH levels among
those more than or equal to 35 years 0ld.’>%! A lower
AMH concentration in obese compared to age-matched
women of normal weight despite similar AFC suggests
that decrease in AMH in obese women may be due to

physiological issues related to obesity and not indicative
of ovarian reserve.*! Our study found a marginal
negative correlation between BMI and age (R* = 0.68%)
in the subpopulation of infertile Filipino women.

The general cause of infertility may also have an effect on
the mean levels of AMH and age. These may imply that
the differences among the various causes of infertility
may be a reflection of the treatment-seeking behavior
of patients and the duration of infertility management,
knowing that the study population represents those
who are undergoing in vitro fertilization treatment that
is known as the last step in infertility management. For
instance, apparent in our study is that in couples with
pure male factor infertility, the female partner tends to
undergo IVF treatment at a younger age where mean
AMH levels tend to be higher [Table 5].

Limitations

A restriction of the current study is its cross-sectional
design. To address this concern, a longitudinal
prospective study will verify the inverse relationship
of AMH levels with increasing age, validate our
nomograms, and help improve our understanding of
reproductive aging with its implications for planning
pregnancies and decision-making in infertility treatment.
Furthermore, the dataset is restricted only to infertile
Filipino women who underwent IVF treatment and
should not be used for other population groups.
Additional factors that can potentially influence AMH
levels such as a genetic and environmental background,
socioeconomic status, history of smoking, and the
presence of other diseases were not characterized and
could not be assessed. Finally, a comparative study of
the current results with other published nomograms and
a separate nomogram that includes the subset of PCOS
women may be useful information in understanding
racial differences.

Conclusion

The results of this study confirm that among Filipino
infertile women undergoing IVF, there is a pattern
of decline in AMH levels with increasing age. The
computed percentile and age-specific values produced in
the current study could serve as a reference guide for the
local practitioner as it is the first study on AMH reference
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values in the country. These results will be useful for an
individualized ovarian stimulation approach in IVF by
identifying possible low, normal, and hyper responders.
The same could be useful in predicting ovarian reserve or
in calculating the onset of menopause. It is recommended
that similar studies on fertile Filipino women and
longitudinal studies among various subpopulations
should be explored to better understand this pattern of
AMH decline.

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

10.

11.

12.

74

References

Hansen KR, Hodnett GM, Knowlton N, Craig LB. Correlation of
ovarian reserve tests with histologically determined primordial
follicle number. Fertil Steril 2011;95:170-5.

La Marca A, Sighinolfi G, Radi D, Argento C, Baraldi E,
Artenisio AC, et al. Anti-Mullerian hormone (AMH) as a
predictive marker in assisted reproductive technology (ART).
Hum Reprod Update 2010;16:113-30.

Hazout A, Bouchard P, Seifer DB, Aussage P,
Junca AM, Cohen-Bacrie P. Serum antimiillerian
hormone/miillerian-inhibiting substance appears to be a more
discriminatory marker of assisted reproductive technology
outcome than follicle-stimulating hormone, inhibin B, or estradiol.
Fertil Steril 2004;82:1323-9.

Riggs RM, Hakan DE, Baker MW, Kimble TD, Hobeika E,
Yin L, et al. Assessment of ovarian re- serve with anti-Mullerian
hormone: A comparison of the predictive value of anti-Mullerian
hormone, follicle-stimulating hormone, inhibin B, and age. Am ]
Obstet Gynecol 2008;199:202.e1-8.

Tal R, Seifer DB. Ovarian reserve testing: A user’s guide. Am J
Obstet Gynecol 2017;217:129-40.

Rustamov O, Smith A, Roberts SA, Yates AP,
Fitzgerald C, Krishnan M, et al. Anti-Mullerian hormone: Poor
assay reproducibility in a large cohort of subjects suggests sample
instability. Hum Reprod 2012;27:3085-91.

van Helden J, Weiskirchen R. Performance of the two new fully
automated anti-Miillerian hormone immunoassays compared
with the clinical standard assay. Hum Reprod 2015;30:1918-26.
The American College of Obstetricians and Gynecologists
Committee Opinion 773. The use of anti-Mullerian hormone in
women not seeking fertility care. Obstetrics and Gynecology
2019;133:274-8.

Seifer DB, Baker VL, Leader B. Age-specific serum anti-Miillerian
hormone values for 17,120 women presenting to fertility centers
within the United States. Fertil Steril 2011;95:747-50.

Almog B, Shehata F, Suissa S, Holzer H, Paz ES,
Antonio La Marca AL, et al. Age- related normograms of serum
antimiillerian hormone levels in a population of infertile women:
A multicenter study. Fertil Steril 2011;95:2359-63.e1.

Lie Fong S, Visser JA, Welt CK, de Rijke YB, Eijkemans M]J,
Broekmans FJ, et al. Serum anti-Miillerian hormone levels in
healthy females: A nomogram ranging from infancy to adulthood.
J Clin Endocrinol Metab 2012;97:4650-5.

Segawa T, Omi K, Watanabe Y, Sone Y, Handa M, Kuroda M,
et al. Age-specific values of Access anti-Miillerian hormone
immunoassay carried out on Japanese patients with infertility: A
retrospective large-scale study. BMC Womens Health 2019;19:57.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hvidman HW, Bentzen ]G, Thuesen LL, Lauritsen MP, Forman JL,
Loft A, et al. Infertile women below the age of 40 have similar
anti-Mullerian hormone levels and antra follicle count compared
with women of the same age with no history of infertility. Hum
Rep 2016;31:1034-45.

Wiweko B, Prawesti DM, Hestiantoro A, Sumapraja K,
Natadisastra M, Baziad A. Chronological age vs biological age:
An age related normogram for antra follicle count, FSH and
anti-Mullerian hormone. J Assist Reprod Genet 2013,30:1563-7.
Loy SL, Cheung YB, Fortier MV, Ong CL, Tan HH, Nadarajah S, et al.
Age-related nomograms for antra follicle count and anti-Mullerian
hormone for subfertile Chinese women in Singapore. PLoS One
2017;12:e0189830.

Yoo JH, Kim HO, Cha SW, Park CW, Yang KM Song IO, et al. Age
specific serum anti-Miillerian hormone levels in 1,298 Korean
women with regular menstruation. Clin Exp Reprod Med
2011;38:93-7.

Racoubian E, Aimagambetova G, Finan RR, Almawi WY.
Age-dependent changes in anti-Miillerian hormone levels in
Lebanese females: correlation with basal FSH and LH levels and
LH/FSH ratio: a cross-sectional study. BMC Womens Health
2020;20:134.

Barad DH, Weghofer A, Gleicher N. Utility of age-specific serum
anti-Miillerian hormone concentrations. Reprod Biomed Online
2011;22:284-91.

World Health Organization. Appropriate body-mass index for
Asian populations and its implications for policy and intervention
strategies. Lancet 2004;363:157-63.

Nelson SM, Messow MC, Wallace AM, Fleming R,
McConnachie AM. Nomogram for the decline in serum
anti-Mullerian hormone: A population study of 9,601 infertility
patients. Fertil Steril 2011;95:736-41.

Bhide P, Gudi A, Shah A, Homburg R. Serum anti-Mullerian
hormone levels across different ethnic groups: A cross-sectional
study. BJOG 2015;122:1625-9.

Pigny P, Jonard S, Robert Y, Dewailly D. Serum anti-Mullerian
hormone as a surrogate for antral follicle count for definition
of the polycystic ovary syndrome. J Clin Endocrinol Metab
2006,91:941-5.

Nelson SM, Pastuszek E, Kloss G, Malinowska I, Liss J,
Lukaszuk A, et al. Two new automated, compared with two
enzyme-linked immunosorbent, antimiillerian hormone assays.
Fertil Steril 2015;104:1016-21.e6.

La Marca A, Giulini S, Tirelli A, Bertucci E, Marsella T, Xella S,
et al. Anti-Miillerian hormone measurement on any day of the
menstrual cycle strongly predicts ovarian response in assisted
reproductive technology. Hum Reprod 2007,22:766-71.
Muttukrishna S, Suharjono H, McGarrigle H, Sathanandan M.
Inhibin B and anti-Mullerian hormone: Markers of ovarian response
in IVF/ICSI patients? BJOG 2004;111:1248-53.

Nelson SM, Yates RW, Fleming R. Serum anti-Mullerian hormone
and FSH: Prediction of live birth and extremes of response in
stimulated cycles-Implications for individualization of therapy.
Hum Reprod 2007;22, 2414-21.

Van Rooij IA, Tonkelaar I, Broekmans FJ, Looman CW, Scheffer GJ,
de Jong FH. Anti-Mullerian hormone is a promising predictor
for the occurence of the menopausal transition. Menopause
2004;11:601-6.

Nelson SM, Messow MC, Wallace AM, Fleming R, McConnachie A.
Nomogram for the decline in serum antimiillerian hormone:
A population study of 9,601 infertility patients. Fertil Steril
2011;95:736-41.el.

LaMarca A, Spada E, Grisendi V, Argento C, Papaleo E, Milani S,
et al. Normal serum anti-Miillerian hormone levels in the general
female population and the relationship with reproductive history.
Eur ] Obstet Gynecol Reprod Biol 2012;163:180-4.
Simdes-Pereira J, Nunes ], Aguiar A, Sousa S,

Philippine Journal of Obstetrics and Gynecology - Volume 45, Issue 2, March-April 2021



[Downloaded free from http://www.pogsjournal.org on Thursday, March 2, 2023, IP: 122.49.209.98]

31.

32.

Novero, et al.: Age-specific AMH values for infertile filipino women

Rodrigues C, Sampaio Matias J, et al. Influence of body mass
index in anti-Miillerian hormone levels in 951 non-polycystic
ovarian syndrome women followed at a reproductive medicine
unit. Endocrine 2018;61:144-8.

Moy V, Jindal S, Lieman H, Buyuk E. Obesity adversely affects
serum anti-Miillerian hormone (AMH) levels in Caucasian
women. ] Assist Reprod Genet 2015;32:1305-11.

Freeman EW, Gracia CR, Sammel MD, Lin H, Lim LC,
Strauss JF 3. Association of anti-Mullerian hormone levels with

33.

34.

obesity in late reproductive-age women. Fertil Steril 2007;87:101-6.
Pasternak M, Christos P, Spandorfer S. The relationship
between body mass index and anti-Mullerian hormone levels in
reproductive — Age women; is there a negative correlation? Fert
Stert 2018;109:E42-3.

Su HI, Sammel MD, Freeman EW, Lin H, DeBlasis T, Gracia CR.
Body size affects measures of ovarian reserve in late reproductive
age women. Menopause 2008;15:857-61.

Philippine Journal of Obstetrics and Gynecology - Volume 45, Issue 2, March-April 2021 75



