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Abstract: Background: The emergence of AMH as a reliable biomarker for assessing ovarian reserve
and optimization of assisted reproductive technology (ART) remains a promising tool for the eval-
uation and prediction of controlled ovarian stimulation (COS) outcomes. This study assessed the
association between serum AMH levels and maternal age in females receiving in vitro fertilization
(IVF) treatment in Ghana. Methods: We conducted a prospective cohort study at a specialized fertility
center in Ghana. Descriptive analysis was performed, and the differences between maternal age
and AMH categories were assessed by the Kruskal–Wallis test. Results: We included 426 women
with mean (±SD) age and AMH levels of 35.25 ± 6.33 years and 2.80 ± 2.60 ng/mL, respectively.
Women with very-low AMH levels (0.94 ± 73 ng/mL) were older (>40 years), whereas the younger
(20–25 years) group had higher levels (4.85 ± 3.34 ng/mL). There was a significant negative corre-
lation between women’s age and serum AMH levels (R = −0.46; p < 0.001). None of the younger
women had AMH levels <0.30 ng/mL, while 70% of women who had AMH levels of <0.30 ng/mL
were older women (>40years). In addition, none of the older women had AMH levels >4 ng/mL with
only 5% having AMH levels between 2.20 and 4.0 ng/mL. Conclusions: AMH levels ≤0.3 ng/mL
are archetypal of 70% of Ghanaian women >40 years old receiving fertility treatment. A combined
assessment of AMH levels and age supports clinical decisions in predicting ovarian response to
controlled ovarian stimulation (COS) and may be valuable in predicting of IVF success. Further
research to evaluate the combined use of age, AMH, and other ovarian reserve markers in assessing
ovarian response to COS is recommended.

Keywords: anti-Mullerian hormone (AMH); Ghanaian women; controlled ovarian stimulation; IVF;
ovarian response

1. Introduction

The emergence of AMH as a reliable biomarker for assessing ovarian reserve and
optimization of in vitro fertilization (IVF) treatment in women offers a promising tool
to evaluate and predict responses to controlled ovarian stimulation (COS). Research has
shown that AMH levels and maternal age differ between ethnicities and races [1]. For this
reason, assisted reproductive techniques (ART) and in vitro fertilization (IVF) programs
need to invest in improving the limiting factors, including oocyte quantity, quality, and
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endometrial receptivity, to obtain higher success rates [2]. Indeed, only a small percentage
of eggs collected for IVF after oocyte pick up lead to pregnancy and eventually birth [3].

Anti-Müllerian hormone, also known as Müllerian inhibiting substance (MIS), is a
peptide growth factor that is a member of the transforming growth factor (TGF) beta
superfamily and a reliable regulator of initial and cyclic follicle recruitments [4]. AMH
is a peptide homodimer of molecular weight 140 kilo Dalton consisting of two identical
subunits of glycoprotein connected by disulfide bridges whose gene is located on the short
arm of chromosome 19p13.3, and it is exclusively produced by gonadal tissue, namely, the
testicular Sertoli cells and ovarian granulosa cells [4,5]. Optimization of individualized
controlled ovarian stimulation for IVF has become increasingly relevant in determining the
appropriate starting dose of gonadotropin and predicting ovarian response. Assessment of
the ovarian reserve prior to COS is vital to achieving an optimal IVF outcome [6,7].

Ovarian reserve describes the size of the primordial follicle pool and the number of
oocytes that ovaries contain in a woman [8]. Several methods are available to evaluate
ovarian reserve, including the use of AMH, follicle-stimulating hormone (FSH), and the
antral follicle count (AFC). The level of basal FSH is influenced significantly by the men-
strual cycle, resulting in its capacity for predicting ovarian response to gonadotropins. On
the other hand, ultrasonographic markers such as AFC and ovarian volume are usually
affected by interobserver variation [9,10].

Serum AMH level is a promising biomarker for predicting ovarian reserve capacity as
it reflects the primordial follicle pool indirectly. Thus, AMH is an appropriate predictor of
both low [3] and exaggerated ovarian response in during COS and remains a potentially
reliable marker for individualized COS strategies [11]. For instance, Andersen and co-
workers prospectively determined that combined AMH and basal FSH are important
predictors for the number of oocytes retrieved and exaggerated ovarian response, whereas
only AMH significantly predicted poor ovarian response [12]. Other researchers have
previously suggested the clinical relevance of the AMH-tailored approach [11,12]. However,
to date, no specific cutoff points have been proposed for AMH to predict ovarian response,
and this may be attributed to the different COS protocols available or different patient
characteristics.

Although it is universally accepted that AMH correlates well with ovarian response to
gonadotropin stimulation, its association with IVF outcomes remains undefined. A recent
survey in Ghana [13] showed that assessment of AMH levels detection has not been widely
practiced. There is limited literature concerning the predictive value of AMH in Ghanaian
women undergoing IVF treatment and its association with maternal age. Instructively, the
biology of female fertility explains the diminishing number and quality of oocytes with
increasing age. Available evidence mostly relates to reported outcomes from patients in the
developed world including Europe and the United States [14]. The present study aimed to
assess age-specific differences in levels of AMH with the expectation that such information
will improve the predictive value for ovarian response to exogenous gonadotropins in
Ghanaian women. Our findings from an investigatively underserved part of the world
provide data for comparison with studies elsewhere.

2. Methods
2.1. Study Design and Site

This prospective cohort study was carried out at the Airport Women’s Hospital (AWH)
and Fertility Center in Ghana between January 2017 and December 2019. The AWH is
one of the renowned and leading assisted reproductive technology (ART) private fertility
hospitals in Ghana and conducts 50 to 60 IVF treatments annually. It was established in
2012, and attendance to the hospital is generally high by local standards, with patients
mostly from across Ghana and the West African subregion.
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2.2. Study Population

The study included women accessing IVF treatment at AWH in Accra, Ghana. The
inclusion criteria comprised Ghanaian women of good health, with regular menstrual
cycles, between 20 and 55 years of age, the presence of both ovaries on transvaginal ultra-
sound scan, and undergoing their first cycle of ovarian stimulation (COS) with exogenous
gonadotropins. The specific exclusion criteria were women with previous exposure to
cytotoxic drugs or pelvic radiation therapy (radiotherapy), and previous history of ovar-
ian surgery. In addition, women with confirmed diagnoses of PCOS and known chronic
medical conditions were excluded.

2.3. Blood Collection and AMH Analysis in Serum

Venipuncture was performed on clients to obtain blood (5 mL) in the phlebotomy room.
We strictly adhered to the standard operating procedures for collecting serum samples [15].
Each blood sample was collected into an appropriate tube/disc (with clotting activators to
catalyze sample clotting before the sample separation step). Each tube containing blood
samples was inverted 5 to 10 times by hand following collection to mix the specimen with
the additive. The samples were kept for 30–60 min at room temperature to permit full
clotting. The samples were centrifuged for 15 min at 2200–2500 revolutions per minute
(rpm) to separate the serum from cells and other blood components. The serum was
transferred to a labeled plastic screw-cap vial. Cobas e411 AMH immunoassay uses two
AMH-specific antibodies in a sandwich format to determine the hormone level in serum or
lithium heparin plasma [16]. In this study, the 140 kD total AMH (proAMH and AMHN)
was determined using the Cobas e411 AMH immunoassay for the in vitro quantitative
determination of AMH in human serum and lithium heparin plasma. The fully automated
Cobas e411(Elecsys®) AMH, which represents a fast and precise alternative to other manual
AMH assay testing, was used to measure the serum levels of the hormone [16].

After recalibration of the machine, 50 µL of serum was added to a biotinylated mono-
clonal mammalian AMH-specific antibody, which was labeled with a ruthenium complex
to react (for 9 minutes) to form a sandwich complex (first incubation). Streptavidin-coated
microparticles were then added, and there was a binding of the complex to the solid phase
through an interaction of biotin and streptavidin (for 9 min), and this constitutes the second
incubation.

Measurement: Aspiration of reaction mixture into the measuring cell was initially per-
formed, during which the microparticles were magnetically captured onto the electrode’s
surface. Removal of the unbound substances was performed with a trigger solution. A
voltage applied to the electrode induced chemiluminescent emission, which was measured
by a photomultiplier. The results were determined using a calibration curve [16].

3. Statistical Analysis

Data analysis was performed using the R statistical package (version 3.6.3, R Core
Team, Vienna, Austria). Initial descriptive analysis was performed, and density plots of
the AMH levels and women’s age were plotted. The correlation between AMH levels
and age was determined using Pearson’s moment correlation coefficient. Non-normally
distributed continuous variables were presented as median (interquartile range), and
the normally distributed ones were presented as mean values ± standard deviation (SD)
and compared across five ordered response groups. The AMH levels among the five
groups were compared using the Kruskal–Wallis test. All p-values < 0.05 were considered
statistically significant.

4. Results

Four hundred and twenty-six women were included in the study and had their
baseline AMH determined. The study participants were categorized into five groups
based on their ages. The mean (+SD) age was 35.25 ± 6.33 years (median 35 years (range:
20–55 years)). The mean AMH level was 2.80 ± 2.60 ng/mL. Women who were between
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20–25 years had the highest average serum AMH concentration (4.85 ± 3.34 ng/mL), while
those older than 40 age years had the lowest (0.94 ± 0.73 ng/mL) (Table 1). There were
28 (6.8%) women who were above 45 years [median age 47.5 years (IQR = 0.59)], and
their median AMH level was 2.2 ng/mL (IQR = 0.55). Figure 1 shows the density plots
for women’s age and AMH levels. The age distribution of the included women was not
normally distributed (Figure 1), and this was confirmed by using the Shapiro–Wilk’s test
(p < 0.004) indicating moderate positive skewness. Most of the women were in the age
group between 30 and 40 years. The density plot of AMH levels showed gross deviation
for normal distribution (significant positive skewness), and this was confirmed by the
Shapiro–Wilk’s test (p < 2.2 × 10−16).

Table 1. Serum AMH levels in five age categories of women undergoing IVF treatment.

Age Groups N = 411; n (%) Median AMH (IQR) Mean AMH ± SD 95% CI

20–25 21 (5.1) 3.5 (1.72) 4.85 ± 3.34 3.33–6.37
26–30 79 (19.2) 3.3 (2.35) 3.98 ± 2.83 3.34–4.61
31–35 125 (30.4) 2.7 (2.00) 3.32 ± 2.63 2.86–2.26
36–40 98 (23.8) 1.6 (1.35) 2.15 ± 1.54 1.85–2.46
>40 88 (21.4) 0.85 (0.74) 0.94 ± 0.73 0.78 –1.09

N = total sample size; n = group sample size; IQR = interquartile range; SD = standard deviation; CI = confi-
dence interval.
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Table 2 summarizes the results of women’s AMH categories in the five age groups.
Most of the women with very-low AMH levels (0.845 ng/mL) were older (>40 years of age)
than those in the other groups. There were statistically significant differences in AMH levels
across the five age groups (p < 2.2 × 10−16). There was a significant negative correlation
between women’s age and their serum AMH levels (Figure 2).
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Table 2. Comparison of serum levels of AMH groups and maternal age categories.

AMH Categories

Age Group
in Years

(<0.30 ng/mL)
n (%)

(0.30–2.19 ng/mL)
n (%)

(2.20–4.0 ng/mL)
n (%)

(4.1–6.79 ng/mL)
n (%)

>6.79 ng/mL
n (%)

1 (20–25) 0 2 (1.0) 10 (8.3) 6 (11.3) 3 (12.5)
2 (26–30) 0 16 (8.3) 37 (30.8) 19 (35.8) 7 (29.2)
3 (31–35) 3 (15.0) 43 (22.2) 50 (41.7) 18 (34.0) 11 (45.8)
4 (36–40) 3 (15.0) 65 (33.5) 17 (14.2) 10 (18.9) 3 (12.5)
5 (>40) 14 (70.0) 68 (35.1) 6 (5.0) 0 0
Total 20 (100) 194 (100) 120 (100) 53 (100) 24 (100)
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Figure 3 presents AMH levels versus age categories of women treated for infertil-
ity. None of the women who were younger than 30 years had AMH levels lower than
0.30 ng/mL, while 70% of the women who had AMH levels of <0.30 ng/mL had advanced
age (more than 40 years). Moreover, none of the women with advanced age had AMH
levels greater than 4 ng/mL, with only 5% having AMH levels between 2.20 and 4.0 ng/mL.
Furthermore, only 1% of women who had AMH levels between 0.30 to 2.19 ng/mL were
between the ages of 20 to 25 years; all the rest (women between 20–25 years) had AMH
levels of 2.20 ng/mL and above (Figure 3).

There was a significant negative correlation between women’s age and their serum
AMH levels (correlation coefficient, R = −0.46; coefficient of determination = 21.3%).

Figure 4 shows the comparison of AMH levels among the various maternal age groups.
There was no significant difference in median AMH levels (p-value: 0.15) between women
in age groups 1 (20–25 years) and 2 (26–30 years). There was a significant difference in
median AMH levels (p-value <0.000) between women in age groups 4 (36–40 years) and
5 (>40 years).
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5. Discussion

In this study, we assessed the association between maternal age and AMH levels
among women receiving IVF treatment. We determined that serum AMH levels varied
significantly with women’s age. There was a significant negative correlation between
serum AMH and age, which may be clinically useful in predicting ovarian response
during IVF treatment. Our findings support the study by Meczekalski et al. [7], who
determined that AMH seems the best endocrine biomarker for predicting age-related
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decline in ovarian reserve in healthy women. Clinical protocols combining women’s age,
AMH levels, and other relevant ovarian reserve indicators are recommended in deciding
the starting dose of gonadotropins for COS to improve outcomes in terms of both safety and
cost effectiveness [6,17]. Previous studies have reported AMH levels for predicting reduced
ovarian response [18–20]. For instance, Broer et al. reported that AMH had a sensitivity
and specificity of 82% and 76%, respectively, in predicting excessive ovarian response to
exogenous gonadotropins [20]. Thus, AMH is considered an important indicator of fertility
potential in women of advanced maternal age [7]. In our study, the lowest and highest
references or cutoffs were <0.3 and >6.79 ng/mL, respectively. However, ovarian response
to COS was not studied in relation to AMH levels and women’s age, and this is a limitation
of our study.

Our data also showed that 70% of women who were older than 40 years had AMH
levels of <0.30 ng/mL and are likely to have suboptimal response (poor outcomes) to
controlled ovarian stimulation and higher chances of cycle cancellations. Furthermore,
only 1% of women between the ages of 20 to 25 years had AMH levels between 0.30 and
2.19 ng/mL. More recently, Zhang et al. determined that young women with relatively
low levels of AMH undergoing IVF still yielded improved pregnancy outcomes compared
to older counterparts [21]. Women with AMH levels ≥6.79 ng/mL and between the ages
of 20 to 35 years may be considered “high responders” with an increased risk of ovarian
hyperstimulation syndrome (OHSS)—a serious iatrogenic complication in IVF treatment
following a standard COS protocol [20]. Similarly, women with PCOS are considered as
high responders and constitute about 20% of patients undergoing COS [20]. Interestingly,
in a recent study by Papler et al., there were no significant differences between obese and
non-obese women concerning both biochemical and clinical pregnancy rates, following
COS and IVF [22]. In this study, we excluded women diagnosed with PCOS to minimize the
confounding effects on serum AMH levels. Several studies have demonstrated the clinical
usefulness of AMH in refining the starting dose of gonadotropins for COS to maximize
ovarian response and simultaneously minimize the risk of OHSS [18,23,24]. Unfortunately,
a critical value for predicting the occurrence of OHSS could not be established in the
present research because the outcome of ovarian stimulation was not included, and this
is a limitation of this study. Similarly, obesity is an important factor in fertility treatment
especially in PCOS.

The clinical relevance of AMH in predicting the likelihood of conception following
assisted conception has been contentious in various studies [2]. In this study, we demon-
strated significant negative correlation between women’s age and AMH, which serves as
a robust tool for starting controlled ovarian stimulation and predicting ovarian response.
Ebner et al. reported that low AMH levels (<1.66 ng/mL) are associated with oocyte qual-
ity [2]. However, subsequent studies have determined that AMH levels may be indicative
of ovarian response to exogenous gonadotropins but not of oocyte quality [25–27]. Thus,
low AMH levels may not be a strong indication for withholding fertility treatment. Mean-
while, Tal et al. concluded that AMH alone can potentially predict live birth after IVF and
may be a clinically useful tool during counseling couples prior to fertility treatment, but its
predictive accuracy is poor [27]. The findings we report in the present work, and previous
studies by others, suggest that combined assessment and integration of AMH levels with
maternal age before undergoing IVF treatment is clinically relevant in predicting women’s
ovarian response and fertility outcome.

Our study has affirmed the inverse relationship between serum AMH levels and age
among women undergoing IVF treatment. Further research to assess OHSS occurrence, the
quality of oocytes retrieved, and the success rates of fertilization (embryos) and pregnancies
(implantation) to facilitate the wholistic predictive value of combined AMH and women’s
age is recommended.

The limitations of our study mainly relate to the non-inclusion of the clinical outcomes
of controlled ovarian stimulation such as the fertilization and clinical pregnancy rates in
association with AMH levels. Similarly, simultaneous assessment of the levels of FSH and
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AFC would have provided a more comprehensive understanding of the relevance of AMH
in assisted reproductive technologies, and this omission is also considered a limitation of
the study. In a recent study, Paola et al. demonstrated that the FSH starting dose for IUI
calculated based on a validated nomogram [6] comprising AMH, AFC, and women’s age
was significantly lower than the FSH dose prescribed [17]. In their study, approximately
15% of the stimulating cycles based on the nomogram had higher starting doses for FSH [17].
In our study, the association between AMH and women’s age was determined, but we did
not include FSH and AFC. Another limitation is the potential influence of batch-to-batch
inconsistencies in the determination of serum AMH levels as we did not freeze all the
serum samples and the laboratory analyses were not conducted simultaneously at the end
of the study. In addition, the specific etiologies of infertility of the recruited women were
not included, and this may have influenced the findings. Despite the stated limitations,
this study provides an important overview of the clinical relevance of AMH in relation to
women’s age in the planning of ovarian stimulation protocols during ART, especially in
low-resource settings.

6. Conclusions

This study presents age-specific AMH levels for women accessing IVF services in
Ghana. It is inferential that women older than 40 years with AMH levels <0.3 ng/mL
require adequate counseling on their need for oocyte donation before starting their first IVF
treatment, given their predicted poor response to COS. There was a significant negative
correlation (R = −0.46) between women’s age and serum AMH levels among women
receiving assisted reproduction. It is suggested that combined evaluation of maternal
age and AMH levels offers a benchmark in providing individualized planning of IVF
treatment strategies for patients and in assisting practitioners to identify women at risk of
low or high response to COS, thereby providing the opportunity to counsel them on their
ovarian performance.
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