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hormone levels in adult women of
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Abstract

Background: Anti-Müllerian hormone is a dimeric glycoprotein produced by the granulosa cells of preantral and
small antral follicles of the ovaries. It is a reliable biomarker of ovarian reserve, ageing, and response in the
management of women with infertility. However, there are few studies on the determinants of serum anti-Müllerian
hormone in Nigerian women. This study aimed to investigate determinants of serum anti-Müllerian hormone
among adult women of reproductive age. The study was a hospital-based cross-sectional study involving 161
women of reproductive age attending the gynaecology clinic and immunisation clinic of a Nigerian tertiary
hospital. Baseline characteristics were collected using a semi-structured questionnaire. Serum anti-Müllerian
hormone was quantified using enzyme-linked immunosorbent assay.

Results: In univariate analysis, age (B = − 0.035, P = 0.000), parity (B = − 0.080, P = 0.001), and infertility duration (B = −
0.050, P = 0.011) had a negative relationship with serum anti-Müllerian hormone, while ethnicity (B = 0.180, P = 0.040),
body mass index (B = 0.015, P = 0.010), and cycle length (B = 0.042, P = 0.000) had a positive relationship with serum
anti-Müllerian hormone. In multivariable analysis, all relationships except infertility duration persisted.

Conclusion: We found that age, ethnicity, parity, infertility duration, body mass index, and cycle length were
associated with serum anti-Müllerian hormone. A large prospective population-based study is required to better
understand factors that are associated with serum anti-Müllerian hormone in an ethnically diverse country like Nigeria.
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Background
Anti-Müllerian hormone (AMH) is a dimeric glycoprotein
produced by the ovarian granulosa cells of preantral and
early antral follicles measuring up to 8 mm in diameter
[1, 2]. It is highly sensitive to age-related changes in
ovarian reserve with minimal inter- or intracycle
variability [3, 4]. It is a predictor of ovarian response

and ovarian hyperstimulation syndrome in controlled
ovarian hyperstimulation [5, 6]. Serum AMH level corre-
lates strongly with day-3 antral follicular count (AFC)
when compared with other biomarkers of ovarian reserve
[7]. This has led to a significant increase in the clinical use
of AMH as a biomarker of ovarian reserve [8].
Researchers have demonstrated that some lifestyle and

reproductive factors influence serum levels of AMH in
women of reproductive age [9–11]. Lifestyle choices
such as smoking and binge drinking have been linked to
lower levels of serum AMH in premenopausal women
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[9, 12]. Studies have also reported inconsistent findings
on the relationship between body mass index and serum
AMH; therefore, it remains unclear if BMI is an inde-
pendent predictor of serum AMH in women [9, 13, 14].
Furthermore, reproductive factors such as age at menar-
che and parity have been shown to predict serum AMH,
with conflicting findings reported in different studies
[9–11]. Also, ethnic and racial variations in serum
anti-Müllerian hormone have been reported in previous
studies, which suggest that varied lifestyle and genetic and
environmental factors may contribute to variations in
serum AMH in women [15–17].
Therefore, with the increasing clinical application of

serum anti-Müllerian hormone in assisted reproduction
across Africa including Nigeria, more studies are needed
to understand factors that affect this biomarker in this
population with the hope of improving the interpret-
ation of this biomarker in this population. This study de-
termined demographic, reproductive and lifestyle factors
associated with serum anti-Müllerian hormone levels in
adult women of reproductive age attending the University
of Ilorin Teaching Hospital, North-Central Nigeria. We
hypothesised that selected, demographic, reproductive,
and lifestyle factors will be significantly associated with
serum AMH in adult women of reproductive age.

Methods
Study design and participants
The study was a hospital-based cross-sectional study
conducted at a Nigerian tertiary hospital between March
and July 2019. The study aimed to determine predictors
of serum AMH levels in women of reproductive age.
Data from women who had completed the study ques-
tionnaire on demographics, lifestyle, and reproductive
characteristics were consecutively retrieved and consid-
ered for this study.
Participants were adult women of reproductive age

between 18 and 45 years with a menstrual cycle length
of 21 to 35 days attending the gynaecology and immun-
isation clinic of a Nigerian tertiary hospital. The study
excluded women who had used hormonal contraceptives
or medications 3 months before presentation, women
with a history of thyroid disorders, women with diabetes
mellitus, women with a current or past history of use of
chemotherapy and/or radiotherapy, and those who had a
history of pelvic surgery (uterine or ovarian).
Data from women who met the eligibility criteria alone

were purposively used to minimise selection bias. Data
from 196 women who met the eligibility criteria were
available; women with incomplete data were subse-
quently excluded from the analysis. A total of 161
women had complete information on demographic,
reproductive, and lifestyle factors relevant to the study
and had results of serum AMH analysis.

Ethical consideration
Ethical approval was gotten from the University of Ilorin
institutional ethics review committee (ERC/PAN/2019/
01/1869) and informed consent was signed by each
participant before participation.

Data collection
We retrieved baseline information from the patients and
clinical records using a semi-structured questionnaire.
All women with missing or incomplete data were ex-
cluded from the study. We collected 3–5 ml of random
peripheral venous blood from each study participant via
venepuncture after obtaining informed consent. Whole
blood was left at room temperature for an hour for clot
retraction and then centrifuged at 5000 rpm for about
10–15 min to separate the serum. Clear serum was care-
fully pipetted into sterile plain sample bottles and stored
at – 20 °C until analysis.
Serum samples were analysed using a double-antibody

human AMH enzyme-linked immunosorbent assay
(ELISA) following the manufacturer’s manual (Calbio-
tech Inc., El Cajon, CA, USA 2018) at the Chemical
Pathology Research Laboratory of the University of
Ilorin Teaching hospital. The sensitivity of the test was
0.039 ng/ml.

Statistical analysis
Data were analysed using SPSS version 25 for Windows
(IBM Corp., Armonk, NY, USA, version 25.0). Independ-
ent variables were demographic, reproductive, and life-
style characteristics, while the dependent variable was
serum AMH. Participants with missing data were
excluded from the analysis. Variables were summarised
using frequency and proportions for categorical data and
median (interquartile range (IQR)) or mean ± standard
deviation for the continuous variables that were not nor-
mally distributed or normally distributed, respectively.
Relationships were explored using linear regression ana-
lysis at both univariate and multivariable levels. Serum
AMH levels were Log10 transformed to ensure compli-
ance with the requirements for linear regression analysis.
The level of significance was set at 5%. Factors that were
found to be significant on univariate analysis were subse-
quently fit into a multivariable analysis to adjust for the
effects of covariates.

Sample size determination
The minimum sample size for multiple linear regression
for 11 independent variables was determined using an
online calculator (A- priori sample size) [18]. Assuming
an anticipated effect size of 0.15, level of significance at
0.05, and 90% power, the minimum sample size required
was determined to be 152. A total of 161 women were
recruited for this study.
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Results
Baseline characteristics
Table 1 summarises the baseline demographic, lifestyle,
and reproductive characteristics of the study population
using descriptive statistics. Categorical data were sum-
marised in frequencies and proportions and continuous
data were summarised in mean (standard deviation) or
median (interquartile range) depending on normality
distribution.
Participants’ age ranged from 21 to 40 years with the

majority 70 (43.2%) having normal BMI (18.5–< 25 kg/
m2). The majority of the women do not consume alco-
holic beverages (88.2%) and none of them were current
smokers. Of those that consumed alcoholic beverages,
the distribution of alcoholic drinks was reported as
52.6% alcoholic herbal concoctions, beer, and wine, and
more than one type of alcoholic beverage had a distribu-
tion of 15.8% each. However, the majority were infrequent
drinkers with 83.3% consuming alcoholic beverages once
in a while and others rarely (16.7%).
Of those who consumed caffeine-containing beverages;

88.1% consumed Coca-Cola, 4.6% consumed coffee, 0.9%
green tea, and 6.4% reported consuming more than one
type of caffeinated drink. The distribution of women by
frequency of caffeine consumption was 8% rarely, 54.5%
once in a while, 7.1% once in a month, 9.8% weekly, 8%
more than once weekly, 10.7% daily, and 1.8% more than
once daily.
The average age at menarche was 15 years, with the

majority having a regular menstrual cycle (87%) with an
average cycle length of 28 days. Close to half of the
women have a history of infertility (44.7%), with a
median infertility duration of 4 years.

Linear regression analysis
Univariate linear regression models were analysed for
each study variable (Table 2). All study variables that
were significant on univariate analysis (Table 2) at a 5%
level of significance (except infertility duration) were
subsequently fitted into a multivariable linear regression
model (Table 3). In univariate analysis, age, ethnicity,
body mass index, cycle length, parity, and infertility
duration were significant. Age (B = − 0.035, P = 0.000),
parity (B = − 0.080, P = 0.001), and infertility duration
(B = − 0.050, P = 0.011), showed a negative relationship
with serum AMH, while BMI (B = 0.015, P = 0.010),
cycle length (B = 0.042, P = 0.000), and ethnicity (Yoruba)
(B = 0.180; P = 0.040) had a positive relationship.
In the univariate regression analysis of statistically

significant factors in women less than 35 years and those
greater than 35 years independently, age; < 35 years (B =
− 0.021, P = 0.025) and ≥ 35 years (B = − 0.131, P =
0.000) and parity; < 35 years (B = − 0.065, P = 0.017)
and ≥ 35 years (B = − 0.085, P = 0.029) were statistically

significant in both groups. However, the rate of decrease
of AMH with age in women 35 years and older was 6
times the rate of decrease in women less than 35 years.

Table 1 Baseline characteristics

Demographic characteristics

Variables Median (IQR)/n (%)

Age (years) 30 (7)

Ethnicity

Yoruba 141 (87.6)

Igbo 6 (3.7)

Hausa 1 (0.6)

Others 13 (8.1)

Lifestyle characteristics

Body mass index (kg/m2) 25 (7.33)

Alcohol intake

No 142 (88.2)

Yes 19 (11.8)

Caffeine intake

No 49 (30.4)

Yes 112 (69.6)

Past smoking

No 160 (99.4)

Yes 1 (0.6)

Current smoking

No 161 (100)

Yes 0 (0)

Passive smoking

No 145 (90.1)

Yes 16 (9.9)

Reproductive characteristics

Age at menarche (years) 15 (2)

Cycle length (days) 28 (3)

Cycle regularity

No 21 (13.0)

Yes 140 (87.0)

Dysmenorrhoea

No 85 (52.8)

Yes 76 (47.2)

Past hormonal contraceptive use

No 147 (91.3)

Yes 14 (8.7)

Parity 1 (2)

History of infertility

No 89 (55.3)

Yes 72 (44.7)

Duration of infertility (years) 4 (3)
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Cycle length (B = 0.037, P = 0.003), BMI (B = 0.014, P =
0.016), and ethnicity (Yoruba) (B = 0.237, P = 0.008)
were significant in women less than 35 years only.
Adjusting for covariates in multivariable analysis all vari-
ables’ influence remained significant (Table 3)

Discussion
Overall, of all the factors analysed in this study, age,
ethnicity, BMI, cycle length, and parity had a significant
relationship with serum AMH despite adjusting for the
influence of all significant factors.

Demographic factors
We found that with a unit increase in age there was a
3.5% reduction in serum AMH level. This is similar to
findings from previous studies which suggests that
serum AMH levels reduce with age and hence is a
reliable marker of ovarian ageing [19, 20]. However, on
multivariable analysis, there was a reduction in

percentage reduction in serum AMH by age by 0.4%.
Women 35 years and older had a rate of decrease in
serum AMH with age that was 6 times the rate of de-
crease noted in those less than 35 years.
Yoruba women in this study were found to have a

15.5% higher serum AMH level than women of other
ethnic groups. This is similar to findings from previous
studies that demonstrated a significant ethnic and racial
variation in serum AMH levels in women in the same
population [15, 16]. This could be due to some lifestyle
and genetic variations among these ethnic groups [17].
However, given the lack of adequate representation of
the major ethnic groups in this study, a population study
of a larger sample size, with better representation of the
different ethnic groups will give a better understanding
of the influence of ethnicity on serum AMH in an eth-
nically diverse population like Nigeria.

Lifestyle factors
All women recruited in this study were non-smokers
(active). However, about 9.9% of the study population re-
ported exposure to second-hand smoking. There was no
significant association between passive smoking and
serum AMH. This is in line with the findings by Plante
et al. and further lends credence to their conclusion that
the influence of smoking on the ovarian reserve is most
likely from a direct influence that is gotten from active
and current smoking [21]. However, given the small pro-
portion of participants exposed to passive smoking, a
larger study with a larger proportion of second-hand
smokers will better depict the extent of the impact this
has on ovarian reserve.
There was no association found between alcohol in-

take and serum AMH level, similar to what was found in
previous studies [9, 22]. Although this was contrary to
findings by Bressler et al., who found a 26% lower AMH
in binge drinkers among African-American women [10].
This contradiction is likely because the majority of
women who reported alcohol consumption in our study
are social drinkers and reported infrequent alcohol in-
take. Therefore, the effect of alcohol on AMH is likely
quantity dependent.
There was no significant relationship between caffeine

intake and serum AMH. This finding is in line with the
study done by Kinney et al. where no association was
found between caffeine consumption and AFC, FSH,
estradiol, and inhibin [22]. However, it is important to
note that our study did not make a more objective quan-
tification of the amount of caffeine consumed in these
women. An objective measure of the quantity of caffeine
consumed by each woman will be a better predictor of
the influence of caffeine on serum AMH levels.
However, we found a positive relationship between

BMI and serum AMH, with an increase in BMI, leading

Table 2 Univariate linear regression analysis

Model: Log10AMH (ng/ml)

Standard error B P value

Age (years) 0.006 − 0.035 0.000*

Ethnicity (Yoruba) 0.087 0.180 0.040*

Lifestyle factors

BMI (kg/m2) 0.006 0.015 0.010*

Alcohol intake 0.090 0.060 0.509

Caffeine intake 0.063 0.039 0.541

Passive smoking 0.097 − 0.156 0.109

Reproductive factors

Age at menarche 0.016 − 0.011 0.490

Cycle length (days) 0.011 0.042 0.000*

Regular cycles 0.086 − 0.166 0.054

Dysmenorrhoea 0.058 0.012 0.843

Past hormonal contraceptive use 0.104 0.029 0.781

Parity 0.023 − 0.080 0.001*

History of infertility 0.059 − 0.024 0.677

Duration of infertility (years) 0.019 − 0.050 0.011*

*Significance at 5% level of significance

Table 3 Multivariable linear regression analysis

Log10AMH (ng/ml), R2 = 33.6% Std. error B P value

Constant 0.362 0.358 0.325

Age (years) 0.006 − 0.031 0.000*

Ethnicity (Yoruba) 0.073 0.155 0.037*

Cycle length (days) 0.010 0.036 0.000*

Parity 0.020 − 0.053 0.009*

Body mass index (Kg/m2) 0.005 0.014 0.003*

*Significance at 5% level of significance
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to a corresponding increase in serum AMH levels. After
adjusting for age, ethnic group, cycle length, and parity,
a unit increase in BMI resulted in a 1.4% increase in
serum AMH. This contradicts the findings by previous
studies in southwest Nigeria, in which researchers found
no significant relationship between BMI and serum
AMH [14, 23]. Freeman et al. found a negative relation-
ship in women of late reproductive age outside Nigeria
[13]. The discrepancies between these findings are likely
due to the inclusion of women with polycystic ovary
syndrome (PCOS) in this study, which is often associ-
ated with high BMI and high serum AMH [24]. Also on
sub-analysis by age group, BMI remained significant in
women less than 35 years only.

Reproductive factors
There was no association demonstrated between age at
menarche and serum AMH in this study, which is in line
with findings from the study by Dólleman et al. [9].
However, Bragg et al. reported that independent of age,
smoking, and body mass index; women with early age at
menarche had significantly higher AMH as young adults
[10], whereas another study found that infertile women
with early age at menarche were at a significantly higher
risk of diminished ovarian reserve in the long-term [11].
The contradiction between these studies and ours is
most likely due to the difference in population, as the
initial study focused more on young adult women as op-
posed to women within the entire reproductive age,
whereas the latter was done in infertile women only.
There was a significant positive relationship between

cycle length in days and serum AMH in the study popu-
lation. An increase in cycle length by a day was associ-
ated with a 3.6% increase in serum AMH independent of
age, ethnicity, BMI, and parity. This is most likely due to
the inclusion of women with PCOS in the study group.
Anovulatory women with PCOS have relatively longer
cycle lengths with relatively high random serum AMH
levels [24]. However on sub-analysis, by age group, this
relationship was not statistically significant in women 35
years of age and older.
Cycle regularity was not associated with serum AMH,

contradicting findings by Dólleman et al. where cycle ir-
regularity was associated with a significantly less serum
AMH level [9]. This finding is unexpected as irregular
menstrual cycles are usually found in women with PCOS
in whom it is associated with high serum AMH or older
women with menopause-related irregularities who are
more likely to have low levels of AMH. Women in this
study who reported irregular menstrual cycle had an
average age of 30 years; therefore, cycle irregularity was
likely, not due to menopause-related irregularity.
However, the experience of dysmenorrhea was not as-

sociated with serum AMH levels in this population. This

is contrary to a previous study in which women with se-
vere dysmenorrhoea had significantly lower serum AMH
levels [25]. Their findings could be linked to endometri-
osis which some studies have suggested could signifi-
cantly decrease serum AMH and can also present with
severe dysmenorrhea [26]. The lack of association in our
study could be due to the lack of accountability for the
severity of dysmenorrhea experienced by women in this
study. Also, from clinical records, none of the women
recruited was diagnosed with endometriosis.
Furthermore, there was a negative relationship be-

tween parity and serum AMH with an increase in parity
being associated with a 5.3% decrease in serum AMH
after adjusting for age, ethnicity, BMI, and cycle length.
This contradicts the findings by Dólleman and col-
leagues who found an increase in age-specific AMH was
associated with an increase in parity [9]. However, simi-
lar findings were reported by Bragg et al. who found that
women with 2 and 3 or more parous experiences had
significantly lower serum AMH levels when compared
with nulliparous women [10]. However, when the
analysis was adjusted for age, the negative relationship
persisted in multivariable regression and sub-analysis of
women younger than 35 years and women 35 years and
older. Also, given that women who were currently on
contraceptives were excluded in this study, this effect is
likely not due to the higher likelihood of contraceptive
use by women with higher parity.
Having a history of infertility did not have a significant

relationship with serum AMH levels in this study. This
is similar to findings by Hvidman et al. who reported no
difference in AMH and antral follicular count in fertile
and infertile women of similar age groups [27]. This is
not unexpected as various factors are responsible for
infertility in women, outside of their intrinsic ovarian re-
serve. However, there was a significant negative relation-
ship between the duration of infertility and serum AMH,
which implies that with an increase in the duration of
infertility in years, there is a corresponding reduction in
serum AMH levels. This is contrary to findings by Oke
et al. in Southwest Nigeria, in which authors reported no
statistically significance [23]. Our finding is likely due to
the influence of age on serum AMH, as older women
are more likely to have experienced infertility for a lon-
ger period. This is evidenced by the loss of statistical sig-
nificance after adjusting for age in regression analysis.
Lastly, past hormonal contraceptive use was not associ-

ated with serum AMH levels in this study. Although vari-
ous studies have reported a decrease in AMH with the use
of hormonal contraception, this suggests that past use of
hormonal contraceptives does not permanently affect
ovarian reserve [28–30]. This is similar to findings by Van
den Berg et al. who found a 23% increase in serum AMH
after discontinuation of oral contraceptive pills [31].

Lawal and Yusuff Middle East Fertility Society Journal           (2021) 26:23 Page 5 of 7



Strengths and limitations
The strength of this study is in its evaluation of 11 inde-
pendent variables and their association with serum
AMH in the same sample of Nigerian women in a
clinical setting, where the results are most applicable.
Although the sample size was statistically adequate for

the objectives of this study, a large, prospective
population-based study is essential to better study the
demographic, lifestyle, and reproductive factors that are
associated with serum AMH as a marker of ovarian
reserve and functioning. The relative homogeneity in
terms of ethnicity and the hospital-based nature of this
study makes it deficient in determining the true extent
to which these factors influence AMH in a culturally
and ethnically diverse population like Nigeria.
Also, the study did not measure objectively the

amount of alcohol and coffee intake and did not docu-
ment the severity of dysmenorrhea in the women in this
study. This could contribute to the lack of association
demonstrated; therefore, future research should aim to
objectively qualify and quantify these factors to arrive at
a better conclusion.
Furthermore, endometriosis could not be appropriately

ruled out as laparoscopy and histology are not routinely
done in women who had presented with infertility, al-
though clinical history and records revealed no history
suggestive of endometriosis in women in this study.

Conclusion
Our findings suggest that age, ethnicity, BMI, parity, and
cycle length independently determined the serum AMH
levels in premenopausal women. This will add to already
available evidence on AMH in Nigeria and further
improve the interpretation of this hormone in clinical
settings. More research is needed to further elucidate
the factors that may determine serum AMH levels in
this population as a means to further understand ovarian
function in this population.
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