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Abstract
Objective: This study wished to ascertain whether women undergoing fertility treatment had varying AMH levels based on their ethnic 

group. Our second objective was to assess the relationship between ethnicity, age and whether further fertility treatment was undertaken.

Methods: Single centre retrospective observational study. Data were collected from women who presented to Leicester Fertility 
Clinic with primary subfertility between 2017 and 2019. Age, ethnicity, fertility outcomes and AMH results (pmol/L) were obtained from the 
electronic records. Data were also collected on women’s polycystic ovary syndrome (PCOS) status, follicle stimulation hormone levels 
(FSH) and antral follicle count (AFC). Univariate analysis compared AMH with age and ethnicity, respectively and further logistic regression 
modelling was performed. Further statistical testing was used to determine with there were differences in fertility treatment between 
different ethnic and age groups.

Results: A total of 1249 women included in the study. Chi2 testing demonstrated a statistically significant difference in AMH levels 
between ethnic groups (p= 0.052). Further logistic regression modelling found that being an Asian ethnicity was not a significant predictor 
of reduced AMH level (p=0.90) independent of PCOS status, FSH and age. There was also a statistically significant difference between 
ethnic groups in women who had fertility treatment in the age 40-42 years (p=0.037).

Conclusion: This study shows that ethnicity does not predict lower AMH levels directly. However, larger sample size studies are 
required to assess the rate of change in AMH in women based on age and whether certain ethnic groups seek fertility treatment at a later 
age.
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Introduction
Anti-Mullerian hormone (AMH) has been used as a reliable 

marker of ovarian reserve in the investigation and treatment 
of fertility patients for many years [1]. Recently studies have 
begun to evaluate the reasons behind the differences in AMH 
in populations and whether these differences could account 
for varying success in assisted reproductive techniques (ART). 
Genetic factors as well as obesity, BMI, smoking have all been 
considered to have an impact on AMH [2]. However the most 
prominent factor associated with declining AMH is increasing 
age [3,4]. In fact Loy et al. reported a 0.38ng/mL reduction in 
AMH per 1 year of increasing age in a study of Chinese women 
in Singapore [4]. The findings in the evidence base are mixed 

in determining the relationship between ethnicity and AMH. 
Another paper demonstrated no statistical variation in AMH 
levels between different ethnic groups in the UK [5]. However, 
other studies conducted in the USA have shown differences in 
AMH levels between ethnic groups with a potentially independent 
effect [6,7].  

Materials and Methods
The study utilised single centre retrospective observational 

approach based at Leicester Royal Infirmary and Fertility Centre, 
UK. Data were collected from patients who had been referred 
from primary care to infertility clinic after 12 months of trying 
to conceive without contraception. Women included in the study 
were also required to meet the criteria for NHS funding. This 
involved having no previous children, age 23-43 years, having a 
BMI <30kg/m2 and being a non-smoker.  Women included in this 
study were referred between January 2017 and December 2019. 
A total of 1249 women were included who had their AMH level 
measured. All blood samples were sent to one single laboratory, 
and we used an AMH cut-off value of 5.5pmol/L and above for 
providing ART (as per NICE guidance).  

Data for the patients’ ethnicity was gathered from hospital 
demographic records and self-identification. Data for serum AMH 
and follicular phase FSH were collected from electronic laboratory 
records. Age, antral follicle count (AFC), fertility treatments 
and outcomes were collected using electronic hospital records. 
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Ethnicity was classified into 4 subgroups which were defined as 
White, Asian, Black and Other/Mixed simplified from the Office of 
National Statistics classification of ethnicity. 

Statistical Analysis
Statistical analyses were performed using SPSS 26. Continuous 

variables were checked for normality of distribution, those with 
normal distribution were presented as Mean +/- SD and those 
with non-normal distribution as Median and interquartile 
range (IQR). Serum AMH was the primary outcome variable. It 
was assessed as a continuous variable and for ease of analysis 
categorised into 2 subgroups of <5.5 pmol/L and 5.5pmol/L and 
above.

Initially bivariate descriptive analysis was performed to 
test for differences between age and AMH as well as ethnicity 
and AMH. Univariate linear regression was then performed to 
demonstrate the relationship between age and AMH. Logistic 
regression was performed to determine whether there was an 
association between ethnicity and AMH independent of age.

Secondly, Chi2 analysis investigated whether there was 
a difference in between in age or ethnicity in women who 
underwent fertility treatment. 

Results
A total of 1249 women were included in this study (see figure 

1). The mean age at the time of AMH collection was 32.5 years. 
The mean AMH level was 20.77pmol/L. 55.7% of women were 
White, 37.9% were Asian, 3.6% were Black and 2.8% were Mixed 
or Other ethnicity (see table 1 and figure 2). 

Multiple linear regression demonstrated that age was a 
significant predictor for AMH (Beta = -1.03, p = 0.00). The overall 
model fit was R2 =0.91 (see figure 3). FSH was also a significant 
predictor of AMH (Beta= -0.50, p=0.00). This means that with 
increasing age or FSH the AMH reduces (see table 3 and figure 4). 
R2 for this model was 0.11.

We also investigated whether AFC was able to predict 
AMH results. Only 468 women had their AFC recorded and 
an independent samples t-test was performed to check for 

differences in the populations with and without the AFC result. 
We found that there was a statistically significant difference in 
age (mean difference= -0.60, p=0.20) and FSH (mean difference = 
1.13, p= 0.00) between the population with AFC recorded and the 
population without AFC recorded. However, these differences 
were small and clinically not relevant. Further linear regression 
analysis was performed which found that AFC was a significant 
predictor of AMH (see figure 5). It demonstrated that with every 
unit increase in AFC, the AMH increased by 1.2 units (Beta 1.21, 
p=0.00). However, when AFC was added to the model, age and 
FSH as predictors of AMH became statistically insignificant (see 
table 4).

A Chi2 test was performed which showed that there was not 
a statistically significant difference in AMH between the ethnic 
groups when stratified by age (p=0.052) (see table 5). 

Logistic regression analysis was performed where the AMH 
variable was coded as 0 if the AMH was considered normal 
(>5.5pmol/L and above) and 1 if the AMH was low (<5.5 pmol/L). 
The Hosmer and Lemeshow Test was not statistically significant 
(p=0.556). The model found that being an Asian ethnicity was not 
a significant predictor of AMH level (p=0.90) (see table 6). In fact, 
having an Asian ethnicity compared to a White ethnicity could 
not reliably predict whether one’s AMH was normal or low.

The model confirmed that a woman older than 35 years were 
more likely to have an AMH less than 5.5pmol/L (see table 6). 
It also confirmed that women with a higher FSH would be four 
times more likely to have a low AMH. The model found that PCOS 
was not a reliable indicator for predicting low AMH. 

We compared fertility outcome to women’s AMH results and 
whether this was affected by age or ethnicity. As many patients 
did not have any fertility treatment, our population size was 
significantly reduced. As such, we performed an independent 
samples t test which showed that there was no difference in age 
between the two populations (p=0.86). However, a significant 
significance was found between the two populations studied with 
regards to their AMH levels (p=0.02). Chi2 was also performed 
and this revealed that there were no significant differences in 
ethnicities between the populations (p=0.11).

Figure 1 Consort flow diagram of women included in study.
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Table 1: Demographics and Anti-Mullerian Hormone Levels (pmol/L).

 Count %
Age Anti-Mullerian Hormone (pmol/L)

Mean SD Mean SD
95% Confidence Interval

Lower Bound Upper Bound
White 697 55.7  32.30 5.10 19.78 15.65 18.61 20.94
Asian 475 37.9  32.83 4.89 21.65 18.5 19.98 23.32
Black 45 3.6  33.73 4.83 22.62 23.16 15.66 29.57
Mixed and 
Other 32 2.8  31.09 5.01 26.96 25.25 17.86 36.07

Total 1249 100 32.5 5.02 20.7 17.4 19.81 21.74

Table 2: Showing the demographics of the population and the split of those with <5.5 and 5.5 and above AMH (pmol/L).

 

AMH
Total

Chi2 P value<5.5 5.5+

Count % Count % Count

Age (years)

<35 64 8.3% 705 91.7% 769

<0.001
35-37 45 22.8% 152 77.2% 197

38-39 24 25.5% 70 74.5% 94

40-42 47 42.0% 65 58.0% 112

Fertility 
Treatment

No 141 25.3% 416 74.7% 557
<0.001

Yes 39 6.3% 576 93.7% 615

Polycystic Ovary 
Syndrome

No 175 15.5% 955 84.5% 1130
0.527

Yes 5 11.9% 37 88.1% 42

Ethnicity 

White 107 15.4% 590 84.6% 697

0.994 
(For White and 

Asian only)

Asian 73 15.4% 402 84.6% 475

Black 8 17.8% 37 82.2% 45

Other and 
Mixed 2 6.3% 30 93.8% 32

Figure 2 Boxplot showing Mean AMH by Ethnicity with 95% CI.
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Figure 3 Relationships between Anti-Mullerian Hormone and Age.

Figure 4 Relationships between Anti-Mullerian Hormone and Follicle Stimulating Hormone.

We then compared whether there was a difference in 
ethnicity per age group between women who underwent fertility 
treatment and those women who did not. When comparing all 
ethnic groups, there was a statistically significant difference 
between women who had fertility treatment in the age 40-42 
years bracket (p=0.037). However, due to low number of women 
who were from a Black or Other and Mixed group we compared 
whether there was a difference between White women and Asian 
women. We found there was a statistically significant difference 
between White and Asian women undergoing fertility treatment 
in age 35-37 years (p=0.05) and 40-42 years (p=0.01). We 
noticed that in the 35-37 years age, more Asian women received 
fertility treatment but this effect was reversed in the 40-42 years 
age group. 

Discussion

Main Findings

This study has showed no direct association between ethnicity 
and AMH. However, a higher proportion of Asian women had 
been diagnosed with PCOS than White, Black, Other or Mixed 
women. After controlling for confounding factors of age, PCOS, 
FSH, the differences in AMH levels between the ethnic groups 
were not found to be significant. Increasing age was directly 
correlated with a lower AMH.

Strengths and limitations

The study population comprised of women selected from 
fertility clinic with similar characteristics. They were all selected 
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Figure 5 Relationships between Anti-Mullerian Hormone and Antral Follicle Count.

Table 3: Logistic Regression of Age and Follicle Stimulating Hormone as predictors for Anti-Mullerian Hormone.

   95% Confidence Interval 

 Odds Ratio P-value Lower Bound Upper Bound
Age at Anti-Mullerian Hormone 
(years) -1.03 0.00 -1.22 -0.83

Follicle Stimulating Hormone (mIU/
mL) -0.50 0.00 -0.68 -0.32

Table 4: Logistic Regression of Age, Follicle Stimulating Hormone and Antral Follicle Count as predictors for Anti-Mullerian Hormone.

   95% Confidence Interval 

 Odd Ratio P-value Lower Bound Upper Bound
Age at Anti-Mullerian Hormone 
(years) -0.08 0.49 -0.31 0.15

Follicle Stimulating Hormone (mIU/
mL) -0.10 0.59 -0.46 0.26

Antral Follicle Count (n) 1.21 0.00 1.09 1.32

from a local British population with high ethnic diversity; 
Leicester has 28% Asian population which is one the largest 
proportions in the UK. In our study, 44% of the women included 
were from an ethnic minority background and this is a major 
strength of our study. Our Asian sub-group alone accounted for 
38% of our sample. Therefore, our findings within this group are 
particularly representative of the general and local population. 
Conversely, a limitation of our study is that we had small numbers 
of Black, Other and Mixed ethnic minority women. Consequently, 
our study is likely to have been underpowered to demonstrate 
associations and differences within these groups. All patients 
were selected from the fertility clinic with primary subfertility, 
a BMI of less than 30kg/m2 and were non-smokers. This meant 
that we could attribute our findings to specific differences in a 
relatively homogenous population. However, this does make our 
results less generalisable to the wider population of subfertile 
women. Another strength of our study was that the AMH samples 

were all sent to the validated and accredited lab leading to 
consistent results which were comparable. 

Another limitation of our study which could lead to selection 
bias is the retrospective design. However, we included all women 
who matched strict selection criteria which was predetermined to 
reduce this risk. Lastly, we were not able to control for all factors 
that may affect fertility. PCOS may have been underdiagnosed 
and this could significantly affect our results. We also did not 
have a complete dataset for AFC and our preliminary analysis 
showed that AFC significantly affected AMH results. 

Interpretation

The literature demonstrates conflicting evidence in relation 
to the association between ethnicity and AMH levels. Many 
studies have been performed in the USA and in Europe but there 
are a limited number of studies in the UK population. Bhide et al. 
reported similar findings of no statistically significant differences 
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Table 5: Chi2 analysis of ethnicity and Anti-Mullerian Hormone stratified by age.

 

AMH (pmol/L)
P value 
for Chi2 

<5.5 5.5 and above

Count Row % Column % Count Row % Column %

Age 
(years)

<35

Ethnicity 

White 46 9.8% 66.7% 422 90.2% 56.0%

0.143
Asian 18 6.0% 26.1% 283 94.0% 37.6%

Black 4 14.3% 5.8% 24 85.7% 3.2%

Other and Mixed 1 4.0% 1.4% 24 96.0% 3.2%

35-37

White 22 20.0% 46.8% 88 80.0% 55.0%

0.944
Asian 23 26.4% 48.9% 64 73.6% 40.0%

Black 1 16.7% 2.1% 5 83.3% 3.1%

Other and Mixed 1 25.0% 2.1% 3 75.0% 1.9%

38-39

White 13 22.4% 50.0% 45 77.6% 60.8%

0.624
Asian 11 30.6% 42.3% 25 69.4% 33.8%

Black 2 33.3% 7.7% 4 66.7% 5.4%

Other and Mixed 0 0.0% 0.0% 0 0.0% 0.0%

40-42

White 26 42.6% 54.2% 35 57.4% 48.6%

0.386
Asian 21 41.2% 43.8% 30 58.8% 41.7%

Black 1 20.0% 2.1% 4 80.0% 5.6%

Other and Mixed 0 0.0% 0.0% 3 100.0% 4.2%

Total

White 107 15.4% 56.3% 590 84.6% 55.7%

0.524
Asian 73 15.4% 38.4% 402 84.6% 38.0%

Black 8 17.8% 4.2% 37 82.2% 3.5%

Other and Mixed 2 6.3% 1.1% 30 93.8% 2.8%

Table 6: Logistic regression model predicting AMH 5.5pmol/L and below.

 P value Odds Ratio 95% C.I.for Odds Ratio

   Lower Upper

Age Variable (Base <35 years) <0.001    

Age 35-37 years <0.001 3.520 2.231 5.552

Age 38-39 years <0.001 3.120 1.708 5.702

Age 40-42 years <0.001 7.459 4.547 12.238

FSH (8.9 mIU/mL and above) <0.001 4.388 2.978 6.467

PCOS (Yes) 0.815 0.884 0.316 2.477

Ethnicity (Asian) 0.900 1.024 0.706 1.485

Constant <0.001 0.061   

n = 1,069, Percentage Correctly Predicted 85.4%, Nagelkerke R2 = 0.215, Hosmer Lemeshow p value =0.556

in serum AMH between different ethnic groups. Their sample 
population was derived from a tertiary referral centre with 
a diverse British population and comparisons may be drawn 
with our own study population. Another reason for differences 
between findings in the UK and other international studies may 
be the influence of environmental factors which we have not 
accounted for in our study. For instance, low vitamin D has been 
associated with lower AMH levels [8] and has been postulated to 

lead to poorer fertility outcomes in women living on the Arabian 
Peninsula [9]. This may be relevant in our study as Asian women 
from certain religious backgrounds are more likely to have less 
skin exposure to sunlight and therefore are often vitamin D 
deficient. Genetic factors have also been well studied as potential 
contributors to differences in ovarian reserve and these factors 
may have differing prevalence between our population and those 
of other studies [2].
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PCOS is another factor which has been heavily implicated 
in fertility outcomes and is associated with higher AMH levels 
10,11. Our study had a small number of women with a diagnosis 
of PCOS (3.7%) which, in comparison to the UK population of 
8-13%, is  low [12]. In fact, Mani et al. report that Leicestershire 
has one of the lowest rates of PCOS due to underreporting 
[12]. Consequently, many women may have had a higher AMH 
result which would not be truly reflective of their actual ovarian 
reserve. This would result in inadequate adjustment during our 
logistic regression modelling and thus may account for the non-
statistically significant findings following modelling as compared 
to the Chi2 test. 

In our study, only half the women included had ART and this 
significantly reduced our sample size. When testing for differences 
between the treated (ART) and non-treated populations, we 
noticed there was a statistically significant difference in their 
AMH level. One reason for this may be that women with very low 
AMH levels may not have been eligible for NHS funded ART and 
therefore did not undergo treatment. However, this would be a 
very small proportion of women and would not fully explain this 
difference; but it is an interesting finding which warrants further 
evaluation. Furthermore, we also noticed that larger proportions 
of Asian women sought fertility treatment in the 35-37 years age 
group whilst in the 40-42 years age group, there was a higher 
proportion of White women. Access and utilisation of fertility 
treatment between ethnic groups may have on future fertility 
outcomes of women between ethnicities 13. Black women in 
North America have been reported to experience significantly 
longer durations of infertility prior to seeking care compared 
to White women [13,14]. A number of reasons exist for these 
differences have been postulated and include funding, access, 
level of education and awareness [14-17].  Fertility awareness in 
particular has been reported to differ between ethnicities with 
women with lower fertility awareness waiting longer before 
seeking medical help [16,17]. One study evaluating fertility 
awareness in Indian women identified that less than half of 
the women studied understood the need for assisted fertility 
treatment and donor oocytes in advanced ages [18]. This may be 
somewhat reflected in our study results if Asian women in older 
age groups were not presenting for fertility treatment. 

Suggestions for future research

We would recommend further research using a prospective 
study design with a larger sample size. We would suggest studying 
differences in AMH between the subfertile population which 
present to fertility clinics and the fertile population in order to 
draw more generalisable comparisons. We would also suggest a 
study to investigate the rate of decline in AMH, particularly after 
the age of 35 years between ethnic groups. Lastly, we would also 
recommend a study to assess the awareness of fertility problems 
within minority ethnic populations as one study reported a longer 
period to presentation to fertility clinics by Asian women [19]. 

Conclusion
In conclusion, our study found that ethnicity does not predict 

lower AMH. However, age was found to be a significant factor in 

AMH decline with women of higher ages having a lower AMH. We 
also found that in women between 40 and 42 years old, there were 
differences between different ethnic groups on whether they 
sought fertility treatment. We therefore recommend that women 
should be counselled to seek fertility advice and treatment at an 
earlier stage if they are experiencing subfertility. 
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