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Serum anti-Mül lerian hormone levels in multiple 
sclerosis –  a multicenter case-control study

Hladiny anti-Mül leriánského hormonu v séru 

při roztroušené skleróze –  multicentrická 

případová kontrolní studie

Abstract
Introduction: Multiple sclerosis (MS) is considered as an infl am matory demyelinat  ing dis ease with 

a 3-fold risk in females of child-bear  ing age that imposes deleterious pregnancy-related concerns 

for patients. We aimed to clarify the cor relation of anti-Mül lerian hormone (AMH) level with clinical 

and gynaecological characteristics of relapsing-remitt  ing MS (RRMS) patients. Methods: Fifty 

consecutive RRMS female patients and 50 age-matched healthy controls from among the hospital 

staff  were enrol led in the study. The serum AMH levels of all subjects were evaluated by ELISA. 

T-tests and Man n-Whitney U tests were used for the quantitative variables. Pearson’s chi-squared 

test and Fisher’s exact test were used for qualify  ing variables. Regres sion analysis was performed 

for AMH values. Results: The mean ± SD AMH level for the case group was 3.12 ± 3.6 and for the 

control group was 3.65 ± 2.06. Regres sion analysis detected a signifi cant diff  erence in AMH values 

between the case and control groups (p = 0.034). There was no signifi cant infl uence for dis ease 

activity and ther apy on AMH level in the patients. Age was the only demographic factor that 

predicted the AMH values in both groups (p = 0.001). Conclusion: The results showed that serum 

AMH values were signifi cantly lower in MS patients; however, this fi nd  ing does not neces sarily have 

an eff  ect on fertility. 

Souhrn
Úvod: Roztroušená skleróza (RS) je považována za zánětlivé demyelinizační onemocnění 

s trojnásobným rizikem výskytu u žen v plodném věku, které u pa cientek vzbuzuje nepříznivé 

obavy související s těhotenstvím. Naším cílem bylo objasnit vzájemný vztah mezi hladinou anti-

-Mül leriánského hormonu (AMH) a klinickými a gynekologickými charakteristikami pa cientek 

s relaps-remitentní RS (RR RS). Metody: Do studie bylo postupně zařazeno 50 pa cientek s RR RS 

a 50 zdravých kontrolních subjektů odpovídajícího věku z řad nemocničního personálu. U všech 

subjektů byly vyhodnoceny sérové hladiny AMH metodou ELISA. Pro vyhodnocení kvantitativních 

proměn ných byly použity t-test a Man n-Whitneyův U test. Pro kvalifi kaci proměn ných byly použity 

Pearsonův chí-kvadrát test a Fisherův exaktní test. U hodnot AMH byla provedena regresní analýza. 

Výsledky: Průměrná (± SD) hladina AMH u skupiny pa cientek činila 3,12 ± 3,6 a u kontrolní skupiny 

3,65 ± 2,06. Regresní analýza odhalila významný rozdíl v hodnotách AMH mezi případovou 

a kontrolní skupinou (p = 0,034). U pa cientek nebyl zjištěn žádný významný vliv aktivity onemocnění 

a léčby na hladinu AMH. V obou skupinách byl jediným demografi ckým faktorem, který predikoval 

hodnoty AMH, věk (p = 0,001). Závěr: Z výsledků vyplývá, že hodnoty AMH v séru byly výrazně nižší 

u pa cientek s RS, avšak toto zjištění nemá nutně vliv na plodnost.
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Introduction
Multiple sclerosis is an infl am matory, neu-

rodegenerative dis ease aff  ect  ing the CNS. 

The fi rst manifestations com monly appear 

within the second and third decades of life. 

There is a 3-fold level of risk in females [1–3], 

mak  ing fertility and pregnancy chal leng  ing 

concerns for MS patients.

Limited data are available on fertility in 

MS patients, but a decrease in the number 

of children and reduced spontaneous 

fertility has been reported in several studies. 

Auto-im munity, sexual disturbances, and 

ovarian neurologic dysfunction are recog  -

nized as suspicious etiologies [3– 5]. More -

over, studies evaluat  ing MS patients –  

treated with im munosuppres sive or im-

munomodulat  ing agents like mitoxantrone 

and interferon β, resp. –  have un covered 

diminished fol licular reserves and fertility in 

the treatment groups compared to the age-

matched healthy controls [6,7].

Recently, endocrine disturbances have 

been suggested as the pathology of 

MS infertility. Among the dif ferent bio-

markers, one of the most reliable predictors 

of the ovarian reserve is the anti-Mül-

lerian hormone (AMH). This is a dimeric 

glycoprotein expres sed from 36 weeks of 

gestation that dramatical ly increases dur  ing 

puberty and persists to the age of 30 years 

with a gradual decline to menopause. 

As AMH is a relatively cycle-independent 

hormone expres sed by the antral fol-

licles, there is a strong cor relation between 

serum AMH level and the number of antral 

fol licles [8– 11].

Some studies have highlighted the role of 

AMH in MS infertility [9– 11]. One pilot study 

detected no dif ferences between AMH 

values in relapsing-remitt  ing MS (RRMS) 

cases and age-matched healthy controls; 

however, they found lower AMH levels and 

ovarian reserves in patients with higher MS 

activity [10]. Conversely, another recent case 

control study reported signifi cantly lower 

AMH values in RRMS patients compared to 

the control group [11]. The present study 

aimed to clarify the cor relation of AMH 

levels with clinical and gynaecological 

characteristics of RRMS patients in greater 

detail. 

Materials and methods
This analytic case-control study was car ried 

out from June 2014 through January 2015. Fifty 

consecutive RRMS female patients –  admitted 

at the Hospitals in Tehran, Iran –  were enrol led 

along with 50 age-matched healthy controls 

from among the hospital staff  .

The exclusion criteria for both groups were 

a dia gnosis of non-RR type MS, be  ing over 

35 years old, be  ing pregnant or breastfeeding, 

undertak  ing infertility treatments and any 

autoim mune dis ease or abnormal thyroid, 

kidney or liver function. 

Study design

All patients were interviewed by an expert 

to gather complete demographics and 

the clinical, obstetrical and gynaecological 

histories of all subjects, includ  ing age, 

body mass index (BMI), cigarette use, age 

of menarche, menstrual cycle regularity, 

dysmenor rhea, amenor rhea, marital status, 

number of children, desire to bear a child, 

infertility history and treatment. Also 

recorded were the method of contraception 

used, oral contraceptive pill use, abortion 

history, dis ease history in terms of duration, 

type and treatment (dis ease-modify -

ing ther apy; DMT), pulse ther apy with im-

munosuppres sive agents, and untreated 

status (defi ned as no treatment with a DMT 

dur  ing the 16 weeks prior to AMH evaluation). 

The Expanded Disability Status Scale (EDSS) 

score of the patients was obtained by an 

experienced neurologist.

Sample col lection and ELISA

Venous blood samples (3 cc) were col lected 

from the antecubital fos sa and maintained in 

heparinized tubes at room temperature. They 

were transfer red to the ELISA laboratory in 

less than 1 hour and centrifuged. Laboratory 

cut points were 0.8– 1.5 ng/ mL for ages 15–

24, 0.8– 10 ng/ mL for ages 25–29, 0.4– 9.3 for 

ages 30–34, and 0.15– 7.3 ng/mL for ages 

35–39.

Statistical analysis

Between-group comparisons were applied 

us  ing the t-test for quantitative variables, 

which were normal ly contributed. The Man n-

-Whitney U test was as signed for abnormal ly 

contributed quantitative variables. Pearson’s 

chi-square test and Fisher’s exact test were 

performed to analyse the qualify  ing variables. 

Regres sion analysis was performed on ELISA 

results. Descriptive analysis of the data was 

expres sed as frequency and mean ± SD; p < 

0.05 was considered statistical ly signifi cant. 

Statistical analysis was performed us  ing IBM 

SPSS (Version 22, SPSS Inc., Chicago, IL, USA) 

and R software (The R Foundation, Vienna, 

Austria).

Ethics

This work was approved by the Local 

Medical Ethics Com mittee of Iran University 

of Medical Sciences.

Results
Demographic and gynaecological 

characteristics

Demographic and gynaecological charac-

teristics of all subjects are listed in Tab. 1. 

None of the subjects have a history of 

us  ing il legal drugs or smok  ing cigarettes. 

Of the 100 participants, one used an oral 

contraceptive pill for contraception and 

one was try  ing to conceive. Importantly, 

Tab. 1. Demographic and gynaecologic characteristics of RRMS patients 
and healthy controls.  

group
p value

control case

age (years); mean (SD) 30.12 (3.3) 28.86 (5.5) 0.633

menarche age (years); mean (SD) 13.22 (1.6) 12.88 (2.5) 0.672

BMI (kg/m2); mean (SD) 21.7 (2.63) 23.9 (3.7) 0.001

marital status, married, n (%) 16 (32) 27 (54) 0.043

children, n 9 24 0.013

abortion, n 2 9 0.190

infertility, n (%) 0 3 (6) 0.242

dysmenorrhea, n (%) 18 (36) 19 (38) 0.836

amenorrhea, n (%) 5 (10) 5 (10) 1.000

BMI – body mass index; n – number of patients; RRMS – relapsing-remitting multiple sclerosis;

SD - standard deviation
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none of the healthy controls were infertile, 

and the infertility rate of the participants 

was 6%. Nine participants in the case group 

and two people in the control group had an 

abortion; however, the Pearson chi-square 

analysis revealed no signifi cance for both 

(p = 0.24, p = 0.19, resp.).

The BMI, marital status and number of 

children were signifi cantly diff  erent between 

the case and control groups. The t-test results 

revealed that BMI was signifi cantly higher in 

the case group (p = 0.001). Interestingly, the 

case group had a higher number of children 

than their age-matched controls, which was 

statistical ly signifi cant in chi-square analysis 

(p = 0.013). Of the 50 participants 27 (54%) 

and 16 (32%) were mar ried in the case 

group and control group, resp., which was 

signifi cant at p = 0.043 (Tab. 1).

Clinical characteristics of patients

In the case group, three participants were 

new cases of RRMS in whom the treatment 

had not commenced. The level of medication 

was categorized as: 1. low frequency and 

included Avonex (22 patients); 2. high 

frequency and included glatiramer acetate, 

Betaseron and Rebif (22 patients); 3. the last 

group used fingolimod (3 patients). The 

EDSS scores of patients had a mean ± SD 

of 1.80 ± 0.95, with a maximum of 4.5 and 

minimum of 0. The duration of the dis ease 

in the case group was 40 days to 14 years 

(3.7 ± 3.10 years).

AMH analysis between groups

In the case group, the mean ± SD for AMH 

level was 3.12 ± 3.6 and in the control group 

was 3.65 ± 2.06. The serum AMH levels 

were normal in 38 cases. However, analysis 

revealed lower AMH levels in nine patients 

and higher levels in three patients among 

the case group. Only two patients from 

the control group had AMH results outside 

the normal range; one was above and one 

was below the normal range. Regres sion 

analysis detected a signifi cant diff  erence in 

AMH values between the case and control 

groups (adjusted R² = 0.05403; p = 0.034). 

There was no signifi cant diff  erence for age 

of subgroups between groups (Tab. 2).

Cor relation of demographic and 

gynaecologic characteristics

The number of children, infertility rate, 

number of abortions and marital status 

were not statistical ly signifi cant predictors 

of AMH values accord  ing to regres sion 

analysis (p > 0.2). In the backward method, 

age was the only demographic factor that 

signifi cantly predicted AMH values in both 

groups (adjusted R² = 0.05403; p = 0.001). 

Analysis showed that advanced age was 

a signifi cant predictor of AMH level. Details 

are available in Tab. 2.

Infl uence of dis ease activity and 

ther apy

Table 3 shows the results of regres sion anal-

ysis for treatment, duration of dis ease and 

EDSS score versus AMH values in the case 

group. There was no signifi cant infl uence of 

the dis ease activity or ther apy on the AMH 

levels found (adjusted R² = – 0.1149).

Discus sion
This cros s-sectional case-control study 

evaluated the relationship of AMH values 

and demographic, gynaecological and 

clinical features of RRMS patients in 

comparison to age-matched healthy 

controls. The fi ndings showed a signifi cantly 

lower serum AMH levels in the case group 

compared to the controls (p = 0.034). 

Notably, the results revealed no cor relation 

between the low AMH level and the rate of 

infertility or abortion in the case group. The 

results suggest that advanced maternal age 

and MS were the only signifi cant predictors 

of decreased AMH level.

A recent cros s-sectional pilot study 

evaluated 76 RRMS patients and 58 controls 

and reported a lower mean of the AMH 

levels for the RRMS patients; however, it also 

detected very low AMH levels in patients not 

cur rently under treatment with a DMT [11]. In 

contrast, the cur rent study revealed no eff  ect 

for the type of MS ther apy on the AMH values. 

Another recent case-control study found no 

signifi cant diff  erence in AMH values between 

the RRMS patients and healthy populations. 

Moreover, they found that higher dis ease 

activity might result in poorer ovarian reserves 

in RRMS patients [10]. The results of the present 

study found no potential eff  ect for EDSS score 

and duration of the dis ease on AMH levels as 

a reliable predictor of ovarian reserves [8].

More studies are needed to elucidate 

the cor relation between the clinical 

features of the dis ease and fertility in MS 

patients. In keep  ing with previous studies, 

the results il lustrated that AMH levels 

declined signifi cantly with age in both the 

case and control groups. As shown, AMH 

levels peaked dramatical ly dur  ing puberty, 

persisted till the age of 30, and gradual ly 

declined to menopause [8].

A higher mean BMI was recorded in the 

case group as compared with the control 

group. In line with previous studies, high 

BMI and obesity are significant and pos-

sible risk factors for MS that have deleterious 

Tab. 3. Infl uence of disease activity and therapy on AMH level.

variable coeffi  cient p value

intercept 2.566 < 0.001

drug*

• low frequency –0.776 0.758

• fi ngolimod 1.771 0.480

• high frequency 0.311 0.802

treatment (positive)** 1.393 0.629

time 0.051 0.797

EDSS 0.037 0.955

AMH – anti-Müllerian hormone; EDSS – Expanded Disability Status Scale

* reference category is “no drug”

** reference category is “negative”

Tab. 2. Correlation of demographic 
and gynaecologic factors and AMH 
level.

variable coeffi  cient p value

intercept 8.854 < 0.001

group (case)* –1.056 0.034

age –0.172 0.001

AMH – anti-Müllerian hormone

* reference category is ”control”
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functional eff  ects on patients [12– 14]. Sur-

prisingly, and in contrast with previous stu  -

dies report  ing childles sness in MS patients

[3,15], the cur rent fi ndings were consistent 

with a recent pilot study, show  ing a higher 

rate of mar riage and number of children in 

the case group [10]. This diff  erence could 

be attributed to the lifestyle of the healthy 

controls, who were primarily members of 

the hospital staff  .

This work was limited by a small sam-

ple size because of the large number of 

exclusion criteria that aimed to achieve 

exact evaluations without the potential ef-

fects of co-morbidity on fertility and AMH 

values of the participants.

Conclusions
This study showed that serum AMH values 

decreased signifi cantly in the RRMS group; 

however, this fi nd  ing might not have a po-

tential impact on fertility. Because this work 

was one of the fi rst to evaluate AMH as an 

infl uential factor on fertility in MS patients, 

more studies are needed to produce 

practical and ef fective reproductive pro-

gram mes for MS suff  erers.
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