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What’s known on the subject? and What does the study add?

A relationship between sex hormone levels and disease course is known in MS. However, the relationship between sex hormones and both 
physical and cognitive parameters in male MS patients was mentioned in this study, and for the first time, the AMH hormone was studied in 
male MS patients. Additionally, the relationship between sexual functions and cognitive tests has also been stated.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune central nervous 

system disease that causes cognitive problems along with 

physical impairment and is often detected in young adults. As 

with many autoimmune diseases, it is more common in women, 

but tends to have a more severe course in men. MS harms the 

quality of life for several reasons (1). The presence of sexual 

dysfunction, adding to physical problems in male patients 

in early adulthood, further exacerbates the adverse impact 

of MS on the quality of life. Sexual dysfunction can assume 

various forms in male patients, such as reduced libidoand 
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erectile/ejaculatory dysfunction, and it is frequently correlated 
with decreased serum testosterone (2-4). Sexual dysfunction 
correlate with urinary problems in MS, and sexual functions 
correlate with both motor and emotional symptoms (5).

An association between low testosterone and high expanded 
disability status scale (EDSS) scores has previously been shown 
in MS (6). Studies have reported that testosterone possesses 
anti-inflammatory and neuroprotective properties, can protect 
against glutamate toxicity through neurons and is an antioxidant 
(6,7). Anti-Mullerian hormone (AMH) is a dimeric glycoprotein 
and is involved in growth and differentiation. AMH released 
from Sertoli cells from the intrauterine eighth gestational week 
causes the regression of Mullerian structures in males, while in 
females, it is released from birth from the granulosa cells in the 
small antral follicles to both the follicular fluid and the systemic 
circulation (8). 

AMH levels in males are regulated by intratesticular testosterone 
(9). After puberty, it is released into the seminiferous tubule 
lumen and is restricted within the testis-blood barrier. Hence, it 
is detected at higher levels in the seminal plasma than in serum 
(10,11). Although the relationship between spermatogenesis, 
testosterone, and AMH remains partially understood, seminal 
AMH can be a potential non-invasive marker of permanent 
hypospermatogenesis (12). In women, AMH levels are closely 
related to follicular reserves (13). The purpose of this study 
was to examinate the relationship between serum testosterone, 
serum AMH levels, spermiogram features, and severity of 
disease, sexual dysfunction, cognition, fatigue, and depression 
in patients with male MS patients.

Materials and Methods

Patient Enrollment 

Male patients aged 18-65 diagnosed with progressive MS (PMS) 
or relapsing-remitting MS (RRMS) based on the McDonald 2017 
MS diagnostic criteria and age-and education level-matched 
healthy individuals representing the control group were included 
in this study. The control group were healthy volunteers who 
applied to the neurology outpatient clinic with complaints such 
as headache or dizziness and had no chronic disease. The patient 
group without erectile dysfunction (ED) and the healthy control 
group were sexually active.

Patients lacking sufficient cognitive levels to provide information 
about their past histories, using drugs capable of affecting 
clinical evaluations (antipsychotic medicine use, corticosteroid 
use in the previous three months, and other neurological/
autoimmune or urological diseases), were excluded from this 
study. Verbal informed consent forms were obtained from all 
patients and the healthy control group, and ethical approval for 

this study was granted by the university’s ethical committee to 
which the clinic belonged.

Clinical Assessment

The main aim of our study was to define the tie between the 
clinical status of patients with MS patients and AMH levels. 
Therefore, a detailed cognitive evaluation was performed. 
BICAMS was used because it was validated in Turkish (14); it was 
easy to use, including the essential cognitive domains retained 
in MS. Three tests of BICAMS, the California verbal learning test 
II, the symbol digit modalities test (SDMT), and the revised brief 
visuospatial memory test, were administered by the same person 
trained in the administration of neuropsychological tests. 
Adding to BICAMS, trail-making testing was also implemented 
to further evaluate executive functions. The presence of 
depression was evaluated using the Beck depression inventory 
(BDI), whereas fatigue levels were assessed using the fatigue 
impact scale (FIS). To achieve standardization, whole cognitive 
tests were carried out in the same order, in a quiet room and in 
the morning.

The male sexual health questionnaire (MSHQ) and the 
international index of erectile function (IIEF) were used to 
assess sexual functions in the study group. Because serum AMH 
levels, follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), prolactin (PRL), and total testosterone levels exhibit a 
diurnal rhythm, they were measured before 10:00 am to ensure 
standard and accurate measurement. Routinely investigated 
serum glucose, complete blood count, and thyroid-stimulating 
hormone (TSH) levels were also included in the analysis. Study 
group semen analysis, sperm quality, and numbers were also 
investigated. Semen analysis data were assessed in compliance 
with the World Health Organization criteria of a semen volume 
of 1.5 mL, sperm concentration 15 million/mL, total sperm count 
39 million/ejaculate, total motility 40%, normal morphology 
4%, and vitality 58%. Serum FSH levels of 1.5-12.4 mIU/mL, 
LH levels of 1.7-8.6 mIU/mL, PRL levels of 4.6-21.4 ng/mL, and 
testosterone levels of 2.5-8.4 ng/mL were evaluated as reference 
ranges. Patients’ erectile functions were assessed using the 
validated, six-question Turkish-language version of the IIEF (15). 
Each question was scored from 1 (never or seldom) to 5 (always or 
almost always), and the total scores were recorded. The severity 
of ED was assessed as severe (total score=0-6), moderate (total 
score=7-12), mild-moderate (total score=13-18), mild (total 
score=19-25), or no ED (total score =26-30). The ejaculation 
function was classified using the Turkish-language version of 
the short form of the MSHQ, comprising four questions scored 
between 0 and 5. The first three questions assessed ejaculatory 
function, frequency, and force (MSHQ-123) (0-15), while the 
fourth evaluated ejaculation bother (MSHQ-EjD) (0-5) (16). A 
higher total score for the first three questions was relevant with 
better ejaculatory function, whereas higher scores on the fourth 
question were associated with poor ejaculation bother.
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Statistical Analysis

The study data were analyzed using the SPSS 22.0 software. 
The normality of the distribution of continuous variables was 
assessed both visually and using normal distribution tests. 
The independent sample t-test was applied to two-group 
comparisons of normally distributed variables, and the Mann-
Whitney U test was applied to two-group comparisons of 
non-normally distributed variables. Categorical variables were 
compared using the chi-square tests. This was evaluated using 
Spearman’s correlation analysis since the relationship between 
continuous variables was not normally distributed. P-values of 
less than 0.05 were considered statistically significant for all 
analyses.

Results 

Twenty-eight male patients with RRMS-PMS diagnosed with MS 
based on the McDonald criteria, aged 40.89±10.93 years, and 14 
men with no additional disease, aged 36.27±4.86, representing 
the control group, were included in the study. No difference 
was determined between the two groups concerning age or 
education levels (p=0.085 and p=0.262, respectively). The mean 
age at MS onset was 33.39±1.55 (18-49), and the mean EDSS 
score was 2.35±1.55 (0-5.5).

The patient and control groups’ serum glucose, TSH, FSH, LH 
total testosterone, and PRL levels were investigated. Serum 
testosterone levels were statistically significantly lower in the 
MS group than in the control group (4.28±1.20 and 4.50±2.24, 
respectively; p=0.012) (Table 1). Testosterone levels were at 
the lower limit of the normal value in 3 patients in the study 
group and 1 participant in the control group. The presence 
of depression in the study group was investigated using the 
BDI, and no significant difference was observed between the 
two groups (p=0.152). Fatigue levels were assessed by the FIS, 
with both subscores and total fatigue levels being compared. 
The total FIS scores and the physical and social subscores were 
statistically higher in the MS patient group than in the control 
group (p=0.037, p=0.008, and p=0.014) (Table 2).

Sexual functions were analyzed using the MSHQ and IIEF, 
and the MSHQ-ejaculation function scores were statistically 
significantly lower in the patient group than in the control 
group (p=0.014) (Table 2). Erectile function was assessed using 
the IIEF. ED was detected in 11 (39%) patients, and four patients 
could not provide semen analysis specimens due to severe ED 
(Figure 1). Sperm counts were 30±9.4 million in the MS group 
and 24±6.5 million in the healthy control group; the difference 
was not statistically significant (p=0.452). Sperm motility was 
42.50±18.67 in the MS group and 45.87±15.52 in the control 
group. The difference was insignificant (p=0.362).

The patients with and without ED in the MS group were 
compared regarding clinical characteristics, cognitive 
involvement, and other features. Mean EDSS scores were 
2.7±2.03 in the ED group and 1.62±0.80 in the non-ED group 
(p=0.001). BVMT and CVLT scores were significantly lower in 
the ED group than in the non-ED group, while trail-making 

Table 1. Sex hormone levels, glucose, and TSH levels of the 
study group

MS group Healthy 
group p-value

FSH level
Mean ± SD
median, range (min-max)

5.43±3.23 5.52±4.67 0.426

LH level
Mean ± SD
median, range (min-max)

5.01±2.21 5.65±3.14 0.068

Prolactin level
Mean ± SD
median, range (min-max)

7.77±3.88 10.85±3.87 0.841

Total testosterone level
Mean ± SD
median, range (min-max)

4.28±1.20 4.50±2.24 0.012

Plasma AMH level
Mean ± SD
median, range (min-max)

8.86±5.29 10.02±2.74 0.215

Serum glucose level
Mean ± SD
median, range (min-max)

95.32±8.60 92.22±5.06 0.319

Serum TSH level
Mean ± SD
median, range (min-max)

1.80±1.26 1.96±0.60 0.264

SD: Standard deviation, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, 
AMH: Anti-Mullerian hormone, TSH: Thyroid-stimulating hormone

Table 2. MSHQ, IIEFQ, and fatigue impact scale scores of the 
study group

MS group Healthy group p-value

FIS-total score
Mean ± SD 34.7±23.33 17.67±6.57 0.037

FIS-cognitive subscale
Mean ± SD 7.30±6.24 5.78±4.57 0.112

FIS-psychosocial subscale
Mean ± SD 18.00±13.53 8.67±5.54 0.018

FIS-physical subscale
Mean ± SD 9.57±7.63 3.22±2.38 0.008

MSHQ-ejaculation 
function score
Mean ± SD

5.71±2.68 9.28±4.82 0.014

MSHQ-ejaculation bother 
score
Mean ± SD

2.33±1.55 2.57±1.98 0.275

IIEFQ score mean ± SD 24.65±5.07 27.54±4.50 0.185

SD: Standard deviation, FIS: Fatigue impact scale, MSHQ: Male sexuel healt questinore, 
IIEF: International index of erectile function
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test times were significantly longer (p=0.008, p=0.008, and 
p=0.026) (Table 3).

The healthy control group exhibited a negative correlation 
between FSH and testosterone (r=-0.783) and a positive 
correlation between FSH and AMH (r=0.400). A negative 
correlation was observed between AMH and testosterone (r=-
0.500, p=0.004). Serum testosterone levels were well negatively 
correlated with SDMT scores and were well positively correlated 
with trail-making test times (A-B) [r=-0.582 (p=0.025), r=0.567 
(p=0.017), and r=0.683 (p=0.036)]. The patient group exhibited 
a negative correlation between age and BVMT and SDMT [r=-
0.461 (p=0.015), and r=-0.436 (p=0.026)]. A moderate negative 
correlation was also observed between serum total testosterone 
levels and SDMT scores (r=-0.498; p=0.034). Evaluation of 
erectile function in the MS group revealed a negative correlation 
between the IIEF and EDSS (r=-0.415, p=0.048), a positive 
correlation with the CVLT, one of the cognitive tests (r=0.503, 
p=0.011), and a negative correlation with trail-making test time 
(B form) (r=-0.521, p=0.015).

Figure 1. Erectile dysfunction status of the study group according to the 
IIEFQ

IIEF: International index of erectile function

Table 3. Cognitive- fatigue-depression scores and sex hormones of all study groups
ED (+) ED (-) p-value

Age (years)
Mean ± SD 45.60±12.88 39.00±10.07 0.191

Age of onset (years)
Mean ± SD 36.00±8.71 31.75±8.85 0.27

Disease duration (years)
Mean ± SD 9.6±8.00 7.5±4.31 0.082

EDSS score
Mean ± SD 2.7±2.03 1.62±0.80 0.001

CVLT score
Mean ± SD 41.60±14.04 52.50±13.75 0.008

BVMT-R score
Mean ± SD 14±9.75 24.50±6.85 0.008

SDMT score
Mean ± SD 28.55±13.83 37.83±14.40 0.15

Trail making test-A score
Mean ± SD 66.01±41.80 45.26±35.55 0.234

Trail-making test-B score
Mean ± SD 173.95±94.83 96.84±50.72 0.026

FIS-cognitive subscale
Mean ± SD 4.43±3.82 9.64±7.47 0.101

FIS-physical subscale
Mean ± SD 7.43±7.45 9.18±6.88 0.615

FIS-psychosocial subscale
Mean ± SD 14.86±13.59 18.64±14.29 0.582

Depression score
Mean ± SD 12.78±8.55 11.73±8.11 0.783

Total testosterone level
Mean ± SD 4.77±0.91 3.75±1.46 0.07

Plasma AMH level
Mean ± SD 10.32±6.08 8.35±5.12 0.59

SD: Standard deviation, AMH: Anti-Mullerian hormone, FIS: Fatigue impact scale, SDMT: Symbol digit modalities test, BVMT-R: Revised brief visuospatial memory test, EDSS: Expanded 
disability status scale
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Discussion

FSH and LH released from the pituitary gland are gonadotropic 
hormones LH stimulates the production of testosterone by 
stimulating Leydig cells in the testicular tissue, while the 
target of FSH is Sertoli cells involved in spermatogenesis. 
Also, FSH functions with testosterone in regulating Sertoli cell 
functions. Although decreased Sertoli cells, sperm counts, and 
testis volumes are detected in some individuals, normal sexual 
development and fertilization can still occur. However, full germ 
cell maturation independently of testosterone is impossible. 
FSH, LH, and testosterone levels are parameters for determining 
the roles in both fertility and erectile functions (17). Both FSH 
and LH levels increase in primary testicular insufficiency in 
infertile men with testicular insufficiency. However, it should 
be remembered that FSH and LH levels are variable in infertile 
men (18,19).

While sex hormones are generally known for their roles in sexual 
development and maturation during adolescence, sex steroids 
can act as trophic factors affecting brain development and 
neuron plasticity, and because of this effect, they can stimulate 
neurite outgrowth, synapse numbers, and myelination with their 
direct effects on glial cells (20-22). Regarding its capability of 
crossing the blood-brain barrier and directly affecting neuronal 
cells, the neuroprotective impacts of testosterone have been 
described in many studies (21,22). The detection of lower 
testosterone levels at the onset of disease in male patients with 
autoimmune disease has hypothesized that low testosterone 
levels may be a risk factor for autoimmune diseases (23). Low 
testosterone values have previously been notified in men with 
MS (24,25). However, the fact that no comparison was made 
with healthy controls should be remembered as a limitation of 
this study and evaluated accordingly.

The prodromal stage of MS has recently attracted significant 
attention. This is when many subjective complaints, such as 
depression, anxiety, decreased academic performance, and 
dermatological symptoms, appear before the clinical onset of 
MS. One study reported that low testosterone may also be a 
prodromal marker (26). However, further studies involving more 
significant patient numbers and different clinical characteristics 
are needed on this subject. Mobile male MS patients not 
receiving pulse steroids for at least three months, not in the 
attack period, and without very high EDSS scores were evaluated 
in this study. The erectile functions of the patient group and the 
profiles of hormones capable of affecting these were compared 
with those of healthy controls. Serum glucose, TSH, FSH, LH, 
total testosterone, and PRL levels were normal in the patient 
and healthy control groups. A previous study determined central 
hypogonadism at a rate of 40% at all ages in patients with MS and 
reported that low testosterone values were related to increased 

EDSS values (6). However, no hypogonadism was detected in 
the MS group in this study, but serum testosterone levels were 
statistically significantly lower in the patient group compared 
with healthy controls. No significant correlation was observed 
between EDSS and serum total testosterone levels in this study. 
The absence of any association between EDSS and testosterone 
may be related to the low number of patients, the group having 
relatively low EDSS values, or other potential factors affecting 
testosterone levels. In addition, no abnormality was detected 
in FSH, LH, TSH, or PRL levels in the MS group, and there was 
no statistically significant difference between the groups. 
As expected, a statistically significant negative correlation 
showing negative feedback was observed between FSH and 
testosterone, indicating a normally functioning hypothalamic-
pituitary-gonadal axis in the healthy group. However, there was 
no similar correlation in the MS group. Evaluated together with 
the relatively lower testosterone levels determined compared 
with the healthy group, this suggests that the hypothalamic-
pituitary-gonadal axis may be affected at any level in the MS 
group. However, the data from this study were insufficient to 
pinpoint the effect.

AMH can inhibit aromatase in Sertoli cells and act locally in 
Leydig cells to control steroidogenesis (19,20). In mice with 
AMH gene overexpression, decreased Leydig cell functions have 
also been shown (21-23). Leydig cells regulate testosterone 
production in testicular cells. Since testosterone production 
decreases as the capacity of Leydig cells decreases with aging, 
serum testosterone levels decline (27). There was a positive 
correlation between FSH and AMH and a negative correlation 
between AMH and testosterone in the MS group in this study. 
Accordingly, we concluded that either testosterone decreased 
following inhibition in the Leydig cells line with increasing AMH 
or that a negative correlation at any level exists between AMH 
and testosterone. One study examining the effect of inhibin B 
and AMH on sperm determined high serum FSH and low inhibin 
B and AMH levels in subfertile males (28). The authors of that 
study also reported that this hormone may represent a valuable 
marker of spermatogenesis due to the broad overlap between the 
control and subfertile males. The decrease in AMH production 
indicates increased intratesticular androgen concentration, 
and low AMH levels have been reported in azoospermia. The 
previously shown negative relationship between testosterone 
and AMH was also been demonstrated in our study (9). There are 
few published data regarding the possible role of AMH in male 
fertilization and sexual function. Additionally, investigating 
the relationship between AMH, FSH, and testosterone in both 
healthy and sexually dysfunctional individuals may help clarify 
the issue. Also, AMH levels in the seminal fluid can yield more 
effective results. However, both collection and measurement 
entail technical problems (29). 
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The increased frequency of ED in neurodegenerative diseases 
of the central nervous system can be explained by both lesion 
localization and the global effect on the central nervous system. 
Past studies have demonstrated the presence of ED in patients 
with MS (30-32). ED was also detected at a rate of approximately 
40% in the MS group in this study. When we evaluated sexual 
functions in the patient and healthy groups using the MSHQ, 
the ejaculatory function was statistically significantly poorer in 
the patient group by comparison with the healthy. Consistent 
with this study, a previous study also observed dysejaculation 
in patients with MS patients, although no comparison with 
healthy controls was performed (33). In this study, a negative 
correlation was shown between IIEF and EDSS. Because low IIEF 
scores indicate poor erectile function, we evaluated low IIEF 
scores in patients with high EDSS as compatible with the usual 
course of the disease. When individuals with and without ED in 
the patient group were compared, EDSS scores were statistically 
significantly higher in the ED group. Another study comparing 
the erectile functions of MS patients with those of healthy 
controls obtained similar findings to ours, with IIEF scores being 
significantly lower in patients with high EDSS scores (34).

There has been minimal investigation of the hypothalamus-
pituitary-testis axis and sperm parameter activity in patients 
with MS (24). In-depth evaluation of inflammation is important 
since it can impact fertility by affecting hormone production. 
Whether or not sperm counts and characteristics in MS patients 
were affected by high-dose cortisone use over many years, drugs 
with immunosuppressive characteristics or drugs secondary to 
autoimmunity were assessed using semen analysis. There was no 
difference between the MS group and healthy controls in terms 
of sperm count and motility. Also, no significant difference 
was observed in the healthy control group regarding sperm 
parameters. The few studies on this subject have investigated the 
impact of disease-modifying therapies on sperm parameters and 
have reported no change in sperm parameters or the association 
between clinical and radiological variables (35). In conclusion, 
this study has shown that although erectile dysfunction and low 
testosterone levels are determined in patients with MS patients, 
fertility is not impaired.

The impairment of cognitive function is seen in approximately 
half of the people with MS, and numerous factors impact 
cognition, such as age, sex, and disease severity (36,37). Following 
a previous study, a negative correlation was shown between age 
and information processing speed and visuospatial memory 
scores in this study (38,39). Studies showing a relationship 
between cognitive tests and testosterone have found that high 
testosterone levels are correlated with better cognitive functions 
(6). Also, studies are reporting an improvement in cognition 
with testosterone therapies, or testosterone does not affect 
cognition (40-43). This study determined a negative correlation 
between information processing speed and testosterone in the 
healthy control group. Concurrently, a positive correlation was 

determined between executive function and testosterone levels. 
There was also a negative correlation between testosterone and 
information processing speed in the MS group. That is to say, 
a negative correlation, although weak, was observed between 
testosterone and cognition in both the healthy and MS groups. 
This observation of a negative connection between testosterone 
and cognition in both groups, unlike a previous study, may be 
associated with the low number of patients or suggests that 
the relationship between these two parameters is more complex 
than currently thought. Additionally, in a previous study, it was 
reported that testosterone may damage cognitive function (44). 
Some observational studies have suggested that testosterone is 
related to better verbal memory or higher mini-mental state 
examination scores (45,46).

Study Limitations

The low number of patients may be considered as the principal 
limitation of this study. However, sex hormones in male MS 
patients have been investigated in several previous studies, 
and we think that this study’s results, which evaluated sexual 
function disorder, cognitive functions, and sperm characteristics, 
may contribute to illuminating the function of sex hormones in 
MS.

Conclusion

The effect of androgens on cognition remains unclear. Erectile 
function disturbance in the MS group was associated with low 
verbal memory scores and low executive functions. Cognitive 
scores (verbal memory, executive functions, and visuospatial 
memory) were statistically significantly weaker in the group 
with ED than in the non-ED group. Higher EDSS scores and 
cognitive impairment in patients with MS patients with ED were 
regarded as consistent with both cognitive impairment and 
erectile function disorder, indicating a poor prognosis for MS. 
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