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Abstract

Background—Gonadal steroids may modulate disease course in multiple sclerosis (MS).

Objective—To assess the prevalence and clinical associations of hypogonadism in MS men.

Methods—Males, aged 18-65 years, with relapsing remitting MS or CIS and first symptom <10 

years prior, were selected from a longitudinal clinical study, Hormones were measured in stored 

morning blood samples. Expanded Disability Status Scale (EDSS) scores were collected every 6 

months, and Symbol Digit Modalities test (SDMT) annually.

Results—The analysis included 96 men with a mean age of 40 years, EDSS of 1.1, and disease 

duration of 4.6 years. Of these men, 39% were hypogonadal (total testosterone <288 ng/dL); none 

showed compensatory elevations in luteinizing hormone. Low testosterone levels and 

testosterone:estradiol ratios were negatively correlated with body mass index and leptin, and 

showed no correlation with 25-hydroxyvitamin D levels. In the primary cross-sectional analyses, 

there was a negative age-adjusted correlation between total testosterone and EDSS (p=0.044). In 
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the age-adjusted longitudinal analyses, higher baseline testosterone levels were associated with 

less decline in SDMT (p=0.012).

Conclusion—Men with MS may experience hypogonadotropic hypogonadism. Low testosterone 

levels may be associated with worse clinical outcomes. A potential neuroprotective role for 

testosterone warrants further investigation.
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INTRODUCTION

Men may be three times less likely to develop multiple sclerosis (MS) than women, but they 

are more likely to display progressive forms of the disease and to display brain atrophy, 

disability and cognitive impairment, irrespective of disease type 1, 2. Cognitive impairment 

is one of the major factors associated with unemployment in persons with MS and may 

affect function in all spheres of daily living 3.

Gonadal hormones may mediate sex-related differences in inflammation and 

neurodegeneration in MS 4. Age-related declines in male testosterone levels 5 have been 

hypothesized to partially explain the later onset of MS relative to women. While some 

studies have found decreased levels of testosterone in men with MS relative to healthy 

controls 6-8, these studies had important limitations, including variable definitions of 

hypogonadism, lack of control for confounding introduced by recent steroid use, circadian 

variation of testosterone levels, and the inclusion of men with advanced disease, in whom 

hypogonadism may be caused by chronic disease 9.

In this study, we hypothesized that a significant subgroup of men with MS have low 

testosterone levels and that these levels are associated with disease severity. We first 

characterized testosterone levels early in the disease course of a large cohort of men with 

MS. Second, we investigated the correlation between testosterone and other endocrine 

modulators of MS, both known (vitamin D) 10 and exploratory (body mass index, 

leptin)11, 12. Finally, we determined the association between baseline testosterone levels and 

both cross-sectional and longitudinal disability measures, including clinical disability and 

cognitive outcomes.

METHODS

Subjects

The subjects included in this study were male patients of the Partners MS Center, aged 

18-65, enrolled in the Comprehensive Longitudinal Investigation of Multiple Sclerosis at the 

Brigham and Women’s Hospital (CLIMB)13. Over 2,000 patients have enrolled since 2000, 

and are followed longitudinally with annual standardized clinical exams, magnetic 

resonance imaging scans (MRIs) and stored blood samples. Patients selected for this study 

met the diagnostic criteria of relapsing remitting MS (RRMS) by the 2005 McDonald 
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criteria 14 or clinically isolated syndrome (CIS), and had at least 2 years of clinical follow up 

available after a blood sample.

Standard Protocol Approvals, Registrations, and Patient Consents

Institutional Review Board approval was granted by the Partners Human Research 

Committee.

Hormonal and metabolic measures

Stored blood samples were selected if they had been drawn between 0830 and 1130 to 

minimize diurnal variability, and at least 30 days from exposure to exogenous 

glucocorticoids. In order to minimize the confounding caused by deleterious effects of 

chronic disease on testosterone levels 15, only samples drawn within 10 years of first 

symptom onset were included. If several samples meeting these criteria existed for a given 

individual, one sample per individual was selected according to the following priorities: 

shortest disease duration, earliest time of day, and greatest volume of specimen remaining 

for subsequent CLIMB analyses. According to CLIMB protocol, all samples were stored at 

−80° C following their collection. All samples were processed in the Harvard Catalyst 

Clinical laboratory.

Plasma was used for some hormonal analyses and serum for others, to maximize the volume 

of samples available for analysis. Testosterone, estradiol, luteinizing hormone (LH) and 25-

hydroxyvitamin D were assessed from plasma samples. Plasma testosterone, estradiol and 

LH levels were measured using Access Chemiluminescent Immunoassay (Beckman Coulter, 

Fullerton, CA). The lower limit of detection of testosterone was 10 ng/dL, of estradiol was 

20 pg/mL, and of LH was 0.2 mIU/mL. Testosterone levels are marginally lower in plasma 

than serum (manufacturer assay 95% reference range 168-758 vs. 175-781 ng/dL, both with 

median 384 ng/dL). Plasma 25-hydroxyvitamin D levels were measured using a 

radioimmunoassay (Diasorin, Inc, Sillwater, MN). The lower limit of detection was 1.5 

ng/dL. Sex hormone binding globulin (SHBG) and leptin were assessed from serum 

samples. SHBG levels were measured using Access Chemiluminescent Immunoassay 

(Beckman Coulter, Fullerton, CA). The lower limit of detection was 0.33 nmol/L. Leptin 

levels were measured using a radioimmunoassay (Millipore, St. Charles, MO). The lower 

limit of detection was 0.1 ng/mL.

Free testosterone was calculated from total testosterone and SHBG using the laws of mass 

action 16, and free androgen index was calculated using 100(testosterone)/SHBG 16. The 

ratio of testosterone to estradiol levels was calculated, as a potential measure of anti- vs. 

proinflammatory effects 7.

Height and weight measurements were available in a subset (N=84), and body mass index 

(BMI, kg/m2) was calculated. Mean BMI for these individuals was 28.4 kg/m2 (SD 4.8); 

mean BMI for a subset of 56 individuals with BMI data within 6 months of blood draw was 

28.8 kg/m2 (SD 4.5).
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Clinical outcomes

Two primary outcomes were investigated. Clinical disability was measured using the 

Expanded Disability Status Scale (EDSS17). The Symbol Digit Modalities Test, a test of 

executive function and processing speed and a sensitive early marker of longitudinal 

cognitive changes in MS,18, 19 was performed annually in a subgroup of these subjects 

enrolled in a detailed CLIMB quality of life and cognitive substudy. In these subjects, 

depression was measured using the Center for Epidemiologic Studies Depression scale 

(CES-D). The mean (SD) CES-D score was 8.5 (6.9) and 14% scored 16 or above (the 

cutoff for depression).

Follow up data were available for an average of 3.7 years for EDSS and 2.7 years for 

SDMT.

Statistical Analysis

Variable processing—To ensure normality, leptin values were log-transformed. To 

control for seasonal variability in 25-hydroxyvitamin D levels, in line with previous 

analyses 20, 25-hydroxyvitamin D levels were regressed on the periodic function –sin(2πX/

12)– cos(2πX/12), where X is month of sample collection. The residuals from this model 

were added to mean 25-hydroxyvitamin D from the entire sample to create an adjusted 25-

hydroxyvitamin D measurement. When estradiol levels were less than detectable 

(<20pg/mL, N=10) a value of 19 pg/mL was used.

Analyses—In order to examine associations between androgen measures and other 

hormones, Pearson correlation coefficients were calculated, and partial Pearson correlation 

coefficients adjusting for age were also calculated.

The pre-specified primary cross-sectional analysis was the correlation between total 

testosterone and EDSS at the same visit date (using partial Spearman correlations adjusting 

for age). Secondarily, we examined the cross-sectional correlation between total testosterone 

and SDMT (using partial Pearson correlations adjusting for age). Exploratory analyses were 

run for the other androgen variables (free testosterone and testosterone:estradiol ratio) using 

similar models. Since testosterone was correlated with both leptin and BMI, in order to 

determine whether testosterone exerts effects on outcomes independent of its association 

with adiposity, thepartial correlation coefficients were also calculating adjusting for age and 

leptin.

The longitudinal analyses examined the association between baseline testosterone levels and 

longitudinal changes in EDSS and SDMT, using generalized estimating equations 21. For 

each outcome and predictor pair, the mean change in each outcome was assumed to be linear 

with time, and the focus of the analysis was the effect of the baseline testosterone 

measurement on the change over time. Each model was fit assuming an identity link 

function and an exchangeable working correlation structure, and robust standard errors were 

used to calculate p-values. When the GEE model for the EDSS using the proportional odds 

link, the conclusions were the same as those reported below. Exploratory analyses for the 
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other androgen variables (free testosterone and testosterone:estradiol ratio) were performed 

using similar models.

RESULTS

Clinical and demographic characteristics

At the time of sampling, subjects had a mean age of 39.8 years, a mean disease duration of 

4.6 years since their first symptom, and a low EDSS (mean 1.07) (Table 1). Their mean 

hormonal measures are summarized in Supplementary Table 1.

Testosterone levels early in MS course

When we assessed the prevalence of hypogonadism in our sample, 39% of subjects had 

testosterone levels below 10 nmol/L (288 ng/dL). This threshold representsthe lower limit of 

the normal range for total testosterone level in healthy young men (280-300 ng/dL), below 

which symptoms of hypogonadism are more commonly seen in clinical practice,22,23 and a 

commonly used cutoff for hypogonadism in research settings.24, 25 When partitioning 

subjects by age, hypogonadism was observed across all age categories (Table 2). Among the 

39% of men who were hypogonadal, all had luteinizing hormone (LH) levels that were 

either low (22%; <1.24 mIU/mL) or normal (78%; 1.24-8.62 mIU/mL), suggesting 

hypogonadotropic, i.e. central, hypogonadism. When we further assessed possible 

confounders of testosterone levels, neither treatment status, smoking status nor depression 

score at time of the blood sample had a significant effect on testosterone levels (p>0.15 for 

all)

Testosterone correlations with other hormonal markers

Other hormonal (vitamin D) and metabolic (BMI, leptin) markers have been associated with 

MS susceptibility or outcomes in MS 10-12, and testosterone levels have been associated 

with these markers in healthy populations 26-28. We therefore decided to assess the 

association between testosterone and these markers in our subjects with MS. We found 

negative partial Pearson correlations between baseline testosterone levels and both leptin (r= 

−0.23, p=0.03) and BMI (r= −0.23, p= 0.04). There were similar negative partial 

correlations between the testosterone:estradiol ratio and both leptin (r=−0.27, p=0.01) and 

BMI (r=−0.33, p=0.003) (Supplementary Table 2). There was no correlation between any 

androgen measure and 25-hydroxyvitamin D levels.

Testosterone associations with disease outcome measures

Cross-sectional outcomes—In our primary analyses assessing the cross-sectional 

relationship between testosterone levels and disease outcome measures, lower testosterone 

levels were correlated with higher EDSS (partial r=−0.21, p=0.04). When we controlled for 

disease duration there was no change in the significance of this association. Testosterone 

levels were not correlated with SDMT (p=0.32) (Table 3a).

Given the correlation between testosterone and adiposity measures (leptin and BMI), we 

further sought to determine whether the association between testosterone and EDSS was 

independent of adiposity, by performing additional partial Spearman correlations adjusting 
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both for age and for leptin. Leptin was chosen over BMI because of the larger number of 

individuals contributing leptin measures to the model, and because leptin is a marker of 

adiposity, whereas BMI can be increased both by adiposity and muscle mass. The p-value 

for the correlation between testosterone and EDSS in age- and leptin-adjusted models was 

0.092.

In secondary analyses, there was a negative correlation between the testosterone:estradiol 

ratio and EDSS (age-adjusted r=−0.26 and p=0.013; age- and leptin-adjusted r=−0.22, 

p=0.034). The negative correlation between free testosterone and EDSS (r=−0.27, p=0.010) 

was only suggestive after adjusting for age (r=−0.20, p=0.051) and for age and leptin (r=

−0.19, p=0.066).

Longitudinal outcomes—In our analyses assessing the relationship between baseline 

total testosterone and longitudinal clinical changes (EDSS and SDMT), lower baseline 

testosterone levels were associated with worse course in terms of SDMT (age-adjusted, 

p=0.012) but not in terms of EDSS (p=0.125). When we controlled for disease duration, as 

well as for treatment status with disease modifying therapies, there was no change in the 

significance of this association.

Given the cross-sectional correlation between baseline testosterone levels and EDSS, to 

assess whether longitudinal SDMT changes could be attributed to a higher baseline EDSS 

and not to lower testosterone levels, EDSS was included in an additional model, with no 

change in the association between baseline testosterone levels and longitudinal SDMT 

changes. In secondary analyses, lower free testosterone levels were also associated with 

greater change in SDMT (p=0.011) (Table 3b).

DISCUSSION

In this investigation of testosterone levels early in disease course in men with RRMS and 

CIS, there was a high prevalence of hypogonadism in our subjects (39%) across all age 

categories, all of whom exhibited inappropriate gonadotropic responses that suggested 

central hypogonadism. Clinically, lower testosterone levels were associated with both 

increased EDSS at baseline and greater longitudinal changes in SDMT.

The large proportion of men with MS observed to have testosterone levels below 288 ng/dL 

supports findings from some smaller studies 4, 6-8. An important limitation of this paper is 

the lack of a healthy control reference group with testosterone levels measured using the 

same assay. Nonetheless, data from the literature do provide important comparisons. In 

contrast to the high prevalence of hypogonadism in our MS sample (over 40% of males aged 

18-40 years) in a healthy reference cohort of 456 males aged 18-40 years from the 

Framingham Heart StudyGeneration 3, with total testosterone level measured using liquid 

chromatography tandem mass spectrometry, the 2.5th percentile (below which males are 

typically considered hypogonadal in reference populations) was 348 ng/dL, which 

corresponds to our mean value for all subjects in this age range of 349 ng/dL. The 1st 

percentile was 282 ng/dL.15 Similarly, the reference range for healthy men aged 20-40 in 

another study was 10.6-31.9 nmol/L (305-919 ng/dL) 29. In a healthy cohort of 394 much 
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older males, aged 70-89 years, the 5th percentile for total testosterone levels was 222 ng/dL 

and the 25th percentile was 314 ng/dL 30. Studies of testosterone levels in males with other 

autoimmune disease such as systemic lupus erythematosis and rheumatoid arthritis, have 

suggested that low testosterone levels may be present even close to disease onset 9 and thus 

may be implicated not only as a consequence of, but also as a risk marker for, autoimmune 

disease. Given that testosterone levels may decline in men with chronic diseases 15, and that 

there may be a period of vague symptoms and high healthcare utilization prior to any formal 

MS symptoms or diagnosis 31, our cross-sectional data do not permit a determination of 

causality. In fact, it is possible that other factors such as even remote use of glucocorticoids 

beyond 30 days from blood draw, or MS comorbidities such as depression, suppress gonadal 

activity to some extent. We attempted to address this possibility by including men with early 

MS (mean time from symptom onset of 4.6 years), low EDSS (mean of 1), and no recent 

glucocorticoid administration. To more fully address the possibility that hypogonadotropic 

hypogonadism is a risk factor for MS, longitudinal assessments of stored testosterone levels 

in pre-symptomatic populations are necessary.

To our knowledge, this is the first observational study to report an association of low 

baseline testosterone levels with disease severity, and with longitudinal changes in 

cognition. Mechanistically, testosterone has both an anti-inflammatory and a neuroprotective 

role in animal models. Putative neuroprotective mechanisms include (1) its ability to cross 

the blood brain barrier in its free form and directly influence neuronal cells; (2) protection of 

spinal cord neurons from glutamate toxicity; (3) protection from oxidative stress in neuronal 

cell lines; and (4) an increase in the expression of neurotrophic factors such as brain derived 

neurotrophic factor (BDNF) 4. Ongoing investigations appear to support a protective role of 

testosterone treatment against cognitive decline in healthy aging men. It is important to note, 

first, that these effects have been seen when individuals were given dihydrotestosterone, 

which unlike testosterone cannot be converted via aromatase to estradiol, supporting a direct 

androgenic effect, and second, that there may be an optimal therapeutic window.32 In MS, 

due to neurodegenerative, hippocampal-dependent cognitive deficits that may be shared with 

normal cognitive aging 33, testosterone treatment could be hypothesized to increase 

hippocampal synapses and thereby slow the rate of cognitive decline. In one small pilot 

clinical trial of 10 men with RRMS aged <65 years, treatment with testosterone gel for 12 

months was associated with improved cognition, slowing of brain atrophy 34, and changes in 

immunologic reactivity 35.

In secondary analyses, we also found a negative association between the 

testosterone:estradiol ratio and disease activity. Both testosterone and estrogens have been 

implicated in MS, with estrogens having carrying pro- or anti-inflamatory effects at different 

concentrations, and with estriol appearing to have more potent anti-inflammatory effects 

than estradiol 4. Both testosterone and estradiol are associated with disease activity on 

MRI 7, and the testosterone:estradiol ratio may represent a ratio of anti-versus pro-

inflammatory activity. Exploration of different forms of estrogens and androgens may shed 

light on a possible optimal balance of hormones in neuroprotection in MS.

The negative association between testosterone and adiposity in this study parallels findings 

from healthy populations 36. The potential modulatory role of metabolic factors (e.g. 
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adolescent obesity 11), and metabolic signaling hormones (e.g leptin, adiponectin 12) on MS 

susceptibility is an area of active investigation. Leptin, an appetite signaling hormone 

produced primarily in adipocytes, may act as a powerful pro-inflammatory cytokine that 

promotes Th1 responses on one side and inhibits regulatory T cell expansion on the other, 

increasing MS disease risk 12. Thus, the observed association between testosterone and 

adiposity markers was expected. However, the fact that inverse associations between 

testosterone levels and EDSS remained suggestive after controlling for leptin levels, a 

marker of adiposity, supports a relationship between T levels and MS disease severity 

independent of adiposity, i.e. that we were not simply observing an effect of increased 

adiposity in sedentary patients to decrease testosterone levels.

In this study, we did not find any association between vitamin D and either testosterone or 

the disease outcomes examined. Vitamin D deficiency has emerged as a risk factor for MS, 

and low vitamin D levels may influence disease course10, 37. An interaction between vitamin 

D and estradiol has been noted 38, but, to our knowledge, no studies have examined the 

relationship between testosterone and vitamin D in MS.

This study is the largest, to our knowledge, to explore androgen levels in men with MS, and 

to control for many important variables. Nonetheless, there were several important 

limitations. First, we were likely underpowered to detect an association between testosterone 

and EDSS independent of adiposity, particularly given the low EDSS scores early in disease 

course.Second, we believe that interpretation of our findings warrants further validation 

given our small sample size, the fact that our mean SDMT scores did not decline as expected 

from a prior CLIMB cohort study 19, and the fact that the association between testosterone 

and SDMT change only became significant in later years. Others have suggested that SDMT 

may be sensitive even in early MS 39. Nonetheless, it is possible that individuals in this 

cohort manifested either strong practice effects, or greater cognitive reserve, than expected. 

The limited range of disability in our subjects may also have contributed. Further work is 

required to assess the association between testosterone and MRI outcomes in male MS 

patients.

In summary, our observation that men with MS have high rates of hypogonadism early in 

disease course, and that this hypogonadism is associated with more significant declines in 

cognitive function. These results suggest that testosterone treatment may potentially have a 

higher benefit:risk ratio in MS patients relative to a healthy population 22.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Baseline demographic and clinical characteristics of 96 men aged 18-65 with relapsing 
remitting MS or CIS, within 10 years of first symptom onset

CHARACTERISTIC VALUE

N 96

Age, years (mean (SD)) 39.8 (9.3)

Race: % white 95

Ethnicity: % Hispanic
+ 3

BMI, kg/m2 (mean (SD))* 28.4 (4.8)

Disease duration, yrs (mean (SD)) 4.6 (2.5)

EDSS (mean (SD))
+ 1.07 (0.98)

Disease category (% RR) 94

Smoking history (% present smokers) 
+ 19

Depression score (CES-D)
++

 (mean (SD)) 8.5 (6.9)

 % above 16 (cutoff for depression) 14%

Disease modifying treatments at baseline (%)
+++

None 71%

Interferons (Avonex, Betaseron, Rebif) 19%

Glatiramer acetate 7%

Natalizumab 1%

Mycophenolate mofetil 1%

Cyclophosphamide 2%

Legend:

+
Smoking history was available for N=77

++
Depression history was available for N=64

+++
1 patient was missing these features

*
84 patients had BMI measurements
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Table 2
Distribution of testosterone levels, by age

Age
Group N Testosterone (ng/dL)

% Subjects with
Testosterone <288

ng/dL

(Years) Mean (SD) Minimum Maximum

25-29 13 374 (168) 167 651 46

30-34 20 328 (99) 133 513 40

35-39 24 352 (130) 142 646 38

40-44 12 345 (108) 166 517 33

45-49 12 375 (125) 237 672 17

50-54 6 254 (159) 49 472 67

55+ 9 308 (94) 126 450 44

TOTAL 96 342 (126) 49 672 39
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Table 3a
Association between baseline androgens and both clinical (EDSS) and cognitive (SDMT) 
cross-sectional outcomes. For the EDSS correlations, Spearman’s correlation coefficients 
are reported; for the SDMT, Pearson’s correlation coefficients are reported

Cross-sectional associations between baseline androgen levels and clinical outcomes

CROSS-SECTIONAL

Unadjusted Age adjusted Age & Leptin
adjusted

HORMONE N R P R P R P

EDSS

Testosterone 95 −0.22 0.033 −0.21 0.044 −0.18 0.092

T/E2 ratio 93 −0.27 0.008 −0.26 0.013 −0.22 0.034

Free T 94 −0.27 0.010 −0.20 0.051 −0.19 0.066

SDMT

Testosterone 40 0.20 0.22 0.16 0.32 0.25 0.14

T/E2 ratio 39 0.25 0.12 0.12 0.45 0.21 0.22

Free T 40 0.28 0.077 0.14 0.39 0.20 0.24
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Table 3b
Association between baseline androgens and both clinical (EDSS) and cognitive (SDMT) 
cross-sectional outcomes. For the EDSS correlations, Spearman’s correlation coefficients 
are reported; for the SDMT, Pearson’s correlation coefficients are reported

Association between androgen levels and longitudinal changes in clinical outcomes

LONGITUDINAL CHANGES

HORMONE N EST 95% CL P-VALUE

EDSS

Testosterone 96 0.034 −0.01, 0.08 0.11

T/E2 ratio 94 0.078 −0.04, 0.21 0.20

Free T 95 1.84 −0.11, 3.78 0.065

SDMT Testosterone 40 0.63 0.14, 1.12 0.012

T/E2 ratio 39 0.72 −0.27, 1.71 0.153

Free T 40 34.3 7.8, 60.8 0.011

Legend: All of these analyses included an adjustment for age on the intercept.

GEE analysis for change in yearly change in EDSS or SDMT for a 100-unit increase in baseline hormones, controlling for age. A positive estimate 
reflects less decline for the SDMT, and a positive estimate reflects greater decline for the EDSS.
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