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Summary

The aim of the study was to compare the bone mineral density (BMD) and body composition
between ambulatory male MS patients and control subjects and to evaluate the relationships
among body composition, motor disability, glucocorticoids (GC) use, and bone health. Body
composition and BMD were measured by dual-energy X-ray absorptiometry in 104
ambulatory men with MS (mean age 45.2 yr) chronically treated with low-dose GC and in 54
healthy age-matched men. Compared to age-matched controls, MS patients had a significantly
lower total body bone mineral content (TBBMC) and BMD at all measured sites except for
the radius. Sixty five male MS patients (62.5 %) met the criteria for osteopenia and twenty six
of them (25%) for osteoporosis. The multivariate analysis showed a consistent dependence of
bone measures (except whole body BMD) on BMI. The total leg lean mass % was as an
independent predictor of TBBMC. The Expanded Disability Status Scale (EDSS), cumulative
GC dose and age were independent determinants for BMD of the proximal femur. We
conclude that decreasing mobility in male MS patients is associated with an increasing degree
of osteoporosis and muscle wasting in the lower extremities. The chronic low-dose GC

treatment further contributes to bone loss.

Key words: bone mineral density, body composition, multiple sclerosis, osteoporosis,

glucocorticoid treatment



Introduction

Multiple sclerosis (MS) is a chronic inflammatory and progressive disease affecting the
myelin sheath covering nerve fibers in the brain and spinal cord, leading to functional
impairments such as abnormal walking mechanics, visual impairment, poor balance, muscle
weakness, fatigue and progressive immobilization (Compston and Coles 2008). Impaired
mobility or lack of weight-bearing physical activity reduces the mechanical stress on bone,
which causes a marked imbalance in bone remodeling with a disruption of osteocytes network
(Hughes and Petit 2010). Secondary osteoporosis may develop and low-trauma fractures may
occur more frequently in patients with MS than in healthy controls (Marrie et al. 2009,
Troiano et al. 1992, Logan et al. 2008, Sibley et al. 1991, Weinstock-Guttman et al. 2004,
Cosman et al. 1994, 1998, Nieves et al. 1994).

The progressive immobilization is likely to be the main factor that influence bone
health in patients with MS. The Kurtzke Expanded Disability Status Scale (EDSS), a method
quantifying disability of MS patients (Kurtzke 1983), has been found to negatively correlate
with bone mineral density (BMD) (Sibley et al. 1991, Weinstock-Guttman et al. 2004,
Cosman et al. 1994, Hotermans et al. 2006, Terzi et al. 2010, Ozgocmen et al. 2005, Schwid
et al. 1996), mainly at the hip (Hotermans et al. 2006). In addition, a strong relationship
between the EDSS and total body muscle mass has been observed in female patients with MS
(Formica et al. 1997); however, there was no significant correlation between muscle mass and
EDSS in fully ambulatory MS patients (Sioka et al. 2011). The body composition seems to
have an important influence on bone mass in non - MS populations (Proctor et al. 2000). In
MS, the total body muscle mass has been found to be an independent predictor of the total or
femoral bone mineral content (Formica et al. 1997, Mojtahedi et al. 2008). Before the era of
disease modifying drugs in MS, glucocorticoids (GC) were used not only for the treatment of
acute attacks but in some cases also for long-term management as in other autoimmune
disorders. This treatment may have a further negative effect on bone remodeling and bone
strength (van Staa et al. 2002). For the use of pulsed GC treatment, the prospective studies
have demonstrated no evidence of bone loss (Schwid et al. 1996, Bergh et al. 2006) and only
two cross-sectional studies in MS patients reported bone loss related to intermittent GC use
(Ozgocmen et al. 2005; Formica et al. 1997).

The most of clinical data assessing the bone health in MS patients were obtained

largely in women; however, understanding the causes associated with a decreased bone mass



in male MS patients, can help to define the optimal gender appropriate therapeutic
intervention. In addition, further studies are needed to better define the relationship between
bone mass and muscle mass in MS patients with different levels of motor disability. The aim
of the present study was: 1) to compare bone mass and body composition indices between
ambulatory male patients with MS and control subjects and 2) to investigate the relationships
among body composition, motor disability, GC use, and bone health in ambulatory male MS

patients.
Methods
Patients

One hundred and four male patients with MS (mean age of 45.2 + 10.2 yr) followed in the
MS center in Prague were selected retrospectively and compared to 54 controls, age and
height comparable healthy men (mean age of 44.6 = 10.1 yr). Both groups were of Caucasian
origin. Descriptive characteristics of MS patients and healthy controls are stated in Table 1.
All MS patients were chronically treated with low-dose GC (mean daily dose was 5.0 + 2.7
mg of prednisone equivalent) and had an EDSS score ranging from 1 to 6.5 (mean 4.4 £ 1.8).
In addition, pulsed pharmacological doses of GC were administered intravenously (1 g of
methylprednisolone per day for periods 3-5 d) occasionally followed by a 3-4 weeks of oral
methylprednisolone, depending on the severity of the exacerbations. Exclusion criteria for
both patients and control group were abnormal serum or urinary calcium level, diseases other
than osteoporosis that would interfere with bone metabolism; or use of any other medication
affecting bone metabolism (except to GC) within the 12 months prior the selection, such as
bisphosphonates (e.g. p.o. bisphosphonate treatment for more than 3 years or parenteral
bisphosphonates), raloxifene, strontium ranelate (nonselection), cyclosporine, fluoride, or
thiazide diuretics. The patients with MS were recruited from the Multiple Sclerosis Center of
the General University Hospital in Prague, while the age-comparable controls were selected
from a cohort of healthy subjects recruited from the Bone Center of General University
Hospital in Prague for the preventive bone program. The study was undertaken with the
understanding and written consent of each subject, with the approval of the Ethics Committee
of the General University Hospital, and complied with national legislation and the Code of
Ethical Principles for Medical Research Involving Human Subjects of the World Medical

Association (Declaration of Helsinki).



Patients with MS were divided into two groups according to the EDSS, a scale used to
measure neurological status and disability. EDSS in its central and lower portion is based
upon the ability to walk that is important for normal bone remodeling (Martyn-St James and
Carroll 2008; Kitagawa and Nakahara 2008). For purposes of the study, patients were
characterized as ambulatory if their EDSS score was < 6.5. Patients with EDSS < 6.0 are
ambulatory (walking without assistance) and EDSS value of 6.0 and 6.5 are considered
walking only several meters with unilateral or bilateral support, mostly within the flat.
Patients with EDSS > 7 are considered non-ambulatory (only the ability of transfer to
wheelchair from the bed is preserved) and these patients were not included in the present

study.
Anthropometric Measures

Standing height and weight measurements were completed with participants wearing
lightweight clothing and no shoes. Height was obtained with a stadiometer. Weight was

measured on a calibrated digital scale.
Body composition and bone measures

BMD was measured at the lumbar spine (L1-L4), total femur, femoral neck and whole body
in all participants. In addition, the BMD at the distal (1/3) radius was measured in a part of
the patients. The BMD and total body bone mineral content (TBBMC) was determined using
a dual energy X-ray absorptiometry (DXA) densitometer (QDR 4500 A, Hologic Inc.,
Waltham, MA, USA; software v. APEX 3.0). Patients and control group were measured on
the same densitometer. The short-term precision in vivo errors for the lumbar spine (L1-L4),
total femur, femoral neck, distal radius were 0.7%, 0.9%, 1.9% and 2.1 %, respectively; the
long-term precision in vitro error was 0.32%. We measured body-composition variables from
the whole body scan. The CVs for fat and lean mass by DXA are 1.9 % and 2.6 %,
respectively, for our site. Taking into account the large variation of body composition
parameters, we expressed the body composition variables as mass percentages. Total and

regional body composition variables were calculated as follows:
Percentage of total body fat mass (FM %) = total body fat mass/ whole body mass x 100
Percentage of trunk fat (trunk fat %) = trunk fat mass/total fat mass x 100

Percentage of total leg fat mass (leg FM %) = (right leg + left leg fat mass)/total fat mass x



100

Percentage of total arm fat mass (arm FM %) = (right arm + left arm fat mass)/ total fat mass
x 100

Trunk / total leg fat mass ratio (trunk/leg FM) = trunk fat mass/leg fat mass
Percentage of total body lean mass (LM %) = total body lean mass / whole body mass x 100

Percentage of total leg lean mass (leg LM %) = (right leg + left leg lean mass)/ total lean

mass x 100

Percentage of total arm lean mass (arm LM %) = (right arm + left arm lean mass)/ total lean

mass x 100

The data from the third National Health and Nutrition Examination Survey (NHANES
I11) were used as the reference sample to calculate the T-score, as recommended by Kanis and
Gluer (Kanis and Gluer 2000). According to the criterion set by the World Health
Organization, a subject was classified as having osteopenia or osteoporosis if lumbar spine
and/or proximal femur BMD was below 1.0 (T-score <—1.0) or 2.5 standard deviations (T-
score <—2.5) below the young reference population, respectively (Kanis and Gluer 2000).
Gender-specific reference data were used to calculate the T-scores. Data from the NHANES
I11 study were also used to calculate total proximal femur Z-scores, to compare our subjects
with the age and gender-matched population. For example, a Z-score of -1 indicates a
proximal femur BMD value of 1.0 standard deviation below the age and gender-matched

population.
Statistical analysis

Comparisons between MS patients as a whole group and age-comparable controls were done
using Kolmogorov-Smirnov test. Comparisons of subgroups of MS patients and age-
comparable controls were performed using multivariate general linear model (GLM) with
bootstrap modification. To avoid unnecessary increase in the risk of false positive statistical
tests (due to the large number of combinations predictor - dependent variable), we first use
linear regression - backward method to exclude those potential predictors that either did not
affect significantly any of the dependent variables or all of these affected only indirectly by
other predictors. We tested separately the predictors of the category of “body composition
indices” (BMI and total body LM %; total leg LM %, total leg FM %, total arm LM %, total



arm FM %) and the predictors of category of "disease and GC related parameters” (age and
disease duration, EDSS score, daily and cumulative GC dose, duration of GC treatment).
Remaining predictors of both categories were then tested in the final multivariate GLM with
bootstrap modification in order to find independent predictors of dependent variables:
TBBMC and BMD at the lumbar spine, total femur, femoral neck and whole body BMD. In
addition, multivariate GLM was used to study associations between EDSS and BMI and lean
mass indices percentage of total body lean mass (LM %) and percentage of total leg lean mass
(leg LM%). The statistical significance was defined as an alpha level of 0.05. We used GLM
in order to estimate also the proportion of explained variability and thus the effect size of this
dependence (n?). Cohen’s convention indicates a large effect size threshold n”> 0.137,
medium effect size for 0.137 > n2 > (0.0588 and a small effect size for 0.0588 > n2 > (0.0099
(Cohen 1988). All data analyses were conducted with PASW v. 18.0 (SPSS Inc., Chicago, IL,
USA).

Results
Study population

The descriptive characteristics and indices of body composition and BMD of patients and
controls are summarized in Tab. 1 and Tab. 2, respectively. Patients with MS did not differ
from control subjects in age, height, weight or BMI. MS patients were divided into the
subgroups according to EDSS score; the patients with EDSS > 6.0 were significantly older,
with a longer duration of disease as well as with a higher daily and cumulative GC dose than
had the subgroup with EDSS < 6.0 (Tab.1).

Bone mass indices

In comparison with age-matched controls, male patients with MS as a whole group had a
significantly lower TBBMC and BMD at all measured sites except for the radius (Tab. 2).
Sixty five (62.5 %) and twenty six (25%) of male MS patients met criteria for osteopenia and
osteoporosis, respectively (Tab. 3). There was a statistically significant negative correlation
between EDSS and TBBMC as well as BMD at all measured sites, except for the radius.
These results suggest more than two-fold higher prevalence of osteoporosis in MS patients
with EDSS > 6.0 (Tab. 3). In contrast, patients with EDSS < 6 did not significantly differ in
BMD at the total femur from healthy age-matched controls (Tab. 2). Five patients in MS

group have seven fracture events (2 vertebral, one rib and 4 extremities).



Body composition indices

Body mass index (BMI), which is often used as a surrogate measure of adiposity, was
positively correlated with TBBMC as well as with BMD at all measured sites except for the
radius, but it does not distinguish between the individual components of weight. There was no
significant difference in BMI between subgroups of MS patients and control healthy subjects.
However, there was a significant difference in soft tissue composition between MS patients
and controls. Regarding adipose indices, percentage of total body fat mass (FM %) and
percentage of total arm FM (arm FM %) were significantly higher in the patients with MS
than in control subjects, whereas percentage of total leg FM (leg FM %) and trunk FM (trunk
FM %) did not differ. In contrast, compared with age-matched control subjects, patients with
MS as a whole group had significantly reduced muscle mass indices percentage of total body
lean mass(LM%) and total leg lean mass (leg LM %), except for percentage of total arm lean
mass (arm LM %) which was significantly higher. When comparing subgroups of MS patients
according to EDSS score, leg LM% was significantly lower in patients with EDSS > 6 than in
patients with EDSS < 6 (Tab. 2).

Relationships between BMD, body composition, EDSS and other clinical variables

Linear regression analysis (backward method) of TBBMC and BMD at all measured sites
showed a significant dependence on BMI (at all measured sites), total leg LM % (except for
femoral neck BMD), EDSS (except for femoral neck BMD) and cumulative GC dose (except
for TBBMC and whole body BMD).

The final multivariate GLM of TBBMC and BMD at all measured sites showed a
consistent dependence on BMI (BMD increased with higher BMI, except for the whole body
BMD) and on age (decreasing with higher age, except for the lumbar spine BMD). In regard
of soft tissue components, the total leg LM % was positively associated with BMD at lumbar
spine, total femur and femoral neck as well as with TBBMC; however, in multivariate GLM,
the leg LM % was an independent predictor of only TBBMC (p = 0.03; n° = 0,050) (Fig.1).

The EDSS score was negatively associated with BMD at all measured sites, except
the radius; however, in multivariate GLM, EDSS score predicted only BMD at the total femur
(p=0.02, nZ: 0.058) (Fig. 2a). Furthermore, as shown in Fig. 2b, EDSS score was negatively
associated with total leg LM % (p <0.001, n2: 0.197; after adjustment for age and cumulative
GC dose). The cumulative GC dose was negatively associated with BMD at lumbar spine,
total femur and femoral neck; however, in final multivariate GLM, the cumulative GC dose



remained as an independent determinant of BMD at the total femur (p = 0.02, n2 =0,064)
(Fig. 3) and femoral neck (p= 0.02; n°= 0,063).

Discussion

This study demonstrated that ambulatory male MS patients chronically treated with low-dose
GC have a significantly lower total body BMC as well as total and regional BMD values as
compared with healthy age-matched male control subjects. Our results showed a high
prevalence of osteoporosis (25%) and osteopenia (62.5 %) in relatively young male MS
patients. The multivariate analysis showed that the higher levels of motor disability as well as
the low percentage of total leg lean mass and the cumulative GC dose were the main factors
contributing to bone loss in male MS population.

The severity of bone loss was clearly related to the degree of motor disability as
assessed by EDSS score. The ambulatory patients with EDSS > 6.0 who were unable to walk
without assistance had a significantly lower total body BMC and BMD at all measured sites,
except for the radius when compared to the healthy controls. There was a more than two-fold
higher prevalence of osteoporosis in subgroup with EDSS > 6.0 (37 % vs. 16 % in subgroup
with EDSS < 6.0). This is in accordance with the previous study of Weinstock-Guttman et al.
who reported on prevalence of osteoporosis in 37.5 % of male MS patients and mean EDSS
score 6.7 in the osteoporotic group (Weinstock-Guttman et al. 2004). In contrast, our
ambulatory patients with EDSS < 6.0 had no deficits in BMD at the total femur when
compared to healthy controls. Similarly Sioka et al. showed no deficit in bone mass in fully
ambulatory patients with MS (Sioka et al. 2011). In our study, the multivariate analysis
confirmed that EDSS score was an independent predictor of BMD at the total femur. This is
in an agreement with previous studies which documented a strong negative correlation
between disability level, measured by EDSS score and BMD at the proximal femur
(Hotermans et al. 2006).

These results suggest that the inability to walk without assistance may be one of the
main factors in accelerating bone loss. A reduced mechanical stress on bone causes a marked
imbalance in bone remodeling with a transient increase in bone resorption (which occurs
initially), and a decrease in bone formation (which is sustained for a longer duration) (Takata
et al. 2001). The mechanism causing the bone remodeling imbalance probably lies in a
marked disruption of osteocytes network due to increase of osteocyte apoptosis. Osteocytes
represents 95 % of all bone cells and form a mechanosensory system which is based on a

three-dimensional network of tightly interconnected osteocytes entombed in mineralized bone
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matrix (Rochefort et al. 2010). Disruption of this system affects probably several aspects of
bone homeostatic system, such as mechanosensitivity, mechanotransduction, and basic
multicellular units responsible for bone remodeling (Tatsumi et al. 2007). The
immobilization-induced osteocyte apoptosis is followed by osteoclastogenesis and increased
bone resorption (Aguirre et al. 2006). While molecular mechanisms of disuse osteoporosis are
not well understood, recent evidence found that mechanical unloading caused up-regulation of
Sost gene in osteocytes and increased levels of sclerostin (product of Sost gene) (Lin et al.
2009). Sclerostin is responsible for the inhibition of Wnt/beta-catenin signaling in vivo and
for the suppressed viability of osteoblasts and osteocytes (Lin et al. 2009).

The results of the current study are consistent with the findings from a number of
previous studies showing that BMD is highly related to body weight or BMI, such that
subjects with higher body weight have higher BMD (Nguyen et al. 1994; Nguyen et al.1996).
Several mechanisms have been suggested regarding the positive association between BMI and
BMD, e.g. BMI is considered to contribute to an increase of BMD by imposing higher
mechanical load on bone, which stimulates osteogenesis through bone remodeling and leads
to an increase in BMD (Frost 1998). However, BMI does not distinguish between the
individual components of body weight. Also there was no significant difference in BMI
between subgroups of MS patients and control healthy subjects. In contrast, compared with
age-matched control subjects, patients with MS as a whole group had significantly reduced
muscle mass indices percentage of total body lean mass (LM%) and total leg lean mass (leg
LM %).

Our results showed a significant negative association between EDSS and the total leg
LM %. The total leg LM % was significantly lower and total arm LM % was significantly
higher in patients with EDSS > 6 than in the control group, suggesting that in male MS
patients, motor disability affects mainly lower extremity muscle mass, whereas upper
extremities muscles are preserved. The site-specific effect of motor disability in MS patients
which results in a loss of lower extremities muscle mass may explain the loss of BMD mainly
at proximal femur, while BMD of lumbar spine or distal radius is not decreased because of its
adequate mechanical stimulation by the trunk, arms and back muscles in the upright position.

A novel finding of this study is the association between the total leg lean mass and
bone health status in males with MS. The multivariate analysis showed that the total leg LM
% was an independent predictor of total body BMC. The absence of a relationship between
leg LM% and BMD in the multivariate analysis may be due to the interaction with other

covariates (such as age, BMI or EDSS score) which may counteract the negative effect of the
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reduced leg lean mass on BMD. We suggest that the site specific effect of reduced leg muscle
mass may be influenced e.g. by weight-bearing effect of BMI which promotes an increase in
BMD and therefore counteracts the negative effect of the reduced leg lean mass on BMD.
More recently, Sioka et al. found the reduced lower extremities muscle mass in ambulatory
female MS patients (but not in males patients) when compared to controls; however, no
association between the lower extremities muscle mass and bone mass was observed;
although, this was a group of patients with a low level of disability with a mean EDSS score
of 2.2 (Sioka et al. 2011). Previous studies have shown that total body muscle mass was an
independent predictor of total body BMC or proximal femur BMC in females with MS if also
patients with a higher degree of motor deficit were included (Formica et al. 1997, Mojtahedi
et al. 2008). The muscle-bone relationship has been found in other non-MS populations, such
as middle-aged (van Langendonck et al. 2002) and older adults (Blain et al. 2001). This is the
theoretical support for the association of muscle mass on bone mass (Frost et al. 1998,
Robling et al. 2009). Furthermore, muscle-released bioactive molecules and genetic factors
can also contribute to the regulation of both bone and muscle (Karasik and Kiel 2010).

Our finding that lower extremities muscle mass is an independent determinant of bone
mass may have important clinical implications for the design of suitable preventive programs
in MS patients. The physical activities and exercises should be directed to improve muscle
and bone health in the lower extremities. Previous study in non- MS population showed that a
resistive training program may increase muscle mass and improve BMD in the femoral region
in healthy young and older adults (Ryan et al. 2004). Short-term exercise programs have
demonstrated objective improvements in lower limb muscle strength, functional capacity and
walking distance (Dalgas et al. 2009) and a recent meta-analysis showed that exercise training
leads to improvement in walking mobility in individuals with MS (Snook et al. 2009).
However, to our knowledge, there have been published no long- term studies concerning with
possible beneficial effect of exercise on bone health in patients with MS.

This study showed that continuous low-dose GC treatment significantly contributes to
the loss of BMD in male patients with MS. We found, based on the GLM multivariate
analysis, that the cumulative GC dose is a significant determinant of BMD at the total femur
and femoral neck. It is obvious, that continuous GC therapy will have a greater effect on bone
mass than intermittent pulsed GC administration (Bergh et al. 2006, Tuzun et al. 2003,
Zorzon et al. 2005, Steffensen et al. 2010). Only two cross-sectional studies in MS patients
reported bone loss related to pulsed GC use (Ozgocmen et al. 2005, Formica et al. 1997).

Ozgocmen et al. found that estimated cumulative GC dose was negatively correlated with the
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femoral trochanteric BMD, although there was no correlation with BMD at the femoral neck
or lumbar spine (Ozgocmen et al. 2005) and Formica et al. found a deficit in total body BMC,
which could be caused by a reduction in muscle mass due to GC treatment (Formica et
al.1997). In the single study in which MS patients were treated with continuous low-dose
prednisolone for a mean duration of 6.2 years (mean dose of 7.3 mg/day), there was no
correlation between bone loss and treatment duration, mean or cumulative GC dose (Stépan et
al. 2004). However, more importantly, the lack of effect of GC on BMD does not necessarily
imply a low fracture risk since studies in non-MS GC users showed that fracture risk is only
partly explained by BMD (Steinbuch et al. 2004, Bazelier et al.2011), implying an effect on
bone quality (van Staa et al. 2003). The central pathophysiological mechanism of bone loss
during long-term use of GC is reduced bone formation and bone repair, due to actions that
affect osteoblast differentiation and function (Weinstein et al. 1998). GC may also affect the
metabolism and function of osteocytes and have pro-apoptotic effects on osteoblasts and
osteocytes (Lane et al. 2010). These effects of GC might account for deterioration in bone
structural and material properties (including decreased trabecular thickness or reduced bone
mineralization and elastic modulus of bone surrounding osteocyte lacunae) and a
disproportionate loss of bone strength in relation to bone mass (Hayashi et al. 2005).

The epidemiological studies in non-MS patients clearly showed that doses as low as
2.5-5 mg of prednisolone equivalents per day can be associated with a 2.5-fold increase in
vertebral fractures (van Staa et al. 2002), the risk is greater with higher doses used for
prolonged periods (van Staa et al. 2000). The previous studies in non-MS patients showed
that the risk of osteoporotic fractures remains slightly increased in patients undergoing cyclic
GC treatment at high doses (de Vries et al. 2007); however, the continuous effect of low-dose
GC treatment on fracture risk has not been studied in MS populations. In our study we
reported 2 clinical vertebral fractures in MS patients; however, we did not examine X-ray in
all patients to detect subclinical vertebral fractures. Addressing the question of whether
duration of GC treatment along with motor disability in patients with MS increases risk of
osteoporotic fractures requires further prospective study.

Besides GC, in pharmaceutical management of MS, immunomodulatory drugs
wereused: interferon P in 26.9%, low-dose methotrexate in 13.5% and azathioprine in 34.6%,
glatiramer in 5.8 % and natalizumab in 1.9%. The effect of immunomodulatory drugs on bone
health in MS is not entirely clear and further investigation with regard to their effects on bone
health is needed. Although, no harm effect of low dose methotrexate was observed in patients

with MS, several case reports have described associations between pathological non-vertebral
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fractures and low-dose methotrexate in rheumatoid arthritis patients (Urano et al. 2009). In
addition, methotrexate osteopathy, characterized by pain, osteoporosis and micro-fractures,
has been very rare observed in patients with low dose metotrexate treatment (Van Der Bijl et
al. 2008). Other immune-modifying drugs, such as interferon —beta or azathioprine, which
are used in conjunction with GC have not been shown to promote bone loss experimentally or
clinically. Contrary, interferon-beta may have favorable effect on bone metabolism in patients
with MS, probably due to the inhibitory effect of interferon-beta on osteoclasts development
(Abraham et al. 2009); however, if patients with immunomodulatory drugs experience fewer
relapses, maintaining mobility levels could potentially impact on bone health indirectly
(Shuhaibar et al. 2009).

The present study has several limitations. Our study is cross-sectional; therefore,
causality between variables cannot be determined. However, a major strength of our study is
that we studied both ambulatory patients with MS as well as non-MS controls. Dual energy
X-ray absorptiometry was used to assess total body BMC, BMD and soft tissue composition.
This technique has its own limitations. The major limitations of DXA primarily reflect
limitations imposed by the 2-dimensional nature of DXA. In addition, e.g. the whole body
BMD disproportionately assesses cortical bone compared to the specific metaphyseal
scanning sites that contain more cancellous bone. Further techniques, such as peripheral
quantitative computed tomography which allows for separate assessment of the trabecular and
cortical compartments of the bone, may provide better insight into the trabecular-cortical bone
relationships (Sukumar et al. 2012). The advantage is that DXA is a noninvasive and
relatively easily accessible tool to assess BMD and body composition in clinical practice.
Recently it is also possible for DXA to assess mineral mass and its spatial distribution to
calculate cross-sectional structural geometrical parameters which are also related to bone
strength (Bonnick 2007).

Another limitation is that the study was not designed to assess additional, humoral or
endocrine factors which may contribute to bone loss in MS patients. Patients with MS are
more susceptible to vitamin D deficiency due to limited sunlight exposure and a high
prevalence of vitamin D insufficiency in MS patients has been observed (Nieves et al.1994,
Hiremath et al 2009). A low vitamin D state contributes to malabsorption of calcium and
secondary hyperparathyroidism may lead to bone loss in patients with MS. Moreover, patients
treated with GC will be at greater risk for an imbalance between bone formation and bone
resorption and therefore more susceptible to development of osteoporosis due to vitamin D

insufficiency/deficiency. Although, in previous studies in MS patients, 25 OH vitamin D
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levels were not associated with BMD; this may be due to the small numbers of patients
included in the previous studies (Tuzun et al. 2003; Ozgocmen et al. 2005; Steffensen et al.
2005; Weinstock-Guttman et al. 2004). Nevertheless, the high prevalence of hypovitaminosis
D underscores the need for prospective studies to evaluate the impact of vitamin D
supplementation with regard to bone or muscle metabolism. Also, gonadal steroids were not
determined. In men, androgens and their estrogenic metabolites are among the key regulators
affecting bone mass throughout life (Ongphiphadhanakul et al. 1995) and may also contribute
to bone loss in male patients with MS (Wei et al. 1997, Weinstock-Guttman et al. 2004). Low
testosterone levels were associated with vertebral fractures in men (Scane et al. 1999). Most
studies report that circulating levels of estrogens also decrease as men age (Ferrini et al.
1998). However, studies of androgen deficiency in MS population have been limited to
smaller clinical trials (Wei et al. 1997, Weinstock-Guttman et al. 2004) and further studies are
warranted.

In conclusion, our study in males with MS showed a significant association between
decreasing mobility and increasing degree of osteoporosis and muscle wasting, namely in the
lower extremities. The deficit in the lower extremities muscle mass as well as continuous low-
dose GC treatment may further contribute to bone loss. These results have an important
clinical implication for rehabilitation of MS patients suggesting that physical activities and
exercise programs should be directed to improve muscle and bone health in the lower

extremities.
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Table 1. Descriptive characteristics of male patients with MS and healthy control subjects.

Data are mean value (+ standard deviation).

Healthy Men with multiple sclerosis
men Total EDSS <6.0 7.0 >EDSS 2 6.0

Variable n=54 n=104 n= 65 n=39
Age (years) 44.6 (10.1) 45.2 (10.2) 43.5 (10.8) 48.2 (8.4)
Height (m) 1.79 (0.08) 1.79 (0.06) 1.79 (0.06) 1.78 (0.07)
Weight (kg) 81.0 (10.2) 78.4 (11.7) 80.0 (12.5) 75.6 (9,8)
BMI (kg/m?) 25.4 (3.4) 24.5 (3.4) 24.9 (3.6) 24.0 (2.9)
Duration of disease (yr) - 15.3(7.2) 13.7 (6.6) 17.8 (7.5)
Type of disease
RR-MS - 45 45 0
SP-MS - 51 16 35
PP-MS - 8 4 4
Glucocorticoids (years) - 9.1 (4.4) 7.8 (3.6) 11.5 (4.8)°
Mean dose (mg/day) - 5.0 (2.7) 4.7 (2.6) 5.6 (2.7)°
Cumulative dose (g) - 21.1(13.7) 17.3(12.2) 28.0 (13.8)°
EDSS score - 4.4 (1.8) 3.3(1.3) 6.2 (0.3)°
Smoking 12 17 8 9

BMI = body mass index; EDSS = Expanded Disability Status Scale; RR -, SP- and PP-MS = relapsing-
remitting-, secondary progressive- and primary progressive multiple sclerosis, respectively.

Statistical significance between patients subgroups: *p <0.001; ° p <0.01
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Table 2. Comparison of the results of the total body bone mineral content (TBBMC) and

bone mineral density (BMD) and body composition variables between patients with MS

(whole group and subgroups) and healthy control subjects. Data are presented as mean values

(£ standard deviation).

Healthy men Men with multiple sclerosis
Total EDSS <5.5 EDSS 26.0
Variable n =54 n=104 n=65 n=39
TBBMC (g) 2904.5 2534.9 (361.7)** | 2617.6 (351.3) *** | 2338.5 (411.6) ***, °
(445.3)
BMD results :
Lumbar spine (g/cm?) 1.043 (0.130) | 0.920 (0.127)*** | 0.942 (0.145) *** | 0.870 (0.130) ***,°
Lumbar spine (T score) -0.5(1.3) -1.6 (1.2) -1.4 (1.4) -2.0(1.2)
Lumbar spine (Z score) -0.2 (1.3) -1.3(1.2) -1.1(1.4) -1.6 (1.2)
Total femur (g/cm?) 0.991 (0.141) | 0.882 (0.159) *** 0.938 (0.137) 0.773 (0.138) ***,°
Total femur (T-score) -0.3 (1.0) -1.0 (1.0) -0.7 (0.8) -1.7 (0.9)
Total femur (Z score) 0.1(1.3) -0.8 (1.0) -0.5(0.8) -1.3 (1.0)
Femoral neck 0.827 (0.144) | 0.737 (0.141) *** 0.772 (0.133) * 0.665 (0.136) ***,°
Femoral neck (T-score) -0.7 (1.1) -1.4 (1.1) -1.2 (1.0) -1.9 (1.0)
Femoral neck (Z score) -0.2 (1.1) -0.9 (1.0) -0.7 (1.0) -1.3 (1.0)
Radius 1/3 (g/cm?) 0.770 (0.068) 0.793 (0.062) 0.795 (0.06) 0.791 (0.072)
Radius 1/3 (T score) -0.9 (1.3) -0.4 (1.1) -0.4 (1.1) -0.3(1.2)
Radius 1/3 (Z score) -0.6 (1.3) 0.0(1.1) 0.0(1.1) 0.0(1.1)
Total body (g/cm?) 1.247 (0.114) | 1.117 (0.108) *** | 1.139 (0.100) *** | 1.064 (0.119) ***,°
Total body (T-score) 0.5(1.1) -1.0(1.1) -0.8 (1.0) -1.5(1.2)
Total body (Z score) 0.5(1.1) -0.4 (0.9) -0.2 (0.9) -0.8 (1.0)
Adipose indices:
Total body FM % 25.5(6.4) 29.2 (5.1) ** 28.9 (5.3)** 29.7 (4.1)**
Trunk FM % 49.7 (6.2) 49.8 (5.9) 49.3 (6.3) 50.3 (5.4)
Total leg FM % 33.4(5.6) 32.7 (4.6) 33.2(4.7) 32.1(4.3)
Total arm FM % 11.2(1.2) 11.9(1.2) * 11.9 (1.2)* 11.8 (1.3)*
Trunk/leg FM 1.56 (0.5) 1.57 (0.4) 1.54 (0.5) 1.62 (0.4)
Lean Mass indices:
Total body LM % 70.9 (6.2) 67.5 (4.8)** 67.8 (5.2)** 67.1(3.9)**
Total leg LM % 34.6 (2.5) 33.7 (1.7)* 34.2 (1.6) 32.9 (1.6) ***°
Total arm LM % 12.3(1.1) 13.2 (1.0) *** 13.0 (1.0) ** 13.4 (1.1) **+

Statistical significance between patients vs. control group: ***p <0.001; ** p <0.01; * p <0.05;
and between patients subgroups: ® p <0.001; b p <0.01
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Table 3. Percentages of low BMD patients and healthy controls by EDSS score.

Healthy men Men with multiple sclerosis
Total EDSS < 6.0 EDSS 26.0
n =54 n=104 n=58 n =46
Normal 36 (66.7%) 13 (12.5%) 13 (22.4%) 4 (8.7%)
Osteopenia 16 (29.6%) 65 (62.5%) 36 (62.1%) 25 (54.3%)

Osteoporosis

2 (3.7%)

26 (25.0%)

9 (15.5%)

17 (37.0%)

Normal: T score > -1.0; Osteopenia: -1 < T score > -2.5; Osteoporosis: T score < -2.5
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Figure legends

Fig.1. Relationship between total body bone mineral content (g) and total leg lean mass (%)
in patients with multiple sclerosis. Dotted lines: prediction intervals. In multivariate GLM,
total leg lean mass (%) was positively associated with total body bone mineral content
(TBBMC) (p = 0.03, n= 0.050; after adjustment for age, BMI, EDSS and cumulative GC

dose).

Fig. 2. Bone mineral density at the total femur (T-score) (a) and total leg lean mass (%) (b) as
a function of disability status (EDSS score) in patients with multiple sclerosis. Dotted lines:
prediction intervals. In multivariate GLM, EDSS score was negatively associated with BMD
at the total femur (p = 0.02, n°= 0.058; after adjustment for age, BMI, total leg lean mass %
and cumulative GC dose) and with total leg LM% (p < 0.001, n= 0.197; after adjustment for

age and cumulative GC dose).

Fig. 3. Relationship between bone mineral density at the total femur (T-score) and cumulative
glucocorticoid dose (mg). Dotted lines: prediction intervals. In multivariate GLM, the
cumulative glucocorticoid dose was negatively associated with BMD at the total femur (p =
0.02, n’= 0.064, after adjustment for age, EDSS, BMI and total leg lean mass %).
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Fig. 2a, b
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Fig. 3
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