DOI: 10.24125/sanamed.v15i3.454
UDK: 615.357.55.06:612.75; 616.831-004.2-085
ID: 29005577
Original article

2020; 15(3): 293–298
ISSN-1452-662X

THE RELATIONSHIP BETWEEN BONE MINERAL DENSITY
AND HIGH-DOSE SHORT-TERM CORTICOSTEROID THERAPY
IN PATIENTS WITH MULTIPLE SCLEROSIS
1

2

3

Sirinocak Bekdik Pinar, Eskut Neslihan, Sener Ufuk, Zorlu Yasar

3

1

University of Health Sciences, Derince Training and Research Hospital,
Department of Neurology, Kocaeli, Turkey
2
University of Health Sciences, Izmir Bozyaka Training and Research Hospital,
Department of Neurology, Izmir, Turkey
3
University of Health Sciences, Izmir Tepecik Training and Research Hospital,
Department of Neurology, Izmir, Turkey
Primljen/Received 11. 07. 2020. god.

Abstract: Introduction: Previous studies were reported that osteoporosis and bone fracture occurs more
frequently among Multiple sclerosis patients than the
general population. The aim of this study to investigate
the affects of total doses of short-term, high dose corticosteroids on bone mineral density and other affecting
factors for bone mineral density in Relapsing-remitting
type Multiple Sclerosis patients.
Material and methods: Fifty-four patients (37
females, 17 males) with relapsing-remitting type Multiple Sclerosis who filled the diagnostic criteria according to McDonald criteria were included in the study.
Femoral and lumbar bone mineral density were measured using dual energy X-ray absorptiometry. Expanded
Disability Status Scale, disease duration, number of attacks, cumulative corticosteroid dose were recorded.
Serum calcium, potassium, phosphorus, vitamin D, parathormone and osteocalcin levels were measured. Patients were divided into two groups: patients who have
received at least 20 g intravenous metilprednisolone
(Group I) and patients who have received less than 20 g
intravenous metilprednisolone (Group II). We analysed association between cumulative corticosteroid
dose and each parameters.
Results: Osteopenia was present in 46.2% and osteoporosis in 5.5% of the study population according to
femoral neck bone mineral density. Femoral bone mineral density was significantly lower among patients.
There was no correlation between cumulative dose of
corticosteroid and bone mineral density.
Conclusion: Low bone mineral density and osteoporosis are common in Multiple sclerosis patients.
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High-dose steroid therapy is not be the primary cause
of osteoporosis in patients with multiple sclerosis.
Key words: Multiple sclerosis, bone mineral density, vitamin D.

INTRODUCTION
Multiple sclerosis (MS) is a chronic, progressive
demyelinating disease of the central nervous system
that causes significant disability in the young population. Previous studies were reported that osteoporosis
and bone fracture occurs more frequently among MS
patients than the general population, probably as a result of reduced mobility, vitamin D deficiency and exposure to corticosteroid (CS) (1-5). Oral CS treatment
leads to a reduction in bone mineral density (BMD)
and a rapid (within 3 to 6 months) increase in the risk of
fracture during the treatment period (6). In Relapsing-Remitting MS (RRMS) patients, short-term intravenous high-dose methylprednisolone (IVMP 1g/day)
are commonly used during acute relapse (7). It is well
known effect on BMD of chronic CS exposure, but, the
effect of short-term, high-dose therapy on BMD are
still unclear.
The aim of this study to investigate the affects of
cumulative IVMP dose and other factors on BMD in
RRMS patients.

PATIENTS AND METHODS
This study was conducted in multiple sclerosis
outpatient clinic of a training and research hospital,
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University of Sciences, Tepecik Training and Research
Hospital, between June 2009 and December 2009.
Fifty-four patients with RRMS (37 female and 17 male) diagnosed according to the McDonald criteria, aged
20 to 56 years were included in this study. All procedures performed in study were in accordance with the ethical standards of the institutional research committee
and with the Helsinki declaration. Patients with a disease (hyperthyroidism, rheumatoid arthritis etc.) or
medication use (hormone replacement, oral contraceptive pill etc.) that might affect on BMD were excluded from the study. None of female women patients is menopause. All patients were in remission and
had not received CSs in the last three months due to
relapse. Clinical data and the glucocorticoids (GC)
doses were obtained by carefully searching medical
records. Expanded Disability Status Scale (EDSS),
disease duration, number of attacks, cumulative CS
dose were recorded for all patients.
Serum calcium, potassium, phosphorus, vitamin
D, parathormone (PTH) and osteocalcin levels were
measured both patients. Laboratory tests included serum concentrations of vitamin D, parathyroid hormone
and osteocalcin. 25 hydroxyvitamin D3 (25-OH-vitamin D3) isoform was measured. 25-OH-vitamin D3
concentrations and osteocalcin levels were assessed by
a chemiluminescence immunoassay. 25-OH-vitamin
D3 concentrations was assessed with Diasorin (Diasorin Inc. Northwestern Avestillwater, USA) kit and osteocalcin levels was assessed with Siemens Healthcare
Diagnostics (Siemens Diagnostics Inc. Los Angeles,
USA) kit. Parathyroid hormone levels were assessed
using routine laboratory methods (normal range: 10-69
pg/ml). The 25-OH-vitamin D3 concentrations, parathyroid hormone and osteocalcin levels in patients
were compared to normal reference range. Laboratory
referential values for 25-OH-vitamin D3 levels in the
serum ranged between 30-80 ng/ml and osteocalcin levels in the serum ranged between 2-21 ng/ml.
Dual energy X-ray absorptiometry (DEXA; Hologic QDR- 4500 °C) was used to measure BMD values
at the lumbar vertebrae (L2-L4 in the AP projection)
and in the proximal femur (femoral neck), in addition
to T and Z scores. T-score is used to make a diagnosis
of normal bone density, osteoporosis, or osteopenia according to the World Health Organization (WHO) criteria. T-score of > 1.0 was considered normal. A T-score between -1.0 and -2.5 was interpreted as osteopenia
and a T-score of < - 2.5 indicated osteoporosis (8).
According to the total dose of IVMP received during the illness, patients included in the study were divided into two groups: patients who have received at least 20 g IVMP (Group I) and patients who have received less than 20 g IVMP (Group II).

We assessed whether there was any difference in
BMD and other parameters between groups.

STATISTICAL ANALYSIS
Statistical evaluations were made with the SPSS
15.0 program. Student’s t-test, the Mann-Whitney U
test and Pearson correlation coefficient were used in
the comparison. Values of p < 0.05 were considered
significant.

RESULTS
Descriptive characteristics and densitometry measurement results of all patients were summarized in Table 1. Mean age of the all RRMS patients was 37.68 ±
9.31 (20-56) years, mean disease duration was 10.32 ±
6.10 (2-27) years and EDSS was 1.49 ± 0.73 (0-3.5).
68.5% of the patients were women. All of the patients
were ambulatory (EDSS < 3.5). All patients had normal range of serum calcium. Mean vitamin D level was
14.4±6.96 ng/ml (2-28.9). 77.7% of the patients had vitamin D level below normal level (vitamin D deficient). Mean osteocalcin level was 4.54 ± 3.16. 77.7 % of
the patients had normal osteocalcin levels.
When we classify BMD measurements as normal,
osteopenia and osteoporosis according to WHO criteria, femoral neck BMD was observed as normal in 26
(48.8%) patients, osteopenia in 25 (46.2%) patients,
and osteoporosis in 3 (5,5%) patients. And, lumbar
vertebrae BMD was observed as normal in 29 (53.7%)
patients, osteopenia in 19 (35.1%) patients and osteoporosis in 6 (11.1%) patients. Mean BMD on femur
neck (0.78 ± 0.14) was lower than lumbar vertebrae
BMD (0.95 ± 0.14) (p > 0.05). Overall rates of osteopenia and osteoporosis according to femoral neck in
RRMS patients were 46.2% and 5.5% respectively. In
all patients, no statistically significant difference was
found between BMD and other parameters including
disease duration, EDSS and vitamin D level (Table 1).
There were 32 patients in group I and 22 patients
in group II. No statistically significant differences were
found in terms of sex, age, EDSS, disease duration, level of parathormon, vitamin D and osteocalcin, lumbar
vertebrae T and Z score, femur neck T and Z score,
lumbar vertebrae BMD and femur neck BMD between
groups. There was a significant difference between the
groups in terms of the number of attacks. Patients who
received more than 20 gr of pulse IVMP had more attacks (p: 0.000) (Table 1).
There was no statistically significant difference
was determined in terms of mean osteocalcin and PTH
levels between the groups (p: 0,22 and p: 0,31).When
osteocalcin levels of the groups were compared in
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Table 1. Comparison of parameters between groups
Total

Group I

Group II

P

38/16

21/11

17/5

0.54

Age (mean ± SD) (year)

37.68 ± 9.31

38.73 ± 10.02

36.23 ± 8.37

0.20

Disease duration (year)

10.32 ± 6.10

9.91 ± 6.16

11.50 ± 4.51

0.10

Relaps number (mean ± SD)

4.77 ± 2.70

3.88 ± 2.77

6.18 ± 1.99

0.00

EDSS (mean ± SD)

1.49 ± 0.73

1.48 ± 0.74

1.52 ± 0.75

0.64

56.49 ± 25.37

61.35 ± 26.12

49.74 ± 23.53

0.31

Osteocalcin (mean ± SD) ng/ml

4.54 ± 3.16

4.67 ± 2.81

4.26 ± 3.73

0.22

Vitamin D (25 (OH) ) (mean ± SD) ng/ml

14.4 ± 6.96

14.23 ± 6,64

14.45 ± 7.65

0.91

Lomber vertebrae T score (mean ± SD)

-1.02 ± 1.25

-1.07 ± 1.16

-0.89 ± 1.39

0.82

Lomber vertebrae Z score (mean ± SD)

-0.79 ± 1.21

-0.83 ± 1.12

-0.65 ± 1.34

0.29

Femur neck T score (mean ± SD)

-0.99 ± 1.03

-0.94 ± 0.95

-1.05 ± 1.18

0.80

-0.71 ± 0.94

-0.66 ± 0.85

-0.76 ± 1.08

0.65

0.95 ± 0.14

0.95 ± 0.13

0.95 ± 0.15

1.00

0.78 ± 0.14

0.79 ± 0.12

0.77 ± 0.16

0.78

Sex (Female/male)

PTH (mean ± SD) pg/mL

Femur neck Z score (mean ± SD)
Lomber vertebra BMD (mean ± SD) g/cm
Femur neck BMD (mean ± SD) g/cm

2

2

Table 2. Descriptive characteristics female and male MS patients
Total
(mean ± SD)

Male
(mean ± SD)

Female
(mean ± SD)

p

Age (year)

37.68 ± 9.31

37.23 ± 10.11

37.87 ± 9.08

0.81

MS disease duration (year)

10.32 ± 6.10

8.59 ± 6.15

11.08 ± 6.00

0.11

Relaps number

4.77 ± 2.70

4.71 ± 3.48

4.80 ± 2.34

0.63

EDSS

1.49 ± 0.73

1.26 ± 0.71

1.59 ± 0.73

0.11

56.49 ± 25.37

56.47 ± 21.11

56.49 ± 27.27

0.65

Osteocalcin ng/ml

4.54 ± 3.16

5.32 ± 2.63

4.19 ± 3.34

0.06

Vitamin D (25 (OH) )ng/ml

14.4 ± 6.96

18.75 ± 5.64

12.53 ± 6.69

0.002

Lomber vertebra T score

-1.02 ± 1.25

-1.74 ± 1.31

-0.70 ± 1.09

0.003

Lomber vertebra Z score

-0.79 ± 1.21

-1.61 ± 1.24

-0.42 ± 1.02

0.00

Femur neck T score

-0.99 ± 1.03

-1.20 ± 2.63

-0.91 ± 3.34

0.34

-0.71 ± 0.94

-0.81 ± 0.67

-0.67 ± 1.04

0.60

0.95 ± 0.14

0.90 ± 0.14

0.97 ± 0.13

0.62

0.78 ± 0.14

0.79 ± 0.13

0.78 ± 0.14

0.83

PTH pg/mL

Femur neck Z score
Lomber vertebra BMD g/cm
Femur neck BMD g/cm

2

2

BMD lumbar vertebrae measurements, osteocalcin levels of osteoporosis patients were statistically higher
than in the normal patients (p: 0.01).
When the patients were classified according to
gender, the lumbar vertebrae Z score (p: 0.00) and T
score (p: 0.003) of male patients was lower than female
patients. No statistically significant difference was found between genders in other parameters (Table 2).

DISCUSSION and CONCLUSION
Our results showed a higher rate of osteoporosis
and osteopenia (5.5%) and osteopenia (46.2%) in MS

patients compared with the patient population with inflammatory bowel diseases (9). Lower BMD at femoral
neck and lumbar vertebrae was present in 51.8% and
46.3% of the patients respectively. In previous studies,
osteopenia was documented in 36.1% - 80% patients
with MS and osteoporosis in 4.7%–37.5% (10-18). It
has been reported that osteopenia and osteoporosis are
more common in the femoral neck compared to the lumbar spine in MS (5, 19). We did not found difference
BMD loss between femoral neck and lumbar vertebrae.
The studies investigating the effect of IVMP therapy on BMD in MS patients reported conflicting re-
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sults. Some authors have reported a negative association between cumulative pulse corticosteroid dosage
and BMD (17, 20, 21). Huang et al. explained that
high-dose, short-term IVMP treatment is effective in
accelerating sudden and permanent decreases in bone
formation and a rapid and temporary increase in bone
resorption (20). However, in our study and some others reported no significant relationship between cumulative pulse CS dose and BMD (5, 16, 18). Similarly, Olson et al. reported reduced BMD compared to
a large cohort of MS patients in Denmark and an
age-appropriate reference population, but they found
no significant association between glucocorticoids
(GC) dose (13).
The previous studies have reported negative correlation between BMD and EDSS (11, 15, 16, 18, 22,
23). In our study, no relationship was detected between
EDSS and BMD. The inability to detect such a difference may be explained by all our patients being ambulatory and low EDSS values. In some studies were suggested inverse correlation disease duration and BMD
(16, 23, 24). In our study, there were no correlation
BMD and other parameters.
In our study, osteoporosis and osteopenia were
more frequent in men (46.6% female versus 58.8%males according to femur neck BMD and 37.83% female
versus 64.7% males according to lumber BMD). And,
the lumbar vertebrae T and Z scores of men were lower
than women, which was statistically significant (p:
0.003 and p: 0,00) (Table 2). In most studies on MS and
osteoporosis, participants are mostly female patients.
This may be due to the predominance of female patients in studies.
Vitamin D is a crucial vitamin in bone health. In
addition, multiple studies were suggested that vitamin
D have immunomodulatory effect and takes an important place in T cell homeostasis in the course of MS
(25). In the our study, mean vitamin D levels of the
whole study group was below the sufficiency level. In
most studies concerning vitamin D in MS patients, vitamin D levels were observed to be lower in the patient
group than in the control group (12, 22, 23, 25, 26). In
addition, we found no correlation between BMD and
vitamin D levels. Similarly, there are studies that failed
to find an relationship between vitamin D levels and
BMD (21). However, only one study reported a significant relationship between vitamin D concentration and
lumbar T and Z scores (22).
Osteocalcin is a hormone specific to osteoblast
and plays a role in glucose homeostasis (27). Osteocalcin levels are a marker of bone formation. Osteocalcin

levels were lower in MS patients compared to controls
(22, 28). In our study, osteocalcin levels were found in
normal range in 77,7 % of patients (normal range: 2-21
ng/ml).But, osteocalcin levels of osteoporosis patients
were statistically higher than in others (p: 0,01). High
osteocalcin levels are seen with increased bone remodeling and increased bone loss (29). Susanto et al. reported a significant inverse correlation between femoral
neck BMD and serum osteocalcin (30). Terzi et al reported that, there was no significant relationship between osteocalcin and BMD (22).
High PTH levels were found in 31.5% of patients.
Some studies were found that, the concentration of
PTH was higher in the patient group (22). In our study,
an inverse correlation was observed between PTH concentration and vitamin D concentration.
Certain limitations of the present study have to be
acknowledged. We determined the study groups according to the total dose of IVMP received during the illness. Low disability scores of the patients, the low
number of participants and lack of age and
sex-matched healthy control group, are limitations of
the study.
As a result, our study shows that BMD is decreased in MS patients. However, there is no correlation
between cumulative CS and BMD dose in ambulatory
MS patients. The presence of unknown factors other
than CS dose may explain the difference between CS
dose concentration and osteoporosis among MS patients.
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Uvod: Izve{taji ranijih studija pokazuju da se
osteoporoza i prelomi kostiju ~e{}e javljaju kod pacijenata sa multiplom sklerozom nego kod ostale populacije. Cilj ove studije je da istra`i uticaj kratkoro~ne terapije visokim dozama kortikosteroida i druge faktore od
uticaja na mineralnu gustinu kostiju kod pacijenata sa
relapsno remitentnim oblikom multiple skleroze.
Materijal i Metode: Pedeset ~etiri pacijenta (37
`enskog i 17 mu{kog pola) sa relapsno remitentnim oblikom multiple skleroze, koji su ispunjavali McDonald-sove dijagnosti~ke kriterijume su bili uklju~eni u
studiju. Merena je mineralna ko{tana gustina femoralne kosti i lumbalne ki~me upotrebom DEXA metode
(dual energy X-ray absorptiometry). Skala status pro{irene nesposobnosti, trajanje bolesti, broja napada, kumulativna doza kortikosteroida su bele`eni. Serumski
kalcijum, natrijum, fosfor, vitamin D, parathormon i
osteokalcin su mereni. Pacijenti su podeljeni u dve gru-
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