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ABSTRACT

Objectives: This study aims to assess the bone mineral density (BMD) and serum levels of 25(OH)-vitamin D and their relationship with 
steroid use and ambulation in patients with Duchenne muscular dystrophy (DMD).
Patients and methods: Between January 2017 and May 2018, medical records of a total of 67 male patients (mean age, 13.9±4.3 years; range, 
8 to 25 years) who were diagnosed with definite DMD were retrospectively analyzed. Demographic data, functional activity level, steroid use, 
fracture history and location, serum levels vitamin D, and lumbar and hip Z-scores in BMD at the time of the initial admission were recorded. 
Results: The mean level of vitamin D was 13.4±7.5 ng/mL. In terms of serum levels of vitamin D, 28 patients (41.8%) had severe deficiency, 
31 (46.3%) had insufficiency, and five patients (7.5%) had deficiency. Only three (4.5%) of the patients had sufficient levels of vitamin D. The 
hip Z-scores were significantly lower than lumbar Z scores. There was no significant difference in the lumbar and hip BMD measurements 
between the patients with and without steroid use. Lumbar Z-scores were significantly lower in non-ambulatory patients than ambulatory 
patients.
Conclusion: It is of utmost importance to evaluate the initial serum vitamin D levels in terms of bone health and prescribe replacement 
in case of deficiency/insufficiency in DMD patients. Since the decrease in the BMD is evident in this patient population, maintaining the 
mobilization as long as possible, providing loading on the bone for a long time, may be beneficial.
Keywords: Ambulation, bone mineral density, Duchenne muscular dystrophy, steroid, vitamin D.

Duchenne muscular dystrophy (DMD) is an 
X-linked recessive genetic disorder which accounts for 
every 3,600 to 6,000 live births. The absent or defective 
dystrophin protein caused by a mutation in Xp21 
dystrophin gene leads to instability and degeneration 
in muscle fibers. Progressive muscular weakness 
causes loss of independent ambulation around age of 
13 years and premature death.[1]

Corticosteroids are highly effective in maintaining 
muscular strength, improving walking and survival, 
decreasing scoliosis, and stabilizing respiratory 
functions, thus, regarded as the gold standard in 
treatment. However, corticosteroid therapy increases 
the risk of osteoporosis and bone fragility.[2,3] Steroid 
therapy affects bone destruction both directly and 

indirectly. It suppresses release of growth hormone and 
inhibits synthesis of insulin-like growth factor I. As a 
result, osteoblast activity decreases, while osteoclasts 
are activated directly. On the other hand, calcium 
absorption from the intestinal mucosa decreases and 
calcium and phosphate excretion from the kidneys 
increases, leading to hypocalcemia and secondary 
hyperparathyroidism. Although the turnover rate of 
the bone increases, bone formation is inadequate 
due to suppressed activity of osteoblasts. Eventually, 
bone resorption and osteoporosis begin.[2-4] Patients 
with DMD have been reported to have progressive 
deficiency of bone mineral density (BMD) due to 
steroid use beginning from the early stages of their 
disease course.[3] Mechanical loading on bones is as 
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important as the BMD and structural content for bone 
strength. Factors negatively affecting the bone health in 
DMD patients include progressive muscular weakness, 
immobility, and adverse effects of the corticosteroids 
on the muscles.[4]

Another factor affecting the bone health 
is Vitamin D. Deficiency of vitamin D causes 
abnormalities in osteoblast function and imbalance 
in calcium metabolism, and increases the risk of fall.[5]

Osteoporosis is highly prevalent in patients with 
DMD due to the impaired micro-architecture of 
bone tissue and decreased bone mass. This increases 
fragility and fracture risk. Fractures are common in 
long bones of lower limbs and in spine, mainly.[6,7] Poor 
bone health, characterized by pain, increased fracture 
risk due to osteopenia and osteoporosis, and fractures, 
adversely affects the quality of life in DMD patients.[4,8] 
Thus, it is of importance to monitor BMD regularly, 
consider the risk factors and schedule treatment, 
accordingly.

In the present study, we aimed to assess the BMD 
and serum levels of 25(OH)-vitamin D and to examine 
the relation to steroid use and ambulation in patients 
with DMD.

PATIENTS AND METHODS

This cross-sectional, descriptive study was 
conducted at Izmir Tepecik Training and Research 
Hospital, Neuromuscular Diseases Unit between 
January 2017 and May 2018. Medical records of a total 
of 67 male patients (mean age: 13.9±4.3 years; range, 
8 to 25 years) who were diagnosed with definite DMD 
were retrospectively analyzed. Diagnosis of DMD was 
based on clinical findings, blood biochemistry, genetic 
testing, and muscle biopsy, when necessary. Patients 
under eight years old were excluded, as BMD could not 
be measured in this age group. Considering life span of 
the patients, the upper limit of age was set at 25 years. 
Those with endocrinologic, malignant, or rheumatic 
conditions which might lead to osteoporosis, and 
those using medications which might alter the bone 
metabolism were excluded. A written informed consent 
was obtained from each participant or caregiver. The 
study protocol was approved by the institutional Ethics 
Committee (No. 2018/71). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki.

Demographic data (age, sex, education status, and 
duration of disease), history of steroid use, duration 
and dose of steroid use (if present), history of fracture 

and location (if present), functional activity scores 
(ambulation status), and laboratory parameters of 
serum level of Vitamin D, calcium, parathyroid 
hormone, phosphorus, creatinine kinase, and lactate 
dehydrogenase were recorded. The patients were 
using either 0.75 mg/kg/day of prednisolone or 
0.9 mg/kg/day of def lazacort as steroid therapy, if 
present. Duration of steroid use was classified as 
0-12 months, 13-60 months, and ≥61 months.

All patients were classified in five stages, based 
on their functional activity level, as defined by the 
Neuromuscular Network (NMD).[9] Those in Stages 
1 to 3 were considered ambulatory, otherwise 
non-ambulatory.

Serum levels of vitamin D

Serum levels of vitamin D were measured as 
25(OH) vitamin D using the COBAS 411 device 
(Roche Diagnostics GmbH, Mannheim, Germany) via 
electrochemiluminescence (ECLIA) and the results 
were expressed in ng/mL. Vitamin D status was 
defined as deficient for 0-20 ng/mL, insufficiency for 
21-29 ng/mL, and sufficient for ≥30 ng/mL.[10]

Bone mineral density measurement

Dual energy X-ray absorptiometry (DXA), which 
is the most frequently used and most reliable method, 
is used to evaluate BMD.[10] It yields the relationship 
between the BMD and risk of fracture. The fact that 
it uses low levels of X-ray is considered as its major 
advantage.[11] The DXA measures the BMD in the real-
setting and express the amount of mineral per square 
centimeter in g/cm2. For the assessment, T and Z 
scores are used. For the measurement of BMD, Z score 
means how many standard deviations higher or lower 
the measurement is than those of the age- and sex-
matched individuals. It is used to assess osteoporosis 
in children and premenopausal women. The bone mass 
less than excepted for chronological age is considered, 
if Z score equals to or is lower than -2 SD, and normal 
bone mass excepted for chronological age is considered, 
if it is greater than -2.[12] In the present study, the 
BMD was assessed measuring by Hologic DXA device 
(Hologic Inc., Bedford, MA. USA). Lumbar (L1-L4) 
and hip total Z scores and BMD of all patients were 
expressed in g/cm2.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 23.0 software (IBM Corp., Armonk, NY, 
USA). Descriptive data were expressed in mean ± 
standard deviation (SD) and median (min-max) values 
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and number and frequency. Categorical variables were 
compared using the chi-square test (or Fisher’s exact 
test, where appropriate). Continuous variables were 
compared using the Mann-Whitney U test between 
the patient groups. Linear correlations between the 
Z-scores and vitamin D levels were tested using the 
Spearman rho correlation analysis with a cut-off value 
of >0.600 for strong correlation. A p value of <0.05 was 
considered statistically significant.

RESULTS

Baseline demographic and clinical characteristics 
of the patients are summarized in Table 1. The mean 
duration of diagnosis was 9.3±4.3 years. 

Laboratory data of patients are summarized in 
Table 2. The mean value of vitamin D levels was 
in the range of deficiency. The majority of patients 
(n=59, 88.0%) had vitamin D deficiency, five patients 
(7.5%) had insufficiency, and three patients (4.5%) had 
sufficient levels of serum vitamin D.

Two patients had a history of fracture in long bones 
(one humerus and one femur). Both patients were using 
steroids for more than five years. They had severely 
deficient serum levels of vitamin D (<10 ng/mL).

There was a significant difference between the 
lumbar and hip Z scores of the patients (p<0.05). 
However, no significant difference was found between 
the lumbar and hip BMD of the patients (p>0.05).

Table 3 shows the comparison between the patients 
with and without steroid use and ambulatory and non-
ambulatory patients for serum Vitamin D levels and 
BMD measurements. The patients with and without 
steroid use had both deficient levels of Vitamin D. 
According to hip Z scores, the scores were significantly 
lower in the non-ambulatory patients, compared to the 
ambulatory ones.

Table 1. Baseline demographic and clinical data of patients 
with DMD (n=67)

n %
Sex

Male 67 100
Educational level 

Illiterate 1 1.5
Primary school 40 59.7
Secondary school 25 37.3
Higher education 1 1.5

Ambulation
Ambulatory 22 32.8
Non-ambulatory 45 67.2

Steroid use 
Yes 55 82.1
No 12 17.9

Duration of steroid use
0-12 month 4 7.3
13-60 month 13 23.6
61+ month or more 38 69.1

Type of steroid 
Prednisolone 52 95
Deflazacort 3 5

History of fracture 
Yes 65 97
No 2 3

Fracture of long bones 2
Humerus 1
Femur 1

DMD: Duchenne muscular dystrophy.

Table 2. Laboratory data of the patients with DMD 
expressed

Mean±SD Min-Max
25(OH)-Vitamin D (ng/dL) 13.4±7.5 3-36
Calcium (mg/dL) 9.8±0.4 8.5-11
Parathyroid hormone (pg/mL) 44.9±20.2 13-109
Creatinine kinase (U/L) 4594±4179 84-19570
Lactate dehydrogenase (U/L) 512.4±277 191-1496
DMD: Duchenne muscular dystrophy; SD: Standard deviation; Min: 
Minimum; Max: Maximum.

Table 3. Lumbar and hip Z scores, BMD, vitamin D according to steroid use and ambulation in patients with DMD
History of steroid use No history of steroid use Ambulatory Non-ambulatory

Mean±SD Mean±SD p Mean±SD Mean±SD p

25(OH) vitamin D 13.2±7.3 14.2± 8.7 0.695 11.6±6.3 13.6±7.6 0.492

Lumbar Z score -2.0±1.4 -1.4±1.5 0.144 -1.2±1.5 -2.0±1.4 0.447

Hip Z score -3.2±1.1 -2.6±1.2 0.144 -2.5±0.8 -3.2±1.2 0.030

Lumbar BMD 0.590±0.154 0.579±0.165 0.664 0.543±0.124 0.594± 0.157 0.447

Hip BMD 0.539±0.169 0.481±0.224 0.579 0.556±0.099 0.527±0.185 0.455
DMD: Duchenne muscular dystrophy; SD: Standard deviation; 25(OH) vitamin D: 25-hidroksi vitamin D; BMD: Bone mineral density; p<0.05 statistically significant.
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DISCUSSION

In the present study, according to lumbar and hip 
total Z scores and BMD, hip Z scores of DMD patients 
were low in consistent with the previous studies. 
Similarly, Larson and Henderson[13] evaluated BMD, 
mobility, and fracture in 41 men with DMD. They 
reported that total BMD in the hip was lower than 
in the lumbar region even in the ambulatory period. 
In the recentyl studies also reported that decrease in 
BMD accelerated even more with loss of ambulation.[14] 
Aparicio et al.[15] reported proximal femoral osteopenia 
in 20% and osteoporosis in 80% of 10 ambulatory 
children who were not using any steroids. They found 
osteopenia in lumbar region in 30% of the children. 
It has been shown that, in DMD patients, progressive 
proximal muscle weakness in the lower limbs, decreased 
loading on bones, and poor mobility lead to decrease 
in BMD beginning during early stages of the disease, 
influenced by long-term steroid use and its cumulative 
dose in the vertebra.[16]

When we compared the patients according to total 
hip Z scores, the scores of non-ambulatory patients 
were significantly lower than ambulatory patients. 
Tian et al.[17] evaluated BMD in 292 ambulatory patients 
with DMD and found lower femoral and whole-body 
Z scores. They concluded that assessment of lumbar 
region alone would not sufficient and emphasized that 
vertebral fractures should be also evaluated for the 
assessment of osteoporosis.

Two patients in this study had a fracture in long 
bones after falling from height. Both patients were 
using steroids for more than five years and had severe 
deficiency of vitamin D (<10 ng/mL). No significant 
difference in BMD was found, compared to other 
patients. They both had lost ambulation after the 
fracture. The risk of fracture in DMD was reported to 
be 21 to 40% in male pediatric population relative to 
the age-matched healthy children.[15] In a retrospective 
study of 378 children with DMD, McDonald et al.[18] 
reported that 20.9% of patients had fractures, occurred 
mainly after a falling. Ambulatory patients or the ones 
using wheelchair had fractures of the lower limbs, 
mostly; however, fractures of the upper limbs were more 
common in patients using orthoses. They also reported 
that 27% of patients with fractures had lost mobility.

In this study, 82% of the patients were using steroids. 
No significant difference was found in BMD between 
the patients on steroid treatment (n=55) and the ones not 
using any steroids (n=12). Steroids are used to maintain 
the muscle strength and mobilization by decreasing 
muscle destruction, focal inflammation, and necrosis 

and protect the cardiac and respiratory functions in 
early stages of the disease. Nevertheless, they adversely 
affect the bone health and increase the risk of fracture 
due to osteopenia and osteoporosis.[2,9] Many studies 
have reported that steroids increase vertebral fracture 
risk and pain. Continuing steroid treatment, despite 
its adverse effects on vitamin D and advanced age, 
further decreases the BMD in patients with DMD.[18-20] 
Pradhan et al.[21] started prednisolone treatment in 
44 patients with DMD prior to loss of ambulation and 
followed 23 patients with DMD as the control group 
for two years. Loss in motor performance and muscle 
strength occurred much later in patients who were 
using prednisolone and steroids delayed transition to 
wheelchair for about three years.[21] There are other 
studies reporting that loss of bone is more rapid, 
decrease in lumbar vertebral Z scores is higher, and 
fragility fractures are more common in the patients 
with DMD using steroids.[22,23]

Serum levels of vitamin D were low in our 
patients and deficiency was found in 96% of the 
group. Deficiency of vitamin D is common in 
patients with DMD.[24-26] We found no significant 
difference in serum levels of vitamin D between 
the patients with or without the steroid treatment. 
Deficiency was common in both groups. Apparently, 
the importance of diagnosing the deficiency is 
essential, considering the necessity of optimizing 
the levels of vitamin D, particularly during the 
course of steroid treatment. Several studies have 
reported beneficial effects of vitamin D on bone 
health in DMD patients and replacement therapy 
has increased the BMD.[19,24,27,28] Moreover, Alshaikh 
et al.[19] assessed Vitamin D levels in DMD patients 
who were using steroid treatment and reported 
deficiency or insufficiency in 57% of patients who 
were previously treated with vitamin D replacement 
therapy and in 70% of the patients who were not 
given. They suggested that maintenance therapy was 
required with daily recommended dose of 1500 IU, 
following the replacement therapy.

Our two patients with fracture had severe deficiency 
of vitamin D, but there was no difference in levels of 
vitamin D between the patients with and without 
a fracture. This could be due to the deficiency of 
vitamin D levels being at high rates in the entire 
group of patients with DMD. Previously, in their study 
assessing the relationship between levels of vitamin D 
and fractures in 48 patients with DMD, Perera et al.[20] 
found vitamin D deficiency in 84% of the patients and 
noted that risk of fracture increased by advanced age, 
loss of mobilization, and steroid use. They reported 
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fracture in 43% of the patients. This risk can be 
reduced by supplementation therapy.[14]

Nonetheless, there are some limitations to this 
study. The main limitation of the study is the lack of a 
control group. There were no healthy control children 
in the study, as BMD was unable to be measured in 
a healthy pediatric patient group. Second, this was a 
cross-sectional study; however, longitudinal follow-up 
of these patients would reveal the impact of steroid 
therapy on bone health and vitamin D metabolism 
in disease course. In addition, a prospective study 
would enable us to monitor the effects of vitamin D 
replacement therapy.

In conclusion, it is of importance to measure the 
serum levels of vitamin D early in the disease course 
in terms of the bone health and adequate replacement 
and maintenance therapies should be given in case of 
deficiency in DMD patients. Controlled, multi-center, 
prospective clinical studies with a higher number 
of patients are warranted both to better understand 
the roles of vitamin D levels and BMD in the disease 
course and to clarify the practice algorithms and 
treatment regimens in patients with DMD.
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