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Abstract
Summary RANKL-OPG should be explored in DMD patients to potentially provide targeted therapy. We quantified RANKL
and OPG levels in DMD patients compared with controls. RANKL, OPG, and RANKL:OPG significantly declined with age in
DMD patients suggesting some bone turnover markers are difficult to assess or use as therapeutic indicators.
Introduction Osteoporosis in Duchennemuscular dystrophy (DMD) is multi-factorial in nature with high prevalence of fractures.
RANKL-OPG should be explored to potentially provide targeted therapy for these patients. We quantified RANKL, OPG, and
RANKL:OPG levels in DMD patients compared with controls and analyzed the influence of age, glucocorticoid use, ambulatory
status, bone density, and fracture history.
Methods DMD patients were enrolled at CHLA. Controls were recruited from general pediatric clinic and in collaboration with
samples from a previously completed study. Free soluble RANKL and OPG levels were quantified using a sandwich ELISA.
Results Fifty DMD patients and 50 controls were enrolled. DMD patients had a significant decline in RANKL, OPG, and
RANKL:OPG with age (p = < 0.0001, p = 0.026, and p = 0.002, respectively) while healthy controls showed no significant
change. RANKL trended lower in patients on glucocorticoids (p = 0.05), attributed to the significantly older age in the treatment
group. RANKL and RANKL:OPG levels were significantly lower in the non-ambulatory group compared with the ambulatory
group (p = 0.010 and 0.036 respectively), again likely due to their older age. There was no correlation of RANKL, OPG, or
RANKL:OPG with DXA Z-score or presence of vertebral fractures.
Conclusion There was significant decline in RANKL, OPG, and RANKL:OPG with age in DMD patients compared with
controls, potentially due to disease severity or worsening osteoblastic function. This suggests some bone turnover markers
may be difficult to assess or use as therapeutic indicators in DMD patients. Larger studies are needed to evaluate the role of
RANKL-OPG in DMD patients to provide better targeted therapy.
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Introduction

Duchenne muscular dystrophy (DMD) is the most common
form of muscular dystrophy, affecting 1 in every 3500 to 5000
males and very rarely females [1]. Mutation in the dystrophin
gene leads to progressive and severe muscle weakness with
gradual loss of ambulation before 16 years of age [1].
Standard of care therapy involves the use of glucocorticoids,
which has been shown to prolong ambulation as well as delay
cardiac dysfunction, ventilatory support, and scoliosis [2, 3].
Persistent glucocorticoid use, progressive muscle weakness,
and immobilization lead to poor bone health and secondary
osteoporosis in patients with DMD with very few treatment
options [4]. In a large retrospective study by Tian et al., the
prevalence of overall fractures in their DMD cohort was
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approximately 80% with almost 60% having vertebral frac-
tures by 18 years of age [5]. Therefore, it is important to gain
further understanding of bone loss on a molecular level to
provide better targeted therapy for these patients.

The receptor activator of nuclear factor kappa-Β ligand
(RANKL)-osteoprotegerin (OPG) system is one such molec-
ular pathway in bone remodeling that could be exploited to
devise new, directed, therapy for DMD patients [6, 7].
RANKL, produced by osteoblasts, binds to its receptor on
osteoclasts leading to their differentiation and maturation with
subsequent increase in bone resorption [8]. OPG, a soluble
decoy receptor, binds RANKL, inhibiting osteoclastogenesis
and reducing bone resorption. The discovery of RANKL has
given further insight into bone resorption regulation; however,
its role in disease processes remains unclear [8].

There have been limited studies evaluating RANKL-OPG
pathway in pediatrics. Prior reports have shown RANKL to be
elevated in chronic inflammatory states as well as glucocorti-
coid exposure [9–12]. Thus, we aimed to quantify RANKL,
OPG, and RANKL:OPG levels in a large DMD cohort and
compare them to healthy, age and gender-matched, controls.
In addition, we sought to correlate these levels with clinical
measures such as age, glucocorticoid use, ambulatory status,
bone density, and fracture history.

Materials and methods

Patients and controls

This cross-sectional study enrolled disease subjects from the
multi-disciplinary DMD clinic as well as metabolic bone clinic
at Children’s Hospital Los Angeles (CHLA). Inclusion criteria
were ages 1–21 years with a genetic or biopsy-confirmed diag-
nosis of DMD. No patients were excluded. Age, ambulatory
status, and glucocorticoid agent and dose were obtained from
medical chart review. Treatment regimenswere at the discretion
of the primary neurologist and included daily prednisone, high-
dose weekend prednisone, and daily deflazacort. Each DMD
patient was then gender- and age-matched to a control subject.

Controls were recruited from general pediatric clinic at
CHLA as well as in collaboration with serum samples stored
from a previously completed study [13]. Inclusion criteria for
the control group were ages 1–21 years, no known medical
conditions, and no daily medications. Patients were excluded
if they had sustained a fracture in the last 6 months.

This study was approved by the Institutional Review Board
at the Children’s Hospital Los Angeles.

Biochemical determinants

Blood samples from CHLA and outside collaboration were
collected upon consent and processed within 4–6 h. Samples

were centrifuged, serum aliquoted, and frozen at − 80 °C until
assayed. Free soluble RANKL levels were quantified using a
sandwich enzyme-linked immunosorbent assay (ELISA)
(Biomedica Medizinprodukte GmbH & Co KG, Vienna,
Austria). The limit of detection for this assay is 0.01 pmol/L.
Intra- and inter-assay precision is ≤ 5% and ≤ 3%, respective-
ly. OPG was also measured using a sandwich ELISA
(Biomedica Medizinprodukte GmbH & Co KG, Vienna,
Austria). The limit of detection for this assay was
0.07 pmol/L, with intra- and inter-assay precision of ≤ 3%
and ≤ 5%, respectively. The RANKL:OPG ratio was calculat-
ed for each patient by dividing the values of RANKL byOPG.
Disease and control samples were run together at random.

Bone imaging

Bone imaging studies were collected retrospectively from the
medical chart. Bone density was measured using dual-energy
X-ray absorptiometry (DXA) (Hologic Horizon A-301054 m)
with pediatric software analysis. Lumbar spine DXA at the
level of L2–L4 was most consistently attained and used for
analysis as it is one of the preferred sites for bone mineral
density measurement in pediatrics [14]. Non-height-adjusted
pediatric Z-scores were reported. Spinal posterior-anterior
(PA) and lateral cervical, thoracic, and lumbar spine X-rays
were done for assessment of presence of compression fracture.

Statistics

Descriptive statistics were used to summarize the distribution
of variables. The results are presented as medians with inter-
quartile range (IQR) due to the skewness of the distribution.
Wilcoxon ranksum test was used to examine the difference in
RANKL, OPG, and RANKL:OPG between two comparison
groups such as subjects and controls. Kruskal-Wallis test was
used to examine the difference in RANKL, OPG, and
RANKL:OPG across age group. Correlation analyses were
performed with Spearman’s non-parametric rank correlation.
Differences in RANKL, OPG, and RANKL:OPG with gluco-
corticoid use and ambulatory status were examined using
quantile regression model with age adjustment. All tests were
two-tailed and conducted at the 5% significance level.

Results

Baseline characteristics

Fifty DMD patients and 50 controls were enrolled. Baseline
clinical characteristics are shown in Tables 1 and 2. The mean
age for both groups was 11.2 years ±0.67 (p = 0.99). Majority
of DMD patients were non-ambulatory at the time of sampling
and on glucocorticoids. Eight patients had osteoporosis in the
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setting of 1 or more vertebral fractures, none of whom were
treated with bisphosphonates prior to sampling.

RANKL, OPG, and RANKL:OPG correlation with age

There was no difference in gender or age between the DMD
group and healthy controls (Table 2). Correlation of RANKL
by age for both DMD patients and controls is shown in Fig. 1.
DMD patients had a significant decline in RANKL by age
(p = < 0.0001) while healthy controls showed no significant
change (p = 0.52). RANKL levels were then analyzed by
age sub-groups, shown in Fig. 2. RANKL was significantly
higher in the DMD group of 6–10 years compared with con-
trols (p = 0.012). There was no statistical significance in
RANKL between the remaining age groups (Fig. 2).

Similar to our RANKL results, DMD patients had a signif-
icant decline in OPG and RANKL:OPG ratio levels over time
(p = 0.026 and p = 0.002, respectively) (Figs. 3 and 4). In con-
trast, control patients showed no significant decline in OPG or
RANKL:OPG with age (p = 0.126 and p = 0.941, respective-
ly) (Figs. 3 and 4). There was no significant difference in OPG
or RANKL:OPG between DMD patients and controls when
analyzed by age sub-groups.

RANKL, OPG, and RANKL:OPG by glucocorticoid use

Thirty-nine of the 50 DMD patients (78%) were treated with
glucocorticoids at the time of sampling with a mean age of
12.3 years. Eleven patients were off steroids (physician or
family choice) with a significantly lowermean age of 7.4 years
(p = 0.004). Patients on glucocorticoids had a lower RANKL
concentration approaching significance (median RANKL =
0.26 pmol/L) than those patients off treatment (median
RANKL = 0.40 pmol/L, p = 0.05). In addition, patients on
treatment had significantly lower OPG levels (median
OPG = 3.7 pmol/L) compared with those patients off therapy
(median OPG = 5.0, p = 0.023). There was no significant dif-
ference in the RANKL:OPG levels between the two
groups. There was no significant difference in RANKL,
OPG, or RANKL:OPG by glucocorticoid use after age-
adjusted analysis. There was no significant difference in
RANKL or RANKL:OPG levels between daily predni-
sone, daily deflazacort, or high-dose weekend predni-
sone treatment regimens.

RANKL, OPG, and RANKL:OPG by ambulatory status

Thirty-one of the 50 DMD patients (62%) were non-
ambulatory at the time of sampling with a mean age of
13.4 years. The remaining 19 ambulatory patients had a sig-
nificantly lower mean age of 7.6 years (p < 0.001). RANKL
and RANKL:OPG levels were significantly lower in the non-
ambulatory group (median RANKL = 0.22 pmol/L and
RANKL:OPG = 0.06) compared with the ambulatory group
(median RANKL = 0.31 pmol/L and RANKL:OPG = 0.07,
p = 0.010 and 0.036 respectively). There was no significant
difference in OPG levels (p = 0.64). No difference in
RANKL, OPG, or RANKL:OPG was seen between the two
groups after age-adjusted analysis.

RANKL and RANKL:OPG correlation with DXA

Seventeen of the 50 DMD patients (34%) had lumbar spine
DXA evaluation completed at the time of analysis. There was
no correlation noted between DXA Z-scores and RANKL
level (Spearman r = − 0.10, p = 0.696) or RANKL:OPG
(Spearman r = 0.08, p = 0.779).

RANKL, OPG, and RANKL:OPG correlation
with vertebral fractures

Twenty of the 50 DMD patients had adequate spine films
completed at the time of analysis. Of the 20 patients, 8
(40%) had one or more compression fractures. There was no
significant difference in RANKL, OPG, or RANKL:OPG
concentration in those with vertebral fractures compared with
those without. Due to the small sample size, age adjustment
analysis could not be completed; however, both groups had no
significant difference in age.

Discussion

In our study, we found a significant decline in the RANKL,
OPG, and RANKL:OPG levels with age only in the DMD
cohort whereas in healthy controls, they were relatively un-
changed over time. These findings could be explained by pro-
gressive impaired osteoblastic activity specifically seen in
DMD patients resulting in decrease RANKL and OPG

Table 1 Baseline characteristics of enrolled subjects

DMD Controls

n 50 50

Males
Females

49
1

49
1

Mean age (years) 11.2 ± 0.67 11.2 ± 0.67 p = 0.99

Table 2 Clinical Characteristics of DMD cohort

Ambulatory Glucocorticoid use*

Yes 19 39

No 31 11

*20 patients were on daily prednisone, 8 patients were on high-dose
weekend prednisone, and 11 patients were on daily deflazacort
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production over time. Rufo et al. reported significantly lower
RANKL and RANKL:OPG in their 11 DMD patients com-
pared with healthy controls [15]. Their group found that cer-
tain osteoblast transcription factors as well as bone morpho-
genic proteins were significantly decreased in DMD sera-
treated mice compared with controls [15]. Furthermore,
Nakagaki et al. demonstrated a reduced number of osteoblasts
and osteoclasts per tissue area in mdx mice models compared
with controls suggesting there may be intrinsic factors in
DMD leading to poor osteoprogenitor cell differentiation,
consequently impairing bone modeling and remodeling [16].

Interestingly, our data uncovered a significant difference in
RANKL noted in the 6-–10-year age group compared with
age-matched, healthy peers. To our knowledge, no previous
pediatric studies have evaluated RANKL by age sub-groups

in the DMD population. It is possible there are innate features
unique to the DMD disease process during this time that al-
lows upregulation of RANKL compared with other age
groups. This could give insight into when more vigilant bone
health surveillance is needed and is tempting to speculate that
it may be a target period for treatment with RANKL antago-
nist therapy.

RANKL and OPG concentrations had a higher trend in
those patients off glucocorticoid therapy compared with
glucocorticoid-treated group, which we hypothesized was
due to their significantly younger age. In addition, RANKL
and RANKL:OPG levels were significantly higher in the am-
bulatory DMD group compared with those who were wheel-
chair bound, again likely due to the younger age group of
those were still ambulatory. As DMD patients tend to lose

Fig. 2 Comparison of RANKL
levels between DMD patients and
controls by age sub-groups.
RANKL levels in pmol/L are on
the y-axis with age sub-groups in
years on the x-axis. IQR are
shown by the shaded bar with
median values lined within. Bars
represent minimum and maxi-
mum values with outliers being
more than 2 standard deviations
above the median. There was
significant difference of RANKL
levels in the
6-–10-year age group

Spearman r = -0.61
p = <0.0001

DMD Controls

Spearman r = -0.09
p = 0.52

Fig. 1 Correlation of RANKL
by age
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ambulation by the second decade, it is possible by this time
their circulating RANKL levels have naturally started to de-
cline. After age adjustment, no difference in RANKL, OPG,
and RANKL:OPGwas seen in ambulatory status or glucocor-
ticoid use further supporting our finding for age as a driving
factor. Large, prospective, studies are needed to evaluate
the effects of non-ambulatory status and glucocorticoid
treatment and duration on RANKL and OPG levels as
well as its clinical implication on bone resorption and ulti-
mately osteoporosis commencement.

Only a small portion of DMD patients completed
DXA and PA/Lateral spine films. There was no correla-
tion with DXA severity and RANKL levels although the
sample group was too small to perform any further
analysis. There was no significant difference in RANKL
levels in those with vertebral fractures compared with those
without. Again, trendsmay have been difficult to assess due to
small sample size.

There were limitations to our study. There is inadequate
data on stability of RANKL or variation in secretion so

random sampling may not be adequate to determine maxi-
mum free soluble ligand levels. In addition, other factors that
influence bone resorption and could potentially influence
RANKL levels such as PTH, Vitamin D status, and systemic
cytokines were not evaluated. Other bone turnover markers
such as C-telopeptide and N-telopeptide were also not obtain-
ed for comparison. Correlation of RANKL levels with dura-
tion of glucocorticoid therapy and non-ambulation was not
examined due to difficulty obtaining clear duration from chart
review as some patients had transferred care from other insti-
tutions and others took self-directed drug holidays. Pubertal
status was also not analyzed and may have confounded the
downward trend of RANKL, OPG, and RANKL:OPG with
age given the known pubertal delay in DMD patients.

Lastly, BMD evaluation was only performed in a small
subset of the DMD cohort due to insurance authorization is-
sues. Height-adjusted Z-scores were not used due to inconsis-
tent height measurements in the DMD patients. This may be
inadequate in DMD patients with short stature as it can falsely
lower their Z-score in comparison with healthy peers of

DMD Controls

Spearman r = -0.28
*p = 0.026

Spearman r = -0.21
p = 0.126

Fig. 3 Correlation of OPG by age

DMD Controls

Spearman r = -0.44
*p = 0.002

Spearman r = -0.01
p = 0.941

Fig. 4 Correlation of
RANKL:OPG by age
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normal height [14]. Thus, height-adjusted Z-score would have
been more accurate in this patient population. Additional fac-
tors that affect BMD measurement in DMD patients include
scoliosis, often requiring corrective hardware, as well as ver-
tebral compression fractures which can artefactually elevate
the BMD value for the affected vertebra [17]. Hence, arm span
may be used as a surrogate for height measurement in future
studies.

Conclusion

Our study is the first to report a significant decline in RANKL,
OPG, and RANKL:OPG with age in DMD patients compared
with healthy controls. This trend suggests some bone turnover
markers may be difficult to assess as well as use as therapeutic
indicators in DMD patients. In addition, there was significant
difference in the 6-–10-year DMD subset compared with age-
matched controls. Additional larger studies are needed to eval-
uate the role of RANKL-OPG in the bone phenotype of DMD
patients to provide better targeted therapy for these patients.
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