
C L I N I C A L R E S E A R CH A R T I C L E

Body composition and myokines in a cohort of patients
with Becker muscular dystrophy

Andrea Barp MD1 | Elena Carraro MD1 | Giovanni Goggi MD2,3 |

Andrea Lizio MSc1 | Alice Zanolini MD1 | Carmelo Messina MD, PhD4 |

Silvia Perego MSc5 | Chiara Verdelli MSc6 | Giovanni Lombardi PhD5,7 |

Valeria Ada Sansone MD, PhD1# | Sabrina Corbetta MD, PhD2,8#

1Neurorehabilitation Unit, NeMO Clinical

Center, University of Milan, Milan, Italy

2Endocrinology and Diabetology Service,

IRCCS Istituto Ortopedico Galeazzi, Milan,

Italy

3Department of Biotechnology and

Translational Medicine, University of Milan,

Milan, Italy

4IRCCS Istituto Ortopedico Galeazzi, Milan,

Italy

5Laboratory of Experimental Biochemistry &

Molecular Biology, IRCCS Istituto Ortopedico

Galeazzi, Milan, Italy

6Laboratory of Experimental Endocrinology,

IRCCS Istituto Ortopedico Galeazzi, Milan,

Italy

7Department of Athletics, Strength and

Conditioning, Pozna�n University of Physical

Education, Pozna�n, Poland

8Department of Biomedical, Surgery and

Dental Sciences, University of Milan, Milan,

Italy

Correspondence

Andrea Barp, MD, Neurorehabilitation Unit,

NeMO Clinical Center, University of Milan,

Piazza Ospedale Maggiore 3, 20162 Milan,

Italy.

Email: andrea.barp@centrocliniconemo.it

Abstract

Introduction/Aims: Becker muscular dystrophy (BMD) is an X-linked disease leading

to muscle wasting and weakness. The decrease in lean body mass (LBM) in Duchenne

muscular dystrophy, has shown correlation with loss of muscle function and bone

density (BD). Myokines (including irisin) are hormones secreted by skeletal muscle

that allow crosstalk between muscle and bone. The present study analyzed body

composition and circulating myokine levels in a cohort of BMD patients; moreover,

the association between dual energy X-ray absorptiometry (DXA) parameters, func-

tional motor assessments, and myokine levels was investigated.

Methods: All patients underwent DXA, blood samples for myokine assays, and

functional motor assessments. A group of healthy controls (HCs) was also included.

Results: Thirty BMD patients, median age at evaluation 36.0 y [26.0–41.0], were

included. Twenty-nine patients underwent whole-body DXA. Median value of total body

Z-score was �0.70. The prevalence of low skeletal muscle mass defined as appendicular

skeletal muscle mass index (ASMMI) < 7.59 kg/m2 was 83%. Irisin levels were signifi-

cantly lower in BMD compared to HCs (p = .03). All DXA parameters showed significant

correlation with the functional motor assessments, in particular the h2-standardized lean

mass lower limb index (p = .0006); h2-standardized total fat mass showed negative corre-

lations with North Star Ambulatory Assessment and 6 min walk test (p = .03).

Discussion: DXA is a useful tool to evaluate body composition in BMD patients; the

decrease in BD and LBM is associated with a reduction of motor function in BMD.

Abbreviations: 10MRT, 10 meter run test; 10MWT, 10 meter walk test; 6MWT, 6 minute walk test; ALM, appendicular lean mass; ASMMI, appendicular skeletal muscle mass index; AUC, area

under the curve; BD, bone density; BDNF, brain-derived neurotrophic factor; BMC, bone mineral content; BMD, Becker muscular dystrophy; BMI, body mass index; CTX-I, carboxy-terminal cross-

linking telopeptide of type I collagen; DMD, Duchenne muscular dystrophy; DXA, dual energy X-ray absorptiometry; FDR, false discovery rate; FNDC5, fibronectin type III domain-containing 5; FSH,

follicle-stimulating hormone; FSTL1, follistatin-like 1; FVC, forced vital capacity; HCs, healthy controls; HMGB1, high-mobility group box 1; LBM, lean body mass; LH, luteinizing hormone; mMRI,

muscle magnetic resonance imaging; NSAA, North Star Ambulatory Assessment; PTH, parathormone; SHBG, sex hormone binding globulin; TFTs, Timed Function Tests.
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1 | INTRODUCTION

Becker muscular dystrophy (BMD) is an X-linked disease caused, in

most cases, by in-frame pathogenic variants in the sequence of the

dystrophin gene (DMD), leading to lower but detectable dystrophin

expression in muscle fibers.1 The dystrophin deficiency leads to a pro-

gressive loss of skeletal muscle fibers that are replaced by adipose tis-

sue, which may exert a negative impact on bone health.2 A previous

study has demonstrated that bone density (BD), assessed by Z-score,

is reduced in patients with Duchenne muscular dystrophy (DMD) fol-

lowing ambulation loss,3 resulting in the observation that older DMD

patients have more significant bone health impairment than younger

individuals who are still able to walk. In myopathies, fat body mass

and lean body mass (LBM) (which mainly represents skeletal muscle,4

measured by dual energy X-ray absorptiometry [DXA]) are increased

and reduced, respectively.5 Individuals with DMD have shown signifi-

cantly altered whole-body composition compared to controls4-6; more

specifically, the decrease in LBM in DMD correlates with loss of mus-

cle function,4 a decrease in regional lean mass, an increase in regional

fat mass, and a decrease in strength.7

Myokines (such as irisin, brain-derived neurotrophic factor [BDNF],

follistatin-like 1 [FSTL1], and high-mobility group box 1 [HMGB1]) are

protein hormones secreted by skeletal muscle8 that are involved in

crosstalk with many different organs, such as bone, brain, and adipose

tissue. Irisin is released by the cleavage of the extracellular domain of the

transmembrane receptor fibronectin type III domain-containing

5 (FNDC5), mainly expressed in skeletal muscle. Previous studies demon-

strated that irisin synthesis increases during myogenic differentiation of

human myocites in vitro, supporting its myogenic potential.9 In agree-

ment with this hypothesis, irisin levels increase with physical activity and

decrease in sedentary individuals, those with sarcopenia, and in those

with a history of osteoporotic fractures.10-13 These data suggest that

irisin may represent a sensitive marker for muscle weakness and atrophy

and, therefore, raise the interesting possibility that it could be a potential

biomarker for muscle dysfunction.14 In line with this hypothesis, a recent

study15 reported that patients affected by myotonic dystrophy types

1 and 2 have irisin levels significantly lower than healthy controls (HCs).

The primary aim of the study was to describe the body composi-

tion (by DXA) and the circulating myokine levels in a cohort of BMD

patients, and to investigate the association between DXA parameters,

functional motor assessments, and myokine levels.

2 | METHODS

2.1 | Study population

The present cross-sectional study involved a cohort of molecularly

confirmed BMD patients from our neuromuscular center, according to

the following inclusion criteria: age ≥ 18 y old and ≤65 y old; indepen-

dent ambulation; baseline forced vital capacity (FVC) >80%

(of predicted value); no evidence of dilated cardiomyopathy (left ven-

tricular ejection fraction >50%); no significant cognitive impairment.

Exclusion criteria were non-invasive ventilation or tracheostomy; daily

use of wheelchair.

Twenty HCs, selected from the clinical staff, were also recruited.

HCs included male subjects (age ≥ 18 y old and ≤ 65 y old) without any

significant medical history, and taking no medication; HCs underwent

blood tests for myokine levels only. All the participants (both BMD

patients and HCs) provided written informed consent. The local ethical

committee approved the study protocol (NM46-MaYBE_BMD). The

study complied with the Declaration of Helsinki.

2.2 | Body composition assessment (DXA)

All patients underwent DXA using Hologic QDR-Discovery W densi-

tometer (Hologic Inc., Bedford, MA, USA) in the same referral center

(IRCCS Istituto Ortopedico Galeazzi in Milano, Italy).

BD and body composition of whole-body, total hip, distal femur

(sites R1, R2, and R3), radius, and lumbar spine (L1–L4) were mea-

sured using DXA. BD was reported in grams per square centimeter

(g/cm2). A Hologic software generated automatically age-matched Z-

scores, that were used as normative data. The whole-body Z-scores

were used to compare BD with age-matched normal ranges. A

Z-score < �2.0 was used to identify subjects with BD below the

expected range for age, whereas a Z-score ≥ �2.0 was indicative of

BD within expected normal range for age.16 The evaluations of body

composition included the estimation of LBM, lean regional mass

(in grams), and age-matched percentiles for LBM.17 LBM was used as

an estimation of muscle mass.18 To obtain relative muscle mass, LBM

percentage was calculated as LBM divided by total body mass in

percentage,19 and the appendicular lean mass (ALM) as the sum of

lean mass of both upper limbs and lower limbs divided by total body

mass in percentage.20 To obtain absolute muscle mass, the appendicu-

lar skeletal muscle mass index (ASMMI) was calculated as ALM

divided by height squared,21 and the total LBM was directly derived

from DXA in kilograms. In men, ASMMI drops gradually from the age

group 20 to 29 y to the age group 60 to 69 y, and subsequently

remains stable in older subjects.22 Based on the 15th percentile (or 1

SD below the mean) of the ASMMI for the young adult reference Ital-

ian population, the cutoff for sarcopenia is 7.59 kg/m2 in men.22 Total

fat mass was calculated automatically by DXA, which is able to dis-

criminate different tissues and obtain an estimate of the fat mass

in grams of all of the body compartments, using a double source of

X-ray energy.

Anthropometric measures, including height, weight, and body

mass index (BMI) were also collected for all subjects.

64 BARP ET AL.
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2.3 | Functional motor assessments

The clinical evaluation protocol included the following assessments:

6 min walk test (6MWT),23 North Star Ambulatory Assessment

(NSAA),24 and Timed Function Tests (TFTs; [10 m walk test {10

MWT}, 10 m run test {10 MRT}, rise from floor {Gowers}, climb four

steps]).25 Trained evaluators performed the assessments as previously

described.

2.4 | Laboratory assessment

Plasma irisin levels were measured by an irisin (FNDC5) (extracellular

domain molecule: epitope 16–127) assay kit (Phoenix Pharmaceuti-

cals, CA, USA; sensitivity 1.3 ng/mL, range 0.1–1000 ng/mL and linear

range 1.29–27.5 ng/mL). The antibody used in this kit recognizes

recombinant full length irisin, irisin (100%) and recombinant FNDC5,

isoform 4 (9%), but not the irisin precursor C-terminal 48-mer FNDC5

and irisin. BDNF, FSTL1, and HMGB1were assessed at the same time

in the same aliquot by multiplex fluorescent bead-based Luminex

assay (Bio-Techne, Minneapolis, MN; USA) according to the manufac-

turer's guidelines.

Mineral and bone metabolisms were assessed in all BMD

patients through the measurement of serum albumin-corrected cal-

cium, serum phosphate, plasma parathormone (PTH), serum

25 hydroxyvitamin D (25OHD), total alkaline phosphatase, and

serum carboxy-terminal cross-linking telopeptide of type I collagen

(CTX-I) by routine assays. In addition, Leydig cell function was

assessed measuring luteinizing hormone (LH), follicle-stimulating

hormone (FSH), testosterone, sex hormone binding globulin (SHBG),

and estradiol.

2.5 | Statistical analysis

For each variable, Shapiro–Wilk test was used to assess the normality

of the distribution and Levene's test was used to assess the homoge-

neity of the variance. Data were summarized in text and tables as

median and interquartile range for continuous variables, and number

and percentage for categorical ones. For group comparison of

myokine levels between BMD patients and HCs, the non-parametric

Mann–Whitney U test was used to determine statistical significance.

The discriminatory ability of the myokines between BMD and HCs

was evaluated using the area under the curve (AUC) and considered

as clinically relevant if the AUC resulted in equal to or greater than

0.70.26

The associations between the pre-selected DXA parameters and

the performed motor evaluations were assessed using Spearman's

rank correlation coefficient. Strength of correlations was assessed in

accordance with Schober and colleagues guidelines.27 The r2 was used

to assess the goodness-of-fit of each simple linear regression model

considering the percentage of the variance in each motor evaluation

explained by each DXA parameter. A p-value (two-tailed) <.05 was

considered as statistically significant and was adjusted for multiple

testing using the false discovery rate (FDR) approach as appropriate.

All statistical analyses were performed using SAS 9.3 (SAS Institute,

Inc, Cary, NC) software.

3 | RESULTS

3.1 | Patients and genetic profile

Thirty BMD patients with a median age at evaluation of 36.0 y [26.0–

41.0] and 20 HCs with a median age of 34.0 y [33.0–38.0] (p-value:

.7902) were included. The median BMI of the BMD cohort was

24.96 kg/m2 [21.14–28.34]. None of the patients were currently tak-

ing steroids, but 15 were taking cholecalciferol or calcifediol.

Twenty-six (87%) patients harbored pathogenic variants in the

DMD gene characterized by in-frame exon deletions (16 “del 45-x”,
3 del 10–12, 1 del 11–24, 1 del 47, 2 del 48, 3 del “48-x”), one patient

(3%) harbored exon duplications (dup 14–18), and three patients had

nonsense variants (p.Gln1099*, p.Glu1343*, p.Tyr1274*). The patient

carrying the nonsense variant p.Gln1099* underwent cardiac trans-

plantation at 14 y old due to a severe dilated cardiomyopathy; at the

time of enrolment, he was on an immunosuppressive therapy with

tacrolimus and mycophenolate.

3.2 | DXA parameters

DXA parameters of the BMD cohort are shown in Table 1. Twenty-

nine patients underwent whole-body DXA.

The median value of the total body Z-score of the present

cohort was above the threshold for osteopenia diagnosis; 7 of

29 patients (24%) showed very low total Z-scores (<�2 SD):

3 patients harboring deletions of exons 10–12 in DMD, 3 harboring

deletions of exons 45–48, and 1 with a duplication of exons 14–18.

Of 29 patients, 7 carrying the “45-x” deletion in DMD gene (45–47,

45–48, 45–53 and 45–55) had mildly reduced Z-scores (�2 ≤ Z-

score ≤ �1 SD); conversely, patients harboring del 48–49, del 48–

51, single exon deletions (del 47 or del 48) and nonsense variants

(p.Gln1099* and p.Glu1343*) were found to have Z-scores in normal

range (>�1.0 SD).

The prevalence of low muscle mass, diagnosed as ASMMI

<7.59 kg/m2,25 was 83% (24 of 29 patients).

BMD patients' ages correlated neither with total body BD (and

total Z-score) nor with LBM. Mineral metabolism and Leydig cell

function were investigated in all patients to exclude major hormonal

diseases (hyperparathyroidism, hypovitaminosis D, osteomalacia,

hypogonadism) that may cause a reduction of BD and skeletal mus-

cle. Circulating bone and mineral markers were within the normal

ranges in most patients, except for a mild hyperparathyroidism sec-

ondary to hypovitaminosis D in two. Leydig cell function was con-

served in all patients (Supporting Information Table S1, which is

available online).
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3.3 | Circulating myokines levels

Table 2 summarizes the myokine levels, comparing BMD patients with

a cohort of HCs. No significant differences in the levels of BDNF,

FSTL1, and HMBG1 emerged between the two cohorts. Conversely

BMD patients showed a significantly lower median irisin level than

HCs. Despite this, the AUC index used for the discrimination of the

two cohorts based on irisin levels was 0.6833, considered to be below

the acceptable level.26

3.4 | Correlations of DXA parameters with
functional motor assessments and myokine levels

All of the patients included in the study were able to perform the

6MWT and the NSAA protocol with median values of 382.0 m and

27.0, respectively. At the time of evaluation, 16 patients were not able

to run, and 5 patients were not able to arise from the floor. In Table 1,

median time values (seconds) are reported in detail.

Tables 3 and 4 show the association between the DXA parameters

and the functional motor assessments. Most of the body composition

parameters included in the analysis showed a significant moderate to

strong correlation with the motor evaluations: in particular, the h2-

standardized lean mass lower limb index reported the highest r-squared

value among all of the associations with each motor evaluation, empha-

sizing that the h2-standardized lean mass lower limb index represents

the DXA index that accounts for the highest percentage of the variabil-

ity in each motor evaluation. Figure 1 shows the associations between

the h2-standardized lean mass lower limb index and each functional

motor assessment. Conversely, parameters related to fat mass showed

a less significant relationship with motor evaluations; in particular, total

fat mass correlated negatively only with 6MWT, while h2-standardized

fat mass showed a weaker correlation with all of the functional motor

scores except for the score “climb 4 steps.”
Regarding the correlations between the total Z-scores and the

functional motor assessments, BMD patients with total Z-score < �2

had significantly lower NSAA median values than patients with higher

scores (≥ �2)(12.0 [10.0–13.0] vs. 31.5 [16.0–33.0], p = .016).

Analysis of association between DXA parameters and myokine

levels showed a significant negative correlation between BD of the

lower limbs and irisin levels; indeed patients with reduced BD values

of the lower limbs had higher serum irisin levels compared to patients

with higher BD values (Figure 2). No significant correlations were

found between LBM and irisin, as well as between DXA parameters

and the other myokines analyzed.

4 | DISCUSSION

The present study demonstrated that a reduction in LBM assessed by

DXA correlates with poorer motor functional status, in agreement with

previous data on DMD.4-6,28,29 This correlation is particularly strong

when we consider the lean mass of the lower limbs (the h2-

standardized lean mass lower limb index); probably because both the

6MWT and the NSAA explore mainly lower limb function. The signifi-

cant correlation between BD of lower limbs and 6MWT/NSAA further

strengthens the hypothesis that a loss of LBM (due to muscle weak-

ness) results in a loss of muscle strength that consequently leads to a

reduced bone load, that ultimately contributes to osteopenia/osteopo-

rosis. A previous study by Jacques and colleagues did not show a signif-

icant reduction of LBM in BMD patients compared to a control group;

TABLE 2 Comparison of circulating
irisin, BDNF, FSTL1, and HMGB1 levels
between BMD patients and HCsMyokine (ng/mL)

BMD patients HCs

p-valuen Value n Value

Irisin 30 12.15 [10.60–13.10] 20 12.90 [12.10–15.55] 0.0300

BDNF 23 10.63 [8.44–12.35] 13 13.08 [10.85–13.90] 0.0605

FSTL1 26 8.69 [5.23–11.75] 18 7.09 [4.47–12.61] 0.5748

HMGB1 30 2.60 [1.33–4.05] 9 2.86 [2.08–4.63] 0.2340

TABLE 1 DXA parameters and functional motor assessments of
the BMD cohort

Body composition (n = 29)

LBM (g)
46 169.30 [39,500.50–
51,120.50]

LBM/height2 (kg/m2) 15.64 [13.07–16.69]

Total fat mass (g) 25 376.90 [16,581.30–
32,210.80]

Total fat mass/height2 (kg/m2) 8.19 [5.80–11.26]

App. Lean mass/height2 (kg/m2) 6.77 [5.25–8.00]

Lean mass lower limbs (g) 13 458.10 [10,317.00–
17,155.50]

Lean mass lower limbs/height2

(g/m2)

4594.94 [3550.12–5735.79]

LBM + BMC (g) 48,571.27 [41,467.74–
53,741.05]

LBM + BMC/height2 (g/m2) 16,482.90 [13,801.34–
17,548.10]

BD lower limbs (g/cm2) 2.30 [19.19–24.40]

Z-score �0.70 [�1.90 to �0.10]

Functional motor assessments

6MWT (m) (n = 30) 382.00 [300.00–509.00]

NSAA total score (n = 30) 27.00 [12.00–33.00]

Climbing 4 steps (s) (n = 28) 3.51 [2.51–9.47]

10MWT (s) (n = 28) 6.49 [5.44–9.67]

10MRT (s) (n = 14) 3.88 [2.89–5.50]

Gowers (time) (s) (n = 25) 3.91 [3.11–8.50]
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however, the technique used to determine body composition was dif-

ferent and less sensitive (bioelectrical-impedance) and the patients dif-

fered from the current study with respect to motor status (50% non-

ambulatory), so that any comparisons must be interpreted cautiously.30

LBM also correlated with reduced BD.31 There are several mecha-

nisms involved in poor bone health: reduced muscle tension on bone

due to loss of muscular strength, chronic inflammation in dystrophic

muscle, where dystrophin deficiency leads to the activation of the

pathway affecting osteoclastogenesis, and alteration of calcium

homeostasis. Deficient vitamin D status and long-term steroid therapy

(as observed in DMD3) can also impair bone mineral content (BMC),

while this latter mechanism is less common in BMD. The good correla-

tions between DXA parameters and functional motor assessments

(6MWT and NSAA) are in line with what reported in other neuromus-

cular diseases: a greater lean mass and a good bone mineral health

(particularly in the lower limbs) are associated with better muscular

performance.4-6 Conversely, parameters related to fat mass showed

less significant correlations with functional motor assessments, proba-

bly due to the fact that the total fat mass does not include the intra-

muscular fat (fatty replacement of skeletal muscle) but only the body

fat deposits, meaning that it is not necessarily related to the disease

burden.

Reduced BD and LBM, and increased fat mass play a partial role

in determining muscle weakness in BMD. The main determinant of

muscle weakness in BMD remains the amount of dystrophin in skele-

tal muscle, which is related to specific pathogenic variants in the DMD

TABLE 3 Associations between DXA parameters and functional motor assessments in the BMD cohort, part 1

6MWT NSAA total score Climb 4 steps

Rho p-value* R2 Rho p-value* R2 Rho p-value* R2

LBM 0.47 0.0191 0.1948 0.58 0.0015 0.2713 �0.51 0.0101 0.1112

LBM/height2 0.46 0.0191 0.2138 0.62 0.0006 0.3062 �0.51 0.0101 0.0862

Total fat mass �0.37 0.0499 0.1350 �0.35 0.0745 – 0.22 0.2599 –

Total fat mass/height2 �0.40 0.0363 0.1608 �0.42 0.0302 0.1144 0.31 0.1508 –

App. Lean mass/height2 0.60 0.0018 0.3658 0.76 <0.0001 0.4836 �0.68 0.0004 0.1791

Lean mass lower limbs 0.65 0.0008 0.4289 0.81 <0.0001 0.5291 �0.75 <0.0001 0.2401

Lean mass lower limbs/height2 0.67 0.0008 0.4429 0.82 <0.0001 0.5882 �0.76 <0.0001 0.2417

LBM + BMC 0.47 0.0191 0.2231 0.58 0.0015 0.2699 �0.52 0.0101 0.1118

LBM + BMC/height2 0.46 0.0191 0.2135 0.62 0.0006 0.3046 �0.50 0.0101 0.0865

BD lower limbs 0.62 0.0017 0.3798 0.68 0.0002 0.4446 �0.58 0.0032 0.1668

Z-score 0.45 0.0191 0.2049 0.65 0.0003 0.2773 �0.64 0.0010 0.1203

Note: Bold, statistically significant correlations; bold and underlined, highest r2.

*The FDR adjusted p-values.

TABLE 4 Associations between DXA parameters and functional motor assessments in the BMD cohort, part 2

10MWT (time) 10MRT (time) Rise from floor (time)

Rho p-value* R2 Rho p-value* R2 Rho p-value* R2

LBM �0.52 0.0078 0.1988 �0.65 0.0213 0.2200 �0.62 0.0013 0.1226

LBM/height2 �0.52 0.0078 0.1930 �0.59 0.0364 0.2225 �0.67 0.0004 0.1608

Total fat mass 0.36 0.0664 – 0.50 0.0694 – 0.35 0.0833 –

Total fat mass/height2 0.44 0.0270 0.1462 0.57 0.0412 0.3465 0.43 0.0399 0.2092

App. Lean mass/height2 �0.70 0.0003 0.3407 �0.88 0.0008 0.4806 �0.82 <0.0001 0.3179

Lean mass lower limbs �0.77 <0.0001 0.3497 �0.89 0.0003 0.5288 �0.84 <0.0001 0.2992

Lean mass lower limbs/height2 �0.75 <0.0001 0.3739 �0.89 0.0002 0.5975 �0.86 <0.0001 0.3673

LBM + BMC �0.53 0.0078 0.1958 �0.65 0.0213 0.2170 �0.63 0.0012 0.1228

LBM + BMC/height2 �0.52 0.0078 0.1895 �0.59 0.0364 0.2181 �0.67 0.0004 0.1605

BD lower limbs �0.63 0.0013 0.2268 �0.83 0.0008 0.4582 �0.79 <0.0001 0.3462

Z–score �0.62 0.0013 0.1190 �0.84 0.0008 0.2479 �0.78 <0.0001 0.1651

Note: Bold, statistically significant correlations; bold and underlined, highest r2.

*The FDR adjusted p-values.
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gene. Different DMD in-frame exon deletions affect the properties of

the resulting dystrophin protein: the loss of the crucial proximal

N-terminal domain (including exons 10–12 and 14–18) of the dystro-

phin might result in a DMD-like phenotypes,32 while the consequences

of deletions in the dystrophin rod domain depend on the structural

“phase” between spectrin repeats and hinge regions33; deletions includ-

ing exons in the proximal rod domain,34 or the hinge 3 domain encoded

by exons 50–5135,36 have been associated with mild phenotypes,

whereas deletions situated in the exon 45–55 mutational hotspot,37 but

not including exons 50–51, usually cause “typical” BMD.38

The hypothesis that the incidence of osteoporosis is related to

the loss of LBM, and that the latter is influenced by DMD pathogenic

variants, finds support in our study, although we had no specific data

on lumbar and femoral z-scores, only total Z-scores. BMD patients
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with total z-scores < �2 in our cohort, who also showed poorer motor

performance by NSAA compared to the median value of the whole

cohort, harbored pathogenic variants in the crucial N-terminal domain

(del 10–12 and dup 14–18) or in the 45–55 hotspot not including

exons 50–51 (del 45–48).

At variance with a previous study that included male patients

affected by myotonic dystrophies and reporting low circulating irisin

levels,15 circulating irisin levels were slightly reduced in BMD patients

compared to healthy people, supporting the concept that low levels of

irisin are associated with low mobility and sarcopenia.10 Of note, it has

been demonstrated that bone tissue is more sensitive than the adipose

tissue to irisin action39; therefore, the small reduction of the circulating

irisin concentrations detected in BMD patients is not expected to affect

bone mineral density. Moreover, in the present study, circulating irisin

levels correlated negatively with lower limb BD, suggesting resistance

to irisin modulation at bone levels. This observation deserves further

investigation to elucidate the underlying mechanisms.

This study has some limitations, such as the small sample size and

the absence of a longitudinal follow-up, which did not allow us to

speculate further on the association between DMD pathogenic vari-

ants, the body composition and the levels of myokines compared to

DXA parameters.

5 | CONCLUSION

For several reasons, DXA application appears to be a useful tool to

monitor the evolution of BMD: (i) moderate to strong correlations of

LBM and functional motor assessments (6MWT and NSAA); (ii) the

wide range of information that a single exam can provide on body

composition and on BMC; (iii) the easy performance of DXA com-

pared to muscle magnetic resonance imaging (mMRI), which is fre-

quently more time demanding and expensive; and (iv) need for far less

specialized expertise for post-processing DXA images compared to

Dixon images of mMRI.40 Further longitudinal studies are necessary

to clarify the role of DXA and circulating myokines in predicting mus-

cle deterioration, and to ascertain whether they can represent valid

(surrogate) biomarkers in BMD.
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