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Abstract 

We aimed to describe the natural history of Limb Girdle Muscular Dystrophy type 2A and 2B over more than three decades by considering 
muscular strength, motor, cardiac and respiratory function. 428 visits of nineteen 2A and twenty 2B patients were retrospectively analysed 
through a regression model to create the curves of evolution with disease duration of muscle strength (through Medical Research Council 
grading), motor function measure scale (D1, D2 and D3 domains) and cardio-pulmonary function tests. Clinically relevant muscular and 
motor function alterations occurred after the first decade of disease, while mild respiratory function alterations started after the second, with 
preserved cardiac function. Although type 2A showed relatively stronger distal lower limb muscles, while type 2B started with relatively 
stronger upper limb muscles, the corresponding motor functions were similar, becoming severely compromised after 25 years of disease. 
This was the longest retrospective study in types 2A and 2B. It defined curves of disease evolution not only from a neuromuscular, but also 
from functional, cardiac, and respiratory points of view, to be used to evaluate how the natural progression is changed by therapies. Due to 
slow disease progression, it was not possible to identify time sensitive endpoints. 
© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Autosomal recessive limb girdle muscular dystrophies 
LGMD2) are a group of genetically heterogeneous diseases 
ypically characterised by progressive weakness and wasting 

f the shoulder and pelvic girdle muscles. The disease onset, 
linical progression, cardiac and respiratory involvement 
an vary greatly among the different LGMD subtypes. 
he two most common forms of LGMD2/R in Italy are 
GMDR1/LGMD2A and LGMDR2/LGMD2B [1] . 

Despite improved diagnostics and pathomechanistic 
nsight, a curative therapy is currently lacking for any of 
∗ Corresponding author. 
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and R2/2B: Mathematical modelling of a multifactorial study, Neuromuscular Di
hese diseases [2–4] . Medical care consists of the symptomatic 
reatment of complications, aiming to improve life expectancy 

nd quality. 
Until now, efficacy of any therapy has not been proven, 

ue to the therapeutic strategy itself but also to the 
ack of sensitive outcome measures [5] . Slow progression, 
hat requires decades before showing important clinical 
hanges, different pathogenic mechanisms and small number 
f patients have been the most relevant factors interfering 

ith the development of clinical trials in young/adult onset 
GMD2 forms and/or to define milestones and/or markers of 
isease progression. 

Defining the natural history of a disease is an essential 
equisite to any therapeutic intervention. Indeed natural 
istory data are crucial to show and prove if and how 
e decades of natural history of limb girdle muscular dystrophy type R1/2A 

sorders, https:// doi.org/ 10.1016/ j.nmd.2021.02.018 
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he progression of the disease is changed or halted by any 

herapy (pharmacological and/or rehabilitative). In spite of 
his, natural history studies for LGMD are still poor. 

Mathematical modelling is increasingly recognised as an 

mportant tool to describe disease trends in order to predict 
isease evolution and to aid decision making in both health 

nd clinical medicine [6 , 7] . 
Richard and co-workers performed an observational study 

f clinical manifestations and disease progression in 85 

enetically confirmed LGMDR1/LGMD2A patients for up 

o 4 years. They showed a slowly progressive disorder, 
ith symptoms onset in the first or second decade of 

ife, characterized by a certain degree of variability related 

o gender and mutation type [8] . Angelini and co-authors 
escribed specific pathogenetic mechanisms to play a relevant 
ole in the different clinical courses of patients with 

GMDR1/LGMD2A and LGMDR2/LGMD2B [9] . 
The principal aim of our study was to describe 

hrough a mathematical model LGMDR1/LGMD2A and 

GMDR2/LGMD2B disease evolutions over more than three 
ecades by considering several aspects, namely muscular 
trength and motor function, cardiac, respiratory and 

wallowing. 
The secondary aim was to define time sensitive endpoints 

n the natural history of the two considered dystrophies. 

. Patients and methods 

.1. Ethics statements 

All the evaluations were performed following standard 

are guidelines for LGMD and all the retrospective data 
ere anonymised. All patients or parents/legal tutors signed 

nformed consent to anonymous data analysis, approved by 

he local ethics committee according to the declaration of 
elsinki. 

.2. Patients 

We included patients affected by LGMDR1/LGMD2A and 

GMDR2/LGMD2B attending the Neuromuscular Unit of 
he Scientific Institute “E. Medea” in the last 30 years. 
he diagnosis of LGMDR1/LGMD2A was confirmed by 

wo mutations in CAPN3 (calpain3) gene and decrease 
n muscular calpain 3 on western blot; the diagnosis of 
GMDR2/LGMD2B was confirmed by two mutations in 

YSF (dysferlin) gene and dysferlin protein defect on muscle 
iopsy [8 , 10 , 11] . Only LGMDR2/LGMD2B patients with 

imb girdle onset weakness were included in the study. 

.3. Clinical assessment 

Clinically relevant information such as age of disease 
nset, disease duration, age of loss of ambulation, and family 

istory were collected for each patient. 
2 
.3.1. Manual muscle testing 

The British Medical Research Council (MRC) scale was 
sed to assess muscle strength [12] [MRC grades 5 ( muscle 
ontracts against maximal resistance ), 4 ( muscle contracts 
gainst resistance ), 3 ( muscle contracts and moves with no 

esistance ), 2 ( muscle contracts without movement ), 1 ( trace 
f muscle contraction ) and 0 ( lack of contraction )]. 

A total of 14 muscles were examined on both sides, testing 

imb movement around the neck, shoulders, elbows, wrists, 
ips, knees, and ankles. 

Next the following 7 anatomical districts, each including 

pecific muscles, were defined: 1) upper limbs (including 

rapezious, deltoids, biceps, triceps, wrist flexors, wrist 
xtensors and interosseous); 2) shoulder girdles (including 

rapezious and deltoid); 3) arms (including biceps and 

riceps); 4) wrists (including wrist flexors and wrist 
xtensors); 5) lower limbs (including quadriceps, iliopsoas, 
hight abductor, tight adductor, tibialis anterior, tibialis 
osterior and gastrocnemius); 6) pelvic girdles (including 

uadriceps, iliopsoas, thight abductor and tight adductor) 
nd 7) legs (including tibialis anterior, tibialis posterior and 

astrocnemius) [13] . 
The mean MRC value between right and left sides was 

omputed for each muscle of a patient. Then, for each 

natomical district, we calculated the median MRC value of 
ll the muscles included in that district. 

Muscle contractions were considered not efficient for MRC 

alues lower than 3. 
The tests were performed by three operators during the 

0-years follow-up period. 

.3.2. Motor function measure 
From 2008, motor function was assessed using Motor 

unction Measure scale (MFM) that comprise 32 items 
ivided into 3 domains: D1 (standing position and transfers), 
2 (axial and proximal motor function) and D3 (distal motor 

unction). A percentage result is assigned to each domain and 

o the overall test (MFM TOT ) [14] . Ambulation was regularly 

ssessed through 6 min walking test (6MWT) from 2010. 
otor function domains were considered compromised for 

alues lower than 50. 
Since 2015, the Performance of Upper Limb was evaluated 

hrough the PUL scale that includes 22 items with an entry 

tem to define the starting functional level, and 21 items 
ubdivided into 3 levels: shoulder (4 items), middle (9 items) 
nd distal (8 items) [15–17] . 

MFM scale, 6MWT, and PUL were administered by the 
ame operator. 

.3.3. Cardio-pulmonary function tests 
Measurements of Forced Vital Capacity (FVC), Forced 

xpiratory Volume in one second, and Peak Expiratory Flow 

ere performed with a flowmeter attached to a flanged rubber 
outhpiece with the nose occluded. Subdivision of lung 

olumes (Functional Residual Capacity, Residual Volume, and 

otal Lung Capacity, TLC) was measured by the nitrogen 

ashout technique (Vmax series 22, SensorMedics, Yorba 
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inda, CA). FVC = 80% predicted and TLC = 80% predicted 

ere the thresholds above which respiratory function was 
onsidered normal. 

Mean nocturnal oxygen saturation (SpO 2 ) was measured 

sing a digital pulse oximeter (Nonin, 8500 digital pulse 
ximeter Quitman, TX). 

Cardiac evaluation was performed by two-dimensional and 

oppler echocardiogram (the left ventricle ejection fraction 

LVEF) was considered), electrocardiogram (ECG) and 24- 
our ECG monitoring. 

LVEF = 60% was the threshold above which cardiac 
unction was considered normal. 

Along the 30 considered years of follow-up, the same two 

ulmonologists and cardiologists evaluated the patients. 

.3.4. Swallowing 

Swallowing was evaluated in dedicated sessions by two 

peech and language therapists. According to food texture 
reparation, swallowing was classified as regular, mild 

ysphagia, moderate dysphagia, severe dysphagia [18] . 

.3.5. Statistical analysis: mathematical model 
A previously developed regression model [19] was used to 

econstruct the evolution over time of each of the following 

easurements: MRC values of the seven anatomical district, 
FM values of the three domains and overall, FVC, TLC, 

nd LVEF. 
Briefly, the model computed the population mean curve for 

ach measurement by maximum-likelihood estimation, based 

n the longitudinal data of each patient, separately for the two 

roups (LGMDR1/LGMD2A and LGMDR2/LGMD2B). The 
odel took into account the dependency of the data belonging 

o the same patient by introducing a “random effect” that 
ncorporated a subject-specific correction to the population 

ean curve. For each measurement, the significance of the 
andom effect related to the subject was assessed with a 
ikelihood ratio test [19] . 

The proposed model was implemented in R (version 

.2.3 R Core Team (2015). A language and environment for 
tatistical computing. R Foundation for Statistical Computing, 
ienna, Austria. URL https:// www.Rproject.org/ ) with the 
ackage “lme4” [20] and then a dedicated shiny app, being 

n R package that makes it easy to build interactive web app, 
as developed requiring the patients’ database as input and 

roviding the corresponding maximum-likelihood estimation 

opulation mean curve and the 95% pointwise asymptotic 
onfidence intervals of each parameter. 

Data are presented as median (25 

th –75 

th percentile). 
ignificance was determined by p < 0.05. 

. Results 

.1. LGMDR1/LGMD2A 

Nineteen patients (11 females) with confirmed diagnosis of 
GMDR1/LGMD2A were included in the study for a total of 
20 visits (10 median number of visit per patient; range 2–31 
3 
isits each); the median age at first evaluation at our center 
as 26.9 years, while the last evaluation was at a median age 
f 37.9 years. Median age at symptoms onset was 11.0 (8.0–
9.0) years. Ten patients had very early onset with muscular 
eakness occurring < 12 years and 9 patients had juvenile 
r adult onset. The median age of loss of ambulation was 
0.5 years in the overall LGMDR1/LGMD2A patients group; 
owever patients with early onset weakness (7 patients out of 
0) had a median age of loss of ambulation of 24.5 years; the 
nes with adult onset (3 subjects out of 9) lost ambulation at 
he median age of 38 years. Nine patients (5 females) were 
till ambulant at time of evaluation. 

Clinical data of LGMDR1/LGMD2A patients are 
ummarized in Table 1 . 

As shown in Fig. 1 , overall lower limbs moderate weakness 
 i.e. : MRC ≤3) started 18 years after disease onset; while 
irdle and legs impairment started respectively after 12 years 
nd after 25 years. 

Similarly, overall upper limbs moderate weakness started 

7 years after disease onset and this trend was mirrored by 

hose of the shoulder girdles and of the arms muscles, but not 
y the wrist that preserved its strength over the three decades 
 Fig. 2 ). 

Fig. 3 shows that global motor function (MFM TOT ) started 

o become inefficient after 22 years of disease, with an 

xtremely earlier impairment (after 12 years) of the score 
elated to standing position and transfers (D1), while both 

2 as well as D3 dimensions were always above 50%. 
Forced vital capacity approached 80% of predicted values 

fter 20 years from disease onset, however maintaining similar 
alues thereafter. Total lung capacity, nocturnal oxygen 

aturation (mean values: 96 ±0.86%), swallowing (data not 
hown) and cardiac functions were preserved throughout the 
onsidered period ( Fig. 4 ). 

.2. LGMDR2/LGMD2B population 

Twenty patients (10 females) with confirmed diagnosis of 
GMDR2/LGMD2B and pelvic-girdle weakness as sign of 
isease onset were included in the study for a total of 208 

isits (10 median number of visit per patient; range 4–26). 
he median age at first evaluation at our center was 38.1 

ears, while the median age at last evaluation was 52.5 years. 
edian age at symptoms onset was 20.0 years, with only 2 

atients having disease onset < 12 years. The median age of 
oss of ambulation was 41.0 years for LGMDR2/LGMD2B 

atients. Eleven patients (7 females) were still ambulant at 
he last evaluation. One LGMDR2/LGMD2B patient died at 
4.4 years due to lymphoma. 

All the clinical data of LGMDR2/LGMD2B patients are 
ummarised in Table 1 . 

Overall lower limbs moderate weakness ( i.e. : MRC ≤3) 
tarted 15 years after disease onset, and pelvic girdles and 

egs showed a similar behaviour ( Fig. 1 ). 
Overall upper limbs moderate weakness occurred 5 years 

ater than the lower limbs and this was due by both the 
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Table 1 
Clinical data of LGMDR1/LGMD2A and LGMDR2/LGMD2B patients. 

LGMBR1/LGMB2A LGMBR2/LGMB2B 

n ° 19 20 

gender 11 F 8 M 10 F 10 M 

ambulation at last evaluation 5 11 

median 25 th p 75 th p median 25 th p 75 th p 

age of debut (age) 11.0 8.0 18.0 20.0 16.0 23.5 
age at first evaluation (years) 26.9 18.1 34.9 38.2 26.7 42.2 
age at last evaluation (years) 37.9 31.3 42.7 52.2 41.4 53.9 
evaluation period (years) 11.5 3.7 15.5 12.3 7.1 14.7 
disease duration (years) 22.2 19.1 28.5 26.0 23.7 30.6 
L.O.A. age (years) 30.5 23.8 36.3 42.0 40.3 46.2 

L.O.A.: loss of ambulation; 25 th p: 25 th percentile; 75 th p: 75 th percentile. 

Fig. 1. Evolution over time of the population mean curve (thick line) and its 95% confidence intervals (thinner lines) of MRC score of lower limbs (left), pelvic 
girdles (middle) and legs (right) in LGMDR1/LGMD2A (red) and LGMDR2/LGMD2B (blue) patients. Dash-dotted green lines indicate the threshold when 
muscle contracts and moves with no resistance. Short-dashed lines represented the extremities of the database characterized by low number of visits/patients 
and “bizarre” behaviours due to outliers that may not represent the true clinical evolution, although mathematically valid. 
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houlder girdles and the arms, while wrist weakness occurred 

fter 30 years of disease ( Fig. 2 ). 
Global motor function (MFM TOT ) and D2 dimension 

tarted to become inefficient after the second decade of the 
isease. D1 dimension became lower than 50% after 15 years, 
hile D3 dimension never reached that threshold ( Fig. 3 ). 
A restrictive pattern (i.e., FVC < 80% predicted and 

LC < 80% predicted) occurred after 25 years from disease 
nset, however maintaining relatively good values thereafter. 
wo LGMDR2/LGMD2B patients were using non-invasive 
echanical ventilation at the last evaluation at the age of 

8 and 52 years ( Fig. 4 ). 
Nocturnal oxygen saturation (mean value: 95.7 ±1.9%), 

wallowing (data not shown) and cardiac functions (as 
ndicated by the left ventricle ejection fraction and by 

he absence of arrhythmias) were preserved throughout the 
onsidered period ( Fig. 4 ). 

. Discussion 

To the best of our knowledge, this was the longest 
etrospective study focused on LGMDR1/LGMD2A and 

GMDR2/LGMD2B that considers several aspects of the over 
ore than three decades of disease duration. 
A part from Richard et al. [8] as well as Angelini et al. 

9] , we did not to find other published observational clinical 
4 
nd natural history studies focused on LGMDR1/LGMD2A 

nd LGMDR2/LGMD2B. 
Guimaraes Costa et al. [21] , recently retrospectively 

eviewed 16 years of medical records evaluating a large 
ohort of patients with LGMDR3/2D, R4/2E and R5/2C (alfa, 
eta and gamma sarcoglycanopathies) while Fayssoil et al. 
22] focused their attention on 10 years of follow-up of 
 group of LGMDR5/2C and R3/2D patients (gamma and 

lfa sarcoglycanopathies). They respectively identified early 

isease onset as a predictor of early loss of ambulation, 
arallel progression of motor and respiratory function decline 
nd impact of cardiac and respiratory function in mortality 

ate. Finally, 23 patients affected by LGMDR9/2I were 
tudied at 1-year period and then re-enrolled at 6 years 
y Murphy et al. [23] through motor fuctional scales and 

uscle magnetic resonance showing an higher responsiveness 
o disease progression of fat fraction measurements than 

unctional scales. 
Winckler and collaborators performed a multicenter 

istorical cohort study of a wide Brazilian population 

f patients with autosomal recessive forms of LGMD 

370 patients), showing that also in Brasil, the most 
requent LGMD subtypes were LGMDR1/LGMD2A and 

GMDR2/LGMD2B [24] as reported by Magri et al. 
n the Italian population [1] . They have built survival 
urves for LGMD R3-R6/2C-F and R1/2A and R2/2B and 
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Fig. 2. Evolution over time of the population mean curve (thick line) and its 95% confidence intervals (thinner lines) of MRC score of upper limbs (top 
left), shoulder girdles (top right), arms (bottom left) and wrists (bottom right) in LGMDR1/LGMD2A (red) and LGMDR2/LGMD2B (blue) patients. Dash- 
dotted green lines indicate the threshold when muscle contracts and moves with no resistance. Short-dashed lines represented the extremities of the database 
characterized by low number of visits/patients and “bizarre” behaviours due to outliers that may not represent the true clinical evolution, although mathematically 
valid. 
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enotype-phenotype correlations, showing that females with 

GMDR2/LGMD2B had less severe progression to handicap 

aid in walking and wheelchair bounding) than males. In 

ddition, they showed that LGMDR1/LGMD2A patients with 

runcating variants had earlier disease onset and more severe 
rogression to handicap than patients without truncating 

ariants, this in line with Richard et al. and Angelini et al. 
8 , 9] . 

When they considered disease duration as the time 
ariable, median disease duration at walking aid dependency 

ccurred earlier for sarcoglycanopathies (9 years), 
ut at similar durations in LGMDR1/LGMD2A and 

GMDR2/LGMD2B (respectively 21 years and 20 years). 
imilarly, our two groups of patients lost ambulation after 
9.5 years of disease duration in LGMDR1/LGMD2A and 

fter 22 years in LGMDR2/LGMD2B. 
Similarly, we analysed our patients data according to 

isease duration and we have shown that both dystrophies 
ere characterized by slow progression with clinically 

elevant muscular and motor function alterations occurring 

fter the first decade from disease onset, while mild 
5 
espiratory function alterations started after the second. 
nstead, cardiac and swallowing functions were preserved. 

Unlike Winkler, we analysed in detail muscles and 

otor functional scales showing that pelvic girdle weakness 
ecame clinically evident in both dystrophies at a similar 
isease onset; whereas legs showed clinically significant 
eakness only in LGMDR2/LGMD2B. Upper limbs 
ere involved later in LGMDR2/LGMD2B compared to 

GMDR1/LGMD2A. 
More specifically, LGMDR1/LGMD2A showed relatively 

tronger distal lower limb muscles while LGMDR2/LGMD2B 

tarted with relatively stronger upper limb muscles. In both 

ystrophies, the impairment of the upper limbs seemed to be 
qually distributed between the shoulder girdles and the arms, 
ith a relatively spared wrist. Similarly, the muscles of the 

ower girdles and of the legs started to become weak at the 
ame time, but this occurred only in LGMDR2/LGMD2B. 
y contrast, there was a time delay of almost a decade 

n LGMDR1/LGMD2A, with the lower girdles muscles 
eakness starting in the first disease decade, while the legs 
uscles impaired in the late second disease decade. 
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Fig. 3. Evolution over time of the population mean curve (thick line) and its 95% confidence intervals (thinner lines) of dimension D1 (top left), dimension D2 
(top right), dimension D3 (bottom left) and MFM score of overall tests (bottom right) in LGMDR1/LGMD2A (red) and LGMDR2/LGMD2B (blue) patients. 
Dash-dotted green lines indicate the threshold below which the motor function was considered inefficient. Short-dashed lines represented the extremities of the 
database characterized by low number of visits/patients and “bizarre” behaviours due to outliers that may not represent the true clinical evolution, although 
mathematically valid. 

Fig. 4. Evolution over time of the population mean curve (thick line) and its 95% confidence intervals (thinner lines) of forced vital capacity (left), total lung 
capacity (middle) and left ventricle ejection fraction (right) in LGMDR1/LGMD2A (red) and LGMDR2/LGMD2B (blue) patients. Light grey areas indicate 
the interval where the two groups are significantly different ( p < 0.05). Dash-dotted green lines indicate the threshold for the specific parameters of pulmonary 
(FVC > 80% pred and TLC% > 80% pred) and cardiac (LVEF > 60%) function to be considered normal. Short-dashed lines represented the extremities of the 
database characterized by low number of visits/patients and “bizarre” behaviours due to outliers that may not represent the true clinical evolution, although 
mathematically valid. 

6 
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In both dystrophies and at similar timing after the first 
ecade from disease onset, the D1 domain of the MFM scale, 
epresenting standing position and transfers, started to become 
ower than 50%. The D2 domain (axial and proximal motor 
unction) as the D3 domain (distal motor function) never 
ecreased below 50% even after the whole follow-up time. 
owever, LGMDR2/LGMD2B patients showed a tendency 

owards a D2 decay below 50%. 
The total MFM domain started to show functional 

mpairment after the second decade of disease duration. 
Notably, there was an important correspondence 

etween lower limbs muscular strength impairment and 

he corresponding motor function: both started to become 
everely compromised after 12 and 15 years of disease in 

GMDR1/LGMD2A and LGMDR2/LGMD2B, respectively. 
y contrast, the progress of D2 domain seemed not to mirror 

he progress of upper limbs muscular strength impairment. 
Such apparent discrepancy between upper limbs muscles 

eakness with the corresponding motor function can be 
xplained by compensatory strategies adopted by patients. 

The most important strength of the present study was the 
escription of more than 30 years of natural history of the two 

ost common LGMD in Italy, assessed through non-invasive 
nd routinely performed evaluations. In addition, the high 

umber of visits collected from the same patient over such 

 long period was implemented into a mathematical model 
hat took into account the data dependency within the same 
atient. A mathematical model describes a system by using 

athematical concepts and language in order to facilitate 
roper explanation of the system itself or to study the effects 
f different components and to make predictions on patterns 
f behaviour [25] . This would represent an extremely relevant 
ool for better care of patients and for clinical trial design. 
ndeed, the determinants of successful drug and/or of gene 
odulating therapies include good understanding not only of 

he phenotype, but also of the natural history of the disease. In 

ddition, the mathematical model has the potential to define 
linically relevant threshold outcome measures which help in 

he assessment of drug response. 
In this direction, the results of our study pointed 

ut some important considerations: 1) the relevance of 
opulation homogeneity, 2) the crucial role of data 
rrangement/representation and 3) the relative weakness of 
uscular grading and motor function scales in identifying 

pecific outcome measure. 
Some of the clinical trials, as well as other studies tended 

o pool together different neuromuscular diseases, presumably 

o increase the number of patients [26 , 27] . The inhomogeneity 

f the studied groups is an important bottleneck, as it could 

ntroduce important bias that might strongly affect the results 
nd their interpretation. Not only the inhomogeneity of the 
opulation can introduce bias, but also the way of arranging 

nd presenting the data. 
For example, our mathematical model allowed also 

o compare different populations (e.g., different diseases, 
ifferent timing of a particular treatment) among each other. 
n order to show the potential and the critical issues of a 
7 
athematical model, we have compared the two considered 

ystrophies, aware that this was not clinically appropriate and 

or this reason, it was not reported in the result section. 
In our first analytical approach we represented data as 

unction of patients’ age and the results were dramatically 

ifferent with LGMDR1/LGMD2A being systematically 

orse than LGMDR2/LGMD2B around the age of 30 years 
ld (see online supplement reporting some exemplificative 
arameters plotted as function of patients’ age). These results 
ere however affected by the fact that we were comparing 

atients at different stages of the disease because of the 
ifferent onset age. In other words, comparing a 25 years 
ld LGMDR2/LGMD2B patient with a LGMDR1/LGMD2A 

eer implied to compare a patient at the beginning of the 
isease with a patient with more than almost a decade of 
isease progression difference. This could not be ignored. 

Re -organizing our results according to disease duration was 
herefore a sort of data normalization by removing the bias 
nduced by patients’ age and/or different disease onset. This 
as just an example, but it further confirms that functional 
omogeneity is essential to recruit patients, as it might 
otentially reduce unexplained variation in patient outcomes 
o impact on clinical trial design and analysis [28] . 

Although our database was relatively large, the number 
f considered patients was too low to allow further possible 
atients’ subgrouping according to LGMDR1/LGMD2A onset 
early vs late) [9] , to genetic background [8] or to 

mbulation/wheelchair bound conditions. In addition, few 

ata were available on 6 min walking test and Performance 
f Upper Limb [29 , 30] and for this reason they were 
ot reported. Of note, the low number of visits/patients at 
he extremities of the database (i.e.: very old patients or 
ery young LGMDR2/LGMD2B) was the reason for some 
bizarre” behaviours, like improving trends after 35 years of 
isease. In the majority of the cases, such curve rise was 
ue to tests performed on one or two outlier patients, who 

ere in a relatively better condition compared to the rest 
f the population. The model outcome at the extremities, 
herefore, was valid from the mathematical point of view, but 
ot from the clinical point of view according to the general 
hysiopathology of the disease. 

Mathematical models in medicine are widely accepted 

ools that can answer otherwise unanswerable questions and 

xpand the knowledge from actual study data. However, 
heir outcome must be also critically reviewed and validated 

ogether with the medical science community according to 

heir clinical experience [31] . 
Secondly and similarly to Angelini et al. and Richard et al. 

8 , 9] , because almost all the parameters in both groups of 
atients had a slowly linear trend, unfortunately it was not 
ossible to define milestones or to identify time sensitive 
ndpoints of the diseases (the second aim of the present 
tudy). 

This conclusion, however, disagrees with one published 

ork [32] , that showed how MFM TOT , MFM D1 domain, 
nd adapted North Star Ambulatory Assessment significantly 

hanged after 6 or 12 months in 193 LGMDR2/LGMD2B 
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atients. The authors found a median change of one point 
or all the scales that is statistically but not functionally 

ignificant [32] . Once again, it is extremely important to 

ritically comment the statistical results according to the 
linic. 

Finally, functional scaling showed to be inadequate 
o provide insights on the muscular involvement. For 
xample, the strength and the function of the thight anterior 
ompartment did not differ between the two considered 

GMDs. However, in a subgroup of the same patients 
t an advanced stage of the disease, Arrigoni et al. 
eported higher levels of structural muscle degeneration 

f the thight anterior compartment in LGMDR2/LGMD2B 

han LGMDR1/LGMD2A patients on magnetic resonance 
maging [33] . Similar conclusions were reported by other 
uthors [34 , 35] . A combination of functional and structural 
arameters, therefore, seems to be the best approach in 

linical trial designing and in the possible anticipation of 
herapeutic and/or rehabilitative support. 

. Conclusion 

Our work has the important merit to define curves 
f disease evolution of LGMDR1/LGMD2A and 

GMDR2/LGMD2B that could be essential to evaluate 
ow the natural progression is changed or halted by a 
herapy not only from a muscular, but also from functional, 
ardiac and respiratory points of view. 

Mathematical modelling is a new fundamental ally for 
he clinicians who still need to critically evaluate its results 
ccording to their experience. 
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