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Abstract 

Background:  A variety of mutations in the largest human gene, dystrophin, cause a spectrum from mild to severe 
dystrophin-associated muscular dystrophies. Duchenne (DMD) and Becker (BMD) muscular dystrophies are located 
at the severe end of the spectrum that primarily affects skeletal muscle. Progressive muscle weakness in these purely 
genetic disorders encourages families with a positive history for genetic counseling to prevent a recurrence, which 
requires an accurate prevalence of the disorder. Here, we provide a systematic review and meta-analysis to determine 
the prevalence of DMD and BMD worldwide.

Method:  The current systematic review and meta-analysis was carried out using Cochrane seven-step procedure. 
After determining the research question and inclusion and exclusion criteria, the MagIran, SID, ScienceDirect, WoS, 
ProQuest, Medline (PubMed), Embase, Cochrane, Scopus, and Google Scholar databases were searched to find 
relevant studies using defined keywords and all possible keyword combinations using the AND and OR, with no time 
limit until 2021. The heterogeneity of studies was calculated using the I2 test, and the publication bias was investi-
gated using the Begg and Mazumdar rank correlation test. Statistical analysis of data was performed using Compre-
hensive Meta-Analysis software (version 2).

Results:  A total of 25 articles involving 901,598,055 people were included. The global prevalence of muscular dystro-
phy was estimated at 3.6 per 100,000 people (95 CI 2.8–4.5 per 100,000 people), the largest prevalence in the Ameri-
cans at 5.1 per 100,000 people (95 CI 3.4–7.8 per 100,000 people). According to the subgroup analysis, the prevalence 
of DMD and BMD was estimated at 4.8 per 100,000 people (95 CI 3.6–6.3 per 100,000 people) and 1.6 per 100,000 
people (95 CI 1.1–2.4 per 100,000 people), respectively.

Conclusion:  Knowing the precise prevalence of a genetic disorder helps to more accurately predict the likelihood 
of preventing its occurrence in families. The global prevalence of DMD and BMD was very high, indicating the urgent 
need for more attention to prenatal screening and genetic counseling for families with a positive history.
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Background
Dystrophin-associated muscular dystrophies include 
a spectrum of recessive X-linked muscle diseases that 
result from mutations in the dystrophin gene. Dystrophin 
is mainly expressed in skeletal and cardiac muscles with 
a well-known role in protecting muscle fibers [1]. Thus, 
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absent or dysfunctional dystrophin primarily affects the 
skeletal and cardiac muscles, where dystrophin and dys-
trophin-associated proteins work together to stabilize 
muscle fibers during contraction and relaxation [2]. Dys-
trophin is also expressed in some brain cells and this is an 
explanation for cognitive impairment in patients [2].

Duchenne muscular dystrophy (DMD) is a severe form 
of dystrophin-associated muscular dystrophies, with 
early childhood onset [3, 4]. An affected child is usu-
ally diagnosed before the age of 4 years with early signs 
including delayed ability to sit, difficulty rising and stand-
ing independently, and difficulties learning to speak. Rap-
idly progressive muscle weakness in DMD leads to being 
wheelchair dependent by age 12  years and death before 
the third decade. Common causes of death in DMD 
include respiratory complications and heart failure from 
progressive cardiomyopathy [5–7].

Becker muscular dystrophy (BMD) is usually character-
ized by a milder and more varied phenotype. The detri-
mental effect of mutations in the dystrophin gene leading 
to disease 1 is less than that of Duchenne dystrophy, in 
that dystrophin may be produced but in smaller amounts 
or with reduced function [8, 9]. Skeletal muscle weakness 
in BMD is slowly progressive, with later onset at around 
age 8. In patients with less cardiac involvement, onset is 
around age 15. Heart failure is the most common cause 
of death in BMD [10].

Dystrophin-associated muscular dystrophies are inher-
ited in an X-linked recessive pattern [11]. Due to the 
recessive inheritance pattern, these disorders are more 
common in males, but females with a defective allele 
may also show mild symptoms. Although the rate of new 
mutations in the huge dystrophin gene is high, about 
two-thirds of cases are diagnosed with a carrier mother. 
DMD or BMD mutations are inherited with a 50% prob-
ability in each pregnancy of a carrier mother. Males who 
inherit the mutation develop the disease, while the onset 
of symptoms in carrier females depends on the pattern 
of X-inactivation. Genetic testing on a muscle biopsy 
can detect DMD with about 95% accuracy [12–14]. Also, 
electromyography shows muscle degeneration in affected 
individuals. Affected individuals exhibit extremely high 
levels of creatine kinase in the bloodstream. Elevated cre-
atine kinase levels are also seen in some carrier females 
[14].

There is no known treatment for dystrophin-associated 
muscular dystrophies. These disorders negatively affect 
the quantity and quality of life of patients and increase 
the cost of health care for the family and society; there-
fore, prevention is very important [14, 15]. To predict the 
likelihood of having an affected child in genetic coun-
seling before pregnancy, it is important to know informa-
tion such as the probability that the mother is a carrier, 

frequency of carriers with increased creatine kinase, the 
possibility of inheriting the defective allele, and the exact 
prevalence of the disease worldwide [16, 17]. The preva-
lence of a genetic disease may change due to the grow-
ing awareness of people about genetic diseases and the 
encouragement of carriers of recessive disorders for pre-
natal screening [15, 18]. Although various studies have 
been performed to determine the prevalence of DMD 
and BMD in different populations and countries, there 
is no comprehensive study reporting the overall preva-
lence of these disorders worldwide. Therefore, the pre-
sent study was conducted to determine the prevalence 
of DMD and BMD worldwide in a systematic review and 
meta-analysis.

Methods
The present systematic review and meta-analysis was 
conducted based on the Cochrane method which 
includes seven steps: selecting research question, deter-
mining inclusion and exclusion criteria, collecting arti-
cles, selecting the desired articles, evaluating the quality 
of articles, data extraction, analysis, and interpretation of 
findings.

Determine research question and keywords
The research question was designed as "What is the is 
the prevalence of DMD and BMD worldwide?". There-
fore, the study population included patients with DMD 
or BMD. Finding; the prevalence of DMD and BMD, 
time limitation; from the date of publication of the first 
related article until March 6, 2021, and type of studies; 
descriptive cross-sectional. Keywords were extracted 
from the MeSH browser. Keywords related to the studied 
population (P) included Muscular Dystrophies, Muscular 
Dystrophy, Duchenne Muscular Dystrophy, Becker Mus-
cular Dystrophy. The keyword related to outcome (O) 
was prevalence.

Inclusion and exclusion criteria according to the research 
question
Since the purpose of this study is to determine the pop-
ulation-based prevalence, cross-sectional studies, which 
are the most studies reporting population-based preva-
lence, were selected as the study that meets the inclusion 
criteria. According to this the study included descriptive 
cross-sectional studies published in Persian or English, 
with full text available and reporting the prevalence of 
DMD or BMD in different parts of the world in genet-
ics context [19]. The unrelated analytical, cohort stud-
ies, case–control, and conference studies, report studies, 
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case series, review studies, intervention, and clinical trial 
studies were excluded.

Identifying articles
Two Persian databases including MagIran and SID, and 
five international databases including ScienceDirect, 
Web of Science (WoS), ProQuest, Medline (PubMed), 
Embase, Cochrane, and Scopus were searched to find 
articles related to the research question. The Google 
Scholar search engine was also used for the final search. 
To retrieve the relevant articles, no time limit was set and 
all published articles until March 6, 2021, were reviewed. 
The search was limited to published Persian and Eng-
lish articles. All possible combinations of keywords were 
used through AND and OR in the advanced search of 
all mentioned databases. For example, in the PubMed 
database, the search strategy was determined as follows: 
((((Muscular Dystrophies [Title/Abstract]) OR (Muscu-
lar Dystrophy [Title/Abstract])) OR (Duchenne Muscu-
lar Dystrophy [Title/Abstract])) OR (Becker Muscular 
Dystrophy [Title/Abstract])) AND (Prevalence [Title/
Abstract]).

Evaluations in this study were performed indepen-
dently and blinded. Initially, two researchers (MK and 
BF) reviewed the titles and abstracts of articles (accord-
ing to inclusion criteria) according to PRISMA 2009 
checklist; in case of disagreement among the research-
ers regarding each of the articles, the third party (MM) 
reviewed and provided the final opinion regarding that 
study. An alert was created on a number of important 
databases including PubMed and Scopus, to access the 
latest published articles to review new articles published 
during the study. In addition, all references of articles in 
line with inclusion criteria were manually reviewed to 
access all relevant articles.

Selection of articles based on inclusion and exclusion 
criteria
The review process of articles in this study was based on 
the 4-step PRISMA 2009 process based on the sections 
of article identification, article screening, review of entry, 
and exit criteria for studies and articles submitted to the 
meta-analysis in the final stage.

Article information was transferred to the Endnote X8 
software. Duplicate articles were removed after search-
ing all databases. The names of the authors and the titles 
of the journals were then removed to reduce the possi-
bility of bias in article selection. A checklist was created 
based on the title and abstract of the articles. Then, two 
researchers (MK. and BF) reviewed the title and abstract 
of the articles separately and excluded nonresearch stud-
ies, unrelated to the inclusion and exclusion criteria, and 

also studies without access to their full text. Then, the full 
text of the remaining articles was reviewed to exclude 
studies that did not meet the inclusion criteria.

Qualitative assessment of articles
Qualitative assessment was performed using the 
STROBE checklist which is a useful method for quali-
tative assessment of descriptive research. Articles are 
scored according to this checklist, including minimum 
and maximum scores of 0 and 32, respectively. Articles 
with a score of ≥ 16 were considered as a medium- to 
high-quality studies and were included in the system-
atic review and meta-analysis, while articles with a 
score below 16 were excluded [20].

Data extraction
Then, a summary of selected studies was prepared, 
including the surname of the first author, year of publi-
cation, place of study, sample size, age of subjects, type 
of MD, and its prevalence per 100,000 people.

Statistical Analysis
The prevalence of DMD and BMD in each study was 
considered as a probability of binomial distribution, 
and its variance was measured by binomial distribution 
to analyze and combine the results of different stud-
ies. The heterogeneity of studies was assessed using the 
I2 test. The random-effects model was used when the 
I2 index was greater than 50%. Since parameter varia-
tions between studies are considered in the calcula-
tions in this model, it can be said that the findings in 
heterogeneous conditions are more generalizable than 
the model with a fixed impact. The publication bias was 
assessed using the Begg and Mazumdar rank correla-
tion tests. The significance level of the test was P (0.1). 
Data analysis was performed using comprehensive 
Meta-Analysis (Version 2) software. Sensitivity analysis 
was performed to evaluate the impact of each study on 
the final result.

Results
Initially, 1883 articles were retrieved, including 1814 
articles from international databases, 53 articles from 
Persian databases, and 16 articles from references. In 
total, 1883 articles were excluded, of which 659 arti-
cles due to being duplicated, 1035 articles with title 
and abstract review, and 162 articles with the full-text 
review. Qualitative evaluation of the remaining 27 arti-
cles was performed using the STROBE checklist, two 
of which had poor methodological quality and were 
excluded. Finally, 25 articles entered the process of sys-
tematic review and meta-analysis (Fig. 1).
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General characteristics of the final included articles
The total sample size of all articles was 90,159,805 peo-
ple. The final included articles were published between 
1982 and March 6, 2021. The study by El-Tallawy et al. 
(2005) was conducted with the lowest sample size of 
52,203 people in Egypt [44]. The study by Ballo et  al. 
(1994) with a maximum sample size of 15,092,000 peo-
ple was conducted in South Africa [43]. Table 1 shows a 
summary of the characteristics of the included articles 
(Table 1).

I2 test for the prevalence of MD in different parts of 
the world showed that there is significant heterogeneity 
between studies (I2 = 97.9). Therefore, the data were ana-
lyzed using meta-analysis and a stochastic effects model. 
Sensitivity analysis was also performed to evaluate the 
effect of each study on the final result and the degree of 
heterogeneity. According to the Begg and Mazumdar 
rank correlation test with a significance level of less than 
0.1 (P = 0.209), there was no publication bias in the inclu-
sion of studies (Fig. 2).
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Fig. 1  Flowchart indicating the stages of article selection in this systematic review and meta-analysis (PRISMA 2009)
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Table 1  Summary of study specifications

First author, year, 
references

Type of 
muscular 
dystrophy

Prevalence per 
hundred thousand 
people

Sample size Diagnostic criteria Age (years) Country Report year

Nakagawa-1,1991, [21] DMD 7.12 603,392 Clinical presentation, 
high serum CK levels, 
EMG,

- Japan 1989

Nakagawa-2,1991, [21] BMD 1.82 603,392 Clinical presentation, 
high serum CK levels, 
EMG,

- Japan 1989

Chan,2015, [22] DMD/BMD 10.3 873,786 – 0–24 China 2015

Chung-1,2003, [23] DMD 10.44 631,854 High serum CK level, 
nerve conduction study, 
EMG, muscle biopsy, 
genetic testing

– China 2001

Chung-2,2003, [23] BMD 1.26 631,854 – – China 2001

Talkop,2003, [24] DMD 12.76 195,869 – > 20 Estonia 1998

Lefter-1,2017, [25] DMD 3 1,666,666 Genetic and electro-
physiological tests

– Ireland 2017

Lefter-2,2017, [25] BMD 2.2 1,681,818 Genetic and electro-
physiological tests

– Ireland 2017

Husebye-1,2020, [26] DMD 2.01 547,263 – Norway 2020

Husebye-2,2020, [26] BMD 0.04 500,000 – Norway 2020

Siciliano-1,1999, [27] DMD 1.69 1,296,275 Genetic testing, clinical 
examination, high serum 
CK levels, family history, 
muscle biopsy

13.8 ± 6.7 Italy 1997

Siciliano-2,1999, [27] BMD 2.46 1,296,275 Genetic testing, clinical 
examination, high serum 
CK levels, family history, 
muscle biopsy

36.3 ± 16.5 Italy 1997

Peterlin-1,1997, [28] DMD 2.9 1,034,482 Clinical picture, serum 
enzymes, EMG and 
muscle biopsy

– Slovenia 1997

Peterlin-2,1997, [28] BMD 1.2 1,000,000 Clinical picture, serum 
enzymes, EMG and 
muscle biopsy

– Slovenia 1997

Mostacciuolo-1,1993, 
[29]

DMD 3.31 2,296,072 – – Italy 1993

Mostacciuolo-2,1993, 
[29]

BMD 2.01 1,044,776 – – Italy 1993

Bushby,1991, [30] BMD 2.37 3,070,000 – 11 UK 1988

Hughes-1,1996, [31] DMD 4.25 1,573,282 – – Ireland 1994

Hughes-2,1996, [31] BMD 1.58 1,573,282 – – Ireland 1994

Jeppesen,2003, [32] DMD 5.49 2,636,364 – – Denmark 1985–2002

Norwood-1,2009, [33] DMD 8.29 1,495,778 Genetic testing and 
genetic investigations

– England 2007

Norwood-2,2009, [33] BMD 7.28 1,495,778 Genetic testing and 
genetic investigations

– England 2007

Darin-1,2000, [34] DMD 16.7 185,004 Clinical examinations, 
high serum CK levels, 
family history, muscle 
biopsy, genetic testing

– Sweden 1995

Darin-2,2000, [34] BMD 1.62 185,004 Clinical examinations, 
high serum CK levels, 
family history, muscle 
biopsy, genetic testing

– Sweden 1995

Danieli,1977, [35] DMD 3.4 3,000,000 High serum CK levels – Italy 1952–1972

Ahlström,1977, [36] DMD 0.7 285,714 – 11 Sweden 1988
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Combining studies based on a random-effects model, 
the overall estimation of the prevalence of MD in the 
world was 3.6 per 100,000 people (95 CI 2.8–4.5). In each 
study, the black square represents the prevalence, and the 
length of the line segment on the square indicates a 95 
CI. For all studies, the diamond shows a worldwide prev-
alence (Fig. 3).

In this study, in order to ensure stable results and sta-
bility of the results presented in the meta-analysis, sen-
sitivity analysis was used and the results are reported 

in Fig. 4 and show that after deleting the results of each 
study, there is no significant change in the final meta-
analysis (Fig. 4).

Table  2 shows the analysis of continental subgroups 
(Asia, Europe, Africa, and Americas) based on various 
reports of the prevalence of MD in different parts of the 
world. The Americas showed the highest prevalence of 
MD with 5.1 per 100,000 people (95 CI 3.4–7.8) (Table 2). 
In addition, the estimated overall prevalence of DMD 
and BMD worldwide was 4.8 per 100,000 people (95 CI 

Table 1  (continued)

First author, year, 
references

Type of 
muscular 
dystrophy

Prevalence per 
hundred thousand 
people

Sample size Diagnostic criteria Age (years) Country Report year

Rasmussen-1,2012, [37] DMD 16.2 1,654,670 Genetic testing and/or 
muscular biopsy

– Norway 2005

Rasmussen-2,2012, [37] BMD 3.5 1,654,670 Genetic testing and/or 
muscular biopsy

– Norway 2005

van Essen,1992, [38] DMD 5.4 7,102,598 Clinical status, serum 
CK levels, EMG, muscle 
biopsy

– Netherlands 1961–1982

LETH,1985, [39] DMD 6.94 2,348,703 Histological changes in 
muscular tissue, typical 
electromyographic 
changes, high serum CK 
levels

– Denmark 1965–1975

MONCKTON-1,1982, [40] DMD 3.12 705,128 – – Canada 1962

MONCKTON-2,1982, [40] DMD 9.5 989,473 – – Canada 1979

Romitti-1,2015, [41] BMD 3.6 3,827,532 ICD-9 CM code: 359.1 or 
ICD-10CM code: G71.0

5–24 USA 1982–2011

Romitti-2,2015, [41] DMD 10.16 3,827,532 ICD-9 CM code: 359.1 or 
ICD-10CM code: G71.0

5–24 USA 1982–2011

Mah-1,2011, [1] DMD 10.6 4,990,566 Clinical phenotypes, 
diagnostic methods, 
molecular genetic 
reports

– Canada 2000–2009

Mah-2,2011, [1] BMD 2.74 4,990,566 Clinical phenotypes, 
diagnostic methods, 
molecular genetic 
reports

– Canada 2000–2009

Ramos-1,2016, [42] DMD 5.17 1,757,189 – 5.5 Puerto Rico 2012

Ramos-2,2016, [42] BMD 2.84 1,757,189 – 9 Puerto Rico 2012

Ballo-1,1994, [43] DMD 0.9 15,092,000 High serum CK levels, 
EMG, genetic testing

– South Africa 1987–1992

Ballo-2,1994, [43] BMD 0.13 15,092,000 High serum CK levels, 
EMG, genetic testing

– South Africa 1987–1992

El-Tallawy-1,2005, [44] DMD 7.66 52,203 High serum CK levels 
investigations, genetic 
testing, muscle biopsy

– Egypt 1997

El-Tallawy-2,2005, [44] BMD 3.83 52,203 High serum CK levels 
investigations, genetic 
testing, muscle biopsy

– Egypt 1997

Radhakrishnan,1987, [45] DMD 5.99 516,667 Clinical examination, 
family history, serum 
CPK, EMG

8.2 ± 3 Libya 1987
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3.6–6.3) and 1.6 per 100,000 people (95 CI 1.1–2.4) with 
a significant publication bias in BMD results, respectively 
(Table 3).

Discussion
Muscular dystrophies are inherited, heterogeneous group 
of disorders caused by mutations in a number of genes 
that encode proteins involved in supporting muscle cell 
stability. Loss of function or dysfunction of these proteins 
leads to gradual weakness and degeneration of muscles, 
especially skeletal and cardiac muscle [46, 47]. There is 
a variety of MD that DMD and BMD are the most com-
mon forms after myotonia [46]. The age of onset and 
severity of symptoms in DMD and BMD are different, 
which is explained by the different effects that different 
mutations have on the dystrophin protein. Rapidly pro-
gressing muscle degeneration in DMD patients causes 
symptoms around the age of 3 and loss of ability to stand 
and move and wheelchair dependence around the age of 
13 years [8]. Another threatening issue is the involvement 
of the cardiorespiratory system, which is the leading 
cause of death in these patients. Some patients also suffer 
from behavioral and cognitive disorders, mental disabil-
ity, attention-deficit/hyperactivity disorder (ADHD), and 
autism spectrum disorders [48].

The impact of these disorders on the lifespan and qual-
ity of life suggests the need for preventive measures 
for the birth of an affected child. Due to the recessive, 
X-dependent nature, the sons of a carrier mother inherit 
defective allele with a 50% chance and become affected. 

Although carrier girls are usually asymptomatic or show 
only high levels of creatine kinase, some cases develop 
symptoms depending on the X-inactivation pattern. One 
of the important data to estimate more accurately the 
transmission risk of a recessive allele is the prevalence of 
disorder worldwide. Parental awareness, active genetic 
counseling centers, carrier screening, prenatal screen-
ing, the growing propensity for unrelated marriages, and 
the tendency to have fewer children in some populations 
influence the prevalence of recessive genetic disorders.

In the present systematic review and meta-analysis, the 
overall prevalence of MD, DMD, and BMD worldwide 
was estimated at 3.6, 4.6, and 1.6 per 100,000 people, 
respectively. The highest and lowest prevalence of DMD 
was reported in the study of Darin et al. with 16.7٪ [34] 
and the study of Ahlström et  al. with 0.7٪ [36], respec-
tively. Also, the highest and lowest prevalence of BMD 
was reported in the study of Norwood et  al. [33] with 
7.28 per 100,000 people and Husebye et al. [26] with 0.04 
per 100,000 people, respectively.

In the systematic review and meta-analysis of Mah 
et al. (2014), the prevalence of DMD and BMD was 4.78 
and 1.53 per thousand, respectively [13]. Also, Theadom 
et al. (2014) reported the prevalence of DMD and BMD 
of 1.7–4.2 and 0.4–3.6 per thousand, respectively [14]. 
Our results were almost similar to these studies, and 
minor differences could be due to the inclusion of more 
articles and patients from different races and geographies 
around the world.

Fig. 2  Results of the funnel plot to estimate the prevalence of MD worldwide
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According to the various reports of the prevalence of 
DMD and BMD in different countries as well as changes 
in the population structure in different parts of the world, 
a nationwide analysis is needed in different countries for 
the prevalence of the disorders. Also, the relevant author-
ities need to pay more attention to the prevalence of the 

disorders, preventive strategies, and treatment strategies 
to increase the lifespan and improve the quality of life of 
patients. As a result of the subgroup study, the Americas 
have the highest prevalence of 5.1 per 100,000 people 
(95 CI 3.4–7.8 per 100,000 people), while Africa has the 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Nakagawa-1 0.00007126 0.00005285 0.00009609 62.61508346- 0.00000000
Nakagawa-2 0.00001823 0.00001010 0.00003292 36.19203580- 0.00000000
Chan 0.00010300 0.00008378 0.00012664 87.09107422- 0.00000000
Chung-1 0.00010445 0.00008206 0.00013295 74.46636317- 0.00000000
Chung-2 0.00001266 0.00000633 0.00002532 31.89585602- 0.00000000
Talkop 0.00012764 0.00008625 0.00018889 44.82812827- 0.00000000
Lefter-1 0.00003000 0.00002274 0.00003958 73.63899511- 0.00000000
Lefter-2 0.00002200 0.00001594 0.00003036 65.23354068- 0.00000000
Husebye-1 0.00002010 0.00001113 0.00003629 35.86817180- 0.00000000
Husebye-2 0.00000400 0.00000100 0.00001599 17.57752530- 0.00000000
Siciliano-1 0.00001697 0.00001118 0.00002578 51.51883577- 0.00000000
Siciliano-2 0.00002469 0.00001746 0.00003491 60.01421039- 0.00000000
Peterlin-1 0.00002900 0.00002028 0.00004148 57.22623626- 0.00000000
Peterlin-2 0.00001200 0.00000681 0.00002113 39.25008623- 0.00000000
Mostacciuolo-1 0.00003310 0.00002644 0.00004144 89.93082601- 0.00000000
Mostacciuolo-2 0.00002010 0.00001311 0.00003083 49.55900649- 0.00000000
Bushby 0.00002378 0.00001890 0.00002991 90.96440502- 0.00000000
Hughes-1 0.00004259 0.00003352 0.00005411 82.37513884- 0.00000000
Hughes-2 0.00001589 0.00001074 0.00002352 55.24847467- 0.00000000
Jeppesen 0.00005500 0.00004674 0.00006472 118.10218689- 0.00000000
Norwood-1 0.00008290 0.00006952 0.00009885 104.64505122- 0.00000000
Norwood-2 0.00007287 0.00006040 0.00008792 99.45842268- 0.00000000
Darin-1 0.00016756 0.00011784 0.00023826 48.40196484- 0.00000000
Darin-2 0.00001622 0.00000523 0.00005028 19.10350680- 0.00000000
Danieli 0.00003400 0.00002800 0.00004128 103.91321161- 0.00000000
Ahlström 0.00000700 0.00000175 0.00002799 16.78607981- 0.00000000
Rasmussen-1 0.00016197 0.00014369 0.00018256 142.87134386- 0.00000000
Rasmussen-2 0.00003505 0.00002710 0.00004534 78.12606030- 0.00000000
van Essen 0.00005406 0.00004892 0.00005975 192.53006952- 0.00000000
LETH 0.00006940 0.00005952 0.00008091 122.24825010- 0.00000000
MONCKTON-1 0.00003120 0.00002054 0.00004738 48.66259034- 0.00000000
MONCKTON-2 0.00009500 0.00007761 0.00011628 89.78967682- 0.00000000
Romitti-1 0.00003605 0.00003051 0.00004260 120.17830382- 0.00000000
Romitti-2 0.00010163 0.00009202 0.00011225 181.32579137- 0.00000000
Mah-1 0.00010600 0.00009734 0.00011543 210.48404882- 0.00000000
Mah-2 0.00002745 0.00002322 0.00003246 122.93337867- 0.00000000
Ramos-1 0.00005179 0.00004217 0.00006360 94.13528423- 0.00000000
Ramos-2 0.00002845 0.00002157 0.00003754 74.01304746- 0.00000000
Ballo-1 0.00000948 0.00000804 0.00001116 138.31840923- 0.00000000
Ballo-2 0.00000133 0.00000085 0.00000205 60.52558746- 0.00000000
El-Tallawy-1 0.00007662 0.00002876 0.00020414 18.95232237- 0.00000000
El-Tallawy-2 0.00003831 0.00000958 0.00015317 14.38186595- 0.00000000
Radhakrishnan 0.00006000 0.00004220 0.00008531 54.12320734- 0.00000000

0.00003622 0.00002854 0.00004596 84.09241874- 0.00000000
-10.00 -5.00 0.00 5.00 10.00

Favours A Favours B
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Meta Analysis
Fig. 3  Results of the forest plot to estimation of the prevalence of MD worldwide based on a random-effects model



Page 9 of 12Salari et al. Journal of Orthopaedic Surgery and Research           (2022) 17:96 	

lowest prevalence of 1.7 percent per 100,000 people (95 
CI 1.1–4.5 per 100,000 people).

The study by Ballo et  al. (1994) in South Africa [43] 
had the highest sample size and reported a prevalence of 
DMD of 0.9 per 100,000 and BMD of 0.13 per 100,000, 
which differs from the overall results of the present study. 

The funnel plot was also used to demonstrate publication 
bias in studies included in the meta-analysis process.

DMD and BMD are highly prevalent worldwide and 
have many negative consequences for the individual 
and society, including the economic costs that increase 
significantly as the diseases progress [49]. Therefore, 

Study name Statistics with study removed Event rate (95% CI) with study removed

Lower Upper 
Point limit limit Z-Value p-Value

Nakagawa-1 0.000035588 0.000027918 0.000045365 82.712182799- 0.000000000
Nakagawa-2 0.000036785 0.000028919 0.000046791 83.173326207- 0.000000000
Chan 0.000035241 0.000027644 0.000044927 82.758496868- 0.000000000
Chung-1 0.000035240 0.000027655 0.000044906 82.908703724- 0.000000000
Chung-2 0.000037049 0.000029139 0.000047105 83.268156748- 0.000000000
Talkop 0.000035119 0.000027590 0.000044702 83.315349980- 0.000000000
Lefter-1 0.000036382 0.000028567 0.000046334 82.845121456- 0.000000000
Lefter-2 0.000036678 0.000028834 0.000046655 83.194258386- 0.000000000
Husebye-1 0.000036703 0.000028850 0.000046692 83.145542177- 0.000000000
Husebye-2 0.000037346 0.000029398 0.000047443 83.498127002- 0.000000000
Siciliano-1 0.000036900 0.000029023 0.000046915 83.314454018- 0.000000000
Siciliano-2 0.000036564 0.000028731 0.000046531 83.059379493- 0.000000000
Peterlin-1 0.000036412 0.000028600 0.000046358 82.945231826- 0.000000000
Peterlin-2 0.000037154 0.000029232 0.000047223 83.362097626- 0.000000000
Mostacciuolo-10.000036283 0.000028468 0.000046244 82.605406524- 0.000000000
Mostacciuolo-20.000036741 0.000028884 0.000046736 83.176276937- 0.000000000
Bushby 0.000036618 0.000028791 0.000046574 83.245728897- 0.000000000
Hughes-1 0.000036042 0.000028258 0.000045969 82.418202362- 0.000000000
Hughes-2 0.000036971 0.000029090 0.000046988 83.426626096- 0.000000000
Jeppesen 0.000035766 0.000027958 0.000045755 81.468062057- 0.000000000
Norwood-1 0.000035410 0.000027722 0.000045230 82.064781721- 0.000000000
Norwood-2 0.000035528 0.000027813 0.000045383 82.018043637- 0.000000000
Darin-1 0.000034881 0.000027426 0.000044362 83.659545546- 0.000000000
Darin-2 0.000036699 0.000028864 0.000046661 83.341651817- 0.000000000
Danieli 0.000036252 0.000028427 0.000046230 82.419601014- 0.000000000
Ahlström 0.000037055 0.000029160 0.000047087 83.458492669- 0.000000000
Rasmussen-1 0.000034943 0.000027690 0.000044096 86.444274235- 0.000000000
Rasmussen-2 0.000036231 0.000028429 0.000046173 82.645730385- 0.000000000
van Essen 0.000035688 0.000027682 0.000046009 79.009998304- 0.000000000
LETH 0.000035547 0.000027777 0.000045492 81.397492776- 0.000000000
MONCKTON-10.000036343 0.000028545 0.000046270 82.956207365- 0.000000000
MONCKTON-20.000035307 0.000027681 0.000045034 82.566365564- 0.000000000
Romitti-1 0.000036184 0.000028343 0.000046192 82.075739588- 0.000000000
Romitti-2 0.000035196 0.000027506 0.000045035 81.527525625- 0.000000000
Mah-1 0.000035170 0.000027518 0.000044950 81.922697841- 0.000000000
Mah-2 0.000036475 0.000028651 0.000046436 82.948988313- 0.000000000
Ramos-1 0.000035847 0.000028074 0.000045772 82.078233407- 0.000000000
Ramos-2 0.000036433 0.000028613 0.000046390 82.904909876- 0.000000000
Ballo-1 0.000037887 0.000030505 0.000047054 92.079530916- 0.000000000
Ballo-2 0.000039443 0.000031484 0.000049415 88.181450458- 0.000000000
El-Tallawy-1 0.000035725 0.000028084 0.000045445 83.391266639- 0.000000000
El-Tallawy-2 0.000036186 0.000028463 0.000046006 83.485971817- 0.000000000
Radhakrishnan0.000035753 0.000028058 0.000045558 82.797246875- 0.000000000

0.000036216 0.000028536 0.000045963 84.092418741- 0.000000000
-0.25 -0.13 0.00 0.13 0.25

Favours A Favours B

Meta Analysis

Meta Analysis
Fig. 4  Results of sensitivity analysis in studies reviewed in meta-analysis
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identifying patients and proper management to improve 
the quality of life of patients and their families, and help 
achieve better therapies, the use of supportive therapies 
to reduce the symptoms of the disease seems useful. A 
better understanding of the prevalence and age of onset 
of DMD and BMD is crucial because this knowledge can 
provide valuable information to healthcare providers that 
enriches healthcare interventions and enhances service 
quality [50, 51].

There are a variety of muscular dystrophies that are 
different in symptoms, severity, age of onset, and preva-
lence. Proteins involved in various forms of muscular 
dystrophy usually work together and all work to main-
tain the stability of muscle fibers. Various mutations 
in the genes encoding these proteins can lead to differ-
ent phenotypes or different phenotypic severity, which 
sometimes makes it difficult to diagnose the exact type of 
disease. Also, genetic variations between populations or 
ethnic groups can alter the reported prevalence of mus-
cular dystrophy. The development of existing molecu-
lar diagnostic tools as well as new diagnostic strategies 
leads to more accurate diagnosis of cases. Furthermore, 
the availability of information such as hospital charts 
and other sources of medical information to determine 
the number of diagnosed cases of relatively uncommon 
diseases such as muscular dystrophies varies among 
countries.

Moreover, different approaches of case ascertainment 
have been used in different studies and methodological 
uniformity is not mainly seen. Also, a number of stud-
ies have reported an estimated prevalence of the dis-
ease in a particular population in a language other than 
English, for example in the present study only Persian 

and English articles were included. Therefore, signifi-
cant gaps remain in estimating the global prevalence of 
many types of muscular dystrophy. Apart from these, 
this systematic review and meta-analysis faced limita-
tions such as unavailability of the full text of some arti-
cles, variability in methodology, lack of genetic testing 
in earlier studies that may affect accurate estimation 
of the disease prevalence, and nonrandom geographic 
distribution. Overall, additional epidemiological stud-
ies are suggested to more accurately estimate the preva-
lence of muscular dystrophies, particularly DMD and 
BMD worldwide, using standardized diagnostic criteria 
and multiple case ascertainment approaches will help 
to estimate the economic impact and burden of patient 
health care.
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