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Introduction n 

Thee findings presented in this thesis are the result of a cross-sectional study among 
carrierss of Duchenne (DMD) and Becker muscular dystrophy (BMD) and a follow 
upp study among BMD patients. 
DMDD and BMD are both X-linked recessive disorders caused by mutations in the 
dystrophinn gene, located on the short arm of the X-chromosome. DMD is the most 
commonn neuromuscular disease in children. The birth prevalence is about 1 in 
35000 live born males.' DMD patients show a uniform clinical picture: the first signs 
off  muscle weakness appear before 6 years of age. In general, the musculature from 
thee pelvic girdle/upper legs is more affected than that of the shoulder girdle/upper 
arms»» and proximal muscles are earlier and more severely involved than distal 
muscles.. Due to progressive muscle weakness,, patients become wheelchairbound 
beforee age 12. Patients usually died from respiratory failure before age 20. However 
overr the ensuing years, life expectancy is increasing, as a result of respiratory sup-
port.. j 

BMDD is more uncommon with a birth prevalence of 1 in 18500 live born males. 
Thee clinical picture of BMD resembles DMD, but the progression of muscle weak-
nesss is much more variable, although generally the course is protracted. 
DMDD carriers may also show signs or symptoms of DMD. The clinical picture of 
symptomaticc or manifest carriers can vary from exertion dependent myalgia/ 
crampss on the one end of the spectrum to severe, disabling muscle weakness on the 
otherr end. However, weakness is commonly mild and mostly asymmetrically and 
proximallyy distributed. Age of onset ranges from the first to fourth decade. It has 
beenn estimatedd that 3-8% of DMD carriers have symptoms of the disease.3,5 Symp-
tomaticc BMD carriers are rare. Since the first report only few cases have been 
described.6"111 The detection of the dystrophin gene and the dystrophin protein has 
considerablyy facilitated the identification of carriers and patients with DMD/BMD. 
Consequently,, the clinical profile of dystrophinopathies has considerably expanded. 
Recently,, patients with very mild phenotypes have been reported such as exercise 
inducedd myalgia/cramps and myoglobinuria and BMD patients with mental dys-
function.122 Furthermore, some families have been described with dilated cardio-
myopathyy due to mutations in the first part of the dystrophin gene.13,14 In DMD 
patientss dilated cardiomyopathy is very common. In BMD patients it has 
recentlyy been shown that dilated cardiomyopathy is more common than previously 
described.200 24 In BMD it is probably the most important prognostic factor. In 
recentt years, it has been recognised that DMD and BMD carriers can have a severe 
cardiomyopathyy with or without muscle weakness. 
Twoo surveys which had addressed this issue and had scored prevalence of sympto-
maticc carriers, were from the premolecular-genetic era, or had not assessed cardiac 
abnormalities.3'55 Another study which had revealed abnormal cardiac findings in 
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Introduction n 

DMDD and BMD carriers, did not systematically assess muscle weakness.29 Because 
off  the recent molecular-genetic developments and the recognition of new pheno-
types,, we have designed a collaborative study among definite carriers of DMD and 
BMDD in search of clinical signs and symptoms. 
Aimss of our study were: 1) to estimate the prevalence of clinical symptoms in DMD 
andd BMD carriers, 2) to assess the extent of muscular and cardiac involvement and 
too establish the value of heart-specific markers to detect non-ischemic myocardial 
damagee in DMD/BMD carriers, 3) to investigate possible associations between 
clinicall  symptoms and genotype (at DNA and protein level), 4) to assess the utility 
off  dystrophin analysis in skeletal muscle tissue for carrier detection, 5) to detect the 
naturall  course of cardiac abnormalities in a group of previously investigated BMD 
patients. . 
Alll  carriers were traced through the files at the Department of Human Genetics, 
Universityy of Leiden, The Netherlands, with the cooperation of all involved clinical 
geneticists.. All carriers only participated after informed consent. 

Inn chapters one and two the results are described of a cross-sectional study among 
1299 definite carriers of DMD and BMD in the Netherlands. The proportion of 
symptomaticc carriers and the extent of muscular symptoms and cardiac abnormali-
ties,, detected by manual muscle testing and hand-held dynamometry and electro-
cardiographicc and echocardiographic investigations, respectively, are described 
Furthermore,, associations between genotype and phenotype are made. 
Inn chapter  three the results of dystrophin analysis in muscle tissue from 50 symp-
tomaticc and asymptomatic carriers of DMD and BMD are presented. We provide 
dataa on immunohistochemical and Western blot analysis of dystrophin in muscle 
tissue.. From these results, we evaluated the value of dystrophin analysis for carrier 
detection. . 
Thee course of cardiac involvement between 1980 and 1994 in 27 previously re-
portedd BMD patients is described in chapter  four. In most patients electrocardio-
graphicc and echocardiographic examinations were carried out. In deceased patients 
thee most recent cardiological data before death were collected. We attempted to 
identifyy associations between cardiac involvement, functional ability and mutations 
inn the dystrophin gene. 
Chapterr  five presents a study to test the value of troponin T and troponin I as 
markerss for non-ischemic myocardial damage in BMD/DMD carriers with cardiac 
abnormalities. . 
Inn Chapter  six, the major findings of this thesis are reviewed and discussed. 
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Chapterr 1 

Abstract t 

Backgroundd Carriers of Duchenne muscular dystrophy (DMD) and Becker muscu-
larr dystrophy (BMD) may show muscle weakness or dilated cardiomyopathy. 
Studiess focusing on skeletal-muscle involvement were done before DNA analysis 
wass possible. We undertook a cross-sectional study in a population of definite 
carrierss to estimate the proportion and to assess the clinical profile of carriers with 
symptoms.. We also assessed a possible correlation between genotype and pheno-
type. . 

Methodss Carriers of DMD and BMD, aged 18-60 years, were traced through the 
filesfiles of the central register kept at the department of Human Genetics in Leiden, 
Netherlands.. For each carrier who agreed to participate a medical history was 
taken,, and muscle-strength assessment by hand-held dynamometry and manual 
musclee testing and cardiological assessment were done. 

Findingss Hundred and twenty-nine carriers of muscular dystrophy (85 DMD, 44 
BMD)) participated in the study. In 90 women from 52 (70%) families, 37 different 
mutationss were found. 28 (22%) women had symptoms. Twenty-two (17%) had 
musclee weakness, varying from mild to moderately severe. Muscle weakness was 
foundd in carriers of DMD and BMD, but dilated cardiomyopathy was found only 
inn seven (8%) carriers of DMD, of whom one had concomitant muscle weakness. 
Theree was an unexpectedly high proportion of left-ventricle dilation (18%). No 
genotype-phenotypee correlation was found. 

Interpretatio nn Clinical manifestation of muscle weakness, dilated cardiomyopathy, 
orr both can be found in about a fifth of carriers of DMD and BMD. If left ventricle 
dilationn is taken into account, the proportion of carriers with symptoms is even 
higher,, amounting to 40%. 
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Signss and symptoms of Duchenne and Becker muscular dystrophy 

Introductio n n 

Duchennee muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are 
X-linkedd recessive disorders caused by mutations in the dystrophin gene. It has 
longg been known that carriers of DMD may also have symptoms of the disease. A 
summaryy of all case reports until 1970 was reported by Penn and colleagues.2 The 
clinicall  picture of carriers with symptoms can vary from muscle pain and cramp on 
exertionn at one end of the spectrum, to severe muscle weakness leading to wheel-
chairr dependency on the other end. * If weakness is present, it is commonly mild, 
predominantlyy asymmetric and proximally distributed.'' ' The pelvic girdle is 
moree frequently and earlier affected than the shoulder girdle. Age of onset is also 
variable,, ranging from the first to the fourth decade. Onset before the age of 15 
usuallyy leads to severe involvement. ' Carriers of BMD rarely have symptoms— 
sincee the first report by Moser in 1971 , only few cases have been described.' ~11,22,33 

Severall  mechanisms may cause symptoms in carriers of DMD and BMD. First, X-
autosomall  translocations with the breakpoint in the Xp-21 region can account for 
clinicall  signs. These translocations lead to skewed X-inactivation of the normal 
dystrophinn gene at an early stage of development. Second, X-inactivation plays a 
partt in monozygotic twins discordant for myopathic symptoms of DMD. Uneven 
X-inactivationn of the normal X-chromosome appears in the affected twin.35 38 The 
samee mechanism is suggested in symptomatic carriers: if X-inactivation is a ran-
domm process, one might expect statistical outliers with varying degrees of symptoms 
off  DMD. Evidence supporting this view has been derived from X-methylation 
studies,, showing a picture of the activity state of X-chromosomes in carriers of the 
mutatedd dystrophin gene.39"41 

Sincee 1967, abnormalities in electrocardiograms (ECG) like those seen in DMD 
patientss have been recognised in carriers of DMD.4'22'30'433 It has become clear that 
severee cardiac involvement— dilated cardiomyopathy— can also occur in carriers, 
andd may or may not be accompanied by muscle weakness. ' " ' ' 
Twoo surveys have been done that showed that 2.5 - 7.8 % of carriers of DMD and 
BMDD had clinical abnormalities.3,5 Based on these results the prevalence of carriers 
withh clinical abnormalities in the female population was estimated to be one per 
45.0000 and one per 100.000, respectively. However, one study was executed before 
thee discovery of the dystrophin gene and its protein product. In the second survey 
linkagee analysis was used in a subgroup of the carriers, and some of them may 
thereforee not have been definite carriers. In those two studies cardiac involvement 
wass not taken into account. In an Italian study, there was a high proportion of 
abnormall  cardiac findings. Muscle weakness was not, however, systematically 
assessed.. These methodological shortcomings urged us to start a collaborative 
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Chapterr 1 

studyy in a population of obligate and DNA proven carriers of DMD and BMD in 
thee Netherlands. The objectives were to estimate the proportion of carriers who 
havee symptoms, to assess the degree of severity of muscular and cardiac involve-
ment,, and to establish possible associations between phenotype and genotype. 

Patientss and Methods 

Patients Patients 
Carrierss of DMD and BMD were traced through the files at the Department of 
Humann Genetics, University of Leiden, where registration of all families affected by 
DMDD and BMD has been kept since 1982. Carriers were considered to be definite 
when:: they were found to be obligate carriers after pedigree analysis (definite X-
linkedd inheritance); when a mutation in the dystrophin gene was found; or when 
linkagee analysis revealed a chance of more than 99% for carriership. Further-
more,, when linkage analysis was applied, it was taken to be informative only in 
carrierss who belonged to large families. 
Sporadicc symptomatic carriers were not enrolled in our study, since selection bias 
wouldd have been introduced, because one might expect that in absence of a family 
historyy of DMD or BMD, symptoms and signs have to be pronounced before they 
aree recognised. 
Alll  carriers were contacted with the cooperation of the clinical geneticist who had 
givenn genetic counselling. Only carriers aged 18-60 years were invited to partici-
pate,, because muscle strength is more or less constant in this age-group. Severe 
comorbidityy had to be absent. All carriers who agreed to participate in the study 
weree examined by EMH. 

Methods Methods 
Investigationss included full medical history, neurological examination, muscle-
strengthh assessment by manual muscle testing with the use of the Medical Research 
Councill  scale49, hand-held dynamometry50 and a cardiological work-up consisting 
off  electrocardiography and echocardiography to assess dilated cardiomyopathy 
(DCM).. DCM was defined by a dilated left ventricle, corrected for body-surface 
areaa and impaired systolic function on echocardiographic examination. Systolic 
functionn was classified as impaired if fractional shortening was less than 28%, 
globall  hypokinesia was seen at two dimensional echocardiographic examinations, 
orr both.51'5 
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Signss and symptoms of Duchenne and Becker muscular dystrophy 

Thee following categories of carriers were distinguished: (1) carriers with no history 
off  frequent muscle pain, cramps and no muscle weakness or DCM; (2) carriers with 
regularr muscle cramps and pains, affecting daily life activities, but without apparent 
musclee weakness; (3) carriers with muscle weakness in at least one muscle group as 
establishedd by hand-held dynamometry, but not by manual muscle testing (mild 
weakness);; (4) carriers with muscle weakness in at least one muscle group estab-
lishedd both with manual muscle testing and hand-held dynamometry; moderate 
(MRC== 4) or severe (MRC<4) weakness; (5) carriers with DCM. We designated 
groupss (3), (4), (5) as carriers with symptoms. 
DNA-analysiss was done in all carriers. Screening for deletions in the dystrophin 
genee was done with two PCR kits. ' Genomic DNA from all carriers was also 
analysedd by Southern blot and cDNA hybridisation utilising cDNA probes across 
thee dystrophin gene. 
Serumm creatine kinase activity (upper reference limit: 193 U/l) was measured at 
37°CC by the method proposed by the International Federation of Clinical Chemis-
4.. 5 7 

try. . 
Thee study was approved by the Medical Ethics Committee of the Academic Medical 
Centre,, Amsterdam. Each participant gave informed consent to taking part in the 
study. . 

StatisticalStatistical analysis 
Wee analysed possible associations between variables with *£ tests and we used 
rr tests to compare means of serum creatine kinase activity. 

Tablee 1 Skeletal muscle signs and symptoms in 127 carriers of Duchenne and Becker 

muscularmuscular dystrophy 

Clinicall group 

Noo symptoms / signs 

Myalgiaa / cramps 

Musclee weakness 

95%95% Cf 

Mild" Mild" 

ModerateModerate2 2 

DMD D 

n n 

64 4 

4 4 

16 6 

10.6-27.4 10.6-27.4 

8 8 

8 8 

84 4 

% % 
76 6 

4.8 8 

19 9 

9.5 9.5 

9.5 9.5 

BMD D 

n n 

35 5 

2 2 

6 6 

3.6-24.4 4 

2 2 

4 4 

43 3 

% % 
81 1 

4.7 7 

14 4 

4.7 4.7 

9.3 9.3 

Total l 

n n 

99 9 

6 6 

22 2 

70.7-23.7 7 

10 10 

12 12 

127 7 

% % 
78 8 

4.7 7 

17 7 

7.9 7.9 

9.4 9.4 

100 0 
33 95% confidence interval; Measured only with hand-held dynamometry; 
cc Measured with manual muscle testing and hand-held dynamometry 

17 7 



Chapterr 1 

Results s 

AA list with 275 names of definite carriers (198 DMD, 77 BMD) aged 18-60 years 
wass extracted from the files of the Department of Human Genetics, Leiden. Seven 
carrierss had died or were too ill to be included, leaving 268 names (193 DMD, 75 
BMD).. For 16 carriers (14 DMD, two BMD) no address could be found, and 28 
carrierss (26 DMD, two BMD) were not invited for logistical reasons. A total of 224 
letterss (153 DMD, 71 BMD) were sent out. Forty-four carriers (31 DMD, 13 BMD) 
didd not respond to the invitation. Fifty-one carriers (37 DMD, 14 BMD) refused to 
participatee in the study. Finally, 129 carriers (85 DMD, 44 BMD), from 74 families, 
agreedd to participate—129 (48%) of 268 of the carrier file in Leiden and 129 (58 %) 
off  224 of the posted letters. 

Alll  129 carriers were seen by EMH between June, 1994, and July 1995. The mean 
agee of the participants was 36.9 years (range 18-58 years; median 36; SD 9.5 years). 
Inn table 1 the proportion of muscle weakness for DMD and BMD carriers, respec-
tively,, is given. In two carriers muscle strength could not be properly assessed 
becausee of lack of cooperation. Therefore, they were excluded from the analysis of 
musclee weakness. Seven (8.2%) DMD carriers had dilated cardiomyopathy, one 
alsoo had muscle weakness. Twenty-eight (22 %) carriers had symptoms according 
too our criteria (muscle weakness or dilated cardiomyopathy). However, in addition 
233 carriers (18%) had echocardiography evidence of left-ventricle dilation (with 
normall  systolic function; table 2). 

Tablee 2 Dilated cardiomyopathy (DCM) and left ventricle (LV) dilation in DMD/BMD 

carriers carriers 

DCM M 

LVV dilation 

DMD D 

nn % 

77 8 

166 19 

BMD D 

nn % 

00 0 

77 16 

Total l 

n n 

7 7 

23 3 

% % 
5 5 

18 8 

233 27 7 16 30 23 

Twenty-twoo carriers with muscle weakness originated from 20 families. Four of 
thesee carriers were related—mother and daughter and two cousins. In eight 
(36.4%)) carriers muscle pain or cramps were the first symptoms and six (27%) 
carrierss had experienced muscle weakness as the presenting symptom. Eight (36.4 
%)) carriers did not report muscle weakness, but were identified during our study. 
Meann age at onset of symptoms was 33.6 years (16-48; SD 8.9). Mean time between 
onsett of symptoms and time of current investigation was 4.9 year (1-21; SD 5.3). In 
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Signss and symptoms of Duchenne and Becker muscular dystrophy 

18(81.88 %) carriers muscle weakness was predominantly asymmetric. Four carriers 
hadd symmetric muscle weakness. Nine (41%) carriers had weakness limited to 
shoulderr girdle or upper arms, in five (23%) pelvic girdle or upper legs were 
affected,, and in eight (36 %) upper and lower limbs were involved. The most 
commonlyy affected muscles are listed in table 3. 
Inn 90 (69.8%) women from 52 families, 37 different mutations were found: 34 
deletionss and three duplications. They were located in the proximal part, in the rod 
domainn and distal part of the dystrophin gene. In 24 (18.6%) individuals carrier-
shipp was established by linkage analysis. Fifteen carriers (11.6%) in whom no 
mutationn was found were obligate on the basis of pedigree analysis (definite 
X-linkedd inheritance). We did not find associations between site of mutation, age 
(18-60),, muscle weakness or dilated cardiomyopathy. 
Serumm creatine kinase activity was raised (2-10 times the upper limit of normal) in 
455 (53 %) carriers of DMD and 13 (30 %) carriers of BMD. Mean serum creatine 
kinasee activity was 306 U/l (48-1860). There was no significant difference in mean 
activityy between carriers with and carriers without muscle weakness. 

Tablee 3 Affected muscle groups in 22 carriers with muscle weakness 

Musclee groups 

Elboww flexors 

Shoulderr abductors 

Kneee extensors 

Gluteall muscles 

Elboww extensors 

Intrinsicc hand muscles 

Psoass muscles 

Hipp abductors 

Pectorall muscles 

Other r 

Left t 

11 1 

8 8 

7 7 

4 4 

5 5 

6 6 

5 5 

4 4 

2 2 

11 1 

Right t 

9 9 

7 7 

6 6 

5 5 

2 2 

2 2 

1 1 

4 4 

2 2 

3 3 

Total l 

20 0 

15 5 

13 3 

9 9 

7 7 

8 8 

6 6 

8 8 

4 4 

14 4 

Discussion n 
Inn this study we tried to include as many carriers within each family as possible to 
keepp ascertainment bias to a minimum. However, we had no information about the 
carrierss who did not respond to our invitation and only occasional information 
aboutt the women who refused to participate. A selection bias may therefore have 
occurredd towards carriers who had complaints and who wanted confirmation of 
theirr complaints by means of our study. On the other hand, eight (36%) carriers 
withh muscle weakness did not have complaints beforehand but were recognised as 
havingg symptoms during our study. 
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Chapterr 1 

Thee proportion of carriers manifesting with muscle weakness is higher than those 
reportedd in other studies. This discrepancy may be because we did not include 
possiblee carriers or because we applied hand-held dynamometry (which is more 
sensitivee in detecting muscle weakness than manual muscle testing), which yielded 
tenn (8%) carriers with symptoms. 
Onsett of symptoms did not occur before the age of 16 and mean age at onset was 
333 years. Fourteen (70%) women who complained of myalgia, cramps, or muscle 
weaknesss did have muscle weakness. It is important to note there were no carriers 
withh severe muscle weaknesses. However, individuals older than 60 years were not 
examined.. In agreement with other studies muscle weakness was primarily proxi-
mall  and asymmetric. However, in contrast to previous reports in nine (41%) 
womenn with muscle weakness only the shoulder girdle or upper arm was affected, 
whichwhich might also be explained by random X-inactivation. 
Somee groups have mentioned an increased proportion of carriers with symptoms 
amongg first-degree or more remote relatives.3,4'58 62 Moser and Emery found ten 
firstfirst degree cases in four families. In our study, of 34 pedigrees with more than one 
participatingg definite carrier per family (89 carriers in total), only two pedigrees 
hadd two carriers with symptoms. Two carriers of DMD were first-degree relatives 
andd two BMD carriers were cousins. In the remaining 32 families, ten carriers with 
musclee weakness were the only individual with symptoms in the family. According 
too our data, familial occurrence of carriers with symptoms is a rare phenomenon. 

Inn keeping with male patients, BMD carriers are less frequently and less severely 
affectedd than carriers of DMD. A small difference in symptoms was found between 
DMDD and BMD carriers, 16 (19%) and six (14%) carriers respectively for muscle 
weaknesss and seven (8%) versus zero for dilated cardiomyopathy. Although dilated 
cardiomyopathyy was found only in DMD carriers, left-ventricle dilation, which can 
bee taken as the initial stage of DCM, was found in a proportion of carriers of DMD 
andd BMD. The prevalence of dilated cardiomyopathy in our carrier population 
(5.4%% or 5400 per 100 000) is higher than could be expected in the general female 
populationn (19.4 per 100 000).63 

Off  seven carriers with dilated cardiomyopathy, only one had myopathic symptoms, 
whichh might implicate that skewed X-inactivation is tissue specific. ' ' In addi-
tion,, other genetic factors may play a part in the development of dilated cardio-

.11 65,66 

myopathy. . 
Wee found that carriers who have symptoms make up 22% (28 women) of a cohort 
off  definite carriers of BMD and DMD. Severe disabling muscle weakness among 
carrierss is probably rare. We found no association between genotype and pheno-
type.. Dilated cardiomyopathy occurred in carriers of DMD, although in only 8% 
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Signss and symptoms of Duchenne and Becker muscular dystrophy 

(sevenn patients) and generally without accompanying muscle weakness. However, 
inn addition, in 18% (23 women) of carriers (both DMD and BMD) left ventricle 
dilationn was found. Follow-up studies are needed to find out whetherr this condi-
tionn is an early stage of dilated cardiomyopathy. On the basis of our results we 
stronglyy advocate cardiological investigation on a regular basis in carriers of DMD 
orr BMD. Our study also shows that clinical geneticists should inform individuals 
whoo ask for genetic counselling about the increased risk for the potentially treatable 
cardiacc complications. 
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Chapterr 2 

Abstract t 

AA cross-sectional study in a cohort of DNA proven carriers of Duchenne (DMD) 
andd Becker (BMD) muscular dystrophy was undertaken with the following objec-
tives:: (1) to estimate the frequency of electrocardiographic (ECG) and echocardio-
graphicc abnormalities, (2) to establish the proportion of carriers with dilated 
cardiomyopathy,, and (3) to assess possible associations between dilated cardio-
myopathyy and genotype. 
Onee hundred and twenty nine DMD and BMD carriers, aged 18-60 years, were 
tracedd through the files of the central register kept at the department of Human 
Geneticss in Leiden. Investigations included full medical history, physical examina-
tion,, ECG and two-dimensional and M-mode echocardiographic examination. 
Forty-sevenn percent had ECG changes. Thirty-six percent (DMD 41%, BMD 27%) 
hadd at least one abnormality as is usually found in male patients. Echocardio-
graphicc examination was abnormal in 36% (DMD 38%, BMD 34%). Dilated 
cardiomyopathyy was found in seven (8%) DMD carriers, one in concomitant 
presencepresence of muscle weakness, and in none of BMD carriers. In addition, 18% had 
leftt ventricle dilation (DMD 19%, BMD 16%). Only 38 % had a completely normal 
investigationn of the heart. We found no association between genotype and cardiac 
manifestations. . 
Ourr study underlines that cardiac involvement is part of the dystrophinopathies. 
Carrierss should be told about the increased risk of this complication when they ask 
forr genetic advice. It also implicates that a complete cardiological evaluation should 
bee performed at least once in all carriers. If left ventricle dilatation or dilated 
cardiomyopathyy is present a yearly follow up is needed, in order to start timely 
therapy. . 
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Introductio n n 

Duchennee (DMD) and Becker (BMD) muscular dystrophy are caused by mutations 
inn the dystrophin gene on the X- chromosome. It is well known from clinical, 
electrocardiographic,, echocardiography and pathological studies that involvement 
off  the heart plays an important role in DMD and BMD.' ' I t can lead to 
dilatedd cardiomyopathy (DCM) and ultimately to death. Since the late sixties it 
becamee clear that electrocardiographic (ECG) abnormalities similar to those in 
malee patients could be recognised in DMD carriers. ' These ECG changes, includ-
ingg high R-waves in the right precordial leads, were found in carriers with and 
withoutt muscle weakness. It was even suggested that the presence of these ECG 
abnormalitiess could be used to distinguish a symptomatic DMD carrier from a 
womenn with limb girdle dystrophy.43 Other ECG abnormalities such as deep 
Q-waves,, ST-segment or T- wave abnormalities and conduction defects also have 
beenn observed in DMD carriers.' 

Whereass the presence of muscle weakness in DMD carriers has been known for a 
longg time 2,3'5,30'60,68

) reports about echocardiographic abnormalities including dilated 
, .. , ,- , , . 14,22,25-28,30,44,45,69 

cardiomyopathyy are from recent date. 
Dilatedd cardiomyopathy is very rare in BMD carriers as is also the case with muscle 
weakness.5"9'11'22'333 Two studies have identified BMD carriers with severe cardiac 
abnormalities. . 
Wee have undertaken a cross-sectional study in a cohort of obligate and DNA 
provenn DMD/BMD carriers. The goalss were (1) to estimate the frequency of elec-
trocardiographicc and echocardiographic abnormalities, (2) to establish the propor-
tionn of carriers with dilated cardiomyopathy, and (3) to assess possible associations 
betweenn cardiac abnormalities and genotype. 

Patientss and Methods 

Definitee carriers of Duchenne and Becker muscular dystrophy in the age of 18-60 
yearss were traced through the files at the department of Human Genetics in Leiden 
wheree a registration has been kept of all Dutch families with DMD/BMD since 
1982.. Females were considered to be definite carriers when pedigree analysis indi-
catedd that they were obligate carriers, when a mutation in the dystrophin gene was 
found,, or when linkage analysis revealed a chance of more than 99 % that they were 
carriers.. ' Two hundred and twenty four letters of invitation were sent to the last 
knownn address from a file with 268 names. Finally, 129 carriers agreed to partici-
patee in a cross-sectional study after informed consent had been given. 
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Investigationss included a full medical history, physical examination, electrocardio-
graphic,, and two-dimensional and M-mode echocardiographic examination. 
Alll  ECG abnormalities were assessed with special attention for 'DMD-like' cardiac 
involvementt on ECG examination using the following criteria: 
(1)) increased R-wave in lead VI or V2 (>4 mm), increased R/S ratio in VI or V2 in 
thee absence of complete or incomplete right bundle branch block (RBBB), or (2) 
pathologicall  Q waves ( >0.2 mV) in lateral (I, AVL, V6) or inferior leads (II, III , 
AVF),, or (3) complete or incomplete left or complete right bundle branch block. 
Echocardiographicc evidence for dilated cardiomyopathy (DCM) consisted of an 
enlargedd end-diastolic left ventricle corrected for body surface area with impaired 
systolicc function. ' Impaired systolic function was defined as fractional shortening 
lesss than 28% and/or when global hypokinesia was seen at two-dimensional echo-
cardiographicc examination. Hypertrophic cardiomyopathy was diagnosed on the 
basiss of thickening of the interventricular septum (IVS) and of the left ventricle 
posteriorr wall (LVPW) > 15 mm (symmetric), or an increased ratio of IVS and 
LVPWW > 1.5 (asymmetric). Regurgitation abnormalities were established with color 
floww doppler examination. 
Alll  other possible echocardiographic abnormalities were assessed including E-point 
septall  separation > 8 mm (EPSS)70, left or right ventricle dilation, left or right atrial 
dilation,, wall motion abnormalities (WMA) and diastolic dysfunction, expressed by 
EA<1. . 
Thee study has been approved by the Medical Ethical Committee of the Academic 
Medicall  Centre in Amsterdam. 

Tablee 1 Clinical and echocardiographic data of seven carriers with DCM 

patient t 

D11 1 

D32 2 

D42 2 

D71 1 

D73 3 

D82 2 

D53 3 

age e 

30 0 

28 8 

35 5 

45 5 

54 4 

39 9 

46 6 

LVED D 

60 0 

58 8 

55 5 

59 9 

71 1 

65 5 

60 0 

LVES S 

44 4 

42 2 

40 0 

44 4 

57 7 

50 0 

40 0 

FS S 

26 6 

27 7 

27 7 

25 5 

19 9 

23 3 

33 3 

GH H 

+ + 
--
+ + 
+ + 
+ + 
+ + 
+ + 

EPSS S 

10 0 

13 3 

9 9 

13 3 

20 0 

19 9 

12 2 

CHF F 

+ + 
--
--
+ + 
+ + 
+ + 
+ + 

ECC C 

iLBBB B 

R/SV2 2 

--
--

ST T 

ST T 

RST T 

DCM:: Dilated cardiomyopathy; LVED: Left ventricle end-diastolic diameter; LVES: Left 

ventriclee end-systolic diameter; FS: fractional shortening; GH: global hypokinesia; EPSS: 

E-pointt septal separation; CHF: chronic heart failure; ECG: electrocardiography; iLBBB: 

incompletee left bundle branch block; R/SV2: R/S ratio >1 in lead V2; ST: ST-segment abnor-

malities;; R: High R wave in V1 
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Results s 

Onee hundred-twenty nine carriers (85 DMD/44 BMD), originating from 74 fami-
lies,, participated in the study. The mean age was 36.9 years (18-58, median 36, SD 
9.5).. Hundred and fourteen carriers were confirmed positive following mutation or 
linkagee analysis (88.4%), 15 carriers were obligate by family history (11.6%). 
Thee mean age of carriers with dilated cardiomyopathy was 39.6 years (28-54, table 
1).. Five DMD carriers were symptomatic, one carrier with congestive heart failure 
wass now symptom free on diuretics and ACE-inhibitors. Two women had dyspnea 
onn exertion, two others also had palpitations, orthopnea and oedema. One of these 
hadd a three year history of hypertension. Physical examination revealed no abnor-
malities. . 
Thee results of ECG examination are listed in table 2. Forty-seven percent had ECG 
abnormalities,, 36% had at least one abnormality as defined in the methods section 
(DMDD 41%, BMD 27%). 

Tablee 2 ECG abnormalities in 129 DMD and BMD carriers 

DMDD (85) BMD (44) Total (129) 

changes s 

cificc changes 

R>4mmm in V1 

QQ in lat. leads 

QQ in inf. leads 

R/SS >1 in V1 

R/SS >1 in V2 

iLBTB B 

RBTB B 

n n 

43 3 

35 5 

19 9 

9 9 

7 7 

2 2 

11 1 

2 2 

1 1 

% % 
50.6 6 

41.2 2 

22.4 4 

10.6 6 

8.2 2 

2.4 4 

12.9 9 

2.4 4 

1.2 2 

n n 

18 8 

12 2 

7 7 

1 1 

0 0 

0 0 

8 8 

0 0 

0 0 

% % 
40.9 9 

27.3 3 

15.9 9 

2.3 3 

0 0 

0 0 

18.2 2 

0 0 

0 0 

n n 

61 1 

47 7 

26 6 

10 0 

7 7 

2 2 

19 9 

2 2 

1 1 

% % 
47.2 2 

36.4 4 

20.2 2 

7.8 8 

5.4 4 

1.6 6 

14.7 7 

1.6 6 

0.8 8 

R:: R wave; Q: Q wave; lat.: lateral; inf.: inferior; R/S: R/S ratio; iLBTB: incomplete left bundle 

branchh block; RBTB: right bundle branch block 

Thee echocardiographic examination was abnormal in 36% (DMD 38%, BMD 34%; 
tablee 3). DCM was found in seven DMD carriers (8%), one in concomitant pres-
encee of muscle weakness, and in none of the BMD carriers. In addition, 18% had 
leftt ventricle dilation (DMD 19%, BMD 16%). Only 38 % had a completely normal 
investigationn of the heart (ECG and echocardiography combined). When we only 
considerr the typical (DMD-like) ECG changes, 44% had a normal investigation. 
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Tablee 3 Echocardiography abnormalities in 129 DMD and BMD carriers 

DMDD BMD Total 

I I 

DCM M 

LVLV dilatation 

RVV dilatation 

LAA dilatation 

RAA dilatation 

EPSS S 

W M A A 

FS<28% % 

EA<1 1 

n n 

32 2 

7 7 

16 6 

3 3 

8 8 

2 2 

11 1 

3 3 

3 3 

2 2 

% % 
37.6 6 

8.2 2 

18.8 8 

3.5 5 

9.4 4 

2.4 4 

13 3 

3.5 5 

3.5 5 

2.4 4 

n n 

15 5 

0 0 

7 7 

3 3 

2 2 

1 1 

1 1 

0 0 

1 1 

3 3 

% % 
34.1 1 

0 0 

15.9 9 

6.8 8 

4.5 5 

2.3 3 

2.3 3 

0 0 

2.3 3 

6.8 8 

n n 

47 7 

7 7 

23 3 

6 6 

10 0 

3 3 

12 2 

3 3 

4 4 

5 5 

% % 
36.4 4 

5.4 4 

17.8 8 

12.8 8 

7.7 7.7 

2.3 3 

9.3 3 

2.3 3 

3.1 1 

3.9 9 

DCM:: dilated cardiomyopathy; LV: left ventricle; RV: right ventricle; LA: left atrium; 

RA:: right atrium; EPSS: E-point septal separation; WMA: wall motion abnormalities; FS: 

fractionall shortening; EA: EA ratio= diastolic dysfunction 

Twicee we found a normal ECG in carriers with DCM, and twice there were only 
STT segment abnormalities. Cardiac abnormalities per age group are presented in 
tablee 4. 
Noo association was found between genotype and left ventricle dilation or dilated 
cardiomyopathy.. In four carriers with dilated cardiomyopathy deletions of exons 
8-13,46-48,46-499 and of c-DNA probes P20-J66 were found, one carrier had an 
duplicationn of exon 45 and on two occasions no large mutation was found. 

Tablee 4 Proportions of abnormalities per age group in DMD/BMD carriers 

Agee (years) ECG specific ECG ECHO LV dilatation DCM 

n n 

12 2 

26 6 

13 3 

10 0 

% % 
42.9 9 

44.8 8 

46.4 4 

66.7 7 

n n 

8 8 

20 0 

11 1 

8 8 

% % 
28.6 6 

34.5 5 

39.3 3 

53.3 3 

n n 

8 8 

19 9 

10 0 

10 0 

% % 
28.6 6 

32.8 8 

35.7 7 

66.7 7 

n n 

4 4 

10 0 

5 5 

4 4 

% % 
14.3 3 

17.2 2 

17.9 9 

26.7 7 

n n 

1 1 

3 3 

2 2 

1 1 

% % 
3.6 6 

5.2 2 

7.1 1 

6.7 7 

ECG:: all electrocardiographic abnormalities; specific ECG: DMD-like ECG abnormalities; 

ECHO:: all echocardiographic abnormalities; LV dilatation: Left ventricle dilatation (without 

DCM);; DCM: dilated cardiomyopathy 
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Discussion n 

Amongg a group known carriers of DMD and BMD we found a high proportion of 
electrocardiographicc (47%), typical electrocardiographic (36%) and echocardio-
graphyy abnormalities (36%). Previously, ECG changes including high R wave, R/S 
ratioo > 1, bundle branch blocks and small, narrow Q waves, have been described in 
DMDD carriers. We now found that 41% of DMD carriers and 27% of BMD carriers 
showw at least one such abnormality. These ECG changes, heralding dilated cardio-
myopathyy (DCM) are often seen in DMD and BMD patients. Dilated 
cardiomyopathyy has also been observed in anecdotal reports of DMD carriers. 
28,44,455 Furthermore, in two studies among a considerable number of carriers a high 
proportionn of cardiac abnormalities were found, designated as preclinical, 
hypertrophicc and arrhytmogenic abnormalities and dilated cardiomyopathy. ' In 
thee study of Politano et al. only definite carriers were assessed. In this study 8.6% of 
DMDD carriers and 13.3% of BMD carriers were found to have dilated 
cardiomyopathy.. In addition, hypertrophic abnormalities were seen in 28% of 
DMDD and 24% of BMD carriers.29 

Wee performed a nationwide study and we included as many carriers as possible 
withinn each family as much as possible in order to minimise ascertainment bias. In 
ourr study seven DMD carriers (8%) and no BMD carriers had dilated cardio-
myopathy,, also no hypertrophic cardiomyopathy was found. However, we found 
ann unexpected high proportion of carriers with left ventricle dilation (DMD 19%, 
BMDD 16%). The combined results of DCM and left ventricle dilatation suggest an 
importantt association of cardiac disease with carriership. Both Italian studies 
showedd an increase of DCM with increasing age groups. ' We only determined a 
trendd of increasing echocardiographic abnormalities with increasing age (p = 0.07). 
Inn addition, Politano et al. showed that 14 carriers had a change in cardiac status 
duringg the follow-up period: from normal to 'preclinical stage' and from 'hyper-
trophicc stage' to dilated cardiomyopathy. 
Dilatedd cardiomyopathy in carriers is related to dystrophin abnormalities in heart 
muscle.. ' ' Because myocard fibers are uninucleated and contain no satellite 
fibers,fibers, dystrophin positive fibers can not compensate for negative fibers. This may 
explainn why carriers of the mutated dystrophin gene can develop left ventricle 
dysfunctionn and finally dilated cardiomyopathy. Furthermore, due to uneven 
expressionn of the mutated X-chromosome in heart muscle, more myofibers could 
bee dystrophin negative leading to early dilated cardiomyopathy in some carriers as 
comparedd to others. A possible explanation for phenotypical differences between 
femalee relatives carrying the same mutation in the dystrophin gene, could be the 
angiotensin-convertingg enzyme (ACE) DD genotype. This polymorphism has 
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foundd to be an independent risk factor in patients with idiopathic dilated cardio-
myopathy.. In DMD and BMD patients severe cardiac disease has been shown to 
bee present and progressive. ' ' ' ' Our studies and others demonstrate that 
cardiacc involvement in carriers of the mutated dystrophin gene is part of the clini-
call  spectrum. More follow-up studies of carriers are needed to investigate if 
progressionn of cardiac abnormalities always occurs and if therapeutical intervention 
cann slow down this progression. 
Inn conclusion, cardiac abnormalities were found in more than 60% of carriers of 
thee mutated dystrophin gene. Dilated cardiomyopathy was present in 8% of DMD 
carrierss and left ventricle dilatation in 18%, both DMD and BMD. Our study 
underliness that cardiac involvement is part of the dystrophinopathies regardless the 
genotypee or phenotype. This is of importance and carriers should be made aware of 
thiss complication by clinical geneticists. We therefore recommend to perform 
cardiologicall  evaluation even if there are no complaints. In case of a normal inves-
tigationn or only ECG changes a 5-year repeat examination will suffice. If echocar-
diographicc abnormalities are present a more regular follow up is needed, in order 
too start timely therapy as soon as dilated cardiomyopathy occurs. In severe end 
stagee congestive heart failure heart transplantation should be considered. 
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Abstract t 

Thiss cross-sectional study among a population of definite carriers of Duchenne 
(DMD)) and Becker muscular dystrophy (BMD) investigated associations between 
clinicall  phenotype (muscle weakness, dilated cardiomyopathy) and abnormalities 
off  dystrophin in muscle tissue assessed by immunohistochemistry and Western blot 
analysis.. In addition, the value of dystrophin analysis for carrier detection was 
examined.. Fifty carriers underwent a muscle biopsy: 17 with muscle weakness, five 
withh dilated cardiomyopathy, five with cramps and 23 asymptomatic carriers. In 16 
carrierss (32%) dystrophin abnormalities (immunohistochemistry or Western blot) 
weree detected (9 DMD, 7 BMD): five with muscle weakness, two with cramps and 
ninee asymptomatic carriers. Immunohistochemistry was abnormal in ten carriers 
(20%):: three carriers with muscle weakness, one carrier with cramps and six 
asymptomaticc carriers. No association was found between dystrophin abnormali-
tiess and muscle weakness or dilated cardiomyopathy. 
Inn conclusion, dystrophin analysis is not a reliable diagnostic test for symptomatic 
carriers:: even in carriers with muscle weakness immunohistochemistry is most 
oftenn normal. Since immunohistochemical dystrophin staining reveals dystrophin-
negativee fibers in 26% of asymptomatic carriers, this might be used in females with 
aa positive family history for DMD/BMD where mutation- or linkage analysis is not 
feasible. . 
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Introductio n n 

Dystrophinn is the protein product of the dystrophin gene and is localised under-
neathh the muscle plasma membrane. ' Patients with Duchenne muscular dystro-
phyy (DMD) have less than 5% of dystrophin and Becker muscular dystrophy 
(BMD)) patients may show an abnormally sized and/or reduced amount of dystro-
phinn protein. Symptomatic and asymptomatic carriers of the mutated dystrophin 
genee may show a mosaic pattern of dystrophin-positive and dystrophin-negative 
musclee fibers on immunostaining.' " In isolated cases (without a family history of 
DMDD or BMD) of symptomatic carriers an association between the proportion of 
dystrophinn negative fibers and clinical phenotype or serum creatine kinase (SCK) 
activityy ' was found by some, but not by others. ' BMD carriers may have ab-
normallyy sized proteins and a reduced amount of dystrophin on Western blot. On 
immunohistochemistryy faintly positive, disrupted staining can be found. n,9° 
Sincee the usefulness of muscle biopsies, including immunohistochemical and 
immunobiochemicall  analysis of dystrophin, in carrier detection has not been 
systematicallyy investigated, we conducted a collaborative study in a population of 
definitee BMD/DMD carriers. The objectives of the study were: (1) assessment of 
associationss between clinical parameters (muscle weakness and/or cardiac abnor-
malities)) and abnormalities of dystrophin protein; (2) to test the predictive value of 
dystrophinn analysis for carrier detection. 

Patientss and methods 

Carrierss of DMD and BMD were traced through the files at the department of 
Humann Genetics, University of Leiden, where all families affected with DMD and 
BMDD have been registered since 1982. Carriers were considered to be definite 
when:: (1) they were obligate carriers after pedigree analysis (definite X-linked 
transmission);; (2) a mutation in the dystrophin gene was found; (3) linkage analy-
siss revealed a chance of more than 99 % for carriership. 
Wee did not enroll sporadic (isolated) manifesting carriers in our study. This would 
havee introduced a selection bias, since one might expect that in absence of a family 
historyy of DMD/BMD symptoms and signs have to be pronounced in order to be 
recognised. . 
Alll  carriers were contacted by the clinical geneticist whom had given genetic coun-
selling.. Only carriers in the age of 18-60 years were invited, because muscle strength 
iss more or less constant in healthy controls in this age group. Severe co-morbidity 
wass reason for exclusion. All carriers who agreed to participate in the study were 
examinedd by the first author (EMH). 
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Investigationss included full medical history, neurological examination, muscle 
strengthh assessment by manual muscle testing with the use of the MRC-scale49, 
hand-heldd dynamometry and a cardiological work-up consisting of electro-
cardiographyy and echocardiography to assess dilated cardiomyopathy (DCM). 
DCMM was defined by a dilated left ventricle corrected for body surface area and 
impairedd systolic function on echocardiographic examination. ' 
Thee following categories of carriers were distinguished: (1) carriers with no history 
off  frequent muscle pain, cramps and no muscle weakness or DCM; (2) carriers with 
regularr muscle cramps and pains, affecting daily life activities, but without apparent 
musclee weakness; (3) carriers with muscle weakness in at least one muscle group as 
establishedd by hand-held dynamometry, but not by manual muscle testing (mild 
weakness);; (4) carriers with muscle weakness in at least one muscle group estab-
lishedd both with manual muscle testing and hand-held dynamometry: moderate 
(MRCC = 4) or severe (MRC< 4) weakness; (5) carriers with DCM. We designated 
groupss (3), (4), (5) as symptomatic carriers. 
Thee results of assessment of muscle weakness and cardiac abnormalities have been 
describedd in two other reports.91'92 

AA needle biopsy sample was taken from the left vastus lateralis muscle from each 
symptomaticc carrier (muscle weakness or dilated cardiomyopathy), each carrier 
withh frequent exertion dependent myalgia/cramps and a random sample of asymp-
tomaticc carriers: after a symptomatic carrier was found, the next asymptomatic 
carrierr enrolled in the study was asked to undergo a muscle biopsy. All muscle 
biopsiess were frozen in liquid nitrogen and stored at -80 °C until use. 
Too assess muscle histology the following stains were used:: hematoxylin and eosin, 
Gomori,, ATP- ase pH 4.3 and acid phosphatase. Muscle pathology was evaluated 
byy the last author (MdV) and scored semi quantitatively as absent, slight, moderate 
orr severe. 
Seriall  cryostat sections of 50 muscle specimens of obligate DMD/BMD carriers 
weree studied for dystrophin and spectrin expression by the second author (HBG). 
Thee following antibodies were used against dystrophin: NCL-DYS1/2/3 (Novocas-
tra)) and Mandysl08 ' and beta-spectrin (NCL-SPEC1 from Novocastra). To 
detectt the binding of the specific antibodies with these proteins the indirect horse-
radishh peroxidase technique was applied. The unfixed cryostat sections were 
pre-incubatedd with TENG-T (10 mM Tris, 5 mM EDTA, 150 mM NaCl, 0.25% 
gelatin,, 0.05% Tween-20, pH=8.0) for 30 minutes to reduce non-specific binding. 
Uponn incubation of the pretreated tissue sections with the primary antibodies the 
subsequentt detection involved binding with a peroxidase-conjugated second anti-
body,, i.e. rabbit anti-mouse Ig (DAKO P260). Sera were diluted in PBS. All incuba-
tionss were followed by three washes in PBS for 5 minutes. The immunocomplex 
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formationn was visualized by incubating the sections in 0.5 mg/ml 3.3 diaminoben-
zidine,, 0.01% hydrogen peroxidase, 30 mM imidazole, 1 mM EDTA (pH=7.0). 
Sectionss were mounted in Entellan (Merck, Germany). 
Immunoblott detection of dystrophin was done as reported by Nicholson et al. 
Westernn blots were incubated with P20 AB.1 The amount of dystrophin was 
visuallyy estimated from blots both in DMD and BMD carriers. 
SCKK activity (upper reference limit: 193 U/l) was measured at 37°C by the method 
proposedd by the International Federation of Clinical Chemistry. We analysed 
possiblee associations between variables with Chi-square tests or Fischer exact tests 
andd we used t tests to compare means of SCK activity. 
Thee study has been approved by the Medical Ethical Committee of the Academic 
Medicall  Centre in Amsterdam. Each carrier only participated after informed con-
sentt had been given. 

Tablee 1 Distribution of muscle biopsies amongst clinical phenotypes in 129 DMD 

andand BMD carriers 

Clinicall Group 

Noo symptoms /signs 

Myalgiaa / cramps 

Musclee weakness3 

Mikt Mikt 
Moderat/ Moderat/ 

Dilatedd cardiomyopathy 

D M D D 

59 9 

4 4 

16 6 

8 8 

8 8 

6 6 

85 5 

biopsies s 

17 7 

3 3 

13a a 

6 6 

7 7 

5 5 

38 8 

BMD D 

36 6 

2 2 

6 6 

2 2 

4 4 

0 0 

44 4 

biopsies s 

6 6 

2 2 

4 4 

1 1 

3 3 

12 2 

Total l 

95 5 

6 6 

22 2 

10 10 

12 12 

6 6 

129 9 

biopsies s 

23 3 

5 5 

17 7 

7 7 

10 10 

5 5 

50 0 
aOnee carrier with mild weakness also had DCM; Measured only with hand-held dyna-

mometry;cMeasuredd with manual muscle testing and hand-held dynamometry 

Results s 

Hundred-twentyy nine definite carriers, originating from 74 different families, 
participatedd in the study. Mean age of participants was 36.9 years (range 18-58; 
mediann 36; SD 9.5). Twenty-two carriers had muscle weakness, one in concomitant 
presencee of dilated cardiomyopathy (DCM). Additionally, 6 carriers had DCM and 
66 carriers complained about frequent myalgia/ cramps (table 1). ' These 34 carri-
erss were considered for needle muscle biopsy, as were 27 asymptomatic carriers. 
Elevenn muscle biopsy specimens were not taken: two carriers used acenocoumarol 
derivates,, three refused the biopsy, one woman fainted during blood collection and 
wass therefore excluded, one carrier with DCM was only recognised as such during 
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dataa collection, in four cases only fat tissue was sampled. Totally, 50 biopsies (DMD 
38,, BMD 12) were available for analysis (table 1), 22 from symptomatic carriers 
(DMDD 18, BMD 4), 5 carriers with exertion dependent myalgia/cramps (DMD 3, 
BMDD 2), 23 from asymptomatic carriers (DMD 17, BMD 6). 

HistopathologicalHistopathological findings 
Inn 22 carriers (44%) one or more abnormalities were found (table 2). Most of them 
hadd only slight abnormalities, in one DMD carrier changes of moderate severity 
weree found. No association was found between histopathological changes and 
musclee weakness, DCM, SCK activity, dystrophin abnormalities or age. 

Tablee 2 Histopathological findings in 50 muscle biopsies of DMD and BMD carriers 

abnormalities s 

fibree size variation 

internall nuclei 

necroticc fibers 

regeneratingg fibers 

mononuclearr infiltrates 

fibrouss tissue increased 

typee 1 fibre predominance 

splitt fibres 

raggedd red fibres 

'boiledd egg' phenomenon 

acidd phosphatase increased 

DMDD (38) 

n n 

16 6 

12 2 

9 9 

2 2 

1 1 

2 2 

2 2 

1 1 

2 2 

1 1 

1 1 

0 0 

% % 
42.1 1 

31.6 6 

23.7 7 

5.3 3 

2.6 6 

5.3 3 

5.3 3 

2.6 6 

5.3 3 

2.6 6 

2.6 6 

BMDD (12) 

n n 

5 5 

1 1 

4 4 

0 0 

1 1 

0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

1 1 

% % 
41.7 7 

8.3 3 

33.3 3 

8.3 3 

8.3 3 

8.3 3 

Totall (50) 

n n 

21 1 

13 3 

13 3 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

1 1 

1 1 

1 1 

% % 
42 2 

26 6 

26 6 

4 4 

4 4 

4 4 

4 4 

4 4 

4 4 

2 2 

2 2 

2 2 

DystrophinDystrophin analysis 
Inn 16 carriers (32%) dystrophin abnormalities of some sort were detected (table 3). 
Sevenn of 12 BMD carriers (58%) and nine out of 38 DMD carriers (24%) had 
dystrophinn changes (p = 0.025). Five carriers with DCM had no abnormalities. In 
onlyy five carriers with muscle weakness (29%) abnormalities were seen. We found 
noo associations between dystrophin abnormalities and (degree of) muscle weakness 
orr SCK activity. 
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Immunohistochemistry Immunohistochemistry 
Tenn cases (9 DMD and 1BMD) had dystrophin abnormalities visible on immuno-
histochemicall  stains (table 3 and 4). Five DMD carriers had a mosaic pattern of 
dystrophinn positive and dystrophin negative fibers (figure 1, number A,B,C), 
includingg two carriers with muscle weakness, two asymptomatic carriers and one 
carrierr with exertion dependent cramps. In four DMD carriers only sporadic dys-
trophinn negative fibers were seen (not shown). Six asymptomatic carriers (26%) 
hadd abnormal immunohistochemical stains. One BMD carrier with muscle weak-
nesss had a mosaic pattern with normal and faintly positive staining fibers and a 
reducedd amount of dystrophin on Western blot (figure 2, lane 12; figure 1, number 
D).. Mean SCK activity in carriers with a mosaic pattern was higher than in carriers 
withh a normal dystrophin pattern (747 vs 270 U/l; p = 0.002). 

ItnItn m unobiochemistry 
Westernn blot showed a reduced intensity in five DMD carriers, all of whom had 
abnormall  immunohistochemistry (e.g. figure 2, lane 10). Three BMD carriers had 
ann abnormally sized protein (table 3). In two cousins, one with and one without 
musclee weakness, next to the normal 427 kDa protein a larger protein band was 
foundd (figure 2, lanes 2 and 4). This was compatible with the duplication of exons 
16-344 in these carriers. In an asymptomatic BMD carrier with a deletion of exons 
45-555 a smaller protein was observed next to the full-size dystrophin (figure 2, lane 
6).. Three BMD carriers (one with andd one without muscle weakness, and one with 
cramps)) had a reduced amount of dystrophin as the only established abnormality 
(figuree 2, lane 8). 

Discussion n 

Wee have carried out a cross-sectional study among definite carriers of Duchenne 
andd Becker muscular dystrophy. In earlier reports we have described the propor-
tionn and clinical spectrum of symptomatic carriers in a population of definite 
carrierss between eighteen and sixty years in The Netherlands.91'92 This has been the 
largestt prospective study among definite carriers in whom both muscle weakness 
andd cardiac symptoms were assessed. Approximately 80% of all symptomatic 
carrierss identified in our study underwent a needle muscle biopsy. Earlier dystro-
phinn studies have shown that a mosaic dystrophin pattern can be found in DMD 
andd BMD carriers  i n particular in the presence of muscle weakness 
80,81,83,899 , , . i i - » 4,83,85,96,97 T ^ , . 

orr when carriers were younger than 13 years. In some studies, in 
adultt asymptomatic carriers dystrophin negative fibers were found. 
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Tablee 3 Distribution of dystrophin abnormalities in 50 muscle biopsies of DMD and 

BMDBMD carriers 

DMDD carriers 

total l 

asym
ptom

atic c 

cram
ps/m

yalgia a 

D
C

M
 M

 

m
usclee w

eakness 

o o 
öb b 

'c c 

D
 D

 

numberr of carriers 13 5 3 17 38 

Alll abnormalities 2 0 1 6 9 

ImmunohistochemistryImmunohistochemistry 2 0 1 6 9 

WB:WB: abnormal protein 0 0 0 0 0 

WB:WB: reduced intensity 2 0 1 2 5 

BMDD carriers 

total l 

asym
ptom

atic c 

cram
ps/m

yalgia a 

m
usclee w

eakness 

44 2 6 12 

33 1 3 7 

77 0 0 / 

1 00 2 3 

22 1 1 4 

DCM:: dilated cardiomyopathy; WB: Western blot 

Ourr study showed that ten (both symptomatic and asymptomatic) out of 50 carri-
erss had defective immunostaining, resulting in a sensitivity of 20% (table 3 and 4) 
andd a sensitivity of 26% for asymptomatic carriers alone. A clear mosaic pattern of 
dystrophinn positive and negative fibers was found both in two symptomatic and 
twoo asymptomatic DMD carriers, and in one DMD carrier with cramps (table 4). 
TwoTwo of these carriers were identified with linkage analysis. Theoretically, when 
linkagee analysis would not have been informative, muscle biopsy could have been a 
usefull  tool for identifying them as definite carriers. In six asymptomatic carriers, of 
whomm three had normal SCK activity, abnormal immunohistochemical dystrophin 
stainingg was found. Therefore, we conclude that dystrophin analysis might be 
helpfull  in carrier detection in cases in whom mutation or linkage analysis is non-
contributory. . 
Ass reported by others ' we found no correlation between phenotype and dystro-
phinn abnormalities. These observations are in contrast to Hoffman et al., who 
describedd an association between clinical phenotype and proportion of dystrophin 
negativee fibers in isolated manifesting carriers only, not in familial cases. 
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Tablee 3 Continued 

Total l 

Clinicall group 

Alll abnormalities 

Immunohistochemistry Immunohistochemistry 

WB:WB: abnormal protein 

WB:WB: reduced intensity 

n n 

5 5 

3 3 

1 1 

4 4 

3 3 
c c 
S/l l n n 
fD D 

? ? 
fD D 
o> > 
D D 
fD D 

17 7 

% % 
29 9 

18 18 

6 6 

24 4 

O O 
n n 

5 5 

0 0 

0 0 

0 0 

0 0 

n n 
—t t 
o> > 
3 3 

*L *L 
3 3 

^< < 
w w 

ora. . 
5' ' 

5 5 

2 2 

/ / 
0 0 

2 2 

n n 

9 9 

6 6 

2 2 

3 3 

< < 
3 3 

S" " 
3 3 
ai i 
r-h h 

n" " 

23 3 

% % 
39 9 

26 26 

9 9 

13 13 

n n 

16 6 

10 10 

3 3 

9 9 

o o 

50 0 

% % 
32 2 

20 20 

6 6 

18 18 

Tablee 4 Pro/y/e of carriers with abnormal dystrophin immunostaining 

'carrier r 

D4 4 

D5 5 

D6 6 

D33 3 

D44 4 

D48 8 

D58 8 

D60 0 

D77 7 

B41 1 

age e 

32 2 

47 7 

50 0 

39 9 

45 5 

52 2 

37 7 

27 7 

37 7 

24 4 

signs/symptoms s 

--
--
weakness s 

cramps s 

--
--
--
--
weakness s 

weakness s 

2SCK K 

308 8 

606 6 

516 6 

1127 7 

n n 

n n 

1380 0 

n n 

947 7 

202 2 

biopsy y 

mosaic c 

sporadic c 

mosaic c 

mosaic c 

sporadic c 

sporadic c 

mosaic c 

sporadic c 

mosaic c 

mosaic c 

"mutation n 

Dell 48-50 

--
--
--
Dell 3-7 

--
Dupp HD8 

Dup45 5 

Dell 6-7 

Dell 45-47 

'carrier,, D: DMD carrier, B: BMD carrier; SCK: serum creatine kinase activity, 

nn = normal; 3biopsy: pattern of dystrophin positive and negative fibers in muscle biopsy; 

mosaicc = mosaic pattern, sporadic = sporadic dystrophin negative fibers, mutation: 

Dell = deletion, Dup = duplication. 
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Theyy explained this discrepancy by probable ascertainment bias in their study. We 
triedd to avoid this by including as many carriers from each family as possible. 
Severall  explanations may be given for the absence of an association. Firstly, severe 
casess in whom the chance of finding dystrophin abnormalities might be increased, 
weree not present in our study. Secondly, we have only biopsied the left vastus 
lateraliss muscle, which was not always affected. Moreover, immunohistochemical 
dystrophinn status was only abnormal in three out of five carriers with weakness of 
thee left quadriceps muscle. Thirdly, muscle fibers are composed of dystrophin 
positivee and negative myonuclei. In the cell, dystrophin may diffuse from positive 
too negative area (biochemical normalisation).41 Over the years, when dystrophin 
negativee fibers perish, dystrophin positive satellite cells can replace the negative 
oness (genetic normalisation) and therefore, there is probably a greater chance to 
findd a clear mosaic pattern in young children in whom this process has not oc-
curred.. Carriers younger than 18 years were not included in our study, but between 
188 and 60 years no association was found between age and dystrophin negative 
fibers. fibers. 
Inn three BMD carriers we found an abnormally sized protein next to the normal 
dystrophin.. This corresponded with the detected mutations in these carriers. Three 
otherr BMD carriers had a reduced amount of dystrophin on Western blot. This 
increasedd the proportion of abnormalities in BMD carriers to 58% as compared to 
24%% in DMD carriers. All these carriers however, were also detected by DNA analy-
siss and it seems hazardous to rely only upon a reduced dystrophin intensity on 
Westernn blot for carrier detection. 
Inn conclusion, dystrophin analysis can not be used as a reliable, diagnostic test for 
symptomaticc carriers. Even in carriers (from known DMD/BMD families) with 
musclee weakness, immunohistochemistry is most often normal. Its usefulness for 
carrierr detection is limited to the following categories: women with a positive 
familyy history for DMD or BMD, in whom mutation or linkage analysis is not 
feasible;; isolated female cases, presenting with limb girdle weakness with markedly 
elevatedd SCK activity ; and young asymptomatic girls in whom coincidentally a 
highh SCK activity is found.' In all other cases we recommend to refrain from 
performingg dystrophin analysis of muscle tissue. 
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Figur ee 1 Immunohistochemical labelling of dystrophin in skeletal muscle of four carriers. 

A:A: DMD carrier with muscle weakness; B: DMD carrier with cramps; C: asympto-

maticmatic DMD carrier; D: BMD carrier with muscle weakness. Serial transverse 

sectionssections (10 pm) were immunostained with anti-dystrophin monoclonal antibodies 

(NCL-Dys(NCL-Dys 1/2/3). Bars represent 240 pm. * = reduced expression. 

1 22 3 4 5 6 7 8 9 10 11 12 

Figur ee 2 Dystrophin immunoblot analysis of muscle biopsies of 6 obligate carriers. 

ShownShown is dystrophin immunoblot analysis of control muscle containing normal 

dystrophindystrophin (odd-numbered lanes) and six of the patients (even-numbered lanes). 

TheThe upper panel shows a Western blot labelled with P20 anti-serum. 

LanesLanes 2 and 4 show BMD carriers with an abnormal large dystrophin protein 

besidesbesides dystrophin with normal molecular weight. In lane 6 a BMD carrier with a 

smallersmaller dystrophin protein is shown. In lanes 8 and 12 two BMD carriers and in 

lanelane 10 a DMD carrier are shown with a reduced amount of dystrophin. The lower 

panelpanel shows staining of myosin heavy chain in the corresponding gel which is used 

asas a measure of the amount of muscle protein in each lane. 
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Abstract t 

Wee evaluated the course of cardiac involvement in 27 previously reported patients 
withh Becker Muscular Dystrophy (BMD), originating from nine kindreds. Since 
almostt all affected individuals of each kindred were included, intrafamilial variabil-
ityy could be studied. We also attempted to identify associations between cardiac 
involvement,, functional ability and mutations at DNA level. The mean follow-up 
periodd was 12.5 years. 
Thee proportion of patients with electrocardiographic abnormalities progressed 
fromm 44% to 71%. Dilated cardiomyopathy (DCM) with or without congestive 
heartt failure was now present in 33% as compared to 15% in the previous study. In 
addition,, 22% developed borderline echocardiographic abnormalities. Six patients 
(22%)) became symptomatic and four patients died of congestive heart failure. In all 
familiess cardiac abnormalities were found. There was no association between DCM 
andd mutation type. Despite equal functional motor ability, there was a considerable 
intrafamiliall  variability regarding cardiac involvement, even in brother pairs. 
Wee conclude that cardiac abnormalities are the rule and not the exception in BMD 
andd are progressive over time. Left ventricular dilation may begin at any moment in 
thee course of BMD and the rate of progression is unpredictable. A substantial part 
off  patients will develop an incapacitating and life threatening DCM. 
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Introductio n n 

Beckerr muscular dystrophy (BMD) and Duchenne muscular dystrophy (DMD) are 
X-linkedd recessive disorders caused by mutations in the dystrophin gene. DMD 
showss a more or less uniform clinical picture, patients becoming wheelchair-bound 
beforee the age of 12 and mostlyy not surviving above 20 years of age, whereas BMD 
iss a more heterogenous disease. The distribution of muscle weakness resembles 
DMD,, but progression is usually much slower. In recent years, various other phe-
notypess have been described which are caused by mutations in the dystrophin 
gene.. ' ' ' The clinical spectrum oftheseXp21-dystrophinopathies also includes 
veryy mild phenotypes without apparent weakness like myalgia, cramps after effort 
orr episodes of myoglobinuria ' , and intermediate types with clinical severity 
betweenn DMD and BMD.89'101 

Cardiacc involvement is known to play a major role in the dystrophinopathies. In 
DMDD many studies have revealed evidence of cardiac involvement (see for a 
review:: Emery, 1993). In BMD estimates of the prevalence of abnormal cardiac 
findingss vary from 17% to 74%#

20'2!,23>24>99,102'103 Dilated cardiomyopathy (DCM) in 
BMDD is independent of age and of severity of muscle weakness.20,21'23'24'102'104 It can 
evenn be the only clinical manifestation13'14'105"108, hence adding another phenotype of 
dystrophinopathyy to the already known spectrum. Electrocardiographic (ECG) 
changess similar to those seen in DMD can be found in 41%-74% of BMD 
patients.. Echocardiographic abnormalities, including global hypokine-
siaa , left ventricular dilation or DCM20,23,24102, right ventricular dilatation24, 
hypertrophicc cardiomyopathy74'103,110 and other wall motion abnormalities23,24'102 are 
seenn in 17%-67% of patients. ' Despite the high proportion of DCM in 
BMD,, symptomatic patients are not common. The occasional patient with severe 
DCMM necessitating cardiac transplantation or with a lethal outcome has been 
ii  - i j  104,106,108,111,112 

described. . 
Inn recent years, the correlation between cardiac involvement and the defect at DNA 
levell  has been studied. ' ' ' T o date, several mutations have been described 
whichh may give rise to DCM. Some investigators have found a possible correlation 
betweenn cardiac impairment and deletions encompassing exon 49, deletions of 
exonss 2-7, exons 45-46, exon 47 and exon 48_24'103'105,106,11 *m Deletions in the 
promoterr region of the dystrophin gene are presumed to cause DCM without 
musculoskeletall  manifestations.1 ',4'106,115116 

Mostt of the studies which evaluated cardiac impairment in BMD patients are cross-
sectional,, or have a follow-up period of four years at the most, except for one.74 

Nigroo et al. (1995) assessed diagnoses of cardiac involvement in a group BMD 
patientss on a yearly basis. They found an increase in clinically evident cardio-
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myopathyy with increasing age during a mean follow up period of eight years. We 
weree able to evaluate the course of cardiac involvement in 29 previously reported 
individuall  patients with BMD, originating from nine kindreds , with a mean 
follow-upp period of 12.5 years. Since almost all affected individuals of each kindred 
weree included, intrafamilial variability could be studied. We also attempted to 
identifyy associations between cardiac involvement, functional ability and mutations 
att the DNA level. 

Patientss and methods 

Thirty-threee patients with BMD of whom involvement of the heart was assessed 
previouslyy in 1980 and 1981, were contacted again for participation in a follow-up 
studyy in 1994. Of the originally reported 33 patients, 28 were still alive. Twenty-
fourr patients, originating from nine kindreds, agreed to be seen again. A clear 
X-linkedd recessive mode of inheritance was found in seven kindreds. In five of 
thesee families and in one of the two remaining families, a mutation was found. The 
clinicall  pattern and laboratory data in one sporadic patient, in whom no mutation 
couldd be detected in the dystrophin gene, were consistent with BMD according to 
previouslyy described diagnostic criteria, except that no muscle tissue was available 
forr dystrophin analysis.1 

Nineteenn patients were seen by one of us (WGdV). Five patients were seen by other 
cardiologistss for various reasons. 
Alll  24 patients underwent physical examination, ECG, M-mode, two-dimensional, 
andd color-flow doppler echocardiographic examination. Twenty-one patients were 
subjectedd to 24 -hour ambulatory Holter-monitoring. Most of the patients also had 
aa chest radiograph carried out. Of five patients who died during follow-up, we tried 
too establish the cause of death by studying the medical reports or autopsy data. 
Whenn available, the ECG and echocardiographic findings of the last examination 
beforee death were also included in the evaluation. 
Cardiacc involvement on ECG examination was assessed by using the following 
criteria:: (1) increased R-wave in lead VI (> 4 mm), increased R/S ratio in VI (> 1) 
inn the absence of (in) complete right bundle branch block (RBBB), or (2) patho-
logicall  Q-waves (> 0.2 mV) in lateral (I, AVL, V6) or inferior leads (II, III , AVF), or 
(3)) complete or incomplete left or complete right bundle branch block. 
Thee QT/PQs ratio was calculated as described by Nigro et al74'118 to establish its 
utilityy as an marker of early cardiac involvement. 
Echocardiographicc evidence for DCM consisted of an enlarged end-diastolic left 
ventriclee corrected for the body surface area (BSA) with impaired systolic 
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function.. If the BSA was not established an end-diastolic diameter > 60 mm was 
consideredd pathologic. Impaired systolic function was found if fractional shorten-
ingg was less than 25% and/or global hypokinesia on two-dimensional echocardio-
graphicc examination. Hypertrophic cardiomyopathy was diagnosed on the basis of 
thickeningg of the interventricular septum (IVS) and of the left ventricle posterior 
walll  (LVPW) > 15 mm (symmetric), or an increased ratio of IVS and LVPW >1.5 
(asymmetric).. Regurgitation abnormalities were established with color-flow 
dopplerr examination. We identified four groups of patients: (1) a group with no 
abnormalitiess as assessed by al the previously mentioned techniques, (2) a group 
withh only ECG abnormalities, (3) a borderline group with abnormalities at echo-
cardiographicc examination of uncertain significance, (4) a group with DCM as 
definedd before. 
Thee motor performance of all patients was scored by using the Swinyard grading 
systemm of functional ability. 
DNA-analysiss was performed in all families. DNA was isolated from peripheral 
bloodd cells by use of a salt precipitation protocol. Screening for deletions in the 
dystrophinn gene was performed by use of two Multiplex PCR kits, according to 
previouslyy described methods.53'54 Genomic DNA from all patients was also 
analysedd by Southern blotting and cDNA hybridisation utilising cDNA probes 
acrosss the dystrophin gene. 
Too investigate possible associations between variables Fischer exact tests are 
performed. . 

Results s 

Onee patient with a thorax deformity which hampered ECG interpretation and one 
patientt who had suffered a myocard infarction were left out of analysis. None of the 
patientss had a history of hypertension. From four deceased patients medical reports 
weree obtained. One patient was not seen again by a cardiologist prior to death. 
Becausee he had been diagnosed as having severe DCM in 1980 and he had died 
suddenlyy at home after an attack of dyspnea in 1984, we included him in the study. 
Therefore,, twenty-two living patients and five deceased patients, altogether 
277 patients, were available for analysis. 
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Tablee 1 Clinical characteristics and cardiac data of 27 patients with BMD 

familyy age functional-

ability y 

cardiacc involvement 

ECGG Echo ECG G Echo o 

A-1 1 

2 2 

3 3 

4 4 

5 5 

B-1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

C-1 1 

2 2 

3 3 

D-1 1 

2 2 

E-1 1 

F-1 1 

2 2 

G-1 1 

2 2 

3 3 

H-1 1 

J-1 1 

43 3 

17 7 

53 3 

56 6 

53 3 

39 9 

21 1 

36 6 

44 4 

46 6 

47 7 

40 0 

29 9 

28 8 

33 3 

26 6 

22 2 

60 0 

39 9 

27 7 

37 7 

40 0 

32 2 

35 5 

37 7 

43 3 

33 3 

1980 0 

2 2 

1 1 

1 1 

2 2 

3 3 

1 1 

1 1 

1 1 

1 1 

3 3 

1 1 

1 1 

1 1 

2 2 

2 2 

2 2 

1 1 

4 4 

2 2 

1 1 

3 3 

1 1 

1 1 

1 1 

1 1 

6 6 

3 3 

1994 4 

5 5 

1 1 

5 5 

6 6 

4 4 

1 1 

1 1 

2 2 

6 6 

3 3 

5 5 

4 4 

2 2 

4 4 

3 3 

5 5 

5 5 

6 6 

4 4 

3 3 

5 5 

5 5 

2 2 

1 1 

1 1 

6 6 

6 6 

1980c c 

a a 

n n 

n n 

n n 

a a 

a a 

n n 

a a 

n n 

a a 

a a 

a a 

n n 

n n 

a a 

a a 

a a 

a a 

n n 

n n 

n n 

a a 

n n 

n n 

n n 

n n 

n n 

1980d d 

n n 

n n 

n n 

n n 

n n 

DCM M 

n n 

DCM M 

n n 

n n 

n n 

n n 

n n 

n n 

DCM M 

n n 

n n 

DCM M 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

n n 

1994e e 

R,, Qlat 

n n 

n n 

LBBB,, ST 

LBBB B 

R,, RS, Qlat, ST 

NA A 

R,, RS, Qinf 

n n 

Qlat t 

R,, RS, Qlat 

R,, Qlat 

R,, Qlat 

R,, RS, Qlat, ST 

NA A 

Qlat t 

Qlat t 

LBBB B 

NA A 

R R 

n n 

R,, RS 

LVH,, ST 

ST T 

n n 

R,, RS, Qinf 

Qinf,, LVH 

1994 f f 

n n 

n n 

n n 

LVd i l ,, FSi 

LVV di l , GH 

LVd i l ,, GH 

LVd i l ,, FSi 

LVV di l , FSi 

GH H 

n n 

LVV di l , GH 

LVd i l ,, GH 

LVdi l l 

LVd i l l 

NA A 

n n 

n n 

NA A 

n n 

n n 

n n 

inf.. hypokin. 

LVd i l l 

LVd i l l 

n n 

n n 

n n 

diagnosis8 8 

aa ECG 

n n 

n n 

CHF F 

CHF F 

DCM M 

CHF F 

CHF F 

borderline e 

aa ECG 

DCM M 

DCM M 

borderline e 

borderline e 

CHF F 

aa ECG 

aa ECG 

CHF F 

n n 

aa ECG 

n n 

borderline e 

borderline e 

borderline e 

n n 

aa ECG 

aa ECG 

pro--

gres--

sion n 

no o 

no o 

no o 

yes s 

yes s 

no o 

yes s 

yes s 

yes s 

no o 

yes s 

yes s 

yes s 

yes s 

yes s 

no o 

no o 

yes s 

no o 

yes s 

no o 

yes s 

yes s 

yes s 

no o 

yes s 

yes s 

death h 

1993 3 

1989 9 

1991 1 

1984 4 

1984 4 
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Legendd to table 1 

aAgee at time of examination or age prior to death. 

Functionall ability was scored by using a scale designed by Swyniard" (grade 1: walks with 

waddlingg gait and marked lordosis. Climbs stairs without assistance; grade 2: needs support for 

stairs;; grade 3: cannot climb stairs, but can achieve erect posture from standard height chair; 

gradee 4: unable to rise from a standard height chair; grade 5: wheelchair independence. Good 

posturee in the chair. Can perform all activities of daily living from chair; grade 6: wheelchair 

dependence:: can roll chair but needs assistance in bed and wheelchair activities). 
CECGG examination in 1980. a: abnormal; n: normal 

Echo;; echocardiographic examination in 1980. n: normal investigation; DCM: dilated car-

diomyopathy. . 
eECGG examination in 1994 or in the period preceding death. R: high R wave in V I ; Qlat: Q 

wavess in lateral leads; n: normal ECG; LBBB: Left Bundle Branch Block; ST: non-specific ST 

segment;; RS: R/S ratio >1 in V I ; Qinf: Q waves in inferior leads; NA: Not available; LVH: left 

ventriclee hypertrophy 

Echocardiographicc examination in 1994 or in the period preceding death, n: normal echocar-

diography;; LVdi ! : left ventricle dilatation; FSi: diminished fractional shortening; GH: Global 

Hypokinesia;; NA: Not available; inf. hypokin.: infero lateral hypokinesia, 

^diagnosis,, a ECG: abnormal ECG; n: norma! investigation; CHF: congestive heart failure; 

DCM:: dilated cardiomyopathy; borderline: borderline abnormal echocardiographic echocar-

diographicc examination. 
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ClinicalClinical characteristics 
(tablee 1) The mean age of the 27 patients who participated in our study was 37.5 
yearss (range 17-60 years) at time of the examination (22 patients), at the last ex-
aminationn before death (4 patients) or at time of death (1 patient). Mean follow-up 
periodd was 12.5 years, median 13.7 years. (SD 3.0; range 2.7- 14.0 years). 
Fifteenn patients (56 %) were still able to walk (functional ability grades 1-4; mean 
agee 34 years, range: 17-46). Twelve patients were wheelchair-bound (functional 
abilityy grades 5 and 6; mean age 42, range: 22-60 years). Eleven of those (41%) had 
beenn able to walk in 1980. 
Physicall  examination and chest radiograph examination in 22 patients did not 
reveall  additional information. One patient had shown symptoms of congestive 
heartt failure prior to the present investigation, but he was now asymptomatic on 
medication.. In four deceased patients physical examination and chest radiograph 
examinationn in the period preceding death, revealed signs of congestive heart 
failuree (CHF). 

Electrocardiography Electrocardiography 
Inn 21 patients an ECG was performed and from three deceased patients the most 
recentt electrocardiographic data were obtained (tables 1 and 2). Seventeen patients 
(71%)) had one or more abnormalities as defined in the methods section and two 
patientss (8%) had non-specific ECG changes. In half of these individuals, the 
abnormalitiess had not been present in 1980. 
Inn three patients (11%) LBBB was found, always in concomitant presence with 
severee congestive heart failure. 
Fivee patients (21%) had incomplete RBBB. An increased QT/PQs ratio was found 
inn eight patients (33%). 
Twenty-onee individuals underwent 24-h ECG monitoring. One of them had had 
periodss of atrial fibrillation, otherwise no abnormalities were found. 

EchocardiographyEchocardiography (tables 1 and 2) 
Twenty-twoo patients underwent an echocardiographic investigation and the most 
recentt echocardiographic data were obtained from three deceased patients. Seven 
(288 %) of these patients had echocardiographic evidence of DCM and six (24 %) 
patientss showed borderline echocardiographic abnormalities including left 
ventricularr dilatation with normal systolic function (four patients), mild hypokine-
siaa in the inferolateral part of the heart (one patient) and global hypokinesia 
withoutt left ventricle dilatation (one patient). When regurgitation abnormalities 
weree present these were only mild. Hypertrophic cardiomyopathy was not found. 

50 0 



Evolutionn of cardiac abnormalities over a 13-year period 

Tablee 2 Distribution of ECG abnormalities in 27 BMD patients with and without echo-

cardiographiccardiographic abnormalities 

Echocardiography y 

normall borderline abnormal not performed total 

ECGG normal 4 1 0 0 5 

non-specificc abnormality 0 2 0 0 2 

specificc abnormality 7 (3)a 3(1) 6(4) 1 17 

nott performed 1 0 1 1 3__ 

totaltotal 12(3) 6(1) 7(4) 2 27 
alnn parentheses the number of patients with an increased QT/PQs ratio are given. 

EvolutionEvolution of cardiac abnormalities 
Onlyy five (18.5 %) of the 27 patients had a completely normal investigation of the 
heart.. In all families cardiac involvement was established. Seventeen (63 %) indi-
vidualss showed progression of cardiac abnormalities during follow up (e.g. from 
normall  to abnormal ECG, abnormal ECG to congestive heart failure, congestive 
heartt failure to death, table 1). Seven (26 %) patients had an abnormal ECG, but no o 
echocardiographicc abnormalities. In nine (33%) patients DCM with or without 
congestivee heart failure was present (table 1 and 3). 
Tenn of 15 patients who were ambulatory at the second evaluation had developed 
borderlinee echocardiographic abnormalities or DCM and one patient who was 
wheelchairboundd developed DCM when he was still walking (table 3; 69 %). Four 
off  11 patients (36 %) who were wheelchairbound had DCM or borderline abnor-
malities.. This difference was not statistically significant (p =0.13). 
Sixx patients (22 %) had symptoms of congestive heart failure at the follow-up 
examination.. In one, the symptoms had already been present at the first examina-
tion. . 
Fivee patients from four families (A, B, C, D) died during the follow-up period, one 
becausee of an intestinal bleeding, four (15 %) because of congestive heart failure. 
Threee of these four were still able to walk at time of death. Mean age of these four 
patientss was 42 years (range 21-60). Mean survival after the first examination was 
6.33 years (range 2.7-10.3 years; SD 3.5). 

DNA-studies DNA-studies 
AA mutation was found in six of nine families. In five families a deletion was present 
(familyy A: exons 2-5, families D and E: exons 45-47, family F: exons 3-6, family G: 
exonss 45-55) and in one family a duplication (family B: exons 16-34). 
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Tablee 3 Association between functional ability and cardiac abnormality in 

2727 BMD patients 

Cardiacc status 

ambulatory y 

wheelchair-bounda a 

total total 

normal l 

3 3 

2 2 

5 5 

abnormal l 

ECG G 

2 2 

5 5 

7 7 

Borderlinee echo-

cardd iographic 

findings s 

4 4 

2 2 

6 6 

DCMb b 

6 6 

3 3 

9 9 

total total 

15 5 

12 2 

27 27 
aOnee patient developed DCM before he became wheelchair-bound 
bDCM:: dilated cardiomyopathy 

Discussion n 

Inn a cross-sectional study conducted by us in 1980, it was shown that nearly half of 
patientss had ECG changes and 15% had DCM.20 Our findings have been confirmed 
byy others.23,24'74'102'03 In the present study with a mean follow-up of 12.5 years, 
cardiacc abnormalities had progressed in 63% of patients. Specific ECG abnormali-
tiess progressed from 44 to 71% and DCM was now present in 33% of patients. In 
addition,, 22% of patients developed borderline echocardiographic abnormalities. 
Thesee had not been present in 1980, but the significance of these findings is at yet 
uncertain.. Fifteen percent of patients died during follow-up as a consequence of 
congestivee heart failure. Cardiac involvement was established in all nine families. 
Wee found a high proportion of ECG abnormalities which is in accordance with 
others.23'244 The most frequently observed abnormalities consisted of high R-waves 
andd pathological Q-waves. Studies in Duchenne muscular dystrophy have shown 
thatt these abnormalities most likely originate in the posterobasal and inferior wall 
off  the left ventricle.42'121123 Indeed in seven cases these ECG abnormalities were 
foundd in patients with either congestive heart failure, DCM, left ventricle dilation 
orr hypokinesia of the inferolateral part of the left ventricle wall. Twice however, left 
ventriclee dilation was found together with unspecific ECG findings, i.e., abnormal 
ST-segments.. In seven patients high R-waves or deep Q-waves were present with-
outt involvement of the left ventricle on echocardiography, suggesting that in BMD 
thiss is the first sign of left ventricle involvement, as is also the case in DMD. 
Notwithstandingg the fact that in four patients in whom these abnormalities were 
alreadyy present in 1980, no left ventricular dilation has developed over a period of 
155 years. 
Wee found incomplete RBBB in five patients. It can be found in healthy persons as 
well,, but its prevalence is higher as compared to the normal population (18.5% vs 
2.4%).. The origin of conduction disturbances might well be explained by multifo-
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call  areas of degenerative changes in the conduction system and defective dystro-
phinn localisation at the membrane surface of the Purkinje fibre.125 A severe conduc-
tionn disorder such as LBBB, was found only in the advanced cases. These patients 
alll  died of congestive heart failure. In the patients who underwent 24-hour ECG 
monitoring,, no rhythm disturbances were seen. We suppose that LBBB, and there-
foree the risk to develop lethal rhythmical disorders, only occurs in the end-stage 
casess of cardiac involvement, where the dystrophic process has destroyed the whole 
heart. . 
Nigroo et al have used the QT/PQs ratio on ECG to detect early cardiac involve-
ment.. ' We were not able to confirm this observation since this feature was 
onlyy present in three of 12 patients with normal findings at echocardiography. 
Nigroo et al also found an increase in clinically evident cardiomyopathy with 
increasingg age during a mean follow up period of eight years. Furthermore, they 
reportedd a high percentage of DCM (49%) in advanced cases of BMD designated as 
"walkingg patients not able to perform Gowers maneuver" as compared to the 
wheelchair-boundd patients. We also found that patients who could still walk 
(functionall  ability 1-4), more often had borderline echocardiographic abnormali-
tiess or DCM than the wheelchair-bound patients. However, this did not reach 
statisticall  significance (p=0.13). It would suggest an unexplained association 
betweenn mobility and occurrence of DCM. More follow-up is needed to further 
evaluatee this observation. 
Althoughh the group of families is relatively small, we did not find an association 
betweenn mutation type and DCM, confirming previous observations that muscle 
weaknesss in concomitant presence with cardiac abnormalities might be due to 
mutationss in every part of the dystrophin ge ne

 24'102103106'n3'n4 Therefore we conclude 
thatt cardiac involvement, and especially DCM, is the rule and not the exception in 
BMD. . 
Theree is a remarkable interfamilial and intrafamilial variability regarding time at 
onset,, severity and progression of cardiac abnormalities, as is also the case with 
muscularr involvement.102'126,127 Variability of cardiac and muscle involvement 
betweenn families carrying the same mutations might in part be explained by differ-
entt locations of deletion breakpoints relative to the intron-exon boundaries.102 

Intrafamiliall  variability of cardiac abnormalities, even in brother pairs with the 
samee functional ability, may be very prominent. For example, in family A, in one 
53-year-oldd wheelchair-bound patient (A-3) the heart appeared to be unaffected, 
whereass his 56-year-old brother who is also wheelchair-bound developed conges-
tivee heart failure (A-4). In family B, the cardiac status of one individual (B-2) 
evolvedd from normal to a severe congestive heart failure. He died awaiting cardiac 
transplantationn at age 21 years. In contrast, one of his two elder brothers (B-l), 
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whoo had already been diagnosed as having DCM at the first examination, is still 
asymptomatic.. The other brother (B-3) has been stable for several years on medica-
tion.. All three had only mild musculoskeletal involvement. It remains enigmatic 
whyy DCM, once it has been established, can be stable and remains asymptomatic 
forfor many years or evolves rapidly to cardiac failure, sometimes leading to sudden 
death. . 
Inn BMD patients therapeutic interventions as regards cardiomyopathy are scarce. 
Overr the past few years cardiac transplantation has been carried out in a number of 
patientss with an end-stage congestive heart failure and relatively mild muscle 
weakness.104'108,111'112'1288 Supportive measures and vasodilator therapy should be 
standardd treatment in all BMD patients with congestive heart failure. Up to now, 
treatmentt of asymptomatic DCM has not received much attention. Among patients 
withh asymptomatic left ventricular dysfunction from other cause, the angiotensin-
converting-enzymee inhibitor enalapril has proven to reduce the incidence of heart 
failuree and the rate of related hospitalizations. Only 9.5% of the patients in this 
studyy had an idiopathic DCM, but the favourable effect of therapy appeared to be 
independentt of the cause of heart failure. There also was a non-significant reduc-
tionn of cardiovascular mortality.129 Since DCM in BMD is often progressive, early 
onsett of therapy with enalapril could be considered in asymptomatic patients with 
DCM. . 
Wee conclude that cardiac involvement in Becker muscular dystrophy is progressive 
inn the majority of patients. Left ventricular involvement may begin at any moment 
inn the course of the disease and the rate of progression is unpredictable. A substan-
tiall  part of patients will develop dilated, incapacitating and life-threatening DCM. 
Inn ambulatory patients timely heart transplantation should then be considered. 
Therefore,, we advocate that BMD patients have an ECG at regular intervals. 
Cardiacc involvement in BMD first becomes manifest as ECG abnormalities which 
aree usually characteristic but sometimes only subtle changes can be found. If the 
ECGG is normal, DCM is not very likely, but as soon as the ECG turns abnormal 
carefull  cardiological follow-up is needed, e.g. yearly echocardiographic evaluation. 
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Abstract t 

Background::  At present Troponin T and Troponin I are presumed to be the most 
cardiacc specific markers. Our aim was to establish the value of these markers for 
diagnosingg non-ischemic myocardial damage in Duchenne(DMD) and Becker 
muscularr dystrophy (BMD) carriers. 

Methods::  Hundred twenty-nine DMD/BMD carriers were included. Cardiological 
investigationss included electrocardiography (ECG) and echocardiography. Labora-
toryy investigations consisted of measurement of serum creatine kinase (CK), and 
aspartasee aminotransferase (ASAT) activity, CK-MB-mass, cardiac Troponin T 
(cTnT)) and cardiac Troponin I (cTnl). Statistic tests were used to analyse the 
relationn between cardiac abnormalities and laboratory measurements. 

Results:: Seven DMD carriers had dilated cardiomyopathy and 23 DMD/BMD 
carrierss had left ventricular dilation. Twenty-two cases had an elevated CK-MB, but 
nonee demonstrated a CK-MB/CKTOTAL ratio above 6%. Total CK was raised in 
45%.. No elevation was found of cTnl and only one DMD carrier with borderline 
echocardiographicc abnormalities, had slightly increased cTnT. 

Conclusion:: cTnT and cTnl elevation is very rare (cTnT) or does not occur (cTnl) 
inn DMD/BMD carriers. They can, therefore, not be used as a marker of non-
ischemicc myocardial damage. 
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Introductio n n 

Earlyy in the 1960s the World Health Organization recognized the fundamental role 
off  cardiac enzymes for the diagnosis of acute myocardial infarction. Increase in 
serumm creatine kinase (CK) activity, lactate dehydrogenase and its isoenzymes, and 
myoglobin,, however, appeared not to be as sensitive and heart-specific as previ-
ouslyy believed. This prompted the search for more sensitive and specific markers. 
Attentionn was focussed on the cardiac contractile and regulatory proteins. Most are 
howeverr co-expressed in slow twitch skeletal muscle fibers. At present, only two 
candidatess for heart-specific markers remain, namely cardiac Troponin I (cTnl) 
andd cardiac Troponin T (cTnT). Recent reports suggest that cTnl may be the most 
cardiacc specific. 
Carrierss of Duchenne (DMD) and Becker muscular dystrophy (BMD) are at risk 
forr cardiac disease. In a cross-sectional study among definite DMD/BMD carriers 
(n== 129) 5.4% had dilated cardiomyopathy and 18% had left ventricle dilation. In 
thee present study we analysed both cTnT and cTnl, together with CK, and CK-MB 
masss to establish the value of these markers in DMD/BMD carriers and their possi-
blee association with the presence of non-ischemic myocardial damage. 

Materiall  and Methods 

Hundred-twentyy nine definite carriers of DMD (85) and BMD (44) participated in 
aa cross-sectional study in order to assess the presence of muscle weakness and 
cardiacc involvement.!'9 Carriers were considered definite when: they were found to 
bee obligate carriers after pedigree analysis (definite X-linked inheritance); when a 
mutationn in the dystrophin gene was found; or when linkage analysis revealed a 
chancee of more than 99% for carriership. 
Alll  carriers underwent extensive cardiological examinations, including history 
taking,, physical examination, ECG and transthoracic M-mode and 2-D echocardi-
ography.. These studies are described in detail elsewhere. 
Alll  carriers only participated after informed consent had been given. 
Afterr venipuncture 10 cc heparine blood was drawn. Plasma was prepared, aliquot-
tedd and frozen at -80E C until analysis for total CK and aspartase aminotranferase 
(ASAT)) activities, CKMB mass, cTnl and cTnT measurements. 
TotalTotal CK activity (upper reference limit: 193 U/L) was measured at 37°C with a 
Hitachii  747 analyser (Boehringer Mannheim, Germany) by the method proposed 
byy the International Federation of Clinical Chemistry. 
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ASATactivityASATactivity (upper reference limit: 47 U/l) was measured at 37°C with a Hitachi 
7477 analyser by the method proposed by the International Federation of Clinical 
Chemistry. . 
CK-MBCK-MB mass (upper reference limit: 7 mg/L) was measured on an Immuno I ana-
lyserr (Bayer, Leverkusen, Germany) using an enzyme labelled sandwich assay. The 
totall  imprecision proved to be lower than 2.5%. The analytical sensitivity in human 
serumm proved to be 0.06 mg/1. No interference from CK-MM or CK-BB could be 
demonstrated. . 
CK-MBB activity was calculated to allow comparison with total CK activity. The 
CK-MBB activity was given as a percentage of the total CK activity. A ratio exceeding 
6%% was considered suggestive for cardiac involvement. 
CardiacCardiac Troponin I (upper reference limit: 0.4 mg/1) was measured with an enzyme-
immunoo assay on a Stratus II analyser (Dade International, Miami, FA), which uses 
twoo monoclonal antibodies specific for cardiac Troponin I. The immunoassay 
showss no cross-reactivity with human skeletal-muscle Troponin I. 
CardiacCardiac Troponin T (upper reference limit: 0.1 mg/1) was measured with an immu-
noassayy on an ES600 analyser (Boehringer Mannheim, Germany). The assay uses a 
myocardiumm specific biotinylated antibody as conjugate and a cardiac-specific 
antibodyy as the biotinylated component. 
Chi-squaree tests were used to analyse the relation between the different laboratory 
measurementss and age and cardiac abnormalities, respectively. To compare means 
off  serum CK measurements we used t tests or the Mann-Whitney test, when 
appropriate. . 

Results s 

CardiologicalCardiological investigations 
Meann age of carriers was 36.9 years (18-58). None had symptoms or signs of 
ischemicc heart disease. Seven carriers (5.4%, all DMD) had echocardiographic 
evidencee of dilated cardiomyopathy (DCM), of whom five had signs or symptoms 
off  congestive heart failure. Furthermore, 23 DMD/BMD carriers (18%) had left 
ventriclee dilatation. In 17 cases (13%) borderline echocardiographic abnormalities, 
suchh as wall motion abnormalities or unilateral atrial dilatation, were found. Elec-
trocardiographicc abnormalities were seen in 61 carriers (47%). Only 38% had a 
completelyy normal investigation of the heart. 

PlasmaPlasma analyses 
Totall  CK-activity was raised in 45% (58 cases): 53% of DMD carriers (45 cases) and 
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30%% of BMD carriers (13 cases). Mean CK was 306 U/l (48-1860). Five of seven 
carrierss with dilated cardiomyopathy had raised CK. Twenty-two (17%) of the 
DMD/BMDD carriers had an elevated CK-MB. None of the carriers demonstrated a 
CK-MB/CKTOTALL ratio above 6%, including the carriers with dilated cardio-
myopathy.. None of the DMD/BMD carriers had elevated cTnl, and only one DMD 
carrierr with borderline echocardiographic abnormalities had a slightly increased 
cTnT(0.16mg/l). . 

StatisticalStatistical analysis 
Noo relation could be demonstrated between cTnl or cTnT and cardiac abnormali-
ties.. No significant difference was found in mean CK-activity between carriers with 
andd without muscle weakness. There was a linear correlation between CK-MB and 
ASATT (r=0.81), and between total CK and (r=0.83). We found no clear correlation 
betweenn CK and age, but mean CK showed a decreasing linear trend (p = 0.044) 
withh increasing age groups. There was no relation between cTnl and CK-MB, cTnl 
andd CK, cTnl and age, cTnT and age, CK-MB and age, or ASAT and age. 

Discussion n 

Inn this study we measured total-CK and cardiac Tnl and TnT in a large group of 
DMD/BMDD carriers. In 1991 and 1993 it was shown that measurements of cTnl 
andd cTnT are superior to conventional measurements of CK-MB mass for the 
detectionn of minor myocardial injury of ischemic origin, and it was presumed that 
thesee proteins are cardiac-specific. However, in more recent studies cTnT expres-
sionn was found in a high proportion of skeletal muscle of dialysis patients , 
patientss with damaged, regenerating muscle (muscular dystrophy and inflamma-
toryy myopathies) ' , in skeletal muscle during fetal development, and in normal 
(nonregenerating)) skeletal muscle135, thus, disclaiming the assumption that cTnT is 
aa cardiac specific marker. cTnl is not expressed in skeletal muscle during fetal 
developmentt and only sporadically in adult muscle in response to pathological 
stimuli,, such as dialysis, muscular dystrophy, and inflammatory myopathies. 
Itt was therefore presumed to be the most specific of the currently available 
biochemicall  markers. 
Nonee of our DMD/BMD carriers had an elevated CK-MB/CK-total ratio suggestive 
off  cardiac involvement although 62% showed abnormalities on ECG and/or echo-
cardiography.. Only one DMD carrier with borderline echocardiographic abnor-
malityy had detectable, but normal cTnT. None of the carriers had detectable cTnl 
levels. . 
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Inn only one earlier report , cTnl elevation was described in four of 28 patients 
withh chronic muscular diseases, one of them showing left ventricle hypertrophy. 
Anotherr report describes cTnl elevation in one of 24 dialysis patients without 
cardiacc abnormalities. Whereas cardiac troponin proteins fail to detect non-
ischemicc cardiac damage in DMD and BMD carriers, these markers could probably 
bee used for carriers suspected of cardiac ischemia. Measurement of CK-MB could 
havee the risk of a false-positive result due to high total-CK. 
Somee authors have found a negative correlation between CK activity and age in 
DMDD and BMD carriers140, whereas others did not.1 We found no such correla-
tionn but were able to demonstrate a linear decreasing trend of total CK with 
increasingg age groups of carriers. Surprisingly, only 53% of DMD carriers and 30% 
off  BMD carriers had elevated total CK. Only one earlier study found similar per-
centagess , whereas most other studies found raised CK activity in 60-80% in DMD 
carriers'' , and in 42-62% of BMD carriers. ' ' These relatively high percent-
agess prompted clinicians in the pre-dystrophin era to calculate the risk of carrier-
ship.. Perhaps the difference between our study and these carried out before the 
ninetiess is due to the fact that in most of these investigations repeat measurements 
off  total CK have been done, whereas we did only one measurement. 
Inn conclusion, elevation of cTnT is extremely rare in carriers of Duchenne and 
Beckerr muscular dystrophy and bears no relationship with cardiac abnormalities. 
cTnll  is not elevated in BMD/DMD carriers. Therefore, measurement of these 
proteinss is not helpful to detect non-ischemic myocardial damage in DMD/BMD 
carrierss with cardiac abnormalities. Cardiac Tnl and TnT might still be useful in 
DMD/BMDD carriers to detect ischemic cardiac damage when CK-MB fails to 
discriminatee between muscle damage en cardiac ischemia. 
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Sincee the earliest reports about Duchenne muscular dystrophy (DMD), some 
carrierss are known to have signs or symptoms of DMD.' Reported clinical mani-
festationss include calf hypertrophy, exertion dependent myalgia and cramps, and a 
variablee degree of muscle weakness, ranging from slight asymmetric proximal 
musclee weakness with a predilection for the legs, to severe muscle weakness resem-
blingg the clinical picture of DMD boys.3'4,31 Onset of muscle weakness in carriers is 
alsoo variable and may start in childhood or develop in the fourth or fifth decade of 
life.. Particularly in isolated cases of symptomatic carriers (girls without a family 
historyy of DMD), severe muscle weakness has been reported. '6 Symptomatic BMD 
carrierss are rare. Only few instances of BMD carriers with signs or symptoms have 
beenn described since 1971.6"9 

Thee identification of DMD in girls with X-autosomal translocations with the 
breakpointt in the Xp-21 region, has contributed to the discovery of the dystrophin 
gene.. ' These translocations cause non-random inactivation of the normal 
dystrophinn gene at an early developmental stage. Skewed X-inactivation has also 
beenn suggested as cause for muscle weakness in DMD and BMD carriers.39'40 

Otherr features recognised in dystrophinopathy carriers are 'DMD-like' electrocar-
diographicc (ECG) abnormalities. ' ' These ECG findings, including high R-waves 
inn the right precordial leads and narrow deep Q-waves in lateral and inferior leads, 
havee been reported since the sixties and some of them have been used as criterion 
too discriminate sporadic symptomatic carriers from girls with limb girdle dystro-
phy.. Only recently, it appeared that carriers could have dilated cardiomyopathy, 
withoutt muscle weakness. ' A large study of dystrophinopathy carriers even 
yieldedd a high proportion of females with cardiac involvement. With the discovery 
off  the dystrophin gene and its protein product dystrophin ' , it has become much 
easierr to identify dystrophinopathy patients and carriers. Given the fact that previ-
ouss studies were done in the premolecular-genetic era and did not include assess-
mentt of cardiac involvement ', we initiated a survey among definite carriers of 
DMDD and BMD in search of skeletal muscle and cardiac signs and symptoms. 

Prevalencee of symptomatic carrier s 

Inn two previous studies, the prevalence of carriers with muscle weakness was found 
too be 2.5% and 7.8%, respectively.3,5 In a group of 129 definite carriers, we found 
thatt 22 carriers (17 %) had muscle weakness of mild to moderate severity (chapter 
1).. When dilated cardiomyopathy (DCM) is taken into account the proportion of 
symptomaticc carriers rises to 22% (28 carriers) (chapter  1). The proportion of 
carrierss with muscle weakness is two to seven times higher compared to the previ-

62 2 



Generall  discussion 

ouslyy conducted surveys. One could argue that this is caused by selection bias. 
However,, we have tried to include as many carriers from each family as possible. 
Furthermore,, we did not include sporadic symptomatic carriers in our study, which 
wouldd have artificially inflated the proportion of symptomatic carriers. Lastly, 36% 
off  carriers with muscle weakness were identified as such during our study and did 
nott have complaints beforehand. We used hand-held dynamometry to detect 
musclee weakness, which yielded ten carriers (8 %) with muscle weakness. This 
explainss the main difference between our study and that of Moser and Emery. 

Profil ee and severity of skeletal muscle symptoms 

Itt is noteworthy that in our study none of the carriers had severe muscle weakness 
(chapterr  1). Muscle weakness was considered severe in the presence of weakness 
lesss than grade 4 (Muscle Research Council (MRC) scale) in at least one muscle 
groupp manually tested. Moderate was assigned to weakness MRC grade 4 in at least 
onee muscle group, with or without abnormal hand-held dynamometry. Weakness 
wass mild when manual muscle testing was normal (MRC grade 5), but hand-held 
dynamometryy was abnormal. We did not designate carriers with frequent myalgia 
andd cramps as symptomatic. However, one should bear in mind that this distinc-
tionn in clinical groups on the basis of signs and symptoms does not necessarily 
relatess to quality of life. It is conceivable that in individual cases some degree of 
musclee weakness, which is classified 'mild' in our study, is perceived 'severe' by a 
carrier.. Carriers should therefore be informed, but the information has to be put in 
perspective.. In our study, no carrier had become wheelchair-dependent. The 
chancee to have some degree of muscle weakness is higher when there are 
complaintss of muscle weakness, cramps or myalgia. It seems, therefore, important 
too take these complaints seriously and to look for muscle weakness very carefully in 
thesee cases. 
Inn contrast to males with a dystrophinopathy, in whom muscle weakness starts in 
thee proximal leg muscles, 41% of carriers had muscle weakness limited to the 
shoulderr girdle or upper arms (chapter  1). Two other reports have also found 
selectivee involvement of arms in carriers.5'30 In most other reports more (severe) 
involvementt of limb girdle and upper legs was found.' * In most studies however, 
onlyy a selection of carriers was investigated.' Our results can easily be explained 
byy random X-inactivation. 
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Prevalencee of cardiac abnormalities 

Severall  anecdotal reports have indicated that dystrophinopathy carriers can develop 
dilatedd cardiomyopathy , sometimes necessitating heart transplantation.149 

Onee Italian study, which included 197 definite carriers, showed cardiac abnormali-
tiess in 44.5%, designated as 'clinically evident myocardial damage', including 
'preclinicall  stage', 'hypertrophic stage', arrhythmia and dilated cardiomyopathy. 
Theirr criteria for cardiac involvement are in part comparable with ours. 'Preclinical 
stage'' cardiac involvement, which included pathological R-waves on ECG, was 
presentt in 46% of carriers in their study. We found 47 carriers (36%) with typical 
(DMD-like)) ECG changes, including three carriers (2.4%) with bundle branch 
blockss (chapter  2). Politano et al. found bundle branch blocks and /or severe 
tachyarrhythmiass on 24-hour ECG, in five carriers (3%), designated as 'arrhyth-
mia'.. In addition they identified 50 carriers (31%) with 'hypertrophic stage' cardiac 
involvement,, which was scored on the basis of an increased width of the intraven-
tricularr septum (IVS) and an increased ratio between IVS and the left ventricle 
posteriorr wall on echocardiography. We also used these criteria but found no 
instancess of hypertrophic cardiomyopathy (chapter  2). Eighteen DMD/BMD 
carrierss (11%) in the Italian study had dilated cardiomyopathy. Our study detected 
sevenn carriers (5.4%, all DMD) with dilated cardiomyopathy and 18% (23 cases) 
withh left ventricle dilation (both DMD and BMD, chapter  1 and 2). Left ventricle 
dilationn was not scored or found as such in the Italian study. Since we, as 
mentionedd above, could not confirm the hypertrophic abnormalities observed by 
them,, different techniques in performing echocardiographies might explain these 
differences. . 

Significancee of cardiac abnormalities 

Att present, the significance of left ventricle dilation is uncertain. It suggests 
involvementt of the left ventricle and could be the initial stage of dilated cardio-
myopathy.. Interestingly, in a follow-up study of 27 BMD patients, we noticed that 
fourr (15%) BMD patients had developed left ventricle dilation as well (chapter  4). 
Inn an earlier population based prospective study, with a mean follow-up of 7.7 
years,, it was found that an increase in left ventricular internal dimension on echo-
cardiographyy is a risk factor for congestive heart failure in men and women without 
aa myocardial infarction.150 Thus, ventricular dilation could be the initial compensa-
toryy response of the failing heart, which finally leads to dilated cardiomyopathy and 
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heartt failure. Conversely, left ventricle dilation may remain unchanged for many 
years. . 
Ann important finding of the Italian study is the progression of cardiac abnormali-
tiess in 14 carriers during a mean follow-up period of 5 years.29 In addition, four 
carrierss died: three as a consequence of heart failure, and one carrier with 
dysrhythmiass died suddenly. When we compare the prevalence of dilated cardio-
myopathyy in the carrier population (5400 per 100.000) with the prevalence of 
idiopathicc dilated cardiomyopathy in the normal female population (19.4 per 
100.000),, it is obvious that cardiac abnormalities are a major concern in dystrophi-
nopathyy carriers. Carriership is a risk factor for developing dilated cardiomyopathy. 
Follow-upp studies in carriers are needed to find out if left ventricle dilation 
progressess to dilated cardiomyopathy and if life expectancy in carriers is decreased 
comparedd with the normal female population. 

I ss it necessary to screen carrier s for  cardiac abnormalities? 

Inn our opinion, our results and those of others justify to contact carriers, who have 
beenn counselled by clinical geneticists in the past, via their general practitioner or 
patientt support group and inform them about this potentially treatable complica-
tion.. All recently counselled carriers should be informed by their clinical geneticist, 
andd be adviced to have regular cardiological examinations. We did not investigate 
carrierss younger than 18 years, but two DMD carriers (younger than 16 years) with 
dilatedd cardiomyopathy have been reported. ' Until more data are available it 
seemss not justified to screen carriers younger than sixteen for dilated cardiomyopa-
thy. . 

Shouldd all female members of dystrophinopathy patients have their 
carrierr  status determined? 

Att present, the only reason for a women with a positive family history for DMD or 
BMDD to have her carrier status determined is, when there is a wish for progeny. If 
carriershipp is determined only because of a 5.4 % chance on dilated cardiomyopa-
thy,, a positive DNA test could not predict possible cardiac abnormalities. Instead it 
wouldd be preferable, to test women at risk for cardiac disease with a diagnostic test 
withh sufficient sensitivity and specificity to detect all women with dilated cardio-
myopathyy or left ventricle dilation or to rule out dilated cardiomyopathy with 
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certainty.. The best test would be the one that provides a very high negative predic-
tivee value with an adequate positive predictive value. 

Tablee 1 Predicted effect of several diagnostic tests on the prevalence of left ventricle 

dilationdilation and/or dilated cardiomyopathy 

sensitivity y 

specificity y 

PPV V 

NPV V 

1-NPV V 

Dilatedd cardiomyopathy 

alll ECC 

7 7 

54 4 

8 8 

97 7 

3 3 

prevalencee 5,4% 

typp ECG 

43 3 

64 4 

6 6 

95 5 

5 5 

S C K t t 

71 1 

55 5 

9 9 

97 7 

3 3 

Leftt ventricle dilation an 

prevalencee 23.3% 

alll ECG typ ECG 

600 43 

57 7 

30 0 

82 2 

18 8 

66 6 

28 8 

79 9 

21 1 

d D C M M 

SCKt t 

63 3 

57 7 

41 1 

67 7 

33 3 

DCM:: dilated cardiomyopathy; all ECG: all electrocardiographic abnormalities; typ ECG: 

typicall electrocardiographic abnormalities; SCKT: increased serum creatine kinase activity; 

PPV:: positive predictive value; NPV: negative predictive value 

Testss for  severe cardiac abnormalities 

1.. ECG 
Unfortunately,, despite the proportion of ECG abnormalities found in our study, 
thee ECG is not sensitive and specific enough to screen for severe cardiac abnormali-
ties.. We found typical electrocardiographic abnormalities (which are seen in DMD 
patients)) in 47 carriers (36%, chapter  2). Two out of seven carriers with dilated 
cardiomyopathyy had a normal ECG and two had non-specific ECG changes 
(chapterr  2). The sensitivity and specificity of typical ECG abnormalities for dilated 
cardiomyopathyy is 43% and 64%, respectively (table 1). Given a prevalence of 
5.4%,, the positive predictive value and negative predictive value can be calculated 
ass 6% and 95%, respectively. An abnormal ECG would thus change the probability 
onn dilated cardiomyopathy from 5.4 to 6% with a positive test and to 5% with a 
negativee test (normal ECG). 

2.. Raised serum creatine kinase activity 
Inn our study 45% of carriers had raised serum creatine kinase (SCK) activity. Five 
outt of seven (71%) carriers with dilated cardiomyopathy had raised SCK. When a 
raisedd SCK activity is used to test for dilated cardiomyopathy, the post-test prob-
abilitiess are 9% (positive test) and 3% (negative test; table 1). However, high CK 
activityy is more likely to arise from damaged muscle tissue than damaged myocard 
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tissue.. This is reflected by the fact that none of our carriers had CK/CK-MB ratio 
abovee 6%. 

3.. Heart-specific proteins 
Measurementt of heart-specific proteins, i.e. cardiac Troponin T (cTnT) and cardiac 
Troponinn I (cTnl), seemed to be an interesting option to detect minor myocardial 
damagee in carriers (chapter  5). In particular cTnl was believed to be a cardiac 
specificc marker for minor non-ischemic myocardial damage. However, none of our 
carriers,, including the ones with cardiac abnormalities, had detectable cTnl. Heart 
specificc proteins are, therefore, of no value for detection of non-ischemic myocar-
diall  damage in dystrophinopathy carriers. 

4.. Natriuretic peptides 
Moree promising in the near future are the atrial (ANP) and brain natriuretic pep-
tidess (BNP), which are secreted by the atria and ventricles in response to increased 
transmurall  pressure. Recent reports have shown that these peptides, BNP more 
thann ANP, are raised in plasma in patients with symptomatic and asymptomatic 
left-ventriclee systolic dysfunction and can be used for screening in a general 
population.. ' It was found that targeted screening of individuals at high risk of 
developingg left-ventricle systolic dysfunction increased sensitivity of ANP and BNP. 
Anotherr study showed that BNP-guided treatment of heart failure reduced total 
cardiovascularr events, and delayed time to first event compared with intensive 
clinicallyy guided treatment. In only one study these peptides were used to evalu-
atee treatment with ACE-inhibitors and beta-blockers in 11 DMD patients. It was 
concludedd that BNP and ANP were helpful in diagnosis of DCM and in monitoring 
thee effect of treatment. Whether natriuretic peptides are helpful to detect early left 
ventriclee dilation in dystrophinopathy carriers and patients (instead of dysfunc-
tion),, should be subject of future research. 

Dilatedd cardiomyopathy in BMD patients 

Thee course of heart involvement was assessed in patients with Becker muscular 
dystrophyy (BMD; chapter  4). In a follow up study over 12.5 years among 27 
patientss it was found that progression of cardiac abnormalities occurred in 17 
patientss (63%), and nine patients (33%) had dilated cardiomyopathy with or 
withoutt congestive heart failure, in four ultimately leading to death (chapter  4).20 

Thesee results are in concordance with those of others. * Based on these 
findingsfindings heart abnormalities can be considered an important determinant of prog-
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nosiss in BMD patients. 
Somee authors have suggested that typical mutations are associated with dilated 
cardiomyopathy,, such as deletions including exons 45-46 ,47 ,48-49 ' and 2-
7114.. However, all these mutations are part of both hot spot regions for mutations in 
BMD/DMD.. We found deletions of exons 2-5, exons 45-55, exons 45-47 and a 
duplicationn of exons 16-34 in BMD patients with left ventricle dilation or DCM. 
Otherr authors also failed to find an association between mutation site and 
DCM.23,1022 A mutation in the muscle promoter region caused DCM without muscle 
weaknesss (Ned Tijdschr Geneeskd, in press).13'14'102,106,115,116 However, the same muta-
tionn was also found in a BMD patient with mild muscle weakness. It is therefore 
concludedd that as in DMD, any BMD patient is at risk to develop DCM, irrespec-
tivee the mutation site or type. 

Therapyy for  dilated cardiomyopathy 

Itt is important to detect DCM at an early stage because nowadays treatment 
modalitiess have become available which have proven to be effective in DCM, 
includingg idiopathic DCM (the one which most resembles dystrophinopathic 
DCM).. ACE-inhibitors reduce the incidence of heart failure and the rate of related 
hospitalizationss among patients with asymptomatic chronic heart failure (CHF) 
andd reduce mortality in symptomatic chronic heart failure, irrespective of the 
cause.. It should, therefore, be standard therapy in dystrophinopathy patients and 
carrierss with symptomatic and asymptomatic left ventricular dysfunction. At pre-
sent,, beta-blockers may have a possible but not yet proven effect on mortality in 
carrierss and patients with CHF. Beta-blockers give a reduction of mortality in 
patientss with symptomatic ischemic and non-ischemic CHF (New York Heart 
Associationn (NYHA) class II and III)156"158 but their effectiveness in young patients 
withh asymptomatic (NYHA I) and symptomatic idiopathicCHF (NYHA II and III ) 
remainss to be solved. Furthermore, the effect of both ACE-inhibitors and beta-
blockerss on left-ventricle dilation is unknown. One should bear in mind that some 
drugss which are effective in non-dystrophinopathy patients with CHF might not be 
effectivee in DMD and BMD patients. Therefore, therapeutic trials must resolve the 
effectt of beta-blockers (and ACE-inhibitors in the case of left ventricle dilation) in 
thee prevention of progression of DCM in carriers and patients. 
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Dystrophinn analysis in carrier s with muscle weakness 

DMDD carriers may show a mosaic pattern of dystrophin positive and negative fibers 
onn immunohistochemical staining in muscle biopsy.4,8°~83'85,86,88 90,96 Related to the 
possiblee muscle weakness which may be present in carriers, dystrophin analysis 
couldd answer some important questions. Is there a minimal amount of dystrophin in 
musclemuscle to prevent symptoms in carriers? Is there a correlation between the amount of 
dystrophindystrophin and severity of clinical symptoms in carriers? However, dystrophin analy-
siss turned out to be very disappointing. In only three of 17 carriers (18%) with 
musclee weakness immunohistochemical abnormalities were found. Therefore, we 
concludedd that there is no association between muscle weakness and dystrophin 
abnormalitiess (chapter  3). This relatively low proportion might in part be due to 
thee fact that we only biopsied the left vastus lateralis muscle, which was not always 
affected.. Moreover, even when weakness of the left quadriceps muscle was present 
(55 carriers), in only three instances dystrophin negative fibers were found. This 
couldd be explained by local variation of dystrophin abnormalities in one muscle. 
Otherwise,, dystrophin positive myonuclei might compensate for dystrophin nega-
tivee ones (biochemical normalisation). But it remains enigmatic that muscle weak-
nesss may become overt in aging carriers, whereas on the other hand dystrophin 
abnormalitiess become less obvious. A study of biopsies from symptomatic carriers 
showedd a correlation between higher degree of dystrophin deficiency, higher CK 
levelss and more severe clinical symptoms in isolated cases (girls without a family 
historyy for DMD). All these cases were, however, selected on the basis of a clear 
mosaicc pattern of dystrophin positive and negative fibers in muscle biopsy. No 
correlationn was found in the familial cases, and this was ascribed to ascertainment 
biass in their study. Indeed, it is likely that in isolated female carriers of DMD 
symptomss have to be severe before they are recognised, and therefore there is 
greaterr chance of having dystrophin abnormalities. Furthermore, isolated cases are 
usuallyy younger than familial cases. Young carriers (below 10 years) tend to have 
moree dystrophin abnormalities as compared to older carriers. '8,85,87,97 

Thee proportion of dystrophin abnormalities was higher in BMD than in DMD 
carrierss (58% vs. 24%; p = 0.025), but this difference was caused by an abnormally 
sizedd or reduced intensity of dystrophin protein on Western blot in BMD carriers 
(chapterr  3). 
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Carrie rr  detection 

1.. SCK-analysis 
Musclee involvement in carriers is reflected by serum creatine kinase (SCK) activity 
elevation.. Traditionally, before dystrophin or mutation analysis was feasible, SCK 
activityy has been used to detect DMD and BMD carriers. Earlier studies have found 
raisedd CK activity in 60-80% of DMD carriers1'142145and in 42-62% of BMD 
carriers.140'146'1599 In our study only 53% of DMD carriers and 30% of BMD carriers 
hadd elevated SCK (chapter  5). Only one other study found similar data in DMD 
carriers.1411 Perhaps, the difference between our study and those carried out before 
thee nineties, is due to the fact that in most of these investigations repeat measure-
mentss have been done, whereas we confined ourselves to one measurement. SCK 
activityy was neither associated with muscle weakness in carriers, nor with dystro-
phinn abnormalities, histopathological abnormalities in muscle tissue or age (chap-
terss 1 and 5). However, we did find a decreasing trend of mean CK activity per age 
groupp in increasing age groups. 
Thee all-over sensitivity of elevated SCK for carrier detection in our study was 45%. 
However,, minor and major elevations above normal can occur in women with and 
withoutt muscle diseases, rendering this a non-specific test for a dystrophinopathy. 
Nowadays,, SCK determination alone is not used anymore as a diagnostic test for 
carrierr detection. 

2.. Dystrophin analysis 
Inn our study in 70% of definite carriers (and in 70 % of families) a mutation was 
detectedd by DNA analysis (chapter  1). In theory, dystrophin analysis could have 
beenn useful for carrier detection in 30% of carriers. Six asymptomatic carriers 
(26%)) had one to several dystrophin negative fibres. This suggests that 26% of 
carrierss in a carrier population could be detected by dystrophin immunohisto-
chemistryy of muscle tissue. This raises the issue of the specificity of dystrophin 
analysiss as a diagnostic test. DMD patients have less than 3% of dystrophin protein 
inn muscle tissue and BMD patients have 10-40% of normal dystrophin protein or 
havee an abnormally sized and/or reduced amount of dystrophin on Western 
blot.7916°° To date, no dystrophin negative fibers have been found in normal muscle 
tissue.. A small amount of dystrophin negative fibers may be found however, in 
musclee tissue of patients with congenital muscle dystrophy. In patients with 
polymyositis,, focal interruption of dystrophin staining may be found. In 
sarcoglycanopathiess (autosomal recessive muscular dystrophies caused by muta-
tionss in genes encoding for four different glycoproteins of the sarcoglycan com-
plex),, patients may show diffuse hyporeaction or focal plasma membrane 
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interruptionn of dystrophin in muscle fibers. In patients with congenital muscle 
dystrophyy and sarcoglycanopathy this is thought to be due to muscle immaturity, 
whichh is shown by a similar co-expression of beta-spectrin and dystrophin in 
consecutivee cryosections of muscle tissue. Spectrin staining in polymyositis patients 
cann be normal.162 Beta-spectrin is used to check the muscle membrane integrity. 
Regeneratingg fibers in patients with a dystrophinopathy, sarcoglycanopathy 
patientss and inflammatory myopathy express low levels of dystrophin and spectrin 
andd other sarcolemmal proteins. * In 14 BMD patients, 73% of regenerating 
fibersfibers (detected with fetal myosin) were also negative for anti beta-spectrin stain-
ing.. Experimental regeneration in muscle tissue of non-dystrophic dogs has 
shownn that the appearance of dystrophin precedes that of spectrin and the normal 
immunostainingg pattern of both is restored by 10-14 days. Thus, a dystrophin 
negativee fibre in a muscle biopsy of a suspected dystrophinopathy carrier in combi-
nationn with normal spectrin labeling confirms carriership. When a women without 
aa family history for DMD/BMD presents with high SCK or muscle weakness, one 
shouldd not rely on dystrophin analysis alone, but also investigate other possible 
myopathies. . 

iss there still a role for dystrophin analysis in carrier detection?Three of six asympto-
maticc carriers with abnormal dystrophin immunostaining had normal CK activity, 
andd in one of these three no mutation was found (chapter  5). Therefore, in selected 
casess dystrophin analysis of muscle tissue might be helpful in carrier detection, 
providedd that the processing and judgement of the immunohistochemical dystro-
phinn stains of muscle biopsy is in experienced hands. 
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Carrierss of Duchenne (DMD) and Becker (BMD) muscular dystrophy may show 
musclee weakness or dilated cardiomyopathy (DCM). Earlier studies only focussing 
onn skeletal muscle involvement have been done before DNA analysis was possible. 
Therefore,, we undertook a cross-sectional study in a population of definite carriers 
too estimate the proportion and to assess the clinical profile of symptomatic carriers. 
Furthermore,, we investigated a possible correlation between genotype and pheno-
type.. DMD and BMD carriers, aged 18-60 years, were traced through the files of the 
centrall  register kept at the department of Human Genetics in Leiden, Netherlands. 
Inn a follow-up study in 1994, we examined the progression of cardiac abnormalities 
inn 27 patients with BMD. 

Inn Chapter  one the results of the assessment of muscle weakness and severe cardiac 
abnormalitiess are described to detect the proportion of symptomatic carriers in 
definitee carriers. 
Hundredd and twenty-nine carriers (85 DMD, 44 BMD) participated which was 
48%% of the carrier file. In 90 females from 52 families (70%) 37 different mutations 
weree found.. Twenty-four carriers (19%) were detected by linkage analysis and 15 
carrierss (12%) were obligate. Twenty-eight carriers (22%; DMD 26%, BMD 13%) 
weree symptomatic. Twenty-two carriers (17%; DMD 19%, BMD 14%) had muscle 
weakness,, varying from mild to moderately severe. In 18 women (82%) muscle 
weaknesss was predominantly asymmetric with a predilection for the shoulder 
girdle/upperr arms in nine carriers (41%). In five (23%) only the pelvic girdle/upper 
legss were involved. No severe muscle weakness was found. Seven carriers (5%) had 
dilatedd cardiomyopathy, of whom one had concomitant muscle weakness. No 
correlationn was found between genotype and muscle weakness. It was concluded 
thatt clinical manifestation of muscle weakness, dilated cardiomyopathy, or both 
cann be found in about one-fifth of carriers of DMD and BMD. 

Chapterr  two presents the results of an extensive cardiological evaluation in 129 
DMD/BMDD carriers. Investigations included full medical history, physical exami--
nation,, electrocardiographic (ECG) and two-dimensional and M-mode echocar-
diographicc examination. Sixty-one carriers (47%; DMD 51%, BMD 41%) had ECG 
changes.. Forty-seven women (36%; DMD 41%, BMD 27%) had at least one 
abnormalityy as is usually found in male patients. Echocardiographic examination 
wass abnormal in 47 carriers (36%; DMD 38%, BMD 34%). DCM was found in 
sevenn DMD carriers (8%), and in none of BMD carriers. In addition, 23 women 
(18%)) had left ventricle dilatation (DMD 19%, BMD 16%). Other echocardio-
graphicc abnormalities included right ventricle and left and right atrial dilation, wall 
motionn abnormalities, and systolic or diastolic dysfunction. Only 38 % of carriers 
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hadd a completely normal investigation of the heart. We found no association 
betweenn mutation type or site and dilated cardiomyopathy. The study underlines 
thatt cardiac involvement is part of the spectrum of dystrophinopathies. 

Chapterr  three evaluates the utility of dystrophin analysis (immunohistochemistry 
andd Western blot analysis) of muscle tissue in 50 DMD/BMD carriers in order to 
assesss possible associations between clinical phenotype (muscle weakness, dilated 
cardiomyopathy).. We have also investigated the proportion of dystrophin abnor-
malitiess in asymptomatic carriers to evaluate the value of dystrophin analysis for 
carrierr detection. Fifty carriers underwent a muscle biopsy: 17 with muscle weak-
ness,, five with dilated cardiomyopathy, five with cramps and 23 asymptomatic 
carriers.. In 16 carriers (32%) dystrophin abnormalities (immunohistochemistry or 
Westernn blot) were detected (9 DMD, 7 BMD): five carriers with muscle weakness, 
ninee asymptomatic carriers and two carriers with cramps. Immunohistochemistry 
wass abnormal in 10 carriers: three carriers with muscle weakness, one carrier with 
crampss and six asymptomatic carriers. Therefore, dystrophin analysis can not be 
usedd as a diagnostic test for symptomatic carriers. Even in carriers with muscle 
weaknesss immunohistochemistry is most often normal. Immunohistochemical 
stainingg revealed dystrophin negative fibers in 26% of asymptomatic carriers. 
Possibly,, this can be used in females with a positive family history for DMD/BMD 
inn which DNA or linkage analysis is not feasible. 

Inn chapter  four  the course of cardiac involvement in 27 previously reported 
patientss with Becker Muscular Dystrophy (BMD), originating from nine kindreds 
iss described. The mean follow-up period was 12.5 years. 
Seventeenn patients (63%) showed progression of cardiac abnormalities. Electro-
cardiographicc abnormalities progressed from 44% to 71%. Dilated cardiomyopathy 
(DCM),, with or without congestive heart failure, was now present in nine patients 
(33%)) as compared to 15% in the previous study. In addition, 22% developed 
borderlinee echocardiographic abnormalities. Six patients (22%) became sympto-
maticc and four patients died in congestive heart failure. In all families cardiac 
abnormalitiess were found. There was no association between DCM and mutation 
typee or site. Despite equal functional motor ability, there was a considerable 
intrafamiliall  variability regarding cardiac involvement, even in brother pairs. 
Wee have concluded that cardiac abnormalities are the rule and not the exception in 
BMDD and are progressive over time. Left ventricular dilation may begin at any 
momentt in the course of BMD and the rate of progression is unpredictable. A 
substantiall  part of patients will develop an incapacitating and life threatening 
DCM. . 
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Chapterr  five reports on a study that has tested cardiac specific markers in 
BMD/DMDD carriers for diagnosing non-ischemic myocardial damage. At present 
Troponinn T and Troponin I are presumed to be the most cardiac specific markers. 
Laboratoryy investigations in 129 DMD/BMD carriers consisted of measurement of 
serumm creatine kinase (CK), and aspartase aminotransferase (ASAT) activity, 
CK-MB-mass,, cardiac Troponin T (cTnT) and cardiac Troponin I (cTnl). 
Serumm CK was raised in 45% of carriers (DMD 53%, BMD 30%), and these 
percentagess are lower than in earlier studies. Twenty-two cases had an elevated 
CK-MB,, but none demonstrated a CK-MB/CKTOTAL ratio above 6%. No eleva-
tionn of cTnl was found and only one DMD carrier with borderline echocardio-
graphicc abnormalities had slightly increased cTnT. In conclusion, cTnT and cTnl 
elevationn is very rare (cTnT) or does not occur (cTnl) in DMD/BMD carriers. They 
cann not be used as a marker of non-ischemic myocardial damage. 

Inn chapter  six the most important findings described in previous chapters are 
discussed.. We comment on the severity and significance of cardiac and skeletal 
musclee symptoms. We argue the need for screening for severe cardiac abnormalities 
amongg carriers. Furthermore, possible therapies for dilated cardiomyopathy are 
discussed.. Lastly, the usefulness of dystrophin analysis of muscle tissue for carrier 
detectionn is questioned. 
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Draagsterss van de spierdystrofie van Duchenne (DMD) en Becker (BMD) kunnen 
lastt hebben van spierzwakte of lijden aan een gedilateerde cardiomyopathie. Eerde-
ree onderzoeken, die alleen het vóórkomen van spierzwakte onderzochten, werden 
uitgevoerdd voordat DNA onderzoek beschikbaar was. Een ander onderzoek werd 
well  uitgevoerd onder DNA bewezen draagsters, maar onderzocht alleen hart-
afwijkingenn en geen spierzwakte. Om deze redenen hebben wij een onderzoek 
uitgevoerdd in een groep zekere draagsters van Duchenne en Becker spierdystrofie 
omm vast te stellen hoeveel symptomatische draagsters, d.w.z. draagsters met spier-
zwaktee en/of een gedilateerde cardiomyopathie, er in zouden voorkomen. Daar-
naastt onderzochten wij of er een correlatie was tussen (de lokatie van) de mutatie 
enn de fenotypische verschijnselen. DMD en BMD draagsters in de leeftijd van 18-60 
jaarr werden opgespoord via het landelijk register van de afdeling antropogenetica in 
Leiden.. Daarnaast hebben we onderzoek gedaan naar de progressie van hartafwij-
kingenn bij patiënten die lijden aan de spierdystrofie van Becker. 

Inn hoofdstuk 1 worden de resultaten vermeld van het onderzoek onder draagsters 
vann DMD en BMD. Er namen 129 draagsters deel aan het onderzoek, wat 48% van 
hett draagsterbestand uit Leiden was. Bij 90 vrouwen afkomstig uit 52 families 
(70%)) werd een mutatie gevonden. 24 draagsters (19%) werden vastgesteld d.m.v. 
koppelingsonderzoekk en 15 (12%) draagsters m.b.v. stamboomgegevens. Achten-
twintigg draagsters (22%; DMD 26%, BMD 13%) waren symptomatisch. Twee-en-
twintigg draagsters (17%; DMD19%, BMD14%) hadden spierzwakte, variërend van 
geringee tot matige spierzwakte. Bij 18 vrouwen (82%) was de spierzwakte over-
wegendd asymmetrisch verdeeld met een voorkeur voor de schoudergordel en 
bovenarmenn in negen draagsters (41%). Bij 5 (23%) was de spierzwakte beperkt tot 
dee bekkengordel/bovenbenen. Er werd geen ernstige spierzwakte vastgesteld gege-
venn het feit dat geen van de draagsters een rolstoel nodig had. Zeven draagsters 
(5%)) bleken een gedilateerde cardiomyopathie te hebben, van wie er één ook 
spierzwaktee had. Er bleek geen associatie tussen de gevonden mutaties en spier-
zwaktee te bestaan. Op grond van dit onderzoek kon worden vastgesteld dat klini-
schee verschijnselen van spierzwakte en/of gedilateerde cardiomyopathie bij 
ongeveerr een-vijfde van DMD of BMD draagsters worden gevonden. 

Inn hoofdstuk 2 worden de resultaten weergegeven van uitgebreid cardiologisch 
onderzoekk bij 129 DMD en BMD draagsters. Er werd een anamnese afgenomen, 
lichamelijkk onderzoek en electrocardiografisch (ECG) en echocardiografisch onder-
zoekk verricht. Een-en-zestig draagsters (47%; DMD 51%, BMD 41%) hadden ECG 
veranderingen.. Bij 47 vrouwen (36%; DMD 41%, BMD 27%) werden ECG afwij-
kingenn gevonden, zoals die kunnen worden vastgesteld bij mannelijke DMD 
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patiënten.. Het echocardiografisch onderzoek was afwijkend bij 47 draagsters (36%; 
DMDD 38%, BMD 34%). Een gedilateerde cardiomyopathie werd gevonden bij 
zevenn DMD draagsters (8%) en bij geen enkele BMD draagster. Daarnaast hadden 
233 vrouwen (18%; DMD 19%, BMD 16%) linker ventrikel dilatatie. Andere echo-
cardiografischh afwijkingen die werden vastgesteld behelsden rechter ventrikel en 
linkerr en rechter atrium dilatatie, wandbewegingsstoornissen, en diastolische en 
systolischee dysrunctie. Slechts 38% der draagsters had een volledig normaal onder-
zoekk van het hart. Wij vonden geen associatie tussen type of lokatie van de gevon-
denn mutaties en gedilateerde cardiomyopathie. Er werd geconcludeerd dat 
hartafwijkingenn een frequent voorkomende complicatie vormen van het hele spec-
trumm van dystrofinopathieën. 

Hoofdstukk 3 onderzoekt de waarde van dystrofine onderzoek bij draagsters met en 
zonderr symptomen met behulp van immunohistochemisch en Western blot onder-
zoekk van spierweefsel. Vijfti g draagsters ondergingen een spierbiopt: 17 met spier-
zwakte,, 5 met een gedilateerde cardiomyopathie, 5 met spierkrampen en 23 
draagsterss zonder klachten of verschijnselen. Zestien draagsters (32%; 9 DMD en 7 
BMD)) hadden dystrofine afwijkingen (vastgesteld met immunohistochemisch of 
Westernn blot onderzoek); 5 draagsters met spierzwakte (29%), 9 asymptomatische 
draagsterss (39%) en 2 met alleen spierkrampen. Het immunohistochemisch onder-
zoekk was bij 10 draagsters afwijkend: drie draagsters met spierzwakte (18%), zes 
asymptomatischee vrouwen (26%) en 1 draagster met spierkrampen. De vijf gebiop-
teerdee draagsters met een gedilateerde cardiomyopathie hadden geen enkele afwij-
kingg bij het dystrofine onderzoek. Op basis van deze resultaten wordt gecon-
cludeerdd dat dystrofine analyse geen bruikbare diagnostische test is voor het 
vaststellenn van draagsterschap aangezien het immunohistochemisch onderzoek 
zelfss bij het merendeel der draagsters met spierzwakte normaal is. Slechts bij 26 % 
vann de asymptomatische draagsters bleek het immunohistochemisch dystrofine 
onderzoekk afwijkend. Wellicht kan dystrofine analyse van nut zijn bij vrouwen met 
eenn positieve familie anamnese op DMD/BMD bij wie DNA of koppelingsonder-
zoekk niet bruikbaar is. 

Inn hoofdstuk 4 wordt het beloop van hartafwijkingen beschreven bij 27 patiënten 
mett de spierdystrofie van Becker (BMD), die afkomstig zijn uit negen verschillende 
families.. Zij werden eerder onderzocht in 1980. De gemiddelde follow-up duur was 
12V22 jaar. Zeventien patiënten (63%) hadden progressie van hartafwijkingen. Bij 
negenn patiënten (33%) was een gedilateerde cardiomyopathie met of zonder chro-
nischh hartfalen aanwezig, terwijl dat eerder 15% was. Daarnaast waren er nu bij 
22%% andere echocardiografische afwijkingen aanwezig. Zes patiënten (22%) 
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haddenn chronisch hartfalen, waarvan er vier als gevolg hiervan waren overleden. In 
iederee familie werden hartafwijkingen vastgesteld. Wij vonden geen associatie 
tussenn het type en de plaats van mutatie en gedilateerde cardiomyopathie. Er was 
eenn grote intrafamiliare variabiliteit ten aanzien van hartafwijkingen, zelfs in broers 
mett dezelfde functionele beperkingen. Er werd geconcludeerd dat hartafwijkingen 
meerr regel dan uitzondering zijn bij BMD patiënten en dat deze over de jaren 
progressieff  verergeren. Linker ventrikel dilatatie kan op ieder moment in het be-
loopp van BMD ontstaan en de mate van progressie is onvoorspelbaar. Een 
aanzienlijkk deel van de patiënten zal een invaliderende en levensbedreigende gedila-
teerdee cardiomyopathie ontwikkelen. 

Hoofdstukk  5 beschrijft een onderzoek naar het gebruik van hartspecifieke markers 
omm niet-ischemische myocardschade vast te stellen bij BMD/DMD draagsters. Ten 
tijdee van het onderzoek werden vooral Troponine T en Troponine I verondersteld 
dee meest specifieke cardiale markers te zijn. Er werd laboratorium onderzoek 
verrichtt in het serum van 129 DMD/BMD draagsters bestaande uit de creatine 
kinasee aktiviteit (CK), aspartase aminotransferase (ASAT) aktiviteit, CK-MB mass, 
cardialee Troponine T (cTnT) and cardiale Troponine I (cTnl). 
Hett serum CK was verhoogd in 45% der draagsters (DMD 53%, BMD 30%), 
hetgeenn lager is dan in andere studies werd vastgesteld. CK was hoger in draagsters 
mett dan in draagsters zonder gedilateerde cardiomyopathie. Twee-en-twintig 
draagsterss hadden een verhoogd CK-MB, echter geen van allen met een verhoogd 
CK-MB/CK-totaall  ratio boven de 6%, hetgeen een aanwijzing is voor cardiale 
betrokkenheid.. CTnl was niet aantoonbaar, en slechts één draagster met een echo-
cardiografischee afwijking, had aantoonbaar, maar normaal cTnT. Er werd gecon-
cludeerdd dat cTnT verhoging zeer zeldzaam is en dat cTnl verhoging niet voorkomt 
bijj  DMD en BMD draagsters en dat deze daarom niet gebruikt kunnen worden als 
eenn marker voor niet-ischemische schade aan het myocard. 

Inn hoofdstuk 6 worden de belangrijkste resultaten besproken. De betekenis en de 
ernstt van spierzwakte en hartafwijkingen worden bediscussieerd, en er wordt inge-
gaann op de vraag of vroege screening op hartafwijkingen bij draagsters noodzakelijk 
is.. Mogelijke therapieën bij gedilateerde cardiomyopathieën worden besproken. 
Daarnaastt wordt de bijdrage van dystrofine analyse van spierweefsel voor carrier 
detectiee bediscussieerd. 
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Dankwoord d 

Ditt proefschrift is tot stand gekomen dankzij de inzet en hulp van vele personen. 
Aangezienn het onderzoek dat aanleiding was tot dit proefschrift, werd opgezet en 
uitgevoerdd in 1994 en 1995 en nu in 2000 tot een finale is gekomen, is de kans erg 
groott dat ik sommigen ten onrechte niet met name heb genoemd in de volgende 
opsommingg van belangrijke steunpilaren. 

Daarom: : 
All ee familieleden, vrienden, collega's, medeonderzoekers, laboranten, secretariële 
medewerkers,, verpleegkundigen, mede cubicle bewoners en overigen die, mij in de 
loopp der jaren praktisch hebben bijgestaan, mij moreel en lijfelij k hebben onder-
steund,, de kinderen hebben opgevangen, mij moed hebben ingepraat, koffie heb-
benn gehaald, patiënten hebben overgenomen, statistisch hebben ondersteund, 
brievenn hebben getypt, databases hebben gebouwd, tabellen hebben gemaakt, 
EMG'ss voor mij hebben verricht, taalfouten hebben verwijderd, Reference Manager 
hebbenn vervloekt, de kinderen uit de creche gehaald, DNA werk hebben verricht, 
bierr hebben gedronken, spierweefsel hebben ingeleverd, hebben meegedacht, het 
onderzoeksbestaann hebben gerelativeerd, dynamometrisch werden getest, gegevens 
hebbenn afgestaan, artikelen kritisch hebben gelezen, wil ik hierbij ten zeerste be-
dankenn voor alle gevraagde en ongevraagde maar altijd zeer gewaardeerde hulp. 

Maarr vooral: 
Mariannee de Visser (bedenker, begeleider en stimulator van het project. Bedankt 
voorr al het vertrouwen, het enthousiasme, alle leermomenten, taalkundige onder-
steuning,, scherpe analyses, etc), 
Bertt Bakker (mede project bedenker en begeleider, al het DNA werk, de gastvrij-
heid,, het meedelen in de kennis van je wereldberoemde afdeling), 
Iekee Ginjaar (mede bedenker en begeleider van het project en enorme stimulans. 
Bedanktt voor het vele werk dat je verzet hebt, van begin tot het einde, niet alleen 
tenn aanzien van de biopten), 
Arthurr Wilde en Poll van der Wouw (beoordelen van heel veel echocardiografieën 
enn ECG's, kritisch enthousiaste bijdragen), 
Willemm de Voogt (Alle Becker patiënten voor het onderzoek onderzocht), 
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Ellyy Ippel, Jan Oosterwijk, Danielle Majoor-Krakauer, Nico Leschot, Ton van 
Essen,, Han Brunner (opsporing en inclusie van draagsters, kritische beschouwing 
vann de artikelen), 
Hennyy van Straalen (bewerking van alle spierbiopten), 
Annettee Brauns en Jim Vleugels (verrichten van alle echocardiografieën), 
Jann Stam en Bram Ongerboer de Visser (de tijd die ik tijdens de opleiding neurolo-
giee en KNF aan mijn promotie heb kunnen besteden), 
Majidd Aramideh (veel humor, relativering en financiën), 
Mij nn ouders (eindeloos 'bezegeld' vertrouwen). 

Enn boven alles: 
Lievee Els (liefde van mijn leven en belangrijkste steun, door dik en dun). 
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Stellingen n 

behorendd bij het proefschrift 

Duchennee and Becker  muscular  dystrophy 
-neurological,, cardiological and genetic studies in carriers and patients-

1.. Een op de vijf draagsters van de spierdystrofie van Duchenne en Becker heeft klinische 
verschijnselenn van deze aandoening (Hoofdstuk 1). 

2.. Draagsters van de spierdystrofie van Duchenne en Becker hebben een sterk verhoogde 
kanss op het ontwikkelen van een gedilateerde cardiomyopathie (Hoofdstuk 2). 

3.. Dystrofine analyse van spierweefsel bij manifeste draagsters van de spierdystrofie van 
Duchennee en Becker, is niet geschikt om een uitspraak te kunnen doen over de prognose 
(Hoofdstukk 3). 

4.. Hoewel in de loop der jaren spierzwakte bij draagsters van de spierdystrofie 
vann Duchenne en Becker aan het licht kan komen, wordt de kans op het vinden van 
dystrofinee negatieve spiervezels in hett spierbiopt steeds kleiner. 

5.. Bij patiënten met de spierdystrofie van Becker zijn ernstige hartafwijkingen eerder regel 
dann uitzondering (Hoofdstuk 4). 

6.. De hartspecifieke enzymen cTnT en cTnl zijn niet geschikt om niet-ischemische 
hartschadee vast te stellen bij draagsters van de spierdystrofie van Duchenne en Becker 
(Hoofdstukk 5). 

7.. Het is zinvol om een patiënt na een herseninfarct als secundaire profylaxe ramipril 
(ACE-- remmer) voor te schrijven (New Engl J Med 2000;342:145-153). 

8.. Wanneer een patiënt op de intensive care meer dan twee EEG's moet ondergaan, zijn dat 
meestall  zijn laatste stuiptrekkingen. 

9.. Nu de tabaksfabrikanten 144 miljard dollar schadevergoeding moeten ophoesten, krijgt 
hett rokershoestje weer meer waardering. 

10.. Hoewel Viagra in potentie een goed middel is, wordt het niet algemeen vergoed. Bij het 
overlegg met de minister van Volksgezondheid wordt de patiëntenvereniging nu wel 
gedwongenn zijn poot stijf te houden. 

11.. Het is niet mogelijk om cool te zijn, tenzij je het in zekere zin al bent 
(R.. Kaal, de Volkskrant). 

Edoo Hoogerwaard, 13 oktober 2000 
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