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Familial dilated cardiomyopathy is being increasingly recog-
nized, but affected individuals ,10 y are rarely identified. We
describe the natural history of dilated cardiomyopathy and eval-
uate the mode of inheritance among infants of Arab descent from
the Eastern Province of Saudi Arabia. We evaluated 55 consec-
utive cases of dilated cardiomyopathy in patients ,10 y of age
seen during a 5-y interval. Echocardiography was the primary
diagnostic modality. The 55 cases represented 20% of the off-
spring of 41 families of Arab descent. In 19 families (46%),
parents were first cousins; there was no obvious consanguinity in
22 families (54%). Age at presentation was ,30 mo (95%)
(range, 1 to 100 mo); males (38%) and females (62%) were
affected. Patients died (25 patients, 46%), improved (15 patients,
27%), or recovered (15 patients, 27%). The left ventricular
shortening fraction at diagnosis ranged from 5 to 28% and did
not differ in those who died, improved, or recovered. Complex
segregation analysis of the family data using the mixed model of
inheritance showed that a model of recessive inheritance best fits
the data. Recessively inherited dilated cardiomyopathy has been
infrequently reported, perhaps because it may be difficult to

recognize in other patient groups in which consanguineous mar-
riage is uncommon and the number of children per family is
small. In the setting of consanguineous marriage, homozygosity
mapping should lead to identification of the gene(s) causing
dilated cardiomyopathy in the families we studied. (Pediatr Res
48: 770–775, 2000)

Abbreviations
LVSF%, left ventricular shortening fraction
y, underlying liability scale
l, effect of single gene inheritance
c, effect of multifactorial
e, random environment effects
L, variance of dichotomous trait
C, variance of multifactorial component
E, variance of environmental component
LCAD, very-long-chain acyl-CoA dehydrogenase
Sd, standard deviation
NS, not significant
ECG, electrocardiogram

Despite improvements in therapy, dilated cardiomyopathy
remains an important cause of morbidity and mortality in
pediatric patients (1–10). Familial analyses are increasingly
showing that dilated cardiomyopathy has a genetic or inherited
basis, but, in the pediatric patient, the incidence and portion of
cases with a familial cause have not been defined (11–27), and
many cases are considered idiopathic (28). Autosomal domi-
nant inheritance has been most frequently described in the
familial forms of dilated cardiomyopathy, but, in such kin-

dreds, affected individuals are rarely identified before the age
of 10 y (12–19). The phenotype of X-linked cardiomyopathy
associated with dystrophin mutations is usually identified in the
adolescent or young adult male, whereas the X-linked cardio-
myopathy associated with taffazin mutations (Barth’s syn-
drome) typically onsets in infancy (20–23); taffazin mutations
result in a highly lethal cardiomyopathy, but spontaneous
recovery has been described (21–24). Dilated cardiomyopathy
resulting from matrilinear (mitochondrial) inheritance is often
noted because of associated neuromuscular manifestations (25,
26). Autosomal recessive inheritance of dilated cardiomyopa-
thy has been infrequently described, perhaps because a familial
association is more difficult to document (27), but fatty acid
oxidation disorders resulting in dilated cardiomyopathy in
young infants occur as recessive traits (1).
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The purpose of this study was to review all pediatric patients
with idiopathic dilated cardiomyopathy who presented to Saudi
Aramco–Dhahran Health Center in the previous 5 y. We
identified 55 cases of dilated cardiomyopathy from 41 families.
Complex segregation analysis of the family data using the
mixed model of inheritance showed that a model of recessive
inheritance best fits the data.

METHODS

Patient sample. We identified dilated cardiomyopathy by
history, physical examination, and echocardiography. Echocar-
diographic indications of dilated cardiomyopathy were in-
creased end-diastolic dimension and reduced LVSF% (with or
without right ventricle involvement) (2). Clinical manifesta-
tions consisted of signs and symptoms of acute congestive
heart failure. During patient evaluation, we sought to identify
known causes of acute heart failure, e.g. congenital heart
disease, metabolic disease, or muscular dystrophy.

We identified 55 cases of dilated cardiomyopathy from 41
families. Forty-nine consecutive cases of dilated cardiomyop-
athy in patients age 14 y or less (institutional definition of
pediatrics) were seen at the Saudi Aramco–Dhahran Health
Center during a 5-y interval; the remaining six cases were
siblings of at least one of the 49 cases who died at other
hospitals. Review of medical records of the deceased infants
and careful questioning of family members unequivocally con-
firmed the cause of death as dilated cardiomyopathy in all six
cases. Parents of patients were interviewed with regard to
ethnic background, health history, and family history, which
included parents, siblings, aunts, uncles, and first cousins of the
probands.

Diagnostic evaluation. On presentation, each patient under-
went complete physical examination, complete blood count
and differential, urine analysis, serum glucose and electrolyte
concentrations including calcium, phosphorus, and magne-
sium, chest x-ray examination, and 12-lead ECG. A compre-
hensive echocardiographic/Doppler examination was per-
formed with either a Hewlett-Packard 1500 or 5500
echocardiographic system. Left ventricular dimensions and
fractional shortening were obtained from M-mode tracing of
the left ventricle just distal to the tips of the mitral valve leaflets
in parasternal long axis view. All parameters were averaged
from at least three cardiac cycles. All studies were conducted
by the same technician (M.P.) and recorded on VHS format.
Chloral hydrate sedation (up to 100 mg/kg) was used as needed
in children less than 3 y of age.

A variety of additional laboratory tests were obtained in
some patients, including serum carnitine (total and free) and
selenium concentration, as well as liver function test, thyroid
function tests, complete viral serology (Coxsackie A and B,
influenza A and B, echoviruses, adenoviruses), and cytogenetic
studies. Cardiac catheterization, endomyocardial biopsy, and
autopsy were not performed on any patient.

Treatment and follow-up. Patient management varied over
time and according to the presenting symptoms. All patients
presented with congestive heart failure and respiratory distress
and were routinely admitted to the Pediatric Intensive Care

Unit where they initially received inotropic drug support with
dopamine, dobutamine, and/or amrinone, and sodium nitro-
prusside and furosemide. Supplemental O2 was used as needed.
Intravenous gamma globulin was used in two patients and
prednisone in two patients because a diagnosis of myocarditis
could not be excluded.

Multiple echocardiograms were obtained serially on each
patient. If patients became medically stable on the above
regimen, oral anticongestive maintenance drug therapy was
initiated. This included digoxin, furosemide, and/or captopril.
Four patients received metoprolol, and two were treated with
Coumadin after left ventricular thrombus was recognized. Pa-
tients with shortening fraction of 20% or less (laboratory
normal is 28 to 40%) were given one baby aspirin (100 mg)
daily. Long-term follow-up at regular outpatient visits included
complete physical examination, ECG, and echocardiograms as
well as periodic serum electrolyte measurement. Holter mon-
itoring was used when clinically indicated and was obtained in
approximately half of the patients. Heart transplantation was
not available to any patient.

Statistical analysis. t test, 95% confidence intervals, and x2

analysis were used to compare the groups. The data were
presented as mean 6 SD. A p value of , 0.05 was considered
statistically significant.

Complex segregation analysis was performed on the family
data using the mixed model of inheritance (29). For a disease
trait like cardiomyopathy, the model assumes that familial
aggregation is due to an underlying liability scale (y) to which
Mendelian inheritance of a single gene (l), multifactorial trans-
mission (c), and random environment effects (e) contribute
additively and independently, i.e. y 5 l 1 c 1 e. For a
dichotomous trait, l is assumed to have mean 0 and variance L.
The multifactorial component and the environmental compo-
nent are assumed to be normally distributed with mean 0 and
variance C and E, respectively. Thus, the phenotype variance is
the sum of the three components L, C, and E (Fig. 1). Ascer-
tainment values were estimated from the distribution of the
probands in our data. To determine which genetic model
provided the best fit to the family data, analyses were con-
ducted using the computer program POINTER (29), which
compares the likelihood of a particular model (sporadic, mul-
tifactorial, recessive, or dominant) with the general model that
incorporates single gene, multifactorial inheritance, and ran-

Figure 1. Mixed model of inheritance (autosomal). G indicates normal allele;
G’, diseased allele; td, displacement between the mean of the normal homozy-
gote and the mean of the heterozygote; C, liability threshold for being affected.
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dom environmental effects. Likelihood ratios (x2) are used as
measures for goodness-of-fit. A smaller p value indicates sig-
nificant difference between a particular model and the general
model with more parameters. If a particular model of inheri-
tance was not significantly different from the general model, it
was taken as the most parsimonious model. The most parsi-
monious model was chosen because it explains the data most
efficiently with the least number of parameters.

RESULTS

Family history. Among the 41 families, the total number of
offspring ranged from one to 14 (mean 6 SD 5 6.9 6 2.5).
One family had five affected offspring, three families each had
four affected offspring, one family had two affected offspring
(Fig. 2), and 36 families had a single affected offspring. All 82
parents were in excellent states of health without any evidence
of heart disease, and dilated cardiomyopathy had not been
recognized in any other family member. None of the 41
families was located through “pointers” (29).

Patient characteristics. There were 21 affected males and 34
affected females. Age at presentation was ,12 mo (26 pa-
tients), ,24 mo (49 patients), ,30 mo (52 patients) (range, 1
to 100 mo; mean 6 SD 5 17.3 6 22). At diagnosis, the

LVSF% ranged from 5 to 28%. No patient had Kawasaki’s
disease, HIV, neutropenia, hypoglycemia, hypotonia, cataracts,
or dysmorphic facial features. Fetal echocardiogram showing
normal ventricular function was obtained during two pregnan-
cies; both infants subsequently developed the disease at 3 and
12 mo of age.

Outcome. Based on clinical course and echocardiographic
findings, patient outcome was determined to be death, recov-
ery, or improvement. There was no difference in LVSF% at the
time of initial diagnosis among individuals who died, recov-
ered, or improved. A fatal outcome occurred in 25 patients
(46%) from 13 families; this includes six cases that died at
other hospitals. Thirteen infants died suddenly at home; those
who died in hospital usually developed significant bradycardia
progressing to fatal asystole. Mean age at death was 26.6 6
28.8 mo, range 7 to 103 mo, and 95% confidence interval
11.8–41.4. The mean interval of survival from the onset of the
disease to death was 7.3 6 6.8 mo (range, 1 to 24 mo), 95%
confidence interval 4.0–10.6.

Cardiomyopathy was not fatal in 30 cases. In 15 patients
(27%), the LVSF% returned to normal within 6 mo of diag-
nosis and remained so off all therapy. Within this group, the
LVSF% at diagnosis ranged from 5 to 21%. In 15 patients
(27%), LVSF% improved from the initial study while patients
continued on maintenance drug therapy. The LVSF% at diag-
nosis ranged from 7 to 22%, and, at most recent follow-up,
LVSF% ranged from 10 to 26%.

Other observations. No abnormality was noted in cytoge-
netic studies performed in 12 patients. Serum carnitine con-
centrations were normal in each patient. Viral titers were
obtained in 16 patients, and there was evidence of viral infec-
tion in 11 patients: influenza A or B virus (seven patients),
adenovirus (three patients), and Coxsackie B virus (one pa-
tient). No patient had abnormal body temperature elevation at
the time of initial assessment or early in the disease course.
X-ray study of the chest showed cardiomegaly in each patient.
The ECG was normal or suggested left ventricular hypertro-
phy; isolated monomorphic premature ventricular contractions
(five patients), left atrial enlargement (10 patients), and non-
specific ST-T wave changes (four patients) were present in
some individuals. A variety of cardiac rhythm abnormalities
were observed in patients during intensive care monitoring and
included frequent multiform premature ventricular contrac-
tions, couplets and triplets, but there was no evidence of
atrioventricular block or either atrial or ventricular tachycardia.

Demographics. All 82 parents and 282 offspring in the 41
families were born in the Eastern Province of Saudi Arabia.
The original settlers of the Eastern Province were Bedouins
(Arabs) (30). All family members were Arab, and their ances-
tors had always lived in this region. In 19 of 41 families (46%),
marriage was consanguineous (parents were first cousins),
whereas, in 22 families (54%), there was no obvious consan-
guinity. Three families had the same surname, but none knew
of a relationship with any other family.

Comparison of cases based on presence or absence of
consanguinity. Families were classified on the basis of the
presence or absence of consanguinity. The average number of
siblings per family was similar in families with consanguine-

Figure 2. Pedigrees of five families with multiple affected infant siblings with
dilated cardiomyopathy. Numbers are the ages at presentation for affected
infants or age at initial assessment for unaffected family members (m indicates
month; y, year). Blackened squares (males) and circles (females) indicate
those affected with cardiomyopathy, and the diagonal line indicates those who
died. Consanguinity is indicated by double bars between the parents.
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ous versus nonconsanguineous marriage, 7.2 6 2.7 versus 6.6
6 2.3, p 5 NS. In the 41 families, 55 of 282 (20%) offspring
developed dilated cardiomyopathy; 30 of 136 (22%) offspring
from consanguineous marriages were affected, whereas 25 of
146 (17%) offspring from nonconsanguineous marriages were
affected (p 5 NS). There were no statistically significant
differences between cases from consanguineous versus non-
consanguineous marriage in age at diagnosis or gender distri-
bution. Fatal outcome (death) occurred in 18 infants from eight
consanguineous marriages and seven infants from five noncon-
sanguineous marriages (p 5 0.036). Based on the outcome
[dead (n 5 25) versus recovered/improved (n 5 30)], there was
no difference in age at presentation or gender. Elevated viral
titers were observed in six individuals from consanguineous
marriages (three deaths) and five individuals from nonconsan-
guineous marriages (three deaths).

Segregation analysis. Among offspring from consanguine-
ous marriages, the proportion of affected siblings was close to
the 25% predicted by classic autosomal recessive inheritance.
On the basis of the similarity of the dilated cardiomyopathy
phenotype, the ethnic background of families, and the propor-
tion of affected offspring among consanguineous versus non-
consanguineous marriages, we hypothesized that most cases of
dilated cardiomyopathy might be the result of autosomal re-
cessive inheritance. We used complex segregation analysis to
test this possibility.

The families were divided into two groups according to the
consanguinity of marriage. Tables 1 and 2 present the esti-
mated parameters of fitted models from segregation analysis
for dilated cardiomyopathy of children from consanguineous
and nonconsanguineous marriages, respectively. Due to the
fact that all the parents in the data set are apparently unaffected
with dilated cardiomyopathy and none of the families was
identified through pointers, parameters associated with the
multifactorial transmissible components were not included in
the model fitting process. The most general model, therefore, is
the one in which parameters d, t, and q are all estimated
through iterations. The parameter q in the mixed model is the
frequency of the diseased allele.

The results show, for both consanguineous and nonconsan-
guineous marriage groups, that the estimated parameters of the
recessive models are almost identical to that of the more
general model in which the parameter d was not fixed in
iteration (p . 0.99). Therefore, the recessive model was se-
lected as the most appropriate model because it has a smaller
number of parameters. For the nonconsanguineous group, the
additive model is rejected due to its fairly significant difference

from the general model (p , 0.1). The fitting of a dominant
model failed with data from the nonconsanguineous group. The
POINTER program reported the error of “peculiar boundary
value reached” during iteration. For the consanguineous group,
the dominant model is easily rejected due to its significant
difference from the general model (p , 0.01). In this analysis,
the interest is to determine models with fewer parameters that
are most similar to the general models with more parameters.
The additive model, even though it has p 5 0.36, is still not as
close to the general model as the recessive one.

DISCUSSION

Findings in this report provide compelling evidence that in
the families we studied, dilated cardiomyopathy that affects
males and females at a relatively young age (95% ,30 mo of
age) is inherited in an autosomal recessive fashion. Several
observations support this conclusion. First, parents are de-
scended from a common ethnic background, and, in approxi-
mately one half of the families, offspring result from consan-
guineous marriages. Additionally, the proportion of affected
offspring is close to the 25% predicted by autosomal recessive
inheritance. Although results of the segregation analysis con-
firm our hypothesis that in these families most cases of dilated
cardiomyopathy result from recessive inheritance, the limita-
tion of the data set does not allow us to fully assess the effect
of multifactorial transmission. The results of this study indicate
the need for additional data, probably through ascertaining
additional relatives of families in this study and their offspring.

The possibility that some cases of dilated cardiomyopathy
we evaluated are due to other genetic causes including mito-
chondrial disease or environmental causes such as myocarditis
cannot be excluded. For example, on the basis of presentation
at a much older age (90–100 mo), three individuals may be
suspected of having cardiomyopathy due to another cause.
Two individuals with older age of cardiomyopathy onset were
the only affected offspring from a nonconsanguineous marriage
and may represent sporadic cases. However, a third individual,
diagnosed at 90 mo of age, was the offspring of a consanguin-
eous marriage and had an affected sibling who presented at 11
mo of age; findings in this latter case are compatible with
recessive inheritance of dilated cardiomyopathy with delayed
age of onset. It was not possible to find a grouping of patients
consistent with different etiologies based on age at presentation
or other aspects of clinical status.

It has long been known that some pediatric patients with
dilated cardiomyopathy live a long time in a relatively stable

Table 1. Segregation analysis of DCM of children from consanguineous marriages

Model D t Q x2 (df 5 1) p

Recessive 0.00* 8.3364091 0.0038053 0.000 .0.99
Additive 0.50* 11.7054983 0.0037895 0.827 0.36
Dominant 1.00* 4.0579436 0.0000157 6.988 ,0.01
General 0.00† 8.3694817 0.0038011

* Parameter was set and not iterated.
† Parameters went to bound.
d 5 dominance; q 5 gene frequency of the allele leading to affection; t 5 difference between the means of the liability distribution of the two homozygous

classes, so that “dt” is the displacement between the mean of the normal homozygote and the mean of the heterozygote.

773AUTOSOMAL RECESSIVE CARDIOMYOPATHY



clinical state and may even appear to recover, whereas others
have progressive myocardial dysfunction. Age at diagnosis,
histologic findings, and echocardiographic features have lim-
ited predictive value (3–10). Even a genetic diagnosis may
have limited predictive value of outcome. For example, pa-
tients with X-linked dilated cardiomyopathy due to dystrophin
mutations have a progressive course leading to medically
refractory heart failure, whereas some patients with X-linked
cardiomyopathy due to mutations in tafazzin may have severe
or lethal cardiac disease during infancy and early childhood but
show relative improvement in later childhood. Recent reports
of individuals with mutations in VLCAD, a catalyst in the first
step of the b-oxidation spiral of fatty acid metabolism, have
provided additional observations that young patients with ge-
netically acquired dilated cardiomyopathy may die, improve,
or recover (31). Nearly 40% of individuals with cardiomyop-
athy due to homozygous or compound heterozygous mutations
in VLCAD recover with favorable long-term outlook (31).

Identification of individuals at highest risk of developing
refractory heart failure may be of practical clinical use in that
the need for cardiac transplantation may be identified early in
the disease course. Among the families we studied, findings are
compatible with autosomal recessive inheritance, but affected
children were more likely to die if they were offspring of a
consanguineous marriage. In this context, the difference in
disease severity may result from whether an individual is a
homozygote (consanguineous marriage) versus a compound
heterozygote (nonconsanguineous marriage).

Infants who develop dilated cardiomyopathy are apparently
born with completely normal hearts. At a relatively young age,
they develop sudden onset of severe dilated cardiomyopathy.
Approximately 50% of these patients die, usually early in the
disease course. The remaining patients split more or less
equally between those who seem to recover completely and
those with residual left ventricular dysfunction requiring long-
term medical treatment. Our current practice is to support these
patients with maximal conventional medical therapy and fol-
low them closely with frequent echocardiograms. Those who
continue to have markedly depressed LVSF% beyond 6 mo
(usually ,15%) continue to have chronic left ventricular dys-
function or die. These patients may benefit most from early
referral for heart transplantation.

This report is a retrospective study reflecting the clinical
experience of a single tertiary referral center with all the
inherent deficiencies of such a study. We were not able to echo
parents or apparently unaffected offspring or other relatives
including cousins, aunts, or uncles. The follow-up on individ-
uals who recovered or stabilized is relatively short; and we do
not know if these individuals who were critically ill but

recovered will have similar episodes later in life. We were not
able to obtain tissue diagnosis on any of our patients (no
endomyocardial biopsy or autopsy). However, these studies
provide an opportunity to learn more about dilated cardiomy-
opathy due to autosomal recessive inheritance that may be
difficult to recognize in other patient groups in which consan-
guineous marriage is uncommon and the number of children
per family is small.

A number of important differences in phenotype of the
affected individuals that we evaluated make it unlikely that
they have a previously described defect in the b-oxidation
pathway of long-chain fatty acids (1, 31). However, similari-
ties, including recessive inheritance and occurrence of dilated
cardiomyopathy in infants and young children who exhibit a
significant percentage of spontaneous recovery, suggest that
deficiency of a component of another metabolic pathway may
be a candidate gene for the cause of cardiomyopathy in the
families we studied. In children of consanguineous marriage, it
is reasonable to assume that the disease gene is contained in a
genetic locus that is homozygous by descent. In this situation,
homozygosity mapping has been shown to be a practical way
to map a recessive disease gene by studying a relatively small
number of unrelated affected offspring of consanguineous mar-
riage (32).
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