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INTRODUCTION 

Leber hereditary optic neuropathy (LHON) is recognized as the
most common cause of isolated blindness in young men with
an estimated incidence of 1 in 50,000. Typically LHON pre-
sents as subacute painless visual loss with funduscopic
changes of a peripapillary telangiectatic microangiopathy in
the early stages (1), later followed by nonspecific optic atrophy.
The demonstration that classical LHON is only inherited
through females and the identification of exclusive maternal
transmission of mitochondrial DNA (mtDNA) raised the hypoth-
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PURPOSE. Leber hereditary optic neuropathy (LHON) is recognized as the most common cause of
isolated blindness in young men. The current study was designed to test whether LHON as a mi-
tochondrial disease is associated with vascular functional alterations characterized by aortic elas-
tic properties during echocardiography.
METHODS. A total of 19 patients with typical features of LHON aged 42±13 years (10 males) were in-
cluded. Their results were compared to 19 age- and gender-matched healthy controls. Aortic stiff-
ness index was calculated from the echocardiographically derived aortic diameters and the clinical
blood pressure data.
RESULTS. In this patient population, the point mutation was present in 3460G>A position in five cas-
es, in 11778G>A position in five cases, and in 14484T>C position in nine patients. Diastolic aortic
diameter (26.0±2.5 mm vs 28.4±4.1 mm, p<0.05) and aortic stiffness index (5.1±2.6 vs 12.0±7.9,
p<0.05) were significantly increased in LHON patients compared to controls. 
CONCLUSIONS. Aortic stiffness can be increased in LHON disease, but further studies are warranted
to confirm these findings in a larger LHON patient population with a more reliable method focus-
ing on the pathophysiologic background. (Eur J Ophthalmol 2008; 18: 309-12)
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SHORT COMMUNICATION

esis that a mtDNA defect might be responsible (2). The marked
incomplete penetrance and gender bias indicate that addition-
al genetic (nuclear or mitochondrial) and epigenetic factors
may modulate the phenotype expression of LHON disease.
However, the pathogenesis of LHON remains unclear. In sever-
al studies it has been demonstrated that mitochondrial dam-
age or dysfunction is associated with cardiovascular disease
(3, 4). The current study was designed to test whether LHON
as a mitochondrial disease is associated with vascular func-
tional alterations characterized by aortic elastic properties dur-
ing echocardiography. 
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MATERIALS AND METHODS

As a part of a prospective study to evaluate possible car-
diovascular alterations in LHON disease, elastic proper-
ties of the aorta have been evaluated in a series of LHON
patients. The present study comprised 19 patients with
typical features of LHON aged 42±13 years (10 males)
(Tab. I). Their results were compared to 19 age- and gen-
der-matched healthy controls. None of the patients or
control subjects received therapeutic drugs. Informed
consent was obtained from each patient and the study
was approved by the institutional review board. In all pa-
tients blood pressure was measured in the supine posi-
tion with a mercury sphygmomanometer. None of the pa-
tients or control subjects used coffee or tea within 1 hour
before blood pressure measurements and by exclusion
none of the patients or control subjects was a smoker. All
subjects underwent a complete two-dimensional
transthoracic echocardiography and Doppler study using
a Philips Sonos 7500 system (Philips, Best, The Nether-
lands) in the left lateral decubitus position from multiple
windows. Systolic and diastolic ascending aortic diame-
ters (SD and DD, respectively) were recorded in M-mode
at a level of 3 cm above the aortic valve from a paraster-
nal long-axis view according to the method described
previously (Fig. 1) (5). SD and DD were measured at the
time of maximum aortic anterior motion and at the peak
of the QRS complex, respectively. Aortic stiffness index
(β) was calculated from the echocardiographically derived
aortic diameters and the clinical blood pressure by using

the following formula [ln(SBP/DBP)]/[(SD–DD)/DD], where
ln is the natural logarithm. All data are reported as mean ±
standard deviation. For comparing variables, the Student
t test was used (SPSS 12.0 software, SPSS Inc., Chicago,
IL, USA). A value of p<0.05 was considered statistically
significant. Interobserver reproducibility for measuring
systolic and diastolic aortic diameters in our institution is
91 and 91%, respectively (5).  

RESULTS

Clinical and demographic data of LHON patients and
controls are presented in Table I. In this patient popula-
tion, the point mutation was present in 3460G>A position
in five cases, in 11778G>A position in five cases, and in
14484T>C position in nine patients. Individual values of
aortic stiffness indices of LHON patients and controls are
presented in Figure 2. Mean diastolic aortic diameter and
mean aortic stiffness index were significantly increased in
LHON patients compared to controls (even after the ex-
clusion of 2 outliers). 

DISCUSSION

To our knowledge, this is the first report to evaluate vascu-
lar elastic properties of the large arteries in patients with
LHON disease. The main finding of the present study is
that in a LHON patient population, the mean aortic stiffness

TABLE I - ECHOCARDIOGRAPHIC AND BLOOD PRESSURE DATA IN PATIENTS WITH LHON AND NORMAL SUBJECTS

Group 1 (normal subjects) Group 2 (LHON disease cases)

LV end-diastolic diameter (mm) 49.5±6.7 50.5±4.7
LV end-systolic diameter (mm) 31.1±8.5 32.7±4.0
LV ejection fraction (%) 68.9±7.7 58.8±6.5
Systolic aortic diameter (mm) 28.6±2.0 30.1±4.3 
Diastolic aortic diameter (mm) 26.0±2.5 28.4±4.1*
Pulsatile change in aortic diameter (mm) 2.6±1.3 1.7±1.0*
Systolic blood pressure (mm Hg) 134.4±14.2 131.7±21.7
Diastolic blood pressure (mm Hg) 87.3±8.0 78.8±11.6*
Aortic pulse pressure (mm Hg) 47.2±14.5 52.9±16.2
Aortic stiffness index (β) 5.1±2.6 12.0±7.9†  

Continuous variables are given as mean ± standard deviation
*p<0.05.
†p<0.001. 
LV = Left ventricular; LHON = Leber hereditary optic neuropathy
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index is increased compared to matched controls. Howev-
er, there were no genetic, clinical, or echocardiographic
characteristics correlating with aortic stiffness index. 
Increased arterial stiffness is an independent risk factor
and predictor of cardiovascular mortality in a variety of
diseases. There are numerous techniques for assessing
the early stages of vascular disease and stiffness includ-
ing pulse wave analysis or direct measurements. Direct
measurement of arterial stiffness requires invasive tech-
niques unsuitable for routine clinical practice. Recent
studies demonstrated that pulsatile changes in ascending

aortic vessel diameter can be indirectly registered during
routine transthoracic echocardiography.  Stefanadis et al
described that noninvasive measurements of aortic dis-
tensibility by echocardiography, based on aortic dimen-
sions and blood pressure data, are as accurate as inva-
sive methods (6).
The pathophysiologic mechanism of LHON is unclear. Al-
though most of the early studies focused on bioenergetic
defect, others suggested that additional genetic (mito-
chondrial or nuclear) and/or epigenetic factors (smoking,
alcohol consumption) are also involved. Although none of
the LHON patients had cardiac problems in the present
study, the average of aortic stiffness indices was in-
creased. There was no genetic, clinical, or echocardio-
graphic parameter which correlated with increased aortic
elastic properties. However, there are several theories to
explain our findings. First, Wallace et al confirmed mtDNA
involvement in LHON by identifying point mutations in
mtDNA (7). Several neurologic abnormalities have been
described in patients with LHON and pathologic mito-
chondrial point mutations 3460G>A, 11778G>A, or
14484T>C. In recent studies, a relationship between mito-
chondrial dysfunction and cardiovascular disease has al-
so been demonstrated (3, 4). The microangiopathic ap-
pearance of the optic disc vessels in the acute stages and
the presence of cerebrospinal fluid protein have raised the
possibility of autoimmune mechanisms in the pathogene-

Fig. 1 - Measurements of systolic (SD) and diastolic (DD) diameters
of the ascending aorta are shown on the M-mode tracing obtained at
a level 3 cm above the aortic valve. 

Fig. 2 - Individual β indices of Leber hereditary optic neuropathy pa-
tients and control subjects.
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sis of LHON (8). An autoimmune etiology of LHON might
explain our findings since it is well known that other au-
toimmune disorders are related to increased vascular
stiffness (9, 10). Rheumatology serology or inflammatory
assessment were not performed in our patients. Finally,
epigenetic factors (smoking, alcohol consumption) are
known to be related to aortic stiffening. 
It can be concluded that aortic stiffness is increased in
LHON disease, but further studies are warranted to con-
firm our findings in a larger LHON patient population with
a more reliable method focusing on the pathophysiologic
background.
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