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Abstract

Background: Leber hereditary optic neuropathy (LHON) is an acute or subacute optic neuropathy that mainly affects
young males. The first nationwide epidemiological survey of LHON was conducted in 2014 in Japan, and LHON was
officially designated as a rare intractable disease by the Japanese government in 2015. We conducted a second survey
of the annual incidence of LHON in 2019, and estimated the total number of patients with LHON in Japan.

Results: A questionnaire was sent to 997 facilities accredited by the Japanese Ophthalmological Society and/or affili-
ated with the councilors of the Japanese Neuro-Ophthalmology Society. Responses were received from 791 facilities,
with a response rate of 79%. Fifty-five newly diagnosed cases (49 males and 6 females) of LHON were reported from

LHON in Japan of 1:50,000.

LHON requires prospective registration.

disease, Prevalence

35 institutions in 2019, with a median age of 28.5 for males and 49.5 years for females. The total number of newly
diagnosed cases was calculated as 69 (62 were males and 7 were females, 95% confidence interval 55-83), and the
total number of patients was estimated to be 2491 (95% confidence interval: 1996-2986), suggesting a prevalence of

Conclusion: The incidence of LHON in 2019 was lower than the estimate in 2014, whereas its prevalence may be
similar to that reported in other countries. The accurate estimation of the incidence and prevalence of patients with

Keywords: Leber hereditary optic neuropathy, Epidemiology, Annual incidence, Mitochondrial DNA, Intractable

Background

Leber hereditary optic neuropathy (LHON) is a mater-
nally inherited optic neuropathy, that causes acute or
subacute optic neuropathy characterized by central sco-
toma and marked reduction of visual acuity [1]. Over 95%
of patients have one of three mtDNA point mutations,
known as primary point mutations. These primary point
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mutations cause a deficiency in electron transfer complex
I that leads to the apoptotic cell death of retinal ganglion
cells. However, the full pathophysiology of LHON is not
yet fully understood. Unlike other mitochondrial dis-
eases, LHON does not occur by mtDNA point mutations
alone, and it is believed that some environmental and/
or epigenetic factors are involved in the development of
LHON [2]. LHON has been designated as a rare intrac-
table disease by the Japanese government, following the
establishment of designated criteria in 2015 [3].

The prevalence of LHON is reported to be about one
in 31,000-520,000 [4]. In Japan, the incidence of LHON
was not known until we conducted the first nationwide
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epidemiological survey in 2014. On the basis of this
survey, we estimated the number of newly diagnosed
patients with LHON as 117 (109 males and 8 females)
with a 95% confidence interval of 81-153 [5].

Most of the affected individuals are male, both in Japan
and worldwide [5-8]. However, the male to female pro-
portion may be increasing for unknown reasons. The
proportion of males was reported to be 68.1% [6] in 1973,
but was 92.1% [7] in 1995 and 93.2% in our 2014 survey
[5]. In addition, the proportion of male patients in one
large LHON family was reported to increase over genera-
tions [8]. However, whether such a skewed sex propor-
tion is maintained in Japan has yet to be confirmed.

Although most patients with LHON have one of the
three major mutations, there have been an increas-
ing number of reports of LHON with other rare muta-
tions [9-11]. In the previous survey, we investigated only
LHON cases with the three primary mutations, and thus
whether and to what degree newly diagnosed Japanese
patients with LHON harbor rare mutations has not yet
been systematically evaluated.

The purpose of this study was to investigate the num-
ber of newly diagnosed patients with LHON with any
causative mtDNA mutations in 2019, and use these data
to estimate the annual number of newly diagnosed cases
and the total number of patients with LHON in Japan.
[12-14]

Results

Of the 997 facilities to which we sent the questionaries,
791 responded, a response rate of 79%. Fifty-five cases (49
males and 6 females) were reported as newly diagnosed
patients with LHON in 2019, as described in Table 1. The
male to female ratio was 90%, comparable to the results
of our previous study [5].

Figure 1 shows the distribution of age at onset of the
reported cases. The median (interquartile range) age was
31.0 (17.0-45.5) years for males and 49.5 (38.8-54.0)
years for female patients. The youngest patient was
7 years old, and the oldest was 66.

With respect to the mtDNA mutations harbored by the
patients, 45 individuals had the m.11778 G > A mutation,
eight had the m.14484 T > C mutation, whereas none had
the m.3460 G>A mutation. One occurrence of each of
the m.11696 G>A and m.12811 T > C mutation was also
reported. These mutations are described as rare mutation
loci in the diagnostic criteria [3].

Based on the above response rate, the number of sur-
veyed facilities, and the reported number of patients,
the incidence number (Ir; the number of patients with
newly diagnosed LHON in 2019) was calculated to be
69 (62 males and 7 females, 95% confidence interval
[CI]: 55—83), while the Tr (the total number of patients
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Table 1 Summary of the results of the survey
Results of the questionnaire
Facilities to which questionnaires were sent 997
Facilities that responded (%) 791 (79%)
Facilities where patients were reported 35

1 Patient 26

2 Patients 5

3 Patients 2

5 Patients 1

8 Patients 1
Total patients reported 55

Male 49

Female 6
Number of patients with primary mutations

11,778 45

14,484 8

3460 0
Number of patients with rare mutations

11,696 1

11,281 1

The questionnaire surveyed the number of newly diagnosed cases of LHON in
2019, sex, and location of mtDNA mutation
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Fig. 1 Histogram of the number of reported patients by age group.
The black part of each bar shows the number of males, and the white
part shows the number of females

The number of reported patients
=

with LHON in Japan) was calculated to be 2491 (2333
males and 158 females; 95% CI: 1996-2986). Given the
total Japanese population in 2019 of 126,167,000 [15],
the prevalence of LHON was estimated to be 1: 50,649
(=126,167,000/2491).

Discussion

This is the second nationwide epidemiological study of
LHON in Japan. In questionnaire surveys, high response
and sampling rates, as well as the avoidance of duplicate
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registrations, are the keys to increasing the reliability of
the results.

The response rate improved significantly in this survey
(79.3%) compared to the previous survey (61.6%). The
major reason for this increase was an increased aware-
ness of and interest in this project, because this was the
second survey. The next most important factor was a
change in the facilities to which the questionnaires were
sent. In the previous survey, all facilities accredited by
the Japanese Ophthalmological Association and all facili-
ties with at least one member of the Japanese Neuro-
Ophthalmology Society were surveyed, a total of 1397
facilities. This time, however, we reduced the number of
facilities to which questionnaires were sent to 997. The
questionnaire was sent to facilities accredited by the
Japanese Ophthalmological Association, as in the pre-
vious survey, but the number of facilities affiliated with
the Japanese Neuro-Ophthalmology Society was limited
to those to which the council members belonged. This
change was made because it was assumed that the coun-
cil members of the Japanese Neuro-Ophthalmology Soci-
ety would generally be more familiar with the diagnosis
of LHON than the general membership, would be less
likely to overlook or misdiagnose the condition, would
be more likely to receive referrals of eligible candidates,
and would be more likely to respond positively to the
questionnaire.

In this study, the extraction rate, which refers to the
proportion of the number of institutions we sent the
questionnaire relative to the possible number of insti-
tution where diagnosis of LHON could be made, was
assumed to be 1 for the analysis. The extraction rate will
be less than 1 if a patient with LHON is seen at a facil-
ity other than the one included in this study and is not
referred to the study facility. If this actually happened and
the true extraction rate was low, the number of newly
diagnosed cases could have been underestimated. In
practice, the number of newly diagnosed cases reported
in the questionnaire was lower in this survey than in the
previous survey. However, this decrease was not due
to a decrease in the extraction rate, but rather due to a
decrease in the number of cases of duplicate registra-
tion. In the previous survey, there were several reports
of patients who had developed the disease before the tar-
get year, and duplicate reports of the same patient from
several institutions by multiple members of the Japanese
Neuro-Ophthalmology Society. The previous survey was
the first national epidemiological survey on LHON, and
the requirement that the target population was limited to
newly diagnosed patients in the past year may not have
been fully understood by the surveyed institutions and
researchers. In addition, the LHON accreditation crite-
ria had only been established relatively recently, so the
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diagnosis may have been inaccurate in less experienced
facilities. This time, the bias caused by duplicate registra-
tions and inaccurately diagnosed cases was considered to
be very low because, as mentioned above, the survey was
limited to facilities with more experience and sufficient
expertise, and because the understanding of the diag-
nostic criteria appears to have spread sufficiently, with
the designation of LHON as an intractable disease. Since
most LHON patients are school-aged to mature males,
have subacute, binocular vision loss, and an uninsured
mitochondrial genetic test is essential for diagnosis, it is
highly likely that patients will visit a neuro-ophthalmol-
ogist, rather than being treated by general ophthalmolo-
gists, neurologists, or other institutions outside the scope
of this study. Therefore, the extraction rate is expected to
approximate to 1 with a fairly high probability. However,
since the possibility of duplicate registrations cannot be
completely ruled out, we may have overestimated the
number of newly diagnosed patients.

In the current survey, the age distribution and sex ratio
were almost the same as in the previous survey. Com-
pared to previous reports from other countries, the aver-
age age of onset was higher, and males accounted for a
higher percentage of cases. As in the previous survey,
this increase in the age of onset is thought to be due to
the increasing average life expectancy of Japanese people
and the declining birth rate. As the decline in the birth-
rate and the aging of the population accelerates, the age
of onset of LHON in the Japanese population is likely to
continue to rise. The reason for the greater susceptibility
of males is unknown. Although the number of cases was
small, the age of onset of LHON was higher in women
than in men. It has been suggested that sex hormones
may play a role in the development of LHON [16]. Estro-
gen is presumed to act as a protective factor for retinal
ganglion cells and other nerve cells [17], and may delay
the onset of the disease in female mutation carriers until
around menopause, when the amount of estrogen in the
body decreases.

The other difference between this and the previous
survey is the mtDNA mutation sites investigated. In the
previous study, only the three primary mutations were
included, but in this study, all mutations reported to be
associated with LHON in the designation criteria, includ-
ing rare mutations, were included. As a result, the pre-
sent study reported the presence of patients with two
mutations, m.12811 T > C and m.11696 G > A, which have
been reported as rare mutations in LHON [9-11].

There are several limitations to this study. First, because
it is a single-year questionnaire survey, it is affected by
variations in patient population estimates due to differ-
ences in survey years. As noted above, the number of
newly diagnosed cases was estimated to be lower than
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in the 2014 survey. Periodic epidemiological surveys and
prospective all-patient registries should be conducted to
obtain more accurate epidemiological trends.

Secondly, the number of patients in this study was
calculated based on the assumption that the life expec-
tancy of individuals with LHON is equivalent to that of
healthy people. However, since there are reports of lower
life expectancy in patients with LHON [18], the total
number of patients calculated in this study may be an
overestimate.

Third, as a method for estimating the total number of
patients, we used the formula published by Godefrooij
et al. to estimate the number of keratoconus patients
in The Netherlands. As discussed by the authors, this
method is only an estimation, producing a rough esti-
mate of the prevalence, and it is still necessary to conduct
a full patient registry to accurately determine the actual
number.

Conclusions

A second national epidemiological survey on LHON
was conducted. As a result, the number of newly diag-
nosed patients with LHON in 2019 was estimated to be
69, and the total number of LHON patients in Japan was
estimated to be 2400, with a prevalence similar to other
countries. A prospective all-patient registry project is
necessary to accurately determine the actual number of
patients.

Methods

Questionnaire, diagnostic criteria, and participating
facilities

We developed a questionnaire to estimate the number of
patients with LHON developed in 2019. The question-
naire included the presence or absence of newly diag-
nosed cases of LHON in 2019, the age and sex of the
individuals involved, and the nucleotide position of the
mtDNA mutations. The diagnosis of LHON complied
with the diagnostic criteria established in 2015, as pub-
lished by the Research Committee on the Epidemiology
of Intractable Diseases of Retinochoroidal and Optic
Nerve Atrophy in conjunction with the Japanese Neuro-
ophthalmological Society, and authorized by the Ministry
of Health, Labour and Welfare in Japan [3].

We collected LHON cases diagnosed in 2019 as “newly
diagnosed” cases in 2019, regardless of the period from
onset to diagnosis. Since patients with LHON experi-
ence rapid binocular loss of vision, it was assumed that
they would not be left unexamined, and would almost
always seek medical attention. In addition to genetic
testing, orbital MRI and fluorescein fundus angiography
are necessary to diagnose LHON, so it was presumed
that the primary medical institution first visited by the
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patient would almost always refer the patient to an insti-
tution specializing in neuro-ophthalmology. In Japan,
such higher-order medical institutions are considered to
be facilities accredited by the Japanese Ophthalmological
Society, or facilities affiliated with the councilors of the
Japanese Neuro-Ophthalmology Society. Therefore, it is
reasonable to assume that by sending the questionnaire
to these facilities (997 in total), we could identify almost
all of the new patients with LHON in the survey year.

Statistical analysis

The survey was based on the Nationwide Epidemiologic
Survey Manual, published by the Research Committee on
Epidemiology of Intractable Disease [12—-14]. The inci-
dence number (Ir) was calculated as in the manual and in
our previous survey [5] as follows;

_ ZiNi

Ir = B
N/n

where Ir denotes the estimated total number of patients
(as units of patients with newly diagnosed LHON), i is
the actual number of patients reported in response to the
questionnaire (=0, 1, 2...), Ni is the number of respond-
ing facilities with i patients, N is the total number of
responding facilities, and # is the total number of facili-
ties surveyed.

In previous similar epidemiological surveys of intrac-
table diseases [12—14], the facilities were often selected
randomly using stratified sampling from all of the facili-
ties visited by a patient with the disease of interest. Thus,
the number of facilities surveyed is usually much smaller
than the total number of facilities when the correspond-
ing facilities are classified into general hospitals or clin-
ics with a small number of beds. In this situation, # is
assumed to be much bigger than the number of facilities
surveyed. However, we assumed that newly diagnosed
LHON cases were referred almost immediately to facili-
ties with affiliated specialists who had expertise in LHON
for the following reasons. First, individuals with a recent
onset of LHON notice a rapid and profound decline in
their central vision in both eyes, but they rarely exhibit
extraocular symptoms. Second, given the necessity for
molecular diagnosis and the lack of response to steroid
therapy, these patients are highly likely to be referred to
tertiary or special institutes with affiliated neuro-oph-
thalmological specialists. The facilities to which we sent
the questionnaire covered most of these specialists. Thus,
all of the facilities were considered to be categorized as
“selected departments” according to previous similar
epidemiological surveys of intractable diseases [12—14].
Therefore, we did not consider that the facilities should
be stratified based on the hospital type or the number of
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hospital beds, so n was equal to the number of surveyed
facilities.

The 95% CI of Ir was Ir+1.96 x s, where s is the esti-
mated standard error of Ir, computed as follows: [12—14]

(L o1
N n

A patient reported by multiple facilities was treated
as a “duplicate” according to the information obtained
from the questionnaire and/or via direct contact with the
physicians.

In this survey, we also calculated the estimated total
number of LHON patients (7r) based on the National
Population Survey reported by the Ministry of Health,
Labour, and Welfare [19] and the Ir calculated as
described above, according to a previous report [20] as
follows;

Tr=Ir x the amount of time that people are at
risk x the fraction of life for which the average LHON
patient is affected.

In this formula, the amount of time that people are
at risk was approximated to be 60 years for a man and
50 years for a woman, because the questionnaire revealed
that the onset of age ranged from 7 to 66 for male patients
and from 17 to 66 for female patients. The fraction of
life for which the average LHON patient is affected
was calculated based on the average longevity and the
average life expectancy at the year of median onset of
LHON for each sex in 2019 [15]. The average longevity
was 81.41 years for a man and 87.45 years for a woman
in 2019, whereas the average life expectancy for a man
aged 31 years, the median age at onset for male LHON
patients, was 51.06 years and that for a woman aged
49 years was 39.44 years. The average male and female
LHON patient are therefore affected with LHON for 62%
(51.06/81.41 multiplied by 100) and 45% (39.44/87.45
multiplied by 100), respectively, of their lives. Thus, the
obtained values of 0.62 and 0.45 were used as the frac-
tion of life for which the average male and female LHON
patient, respectively, is affected.

2
Zizx%—<2ix%)

n—1

Acknowledgements
The authors are grateful to all institutes that responded to the questionnaires.

Author contributions

MN and KU contributed to the study concept. FT, KU, DAG, AY, HI, HC, HI,

and MN developed analytic plan. Yl and TS supervised the trial. FT and KU
compiled the questionnaires. FT, KU, and MN drafted the first manuscript, and
all authors revised and completed the final manuscript. All authors gave final
approval of the version to be submitted and agree to be accountable for all of
the work. All authors read and approved the final manuscript.

Funding
This study was supported by a grant-in-aid from the Ministry of Health, Labour
and Welfare (20FC0201)(TS).

Page 5 of 6

Availability of data and materials
All data generated or analyzed during this study are included in this manu-
script and its additional files.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Kobe University Gradu-
ate School of Medicine (No. B210003), and performed in accordance with

the Declaration of Helsinki. The Ethics Committee waived the obligation to
obtain informed consent in this retrospective observational study. Instead, the
information in this survey was disclosed on the hospital’s homepage, so that
patients could refuse to participate in the study as an opt-out choice.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Ophthalmology, Department of Surgery, Kobe University Gradu-
ate School of Medicine, 7-5-2, Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan.
Department of Ophthalmology, University Medical Center Utrecht, Utrecht,
The Netherlands. *Inoue Eye Hospital, Chiyoda, Tokyo, Japan. “Department
of Ophthalmology, Hyogo College of Medicine, Nishinomiya, Japan. *Depart-
ment of Ophthalmology, University of Miyazaki, Miyazaki, Japan. ®Depart-
ment of Ophthalmology, Kitasato University School of Medicine, Sagamihara,
Kanagawa, Japan. ’Department of Ophthalmology, Kagoshima University
Graduate School of Medical and Dental Sciences, Kagoshima, Japan.

Received: 8 March 2022 Accepted: 13 August 2022
Published online: 20 August 2022

References

1. Meyerson C, Van Stavern G, McClelland C. Leber hereditary optic
neuropathy: current perspectives. Clin Ophthalmol (Auckland, NZ).
2015;9:1165-76.

2. Kirkman MA, Yu-Wai-Man P, Korsten A, Leonhardt M, Dimitriadis K, De
Coo IF, et al. Gene-environment interactions in Leber hereditary optic
neuropathy. Brain. 2009;132:2317-26.

3. Nakamura M, Mimura O, Wakakura M, Inatani M, Nakazawa T, Shiraga
F. Designation criteria for Leber’s hereditary optic neuropathy. Nippon
Ganka Gakkai Zasshi. 2015;119:339-46.

4. Jancic J, Dejanovic |, Samardzic J, Radovanovic S, Pepic A, Kosanovic-
Jakovic N, et al. Leber hereditary optic neuropathy in the population of
Serbia. Eur J Paediatr Neurol. 2014;18:354-9.

5. Ueda K, Morizane Y, Shiraga F, Shikishima K, Ishikawa H, Wakakura M, et al.
Nationwide epidemiological survey of Leber hereditary optic neuropathy
in Japan. J Epidemiol. 2017,27:447-50.

6. ImachiJ. Leber’s disease: its genetics, clinical pictures, therapy and
histo-pathology (author’s transl). Nippon Ganka Gakkai Zasshi.
1973;77:1658-735.

7. Hotta, Fujiki K, Hayakawa M, Nakajima A, Kanai A, Mashima'Y, et al. Clini-
cal features of Japanese Leber’s hereditary optic neuropathy with 11778
mutation of mitochondrial DNA. Jpn J Ophthalmol. 1995;39:96-108.

8. Sadun AA, CarelliV, Salomao SR, Berezovsky A, Quiros P, Sadun F, et al. A
very large Brazilian pedigree with 11778 Leber’s hereditary optic neu-
ropathy. Trans Am Ophthalmol Soc. 2002;100:169-78 (discussion 78-9).

9. De Vries DD, Went LN, Bruyn GW, Scholte HR, Hofstra RM, Bolhuis PA, et al.
Genetic and biochemical impairment of mitochondrial complex | activity
in a family with Leber hereditary optic neuropathy and hereditary spastic
dystonia. Am J Hum Genet. 1996;58:703-11.

10. DaiY,Wang C, Nie Z,Han J, ChenT, Zhao X, et al. Mutation analysis of
Leber’s hereditary optic neuropathy using a multi-gene panel. Biomed
Rep. 2018;8:51-8.



Takano et al. Orphanet Journal of Rare Diseases

20.

(2022) 17:319

. Zhou HP, Ishikawa H, Yasumoto R, Sakurai K, Sawamura H. Leber heredi-

tary optic neuropathy harboring a rare m.12811 T>C mitochondrial DNA
mutation. Can J Ophthalmol. 2021,56:e82-4.

. Hashimoto S, Fukutomi K, Nagai M, Nakamura Y, Yanagawa H, Sasaki R,

et al. A method of interval estimation for the number of patients in the
nationwide epidemiological survey on the intractable disease (in Japa-
nese). Nihon Koshu Eisei Zasshi. 1991;38:880-3.

. Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M, Hirota Y. Nation-

wide epidemiologic survey of idiopathic osteonecrosis of the femoral
head. Clin Orthop Relat Res. 2010;468:2715-24.

. Nakamura Y, Matsumoto T, Tamakoshi A, Kawamura T, Seino Y, Kasuga M.

Prevalence of idiopathic hypoparathyroidism and pseudohypoparathy-
roidism in Japan. J Epidemiol. 2000;10:29-33.

. Ministry of Health, Labour and Welfare. Life table. https://www.mhlw.go.

jp/toukei/saikin/hw/seimei/list54-57-02.html. Accessed 30 Dec 2021.

. Sharma LK, Tiwari M, Rai NK, Bai Y. Mitophagy activation repairs Leber’s

hereditary optic neuropathy associated mitochondrial dysfunction and
improves cell survival. Hum Mol Genet. 2018;28:422-33.

. Giordano C, Montopoli M, Perli E, Orlandi M, Fantin M, Ross-Cisneros FN,

et al. Oestrogens ameliorate mitochondrial dysfunction in Leber’s heredi-
tary optic neuropathy. Brain. 2011;134:220-34.

. Vestergaard N, Rosenberg T, Torp-Pedersen C, Vorum H, Andersen CU,

Aasbjerg K. Increased mortality and comorbidity associated with Leber’s
hereditary optic neuropathy: a nationwide cohort study. Invest Ophthal-
mol Vis Sci. 2017;58:4586-92.

. Population Census. Statistics of Japan. https://www.e-stat.go,jp/.

Accessed 30 Dec 2021.

Godefrooij DA, de Wit GA, Uiterwaal CS, Imhof SM, Wisse RP. Age-specific
incidence and prevalence of keratoconus: a nationwide registration
study. Am J Ophthalmol. 2017;175:169-72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.mhlw.go.jp/toukei/saikin/hw/seimei/list54-57-02.html
https://www.mhlw.go.jp/toukei/saikin/hw/seimei/list54-57-02.html
https://www.e-stat.go.jp/

	Incidence of Leber hereditary optic neuropathy in 2019 in Japan: a second nationwide questionnaire survey
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Results
	Discussion
	Conclusions
	Methods
	Questionnaire, diagnostic criteria, and participating facilities
	Statistical analysis

	Acknowledgements
	References


