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Purpose: To study the demographics of Leber’s hereditary optic neuropathy (LHON) using a large international database of people affected by LHON.
Design: Cross-sectional study.
Participants: One thousand ﬁve hundred seventeen people affected by LHON with a known pathogenic
genetic mutation.
Methods: Self-reported genetic and demographic data were collected. The data were de-identiﬁed and then
analyzed.
Main Outcome Measures: Leber’s hereditary optic neuropathy mutation, gender, age at vision loss onset,
and geographical region.
Results: The data showed that both females and males can experience symptom onset at any age. We found
a 3:1 male-to-female ratio. Interestingly, at younger than 5 years and older than 45 years, the male-to-female ratio
of those becoming affected was approximately 1:1. A dramatic peak in age at onset of vision loss was found
among males between 14 and 26 years of age. Disease onset in females occurred across all age groups, without
any comparable dramatic peak of onset age. This study found that 10% of individuals become affected with
LHON after 50 years of age. According to the literature, we found that the m.11778, m.14484, and m.3460
mutations were the most common LHON point mutations in both males and females, with a similar age at onset
distribution.
Conclusions: This was the largest study of LHON demographics to date. It showed that women carrying an
LHON mutation are at higher risk of losing vision than is generally expected. Unlike the traditional 5:1 male-tofemale ratio commonly reported in the literature, we found a 3:1 male-to-female ratio. Earlier studies may have
harbored an ascertainment bias of overemphasizing the conﬁrmation of this being a disease of young men.
However, our data suggest that LHON is a disease that affects both females and males of all ages. This should
prompt physicians to conduct genetic testing for LHON in all patients who meet the clinical criteria, regardless of
whether they ﬁt the demographics traditionally associated with the disease. Counseling about LHON should be
offered to all maternal bloodline relatives, females and males of all ages, because they are at risk of sudden-onset
legal blindness. Ophthalmology 2020;127:679-688 ª 2019 by the American Academy of Ophthalmology. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Supplemental material available at www.aaojournal.org.

Leber’s hereditary optic neuropathy (LHON) is the most
common inherited mitochondrial disease,1 affecting at least
1 in 50 000 individuals.2 Leber’s hereditary optic
neuropathy is characterized clinically by acute or
subacute, painless, profound loss of central and color
vision.3,4 Generally, the loss of vision occurs in one eye,
followed by similar loss in the fellow eye within weeks to
months.5,6 The interval between eyes is longer in some
cases, and sometimes the onset is simultaneous bilaterally.
Penetrance is highly variable within and among families
and family branches.7e9 All the pathogenic mutations in
LHON affect complex I of the electron transport chain.
Genetic testing has identiﬁed that more than 95% of LHON
cases are caused by 3 primary mitochondrial DNA point
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mutations,
m.11778G/A,
m.14484T/C,
and
m.3460G/A, which all involve genes encoding subunits of
complex I.10 Several low-frequency pathogenic mitochondrial DNA mutations have also been identiﬁed.11e13 Conversion to the affected state is characterized by loss of retinal
ganglion cells, which leads to optic atrophy. The degree of
vision loss and optic atrophy varies among patients,
although most become and remain legally blind with signiﬁcant loss of central vision. Within the 3 primary mutations, patients carrying the m.14484 mutation generally have
the best long-term vision outcome.10
Mitochondria, traditionally considered as power factories
of cells, produce adenosine triphosphate needed for cellular
functions. The complexes shuttle electrons along the
https://doi.org/10.1016/j.ophtha.2019.11.014
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Figure 1. World map showing affecteds’ geographical locations. This map has been color coded such that regions with more study participants are darker,
with the United States being the darkest.

mitochondrial membrane to maintain a proton gradient and,
in the process, create adenosine triphosphate. Although not
fully elucidated, the pathophysiologic features of LHON are
thought to result from abnormalities that increase the production of harmful reactive oxygen species. These reactive
oxygen species accumulate in cells, modifying proteins and
intracellular structures, and upregulate pathways that lead to
apoptosis (programmed cell death). The most susceptible
cells for catastrophic loss are the smallest ﬁbers of the optic
nerve because of their higher energy demand and large
unmyelinated segment.14 These small ﬁbers predominate
within the papillomacular bundle and are lost
preferentially at the onset of the disease, causing suddenonset central scotomas.15,16 With disease progression and
as aging occurs, larger ﬁbers in the optic nerve are also
damaged, and vision can gradually worsen further.
The current literature reports that males are 4 to 5 times
more likely than females to be affected by LHON, and
symptom onset is reported to occur during the late teen years
and young adult life.2,3,17,18 However, this may be a selffulﬁlling prophecy, whereby females and members of
younger and older age groups are not considered and thus
undergo genetic testing less often than late teen and young
adult males, perpetuating this bias. An imprecise understanding of the incidence of LHON by gender and age at
onset limits patients’ ability to understand fully the implications of being a carrier and creates misconceptions that
female carriers, older carriers, and carrier children are not
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susceptible to the disease. The goal of this project was to
study the demographics of LHON using a large international
database of more than 1500 affected with LHON with
knowledge of their pathogenic genetic mutation. We looked
at age of symptom onset and how it was related to gender
and mutation.

Methods
This study was carried out in compliance with the tenets of the
Declaration of Helsinki, and institutional review board approval
was obtained from the Ottawa Hospital Research Institute Research
Ethics Board.19 All participants provided informed consent.
The www.LHON.org website was created and launched in 2009
to provide patient-friendly information about LHON and includes a
registration form for patients. Registration on the site is voluntary.
The contact information provided was used to allow for an intake
interview for the participants, during which time the data for the
study were collected (location, gender, age at onset, and genetic
mutation). Participants contacted the site directly through word of
mouth, and no advertisements or active recruitment were carried
out for this project. No monetary beneﬁt was provided to the patients. The only beneﬁt of registering was being placed on an email blast list to receive information about LHON. Through this
and other online methods, data about people who lost vision as a
result of LHON (henceforth referred to as “affecteds”) were
captured by an LHON patient advocate (L.P.), who has helped
create an online LHON community, connecting patients, physicians, and researchers. The website is only available in English.
Although some individuals from noneEnglish-speaking countries
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Figure 2. A, Pie chart showing distribution of mutations in the cohort. The m.11778, m.14484, and m.3460 point mutations accounted for 99% of cases. B,
Pie chart showing distribution of mutations in females. C, Pie chart showing distribution of mutations in males.

understand English, in some cases, online translators were used to
initiate contact with the pedigree. The data were then collected
through direct interaction either online or by someone who spoke
the language of the point person for the pedigree.
Individuals who were affected were not necessarily those who
completed the initial intake. Data were collected through direct
interaction with those individuals. Family members, friends, and
assistants could have helped LHON patients to provide their information. Many LHON patients use ZoomText (Freedom Scientiﬁc, Clearwater, FL), screen readers, and so forth to “read” text on
a computer. As a result, this likely did not select for LHON patients
with milder degrees of vision loss.
Although it is possible that women are more active on the
Internet and in advocacy regarding LHON, we do not believe that
this biased the gender ratio obtained in this study, because participants provided information on all members of the pedigree with
their consent. As a result, women also reported on the males in
their pedigrees (husbands, sons, etc.), not only themselves. This
would limit this potential source of bias.
The de-identiﬁed self-reported data were compiled for this
study. People who did not undergo genetic testing, who were not
part of a known LHON pedigree, or who were unable to provide
accurate information regarding mutation or age of symptom onset
were excluded from this study. We did not keep count of
individuals who were excluded. However, we estimate that

approximately 1000 patients did not provide sufﬁcient information
or did not know their genetic mutation, so they were not included.
Five people who reported to have symptoms at birth or within the
ﬁrst year of life, which was difﬁcult to corroborate, were excluded
from the analysis and are listed in a separate table (Appendix 1,
available at www.aaojournal.org). These individuals (1 woman
and 4 men) were all affected by the m.11778 mutation. Three
were from the United Kingdom, 1 was from Canada, and 1 was
from Finland. Their exclusion from the analysis did not inﬂuence
the results signiﬁcantly.
Statistical analyses were performed, looking at the distribution
of symptom onset across ages, the proportions of males to females,
the proportions of mutations, and geographic distributions. Comparisons between groups were made with a Kruskal-Wallis test (to
compare age at symptom onset across mutations), ManneWhitney
U tests (to compare medians between males and females), and chisquare tests (to compare proportions of mutations between males
and females). We also performed 3 subgroup analyses:
1. Subgroup analysis by mutation. We wanted to determine
whether the demographics differed among the 3 primary
LHON point mutations (m.11778, m.14484, and m.3460).
2. Subgroup analysis for symptom onset younger than 10
years of age. Leber’s hereditary optic neuropathy is usually
described as “a young man’s disease.” Young people are
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Figure 3. Graphs showing age at symptom onset. A, Number of affected patients per 5-year increment. B, Percentage of each gender affected per 5-year
increment. F ¼ female; M ¼ male.

considered by the World Health Organization to be individuals between 10 and 24 years of age.20 We wanted to
determine if the incidence of LHON was different in those
younger than 10 years.
3. Subgroup analysis for symptom onset at 45 years of age or
older. Menopause often occurs between 45 and 55 years of
age.21 We wanted to see if there was any distinction in the
incidence of LHON in affected women 45 years of age or
older.
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Results
This study included the data from 1512 people affected by
LHON with a mutation known to be pathogenic. As shown
in Figure 1, most participants (n ¼ 730) were from the
United States. The next most common locations were the
United Kingdom (n ¼ 179), Australia (n ¼ 104), and
Canada (n ¼ 88). A full list of the country, gender, and
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mutation distributions can be found in Appendix 2
(available at www.aaojournal.org). The gender distribution
was 1141 males and 371 females (a male-to-female ratio
of 3:1; 25% of the data set was female). The m.11778
mutation was the most frequent, causing 69% of cases of
LHON (Fig 2A). The m.14484 mutation was the second
most frequent, causing 17% of cases, and the m.3460
mutation was the third most frequent, causing 13% of
cases. A chi-square test indicated that no signiﬁcant difference existed in the distribution of mutations between the
genders (chi-square statistic, 0.935; P ¼ 0.63). The
increased number of patients with the m.14484 mutations in
Canada is related to a well-documented founder effect in the
literature for patients with French-Canadian ancestry.22 Our
data support this ﬁnding.
The data conﬁrmed that individuals carrying an LHON
mutation can convert from carriers to affecteds (i.e.,
start experiencing symptoms of vision loss) at any time
during their life (Fig 3; Appendix 3, available at
www.aaojournal.org). For males, symptom onset
dramatically peaks between the 14 and 26 years of age
(accounting for 57% of male cases). For females, the age at
symptom onset was distributed more evenly across all ages.
The median age at onset was 30 years for females and 20
for males (Fig 4A). A ManneWhitney U test indicated that
the median age at onset for females is signiﬁcantly later than
that for males (P < 0.001). Furthermore, the interquartile
range was larger for females than males (26 compared with
13, respectively), consistent with a more evenly distributed
age at onset for females than males. Patients with symptom
onset at younger than 10 years accounted for 8% of all
cases, whereas patients with symptom onset at older than 45
years accounted for 14% of all cases. Interestingly, a 1:1
male-to-female ratio was found in those younger than 5
years and older than 45 years. Of the 1141 affected males,
only 668 of them were young men (i.e., between the 10 and
24 years of age; 44% of the entire cohort and 59% of males).
One third of males were older than 24 years (34%), and 8%
of males were younger than 10 years.
A Kruskal-Wallis Test was conducted to compare age of
symptom onset among the 3 primary mutations (Fig 4B). No
signiﬁcant differences were found among the mutations
(chi-square, 1.129; P ¼ 0.57; degrees of freedom, 2).
ManneWhitney U tests indicated that the median age at
onset was signiﬁcantly later in females than males for the
m.11778 mutation (P < 0.001) and m.3460 mutation (P ¼
0.001) but not for the m.14484 mutation (P ¼ 0.25; Fig 5).
Subgroup analyses were performed for the 3 most common mutations (m.11778, m.14484, and m.3460), as well as
for symptom onset at younger than 10 years and at 45 years
or older. For the subgroup analysis by mutation, as shown in
Figure 6, the male-to-female ratio for the 3 most common
point mutations were 3.2:1 for m.11778, 3.0:1 for m.14484,
and 2.7:1 for m.3460. A chi-square test indicated that there
were no signiﬁcant differences in the distributions of genders among the 3 mutations (chi-square, 0.935; P ¼ 0.63).
Figure 7 shows that the 3 mutations demonstrated a similar
age distribution.
For subgroup analysis for symptom onset at younger than
10 years, 123 affecteds (8% of the cohort) experienced

Figure 4. Box-and-whisker plots showing age at symptom onset presented
as quartiles for (A) females and males and (B) the 3 primary mitochondrial
mutations.

symptom onset before 10 years of age. Of these, 89 were
male and 34 were female (male-to-female ratio, 2.6:1). At
younger than 5 years, LHON affects a similar proportion of
males and females (male-to-female ratio, 1.13:1; Fig 8A).
However, starting at 5 years of age, LHON becomes more
common in males than females. Between 5 and 9 years of

90

Age of Symptom Onset by Mutation and Gender
P < .001
P = .253

P = .001

80
Age of Onset Percentiles

Poincenot et al

70
60
50
40
30
20
10
0
11778 Female 11778 Male 14484 Female 14484 Male

3460 Female

3460 Male

Mutation and Gender

Figure 5. Box-and-whisker plot showing age at symptom onset shown as
quartiles and subdivided by mutation and gender. Stars represent signiﬁcant
differences in median age at symptom onset between the genders, as per the
ManneWhitney U test (P < 0.05).
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Figure 6. Pie charts showing gender distribution for the 3 most common Leber’s
hereditary optic neuropathy (LHON) point mutations. f ¼ female; m ¼ male.
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age, the male-to-female ratio was 3.07:1. In cases where
symptoms started before 10 years of age, a similar distribution of mutations was observed as in the entire sample
(Fig 8C). Just as in the overall cohort, the m.11778 mutation
was the most prevalent LHON mutation.
For the subgroup analysis for symptom onset at 45 years
of age or older, 217 affecteds (14% of the cohort) experienced symptom onset at 45 years of age or older. One
hundred twenty-one were male and 96 were female (maleto-female ratio, 1.26:1). In these cases, symptom onset
occurred with a similar frequency in males and females (Fig
9A), and no difference was found in the distribution of the 3
primary mutations (Fig 9B).

Leber’s hereditary optic neuropathy is usually considered in
young male adults. However, our ﬁndings show that both
males and females who carry an LHON mutation can
convert to the affected state at any age. We found that
conversion peaked for males in their teens to mid-twenties,
between 14 and 26 years of age. Although variability exists
among published studies, our data are similar to what is
referenced in the literature.2,17,18 Importantly, conversion in
females was generally later than for males and was relatively
evenly distributed across all ages. This is similar to the
results of an Australian study,17 which found a peak for
males and ﬂat distribution for females in a sample with
151 affecteds. A Danish study with 104 affecteds also
found that age at symptom onset was later for females
than males, with a median age of conversion of 33 and 25
years, respectively.18 In the largest single pedigree
described, the median age at conversion for females and
males was similarly noted to be 33 and 23 years.7
This study found that 10% of affecteds experienced
LHON onset after 50 years of age, which is double the 5%
found previously.2 The literature has reported that 5% of
carriers will become affected after 50 years of age.10 The
oldest reported age at conversion in our study was 80
years in a woman. It is important to be aware that patients
who carry an LHON mutation are at risk of losing vision
throughout their lifetimes.
Unlike the traditional 5:1 male-to-female ratio commonly
reported in the literature,3,17,18 we found a 3:1 male-tofemale ratio in this data set of 1517 affecteds with genetic
conﬁrmation. Earlier studies may have harbored an ascertainment bias of overemphasizing the conﬁrmation of this
being a disease of young men. For example, in a study that
looked at all new molecularly conﬁrmed LHON occurring in
Japan during 2014, 93% of cases were male, suggesting a
strong bias toward testing men.23
Interestingly, at younger than 5 years and older than 45
years, the male-to-female ratio of those converting was
approximately 1:1. These ages correspond to the prepubertal
and postmenopausal stages in females,20,21 which are
associated with lower levels of circulating estrogens.24
Research has shown that circulating levels of estrogen are
low in children and start to increase by the age of 7.24
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Figure 7. Graphs showing age at symptom onset by the 3 primary Leber’s hereditary optic neuropathy point mutations in 5-year increments. Data are
presented as (A) the number of patients affected and (B) the percentage of each mutation affected.

This suggests that when females’ estrogen levels are low,
they are approximately as prone to converting as males.
Similar to the literature, we found that the m.11778,
m.14484, and m.3460 mutations were the most common
LHON point mutations in both males and females and
across all ages. These mutations were found to have a
similar age at onset distribution.
To our knowledge, this is one of the largest data sets
gathered of people affected by LHON and analyzed by
genetic mutation, gender, and age at onset. It is important to
note that these data are self-reported and include only individuals aware of their genetic mutation and their maternal
relatives with sudden-onset vision loss. This is subject to
reporting errors and recall bias, because none of the data
were veriﬁed through medical records. For example, we

may have missed affected patients with a clinical diagnosis but without awareness of their genetic mutation.
This is more common with rare mutations, which are not
tested for routinely, resulting in an ascertainment bias.
Furthermore, because the data were collected retrospectively, they are subject to recall bias. This was partially
addressed in the ﬁgures, where the data were binned in 5year increments, because 1-year increments were believed
to reﬂect a degree of granularity not supported by the
methods used. Another limitation was the low sampling at
the extremes of age, which may have affected the gender
ratio. For example, only 17 patients reported vision loss
onset at younger than 5 years. Despite these limitations,
we were still able to collect data from more than 1500
affecteds.
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Figure 8. Graphs showing subgroup analysis for onset at younger than 10 years. A, Number of affecteds subdivided by gender. B, Percentage of each gender.
C, Number of affecteds subdivided by the 3 primary Leber’s hereditary optic neuropathy mitochondrial DNA point mutations. D, Percentage of each of the 3
primary mutations. F ¼ female; M ¼ male.

Unlike most studies that are limited to affecteds who
travel to a speciﬁc medical center or are reported to a national database, this study includes individuals around the
world, connected by the Internet and social media.
The data were gathered in the United States, as reﬂected
by high participation in the United States and other
English-speaking countries. The low response rate for
highly populous countries such as China and India may
reﬂect in part the anglophone bias of the project and the fact
we did not use active recruitment methods. However, as
online translation tools in social media sites have improved
in recent years, participation in other locations has
increased. Another limitation of the data is the need for an
Internet connection and a computer, and this may be the
reason for the low participation in African, South American,
and Asian countries.
In conclusion, LHON is not a disease limited to young
men. Rather, LHON is a disease that affects both males
and females of all ages. This should prompt physicians
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seeing patients with subacute or acute, painless, profound
loss of central vision and color vision to order genetic
testing for LHON regardless of a patient’s demographic
characteristics. Women, the young, and the old with
symptoms and ﬁndings consistent with LHON should undergo timely genetic testing. This would aid in achieving
an earlier diagnosis and could inﬂuence patients’ suitability
for participating in clinical trials, because trials often have
eligibility criteria seeking patients with recent onset of
disease because therapeutic interventions could be more
effective when initiated soon after vision loss. Patients
beneﬁt when the cause of their sudden vision loss is
correctly identiﬁed early.25 Understanding they have
LHON can help patients to connect with the LHON
community and obtain important psychosocial and
practical support in the challenges associated with their
sudden transition from fully sighted to legally blind.
Also, understanding that all individuals within the
maternal bloodline of a genetically conﬁrmed LHON
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Figure 9. Graphs showing subgroup analysis of cases where symptoms
started at 45 years of age or younger. A, Number of affecteds per 5-year
increment, subdivided by gender. B, Number of affecteds per 5-year
increment, subdivided by the 3 primary Leber’s hereditary optic neuropathy mitochondrial DNA point mutations. F ¼ female; M ¼ male.

patient, including females, older adults, and children, are at
risk of LHON vision loss allows one to educate LHON
carriers to avoid environmental factors that can increase
their risk of vision loss and become aware that they
should see a neuro-ophthalmologist.
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Pictures & Perspectives
OCT Angiography of Squamous Cell Carcinoma in Situ
A 66-year-old white woman noticed redness on the temporal
aspect of the conjunctiva left eye. (Fig A) Slit-lamp biomicroscopy
revealed a gelatinous, vascularized conjunctival mass, suggestive
of squamous neoplasia that correlated with (Fig B) OCT angiography with ﬂorid intratumoral thin vascular channels with hairpin
loops. (Fig C) Scanning magniﬁcation demonstrated a sessile
papilloma, composed of fronds of acanthotic epithelium with
enclosed ﬁbrovascular cores (hematoxylin-eosin stain; original
magniﬁcation 5). (Fig D) The epithelium lacked normal maturation (loss of polarity). Goblet cells were absent. Mitotic ﬁgures
were noted (arrows; inset) hematoxylin-eosin stain; original
magniﬁcation 50 (main ﬁgure), 150 (inset)]. (Magniﬁed
version of Fig A-D is available online at www.aaojournal.org).
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