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PURPOSE. Leber hereditary optic neuropathy (LHON) is an inherited mitochondrial optic neuropathy characterized by bilateral, severe loss of central vision. In this study, the first formal
assessment was conducted of visual disability in affected and
unaffected individuals from molecularly confirmed LHON pedigrees.
METHODS. Four hundred two LHON carriers—196 affected and
206 unaffected—from 125 genealogically distinct pedigrees
were prospectively interviewed using the well-validated visual
function index (VF-14) questionnaire: m.3460G⬎A (n ⫽ 71),
m.11778G⬎A (n ⫽ 270), and m.14484T⬎C (n ⫽ 61).
RESULTS. The mean age of onset of visual loss was 27.9 years
(SD, 14.9) and mean disease duration was 15.5 years (SD, 15.4),
with 74.5% of the affected subjects being men. The mean VF-14
score was 25.1 (SD, 20.8) in the affected patients, compared
with 97.3 (SD, 7.1) in the unaffected carriers. Within the
affected group, VF-14 score did not worsen with increasing
disease duration and individuals with the m.14484T⬎C mutation had higher VF-14 scores compared with those in the
m.3460G⬎A and m.11778G⬎A groups. Reading small print
and reading a newspaper or book were the two VF-14 items
that presented the greatest difficulty.
CONCLUSIONS. LHON has a severe negative impact on quality of
life and has the worst VF-14 score when compared with other
previously studied ophthalmic disorders. However, affected
LHON carriers can be reassured that their level of visual impairment is unlikely to progress with time. The VF-14 questionnaire will be a useful tool for assessing the natural history of
LHON and measuring outcome in future treatment trials. (Invest Ophthalmol Vis Sci. 2009;50:3112–3115) DOI:10.1167/
iovs.08-3166
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eber hereditary optic neuropathy (LHON; OMIM 535000;
Online Mendelian Inheritance in Man; http://www.ncbi.nlm.nih.gov/Omim/ provided in the public domain by the National Center for Biotechnology Information, Bethesda, MD) is
a mitochondrial genetic disease; more than 95% of cases arise
from one of three point mutations in the mitochondrial genome: m.3460G⬎A, m.11778G⬎A, and m.14484T⬎C.1–3 It
preferentially affects young adults in the second and third
decades of life and, among LHON carriers, males are five times
more likely to be affected than are females. It is a common
cause of inherited visual failure, affecting at least 1 in 30,000
individuals in the UK and 1 in 39,000 in the Netherlands, with
an estimated carrier rate of 1 in 300.4 – 6 Clinically, LHON is
characterized by bilateral subacute loss of central vision as a
result of focal degeneration of the retinal ganglion cell layer
within the papillomacular bundle.7 The visual prognosis is
poor, and most patients remain severely visually impaired secondary to the marked reduction in visual acuity and the dense
scotoma in their visual fields.
Quality of life describes the social, emotional, and physical
impact of illness from the patient’s perspective, and it is increasingly used by health care professionals as a more comprehensive assessment tool, especially in the setting of chronic
diseases.8 Data on the impact of mitochondrial disorders on
patient’s quality of life are limited and no study has formally
documented the level of visual handicap experienced by patients with LHON. The Visual Function Index (VF-14) was
designed for the formal assessment of functional impairment in
ocular diseases, and it is a widely used, well-validated tool that
reliably quantifies an individual’s ability to perform activities of
daily living that are reliant on normal visual parameters. The
VF-14 questionnaire was originally designed for patients undergoing cataract surgery,9,10 but it has since been applied to
other ophthalmic conditions, including amblyopia,11 nystagmus,12 age-related macular degeneration,13 retinal disease,14
myopia,15 and corneal transplantation,16 and has been administered to patients attending low-vision services.17 We present
the results of the first study to use the VF-14 questionnaire to
assess visual function in a large, multicenter cohort of affected
and unaffected LHON carriers known to harbor a primary
pathogenic mutation.

MATERIALS

AND

METHODS

Participants
The VF-14 questionnaire was conducted on 196 affected and 206
unaffected carriers (n ⫽ 402), from 125 genealogically distinct LHON
pedigrees. These families were identified from clinical databases maintained by the Mitochondrial Research Group, Newcastle University
(Newcastle-upon-Tyne; UK; n ⫽ 47), Erasmus Medical Center (Rotterdam, the Netherlands; n ⫽ 46), and Department of Neurology,
Friedrich-Baur-Institute (Munich, Germany; n ⫽ 32). Affected LHON
carriers were assessed by an experienced neurologist or ophthalmologist, and disease conversion was assigned on the basis of bilateral
visual loss, the documentation of optic nerve dysfunction and the
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presence of characteristic fundal abnormalities. In atypical cases, compressive, inflammatory, or infiltrative causes of a bilateral optic neuropathy were excluded with the relevant investigations, including
neuroimaging. All LHON carriers harbored one of the three primary
mitochondrial DNA (mtDNA) mutations—m.3460G⬎A (n ⫽ 71),
m.11778G⬎A (n ⫽ 270), or m.14484T⬎C (n ⫽ 61)—and this finding
was confirmed by molecular genetic testing involving direct mtDNA
sequencing, restriction fragment length polymorphism analysis, or
primer extension assay. With the exception of one Asian individual, all
participants were white. Total disease duration for affected individuals
was defined as the time from the first onset of visual symptoms to the
telephone interview, and unaffected LHON carriers were used as the
internal control. This study had the relevant institutional ethical approval and complied with the Declaration of Helsinki. Verbal informed
consent was also obtained from each subject before proceeding with
the questionnaire survey.

VF-14 Questionnaire
Study participants were interviewed via telephone by three investigators (MAK, AK, and ML) using the VF-14 questionnaire, which measures the ability of individuals to perform 14 vision-dependent activities of daily living and these are rated in terms of difficulty, with five
possible scores for each question: 0 (unable to do), 1 (great deal of
difficulty), 2 (moderate difficulty), 3 (little difficulty), and 4 (no difficulty). The interviewee was asked to give answers that incorporated
the use of reading glasses but not visual aids. A question was not
included if an activity was not performed by an individual for reasons
unrelated to disease status. An average score was then generated from
all the answered questions and multiplied by 25 to give a scale ranging
from 0 (worst level) to 100 (best level) of visual function. A literature
search was also performed to identify studies where the VF-14 questionnaire was used to assess functional visual impairment in other
ophthalmic disorders.

Statistical Analysis
An independent-sample t-test was used to compare the VF-14 scores
between affected and unaffected LHON carriers and for mutational
subgroup analysis. Pearson’s correlation coefficient was determined
with commercial software (SPSS ver. 15; SPSS, Chicago, IL).

RESULTS
Our LHON cohort had a mean age of onset of visual loss of 27.9
years (SD, 14.9) and a mean disease duration of 15.5 years (SD,
15.4). There was no statistically significant difference in the
age of onset among the three primary LHON mutations, but in
a minority of the 196 affected individuals, visual failure occurred after the age of 50 years (n ⫽ 18, 9.2%). Among the
affected group, 74.5% were men (n ⫽ 146), with a male to
female ratio of 2.9:1 (Table 1).
The mean VF-14 score for affected patients with LHON was
25.1 (SD, 20.8; range, 0 –95), significantly lower than the mean
VF-14 score of 97.3 (SD, 7.1; range, 25–100) for unaffected
LHON carriers (P ⬍ 0.0001; Fig. 1A). Within the affected LHON
group, patients with the m.14484T⬎C mutation had a significantly higher VF-14 score (mean, 44.2; SD, 25.7) compared
with those carrying the m.3460G⬎A and m.11778G⬎A mutations (mean, 21.8; SD, 17.9; P ⬍ 0.0001; Fig. 1B), but there was
no significant correlation between VF-14 score and disease
duration (r ⫽ 0.09, P ⫽ 0.210). The mean VF-14 score was 23.4
(SD, 19.1; 95% confidence interval [CI], 14.7–32.1) among the
21 affected individuals with a disease duration of ⱕ1 year and
25.3 (SD, 21.0; 95% CI, 22.2–28.5) among the remaining 175
affected individuals with a disease duration of ⬎1 year (P ⫽
0.694). Reading small print and reading a newspaper or book
were the two activities of daily living that caused the greatest
subjective difficulty (Table 2).

Downloaded from iovs.arvojournals.org on 06/20/2019

3113

TABLE 1. Characteristics of the Study Population

Number of individuals
m.11778G⬎A (%)
m.3460G⬎A (%)
m.14484T⬎C (%)
Total
Sex, n (%)
Male
Female
Male/female ratio
Age, y
Mean (SD)
Range
Disease duration, y
Mean (SD)
VF-14 score
Mean (SD)
Range

Affected

Unaffected

132 (67.3)
35 (17.9)
29 (14.8)
196

138 (67.0)
36 (17.5)
32 (15.5)
206

146 (74.5)
50 (25.5)
2.9

60 (29.1)
146 (70.9)
0.4

43.3 (16.9)
13–82

47.8 (14.9)
14–83

15.5 (15.4)
25.1 (20.8)
0–95

—
97.3 (7.1)
25–100

DISCUSSION
Our LHON cohort is comparable with other published epidemiologic case series, with a predominance of the m.11778G⬎A
mutation, most patients experiencing visual loss in their 20s,
and male carriers having a higher risk of visual failure than
female carriers. The male-to-female ratio of affected individuals
was slightly lower than the ratios reported in previous LHON
case series, where male carriers were on average five times
more likely to be affected than female carriers.7 This discrepancy is likely due to an ascertainment bias, with the recruitment of a proportionally larger number of affected females into
this study. This is the first study where functional visual impairment has been documented in a large group of molecularly
confirmed LHON families. Using the VF-14 questionnaire, our
findings indicate that the visual deficits in this condition have
a strong negative impact on the quality of life of LHON sufferers. Compared to previously studied inherited and acquired
ophthalmic disorders,9 –17 LHON is associated with the worst
mean VF-14 score, reflected by the fact that most of the patients with LHON interviewed in this study have been legally
registered as visually impaired with the relevant social services
(Table 3). Of interest, patients with the m.14484T⬎C mutation
had higher VF-14 scores compared with those harboring the
m.3460G⬎A and m.11778G⬎A mutations, which further supports the notion that this primary mutation carries a better
prognosis for visual recovery.18,19
There are limited data on the long-term progression of
visual function in LHON, and our findings do not suggest a
worsening of VF-14 score with increasing disease duration.
This is consistent with the personal observations made by Van
Senus21 in his extensive study of 352 patients with LHON from
27 large Dutch pedigrees. Although nearly half of his cohort
experienced a drop in their socioeconomic status, most of the
affected individuals readjusted to their new level of visual
functioning within a few years of disease onset. This outcome
is relevant for patient counseling. Affected LHON carriers can
be reassured that their level of visual impairment is unlikely to
progress with time, and with adequate visual and occupational
rehabilitation, they can remain active members of society.
However, it must be stressed that this is a preliminary observation that must be confirmed in prospective studies in which
the VF-14 score is measured at different time points in the same
individuals, with careful adjustments made for other possible
causes of visual morbidity.
Affected individuals reported the greatest level of difficulty
with reading small print, newspapers, or books, which is not
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TABLE 3. Mean VF-14 Score in LHON Compared with Other
Ophthalmic Conditions
Ophthalmic Condition

Mean VF-14

Reference

Amblyopia
Myopia
Age-related macular degeneration
Retinal diseases
Cataract surgery
Preoperative
Postoperative
Precorneal graft
CPEO
Nystagmus
Adults
Children (child’s assessment)
Children (parent’s assessment)
Low vision services
LHON

79
91
89
84

11
15
13
14
10

73
91
72–76
72
55
69
73
54–62
25

16
20
12

17
This study

surprising, given that LHON results in a dense central or centrocecal scotoma involving the 10° around fixation. Although
these patients use eccentric fixation to a certain extent, this
adaptation is not helpful with standard-sized letters. These two
VF-14 questions may therefore represent the most sensitive
markers for assessing the level of functional disability in LHON
and would offer a quick screening tool that could be applied in
a busy clinical setting.
The only other study to assess the visual impact of a mitochondrial disorder was performed on individuals with chronic
progressive external ophthalmoplegia (CPEO), which is
present in up to 20% of patients with an underlying mitochondrial genetic defect and typically presents with ptosis and the
progressive limitation of eye movements.20 Similar to LHON,
reading small print was also identified as one of the most
difficult tasks among patients with CPEO, implying that significant impairment in reading ability could be a prevalent deficit
among patients with other mitochondrial diseases. The VF-14
questionnaire is a well-validated quality of life scale with high
internal consistency9 and strong test–retest reliability,22 and it
is highly responsive to change.23,24 It provides a more accurate
picture of the true level of visual handicap than the measurement of single visual parameters, such as visual acuity, or more
generic quality-of-life scales such as the SF-36.14,22–24 Easy and
quick to administer, the VF-14 questionnaire could therefore
be used for patient assessment in conjunction with the recently developed Newcastle Mitochondrial Disease Adult Scale
(NMDAS), a semiquantitative rating scale used to monitor a

FIGURE 1. Box plot of VF-14 scores (A) for affected and unaffected
LHON carriers and (B) for affected patients with LHON subdivided by
mutational status. The whiskers represent the 95% CI; (E) outliers;
midline, median VF-14 score; box endlines: the upper and lower
quartiles, with the vertical length of the boxes indicating the interquartile range.

TABLE 2. VF-14 Responses among Affected LHON Carriers
Extent of Difficulty (%)
Question
(Number of patients applicable)

None

Little

Moderate

Great Deal

Unable to Do

Reading small print (196)
Reading a newspaper or book (196)
Writing checks or filling out forms (192)
Reading signs (195)
Doing handiwork (147)
Recognizing people (196)
Playing board games (131)
Reading a large print publication (194)
Playing sports (130)
Watching television (194)
Seeing steps or curbs or stairs (196)
Cooking (178)

1.5
2.0
4.7
2.1
3.4
3.6
11.5
10.8
23.8
5.2
9.2
23.0

2.0
1.5
1.0
3.1
5.4
4.6
4.6
7.7
5.4
4.1
12.2
16.9

3.6
5.1
7.8
8.7
15.0
8.2
17.6
7.7
15.4
12.9
20.4
27.0

7.7
9.7
19.3
21.0
29.3
38.8
22.1
36.6
21.5
53.1
37.8
21.3

85.2
81.6
67.2
65.1
46.9
44.9
44.3
37.1
33.8
24.7
20.4
11.8

The VF-14 items are ranked from highest to lowest based on the proportion of affected LHON patients reporting “unable to do.”
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patient’s disease status in relation to other organ systems commonly involved in mitochondrial diseases.25
We have demonstrated the applicability of the VF-14 questionnaire in LHON, and it should be incorporated into prospective studies documenting the natural history of this disorder. It
will also undoubtedly be a useful outcome measure to investigate the treatment effect of possible therapeutic agents in
future LHON trials. LHON is one of the commonest primary
mtDNA disorders, and it is the most frequent inherited optic
neuropathy encountered in neuro-ophthalmological practice.26 Our study confirms the significant visual impairment
caused by LHON, which affects a predominantly young and
otherwise healthy population, and highlights the urgent need
to develop effective treatment strategies, which are currently
lacking.
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