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Abstract

iNTrOducTiON

Visual loss is one of the highly feared complications of 
neurological disorders. According to a population‑based survey, 
optic atrophy is one of the five major causes of complete 
vision loss, constituting a prevalence of 0.8%–5%  globally 
and 11% in India.[1] Evaluation of painless progressive visual 
loss with ensuing optic atrophy poses a huge challenge. Leber 
hereditary optic neuropathy (LHON) is a maternally inherited, 
mitochondrial disorder characterized by bilateral, acute, or 
sub‑acute, painless loss of central vision typically presenting 
between 15 and 35 years  of age.[2,3] Males are predominantly 
affected but the disorder may also be seen in females, though 
rarely (males‑to‑female ratio = 3:1).[3,4] A definitive diagnosis 
requires meticulous exclusion of acquired inflammatory, 
infective, compressive, toxic, and nutritional causes supplanted 
by a genetic study. While the exact prevalence of LHON is not 
known, it was estimated to be 13.57 per 10,000 patients or 1:737 
in a south Indian cohort[5,6] (95% CI 10.23–17.66 per 10,000) and 
1 in 50,000 in a study group from northeast England.[4] Although 
the three mutations G11778A, T14484C, and G3460A contribute 
to > 95% of LHON cases globally,[4] the relative frequency of 
each mutation varies.[7,8] The mutations of complex I of the 
mitochondrial oxidative phosphorylation pathway elevates 
the oxidative stress and decreases the production of adenosine 
triphosphate (ATP) production which eventually results in 

retinal ganglion cell (RGC) apoptosis.[3,9] This disrupts the 
visual signaling pathways of RGCs, resulting in extreme vision 
damage that causes blindness. Limited literature is available on 
the natural profile of LHON. We present the clinical profile of 
LHON patients from a north Indian tertiary care center.

MaTerials aNd MeThOds

This was a hospital‑based ambispective cohort study carried out 
in a tertiary care hospital in north India. A total of 161 patients 
presenting with the clinical diagnosis of LHON were screened 
for the three known mitochondrial mutations (G1178A, 
G3460A, and T14448C). The data of patients reported to have 
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positive and negative mitochondrial mutations was collected 
and assessed in detail [Table 1]. All the patients (with positive 
and negative mutations) were underwent workup for secondary 
causes of optic neuropathy like infectious, inflammatory, or 
ischemic optic neuropathies. Other differentials like vision loss 
secondary to raised intracranial pressure, metabolic or toxic 
or nutritional causes were adequately ruled out before making 
the diagnosis of LHON.

Detailed history and findings on clinical, ophthalmological, 
and neurological examinations were assessed. Special attention 

was given to best‑corrected visual acuity (BCVA) using Snellen 
charts, color vision testing using Ishihara plates, direct or indirect 
ophthalmoscopy, automated perimetry (using Humphery 
field analyzer), and fundus fluorescein angiography (FFA). 
The diagnosis of LHON was based on the typical history 
of painless progressive sequential or bilateral loss of vision, 
central (or ceco‑central) visual field loss, primary optic 
atrophy (optic disc edema may be present in acute stages), 
peripapillary telangiectatic vessels with or without tortuosity 
of retinal arterioles and absence of leak at optic disc on FFA 
and/or presence of one of the three known LHON mutations. 

Table 1: Clinical characteristics of Leber hereditary optic neuropathy (LHON)

Clinical characteristics (n=73) Patients with Positive Mutations (%) Patients with Negative Mutations (%)
Median (IQR) age in years 20 (17, 32) 32 (24,45)
Mean (SD) age in years 23.82 (10.12) 34.8 (12.87)
Age group (years) at presentation

<15 01 (4.35) 01 (2)
15‑20 12 (52.17) 05 (10)
21‑25 04 (17.39) 08 (16)
26‑30 00 (00) 05 (10)
31‑35 02 (8.70) 10 (20)
36‑40 01 (4.35) 05 (10)
41‑45 02 (8.7) 04 (8)
>45 01 (4.35) 12 (24)

Sex
Male 17 (73.91) 40 (80)
Female 06 (26.09) 10 (20)

Marital status
Unmarried 18 (78.26) 15 (30)
Married 05 (21.74) 35 (70)

Age group (years) at onset
10‑15 07 (30.43) 09 (18)
16‑20 09 (39.13) 05 (10)
21‑25 03 (13.04) 09 (18)
26‑30 02 (8.70) 06 (12)
31‑35 01 (4.35) 07 (14)
36‑40 00 (00) 03 (6)
41‑45 00 (00) 02 (4)
>45 01 (4.35) 09 (18)

Nature of onset
Sub‑acute 17 (73.91) 42 (84)
Acute 06 (26.09) 08 (16)

Sequential
Sequential 14 (60.87) 21 (42)
Simultaneous 9 (39.13) 29 (58)

Family history
Present 09 (39.13) 08 (16)

Visual acuity
Normal 01 (2.17) 02 (2)
Mild (6/6‑6/18) 01 (2.17) 10 (10)
Moderate (6/24‑6/60) 14 (30.44) 41 (41)
Severe (worse than 6/60) 30 (65.22) 47 (47)

Type of mutation
G11778A/ND4 13 (56.52) 00
T14484C/ND6 08 (34.78) 00
G3460A/ND1 02 (8.7) 00
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Compressive, infiltrative, toxic, nutritional, and inflammatory 
causes of visual loss that may phenotypically mimic LHON 
were meticulously excluded. Visual loss was graded as 
mild (6/6 to 6/18), moderate (6/24 to 6/60), and severe (worse 
than 6/60) for ease of interpretation of data. The collected 5 ml 
of blood sample from patients was stored in an EDTA vacutainer 
at −20°C degrees. The blood sample was collected during the 
first visit of the patient. Blood samples were mixed with 30 ml 
of erythrocyte lysis buffer (ELB) and incubated for 30 minutes 
followed by centrifugation at 3000 rpm for 10 minutes. After 
discarding the supernatant, the process was repeated. After 
discarding the resulting supernatant, the DNA pellet was 
mixed with 5 ml ELB + 530 ml 20% SDS + 60 ml proteinase 
K 28 ml (20mg/ml). This was followed by the addition of 0.1 
vol. 5 M NaCl (1060 µl) + equal vol. of isopropanol. DNA 
thus obtained was transferred in Eppendorf  with 70% alcohol 
followed by incubation, centrifugation at 13,000 rpm, repeat 
washes, and incubations. The DNA thus extracted was subjected 
to detection of mutations using namely 3460 G to A, 11778 G 
to A, and 14484 T to C in the ND4, ND1, and ND6 subunit 
genes, respectively.

resulTs

Out of 161 patients in the study, 23 (14.3%) tested positive for 
LHON mutations. Among the remaining patients with negative 
LHON mutations, complete clinical data of only 50 patients 
could be retrieved. The comparison of the clinical profile 
of 73 patients with both positive and negative mutations is 
presented in Table 1.

Mutation-positive patients
The majority of patients harbored G11778A mutation (56.52%) 
of ND4 subunit followed by T14484C (34.78%) of ND6 
subunit of complex I. G3460A mutation of ND1 was seen in 
only 2 patients (8.69%) in our study cohort. The mean age at 
presentation was 23.82 ± 10.12 years and the mean age at onset 
of symptoms was 20.6 ± 7.69 years [Table 1]. The male‑to‑female 
ratio was 3:1 with 17 males and 6 females. No difference in clinical 
features such as age at onset, duration since diagnosis, nature of 
onset (acute/sub‑acute), visual acuity, and pain at presentation was 
noted between either group. In this cohort, 17 patients (73.91%) 
had sub‑acute onset of symptoms. All patients had bilateral 
progressive and painless visual loss. A total of 46 eyes of 
23 patients were studied. Of these, 30 eyes (65.22%) had severe 
visual loss, 14 eyes (30.44%) had moderate and 1 eye (2.17%) 
had mild visual loss. Only one eye (2.17%) had normal vision. 
The sequential loss of vision was seen in 14 patients (60.87%) 
and 9 patients (39.13%) presented with simultaneous visual 
loss in both eyes [Table 1]. Most of the patients presented 
with central, ceco‑central or whole‑field visual field loss. Only 
9 patients (39.13%) had a positive family history [Table 1].

Mutation negative patients
The patients in this cohort were older than the patients 
with positive mutations, with mean age of presentation 
being 34.8 ± 12.87 years and mean age of onset being 

29 ± 13.27 years. The male‑to‑female ratio was 4:1 which was 
lower than that of the cohort with positive mutations. Onset 
of symptoms was sub‑acute in 42 patients (84%). Similar to 
the cohort with positive mutations, visual loss was bilateral 
in all the patients. A total of 100 eyes of 50 mutation‑negative 
LHON patients were studied. The severity of visual loss in 
this group was also similar to that of the mutation‑positive 
group. Forty‑seven eyes (47%) had severe visual loss and 
41 (41%) had moderate visual loss [Table 1]. It was noted 
that the majority of the eyes (29, 58%) were simultaneously 
involved in the mutation‑negative group [Table 1]. The visual 
field deficits were similar in mutation‑positive patients.

Mean serum lactate levels in patients was 0.89 ± 0.39 
(mmol/l) (normal range: 0.25–1.1 mmol/l).

discussiON

Patients in mutation‑positive cohort were younger in 
age at presentation when compared to mutation‑negative 
patients (23.82 ± 10.12 vs. 34.8 ± 12.87).[10,11] While the data 
on the three commonly known mutations is abundant, limited 
literature is available on other uncommonly found mutations. 
Delayed age at presentation can be a feature of patients with 
mutations other than the ones carried out in our study. In a 
study by Poincenot et al.,[4] the median age at presentation in 
the cohort from northeast England was 20 years for males and 
30 years for females, and the male‑to‑female ratio was 3:1. 
Similarly, the age at presentation in a Danish and an Australian 
study group was 25 years (median) and 26 years (mean), 
respectively.[5,11,12]

The male preponderance in cohorts with positive and 
negative mutations (73.91% and 80%, respectively) and with 
a male‑to‑female ratio of 3:1 and 4:1, respectively, depicts 
the well‑known gender bias for the development of LHON. 
Mitochondrial inheritance and the role of an X‑linked modifier 
gene have been postulated for the existent gender bias in 
LHON.[13–16] It is interesting to note that 6 (26.09%) and 
10 (20%) patients were female in the cohorts with positive 
and negative mutations, respectively. This indicates that 
both genetic and environmental factors are crucial for the 
phenotypic expression of the disease. The inheritance of the 
nuclear modifier locus which regulates the expression of 
mitochondrial genes may play a role in the development of 
the disease in female patients.[13,15]

Khanh Vu et al.[17] noted that a small subgroup of patients 
can present with acute visual loss and LHON should be 
considered as a differential diagnosis in patients presenting 
with acute‑to‑subacute optic neuropathy who are refractory 
to conventional treatment like steroids. The majority of the 
patients (73.91% and 84%, respectively) in our study presented 
with sub‑acute vision loss in both the cohorts with positive and 
negative mutations.

While a sequential visual loss is a rule in patients presenting 
with LHON, patients may present with simultaneous loss of 
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vision from both eyes.[18] Only 9 patients (39.13%) presented 
with simultaneous involvement of the eyes in our cohort with 
positive mutations. However, in the cohort with negative 
mutations, 29 patients (58%) presented with simultaneous 
involvement of the eyes.

Of all LHON patients in our study 14.3% patients tested 
positive for the three commonly known LHON mutations. Of 
these, 56.52% were homoplasmic for G11778A/ND4 mutation, 
34.78% for T14484C/ND6 mutation, and 8.7% for G3460A/
ND1 mutation. This data is comparable to the available 
literature.[4] Poincenot et al.[4] reported that G11778A has a 
higher frequency as compared to the other two mutations. 
Amongst the patients who had a positive family history, 
G1778A and T14484C mutations were found to be common. 
Mackey et al.[12] suggested that up to 60%–70% of patients of 
northern European descent harbor G11778A/ND4 mutation. In 
a study by Puomila et al.,[19] 67% patients were found to harbor 
G11778A/ND4 mutation in the Finland population followed 
by T14484C/ND1 (11%) and G3460A (3%).

According to Mashima et al.[20] and Jia et al.,[21] T14484C/
ND6 is present in about 90% of patients with Asian descent. 
T14484C/ND6 is predominant in patients of French‑Canadian 
descent also.[8] In a study by Sundaresan et al.[22] in the 
south Indian population, G11778A mutation was found in 
9 patients (10%) followed by T14484C mutation in three 
patients (25.6%). Similarly, Mishra et al. noted that the 
most commonly found mutation was G11778aA (followed 
by T14484C) in their north Indian study cohort.[23,24] In our 
data, the most common mutation was G11778A followed by 
T11778A. G3460A was the least common and was found in 
only two patients.

The low frequency (14.3%) of positive LHON mutations in 
the Indian population questions the utility of this test to rule 
out LHON in patients who present with a typical history 
and clinical features. The reason for the low frequency of 
primary mutations in our study could be multi‑factorial. The 
mitochondrial abnormalities may be more concentrated in 
the optic nerves with the presence of low levels in peripheral 
blood due to tissue mosaicism.[25–27] These low levels of 
mutational load could escape detection with polymerase 
chain reaction (PCR) amplification on peripheral blood. 
Alternatively, one of the rare mitochondrial mutations 
described in the literature may be responsible for the 
disease in the Indian population.[8,28] Detecting these 
mutations would entail whole mitochondrial genome 
sequencing of LHON patients comprising a larger cohort. 
Even when such rare or non‑synonymous mutations are 
detected, determining causation versus association is 
highly challenging.[29,30] Moreover, mechanisms other than 
mitochondrial etiology may be responsible for the visual 
loss in patients who tested negative for the primary LHON 
mutations. A different set of mutations may be responsible 
for LHON in patients from the Indian subcontinent. Existing 
literature also recognizes other less common mutations 

associated with LHON. Testing of these mutations is usually 
done in research settings.

The present study had limitations in the form of being a small 
ambispective cohort. Testing for only three commonly known 
mitochondrial mutations may have missed less frequent 
mutations responsible for LHON. Whole mitochondrial 
genome sequencing may aid in recognizing the lesser‑known 
mitochondrial mutations in these patients. Keeping in mind the 
limited positivity rate of various mutations in LHON, clinical 
criteria need to be evolved.

suMMary aNd cONclusiONs

The present study conducted in a tertiary care center in north 
India was a hospital‑based ambispective cohort study to 
characterize the clinical profile of LHON patients and to detect 
the frequency of well‑known LHON mutations in the study 
population. The clinical characteristics of our cohort of LHON 
patients were similar to the published literature from India and 
across the globally. Our cohort conspicuously stood out due 
to its low frequency of the well‑known LHON mutations that 
are frequently detected in studies published from Caucasian 
populations. The low frequency of these well‑known mutations 
in the Indian population questions its utility to rule out LHON 
in Indian patients with typical clinical presentation.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

refereNces
1. Ahmad SS, Kanukollu VM. Optic Atrophy. In StatPearls. Treasure 

Island (FL):2022.
2. Zuccarelli M, Vella‑Szijj J, Serracino‑Inglott A, Borg JJ. Treatment 

of Leber’s hereditary optic neuropathy: An overview of recent 
developments. Eur J Ophthalmol 2020;30:1220‑7.

3. Manickam AH, Michael MJ, Ramasamy S. Mitochondrial genetics and 
therapeutic overview of Leber’s hereditary optic neuropathy. Indian J 
Ophthalmol 2017;65:1087‑92.

4. Poincenot L, Pearson AL, Karanjia R. Demographics of a large 
international population of patients affected by Leber’s hereditary optic 
neuropathy. Ophthalmology 2020;127:679‑88.

5. Rosenberg T, Nørby S, Schwartz M, Saillard J, Magalhães PJ, Leroy D, 
et al. Prevalence and Genetics of Leber Hereditary Optic Neuropathy in 
the Danish Population. Invest Ophthalmol Vis Sci 2016;57:1370‑5.

6. Gowri P, Kumar SM, Vanniarajan A, Bharanidharan D, Sundaresan P. 
A hospital‑based five‑year prospective study on the prevalence of 
Leber’s hereditary optic neuropathy with genetic confirmation. Mol Vis 
2020;26:789‑96.

7. Lu Q, Guo Y, Yi J, Deng X, Yang Z, Yuan X, et al. Identification of an 
ND4 mutation in leber hereditary optic neuropathy. Optom Vis Sci Off 
Publ Am Acad Optom 2017;94:1090‑4.

8. Dai Y, Wang C, Nie Z, Han J, Chen T, Zhao X, et al. Mutation analysis of 
Leber’s hereditary optic neuropathy using a multi‑gene panel. Biomed 
Rep 2018;8:51‑8.

9. Mohana Devi S, Abishek Kumar B, Mahalaxmi I, Balachandar V. 
Leber’s hereditary optic neuropathy: Current approaches and future 
perspectives on Mesenchymal stem cell‑mediated rescue. Mitochondrion 
2021;60:201‑18.

10. Sanchez MIGL, Kearns LS, Staffieri SE, Clarke L, McGuinness MB, 



Wilson, et al.: Leber hereditary optic neuropathy

 Annals of Indian Academy of Neurology ¦ Volume 25 ¦ Supplement 2 ¦ 2022 S69

Meteoukki W, et al. Establishing risk of vision loss in Leber hereditary 
optic neuropathy. Am J Hum Genet 2021;108:2159‑70.

11. Yu‑Wai‑Man P, Chinnery PF. Leber hereditary optic neuropathy. J Med 
Genet 2021;39:162‑9.

12. Mackey DA, Buttery RG. Leber hereditary optic neuropathy in 
Australia. Aust N Z J Ophthalmol 1992;20:177‑84.

13. Ji Y, Jia X, Li S, Xiao X, Guo X, Zhang Q. Evaluation of the X‑linked 
modifier loci for Leber hereditary optic neuropathy with the G11778A 
mutation in Chinese. Mol Vis 2010;16:416‑24.

14. Shankar SP, Fingert JH, Carelli V, Valentino ML, King TM, Daiger SP, 
et al. Evidence for a novel x‑linked modifier locus for leber hereditary 
optic neuropathy. Ophthalmic Genet 2008;29:17‑24.

15. Hudson G, Keers S, Man PYW, Griffiths P, Huoponen K, Savontaus ML, 
et al. Identification of an X‑chromosomal locus and haplotype 
modulating the phenotype of a mitochondrial DNA disorder. Am J Hum 
Genet 2005;77:1086‑91.

16. Harding AE, Sweeney MG, Govan GG, Riordan‑Eva P. Pedigree 
analysis in Leber hereditary optic neuropathy families with a pathogenic 
mtDNA mutation. Am J Hum Genet 1995;57:77‑86.

17. Khanh Vu TH, Zhu R, Yang L, Chen DF. Optic nerve structure and 
pathologies. In: McManus LM, Mitchell RN, editors. Pathobiology of 
Human Disease. San Diego: Academic Press; 2014. p. 2115‑25.

18. Shemesh A, Sood G, Margolin E. Leber Hereditary Optic Neuropathy 
(LHON). In StatPearls. Treasure Island (FL): 2022.

19. Puomila A, Hämäläinen P, Kivioja S, Savontaus ML, Koivumäki S, 
Huoponen K, et al. Epidemiology and penetrance of Leber hereditary 
optic neuropathy in Finland. Eur J Hum Genet 2007;15:1079‑89.

20. Mashima Y, Yamada K, Wakakura M, Kigasawa K, Kudoh J, Shimizu N, 
et al. Spectrum of pathogenic mitochondrial DNA mutations and clinical 
features in Japanese families with Leber’s hereditary optic neuropathy. 
Curr Eye Res 1998;17:403‑8.

21. Jia X, Li S, Xiao X, Guo X, Zhang Q. Molecular epidemiology of 

mtDNA mutations in 903 Chinese families suspected with Leber 
hereditary optic neuropathy. J Hum Genet 2006;51:851‑6.

22. Sundaresan P, Kumar SM, Thompson S, Fingert JH. Reduced frequency 
of known mutations in a cohort of LHON patients from India. 
Ophthalmic Genet 2010;31:196‑9.

23. Mishra A, Devi S, Saxena R, Gupta N, Kabra M, Chowdhury MR. 
Frequency of primary mutations of Leber’s hereditary optic 
neuropathy patients in North Indian population. Indian J Ophthalmol 
2017;65:1156‑60.

24. Carelli V, Chan DC. Mitochondrial DNA: Impacting central and 
peripheral nervous systems. Neuron. 2014;84:1126‑42.

25. Howell N, Xu M, Halvorson S, Bodis‑Wollner I, Sherman J. 
A heteroplasmic LHON family: Tissue distribution and transmission of 
the 11778 mutation. Am J Hum Genet 1994;55203‑6.

26. Smith KH, Johns DR, Heher KL, Miller NR. Heteroplasmy in 
Leber’s hereditary optic neuropathy. Arch Ophthalmol Chic Ill 
1960 1993;111:1486‑90.

27. Gropman A, Chen TJ, Perng CL, Krasnewich D, Chernoff E, Tifft C, 
et al. Variable clinical manifestation of homoplasmic G14459A 
mitochondrial DNA mutation. Am J Med Genet A 2004;124A: 377‑82.

28. Brown MD, Zhadanov S, Allen JC, Hosseini S, Newman NJ, 
Atamonov VV, et al. Novel mtDNA mutations and oxidative 
phosphorylation dysfunction in Russian LHON families. Hum Genet 
2001;109:33‑9.

29. Horvath J, Horvath R, Karcagi V, Komoly S, Johns DR. Sequence 
analysis of Hungarian LHON patients not carrying the common primary 
mutations. J Inherit Metab Dis 2002;25:323‑4.

30. Leo‑Kottler B, Luberichs J, Besch D, Christ‑Adler M, Fauser S. Leber’s 
hereditary optic neuropathy: Clinical and molecular genetic results in a 
patient with a point mutation at np T11253C (isoleucine to threonine) 
in the ND4 gene and spontaneous recovery. Graefes Arch Clin Exp 
Ophthalmol 2002;240:758‑64.


