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BACKGROUND/OBJECTIVES: To compare the clinical and optical coherence tomography (OCT) characteristics of autosomal
dominant optic atrophy (ADOA) and normal tension glaucoma (NTG) in Chinese patients.
SUBJECTS/METHODS: Twenty-four unrelated patients with ADOA and 21 unrelated patients with NTG, younger than 30 years,
were enrolled in this study. Data regarding the demographic and clinical characteristics of the patients were collected, and their
peripapillary retinal nerve fibre layer (RNFL) and macular ganglion cell complex (GCC) thicknesses were evaluated using OCT.
Sequencing of genes associated with neuro-ophthalmic disorders was performed for all patients.
RESULTS: The average age at onset of the ADOA group (13.92 ± 10.73 years) was significantly younger than that of the NTG group
(23.67 ± 4.98 years, P= 0.002). Best-corrected visual acuity was significantly poorer in the ADOA group (0.75 ± 0.32) than in the NTG
group (0.16 ± 0.19, P < 0.001). The average peripapillary RNFL thickness and the RNFL thicknesses in the temporal upper, temporal
lower, and nasal lower sectors were significantly thinner in the ADOA group than in the NTG group (all P < 0.05). Moreover, the
macular GCC thickness of the ADOA group was significantly thinner than that of the NTG group (P < 0.001). Twenty-three OPA1
variants (11 novel OPA1 variants) and one OPA3 variant were detected in 24 patients with ADOA.
CONCLUSIONS: Our study revealed a distinct difference between the patterns of RNFL and GCC loss in ADOA and NTG, which will
help to differentiate ADOA from NTG in young patients. Additionally, this study expanded the genetic spectrum of ADOA.
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INTRODUCTION
Optic atrophy is a common finding in many optic neuropathies,
including hereditary optic neuropathies and glaucoma. Autosomal
dominant optic atrophy (ADOA, OMIM: 165500) is one of the most
common types of hereditary optic neuropathies [1]. ADOA
typically presents as insidious and progressive vision loss, with
temporal optic disc pallor, colour vision deficits, and central or
paracentral visual field defects [2, 3]. The prevalence of ADOA is
estimated to be between 1:10,000 and 1:30,000 worldwide [4].
OPA1 (OMIM: 605290) is the main causative gene in ADOA and is
responsible for ~60–80% of all cases of ADOA [4].
Normal tension glaucoma (NTG) is a type of primary open angle

glaucoma characterised by glaucomatous disc changes, progres-
sive peripapillary retinal nerve fibre layer (RNFL) thinning, typical
visual field defects, open anterior chamber angles, and intraocular
pressure (IOP) ≤ 21mmHg [5]. The estimated prevalence of NTG
ranges from 0.36% to 1.98% worldwide [6].
As both ADOA and NTG are characterised by the loss of retinal

ganglion cells (RGCs) and their axons, they have many overlapping
clinical manifestations and are often misdiagnosed in clinical
practice [7]. Clinically, ADOA is differentiated from NTG based on

its young age at onset, central vision loss sparing of the peripheral
fields, and family history [7, 8]. However, some patients with ADOA
may experience vision loss in adulthood, whereas some patients
with NTG may also present with visual field problems at a young
age [9]. Disc excavation of the optic nerve head (ONH) is a typical
feature of glaucoma; however, it can be also observed in ADOA
[8, 10]. Furthermore, both NTG and ADOA are characterised by
diffuse visual field loss in the advanced stages. Therefore, ADOA is
one of the most important differential diagnoses of NTG [7, 11].
Optical coherence tomography (OCT) is a common imaging

method used to investigate the loss of RGCs and their axons. Due
to the differences in mechanisms of damage to RGCs in ADOA and
NTG, the patterns of RNFL and ganglion cell complex (GCC)
thinning observed in ADOA and NTG are different. Thus, aside
from evaluating visual field defects, ONH morphology, age at
onset, and genetic testing, OCT examination may help distinguish
ADOA from NTG.
In this study, we compared the clinical manifestations and OCT

features of young patients (<30 years old) with NTG with those of
patients with ADOA. In addition, we evaluated the genetic
spectrum of Chinese ADOA patients.
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METHODS
Participants and examinations
We recruited patients diagnosed with ADOA or NTG at the Ophthalmology
Department of Eye & ENT Hospital of Fudan University between 2013 and
2020. This study was performed in accordance with the Declaration of
Helsinki and was approved by the Institutional Review Board of Eye & ENT
Hospital of Fudan University. Written informed consents were obtained
from all patients or their legal guardians.
All patients with ADOA included in this study met the following

criteria [3, 11, 12]: (1) gradual, bilateral vision loss, dyschromatopsia, (2)
optic atrophy, bilateral optic disc pallor on fundus examination, (3) optic
atrophy unexplained by any other diseases including infectious,
ischaemic, toxic, compression, metabolic etiology, and congenital
abnormalities, (4) OPA1 or OPA3 mutations identified by using gene
testing and (5) absence of other ocular disorders that could severely
affect visual acuity. The inclusion criteria for young patients with NTG
were as follows [13]: (1) glaucomatous optic disc damage and
glaucomatous visual field defects, (2) open anterior chamber angle, (3)
IOP ≤ 21 mmHg, (4) age at diagnosis ≤30 years, (5) absence of
any secondary glaucoma, absence of prior history of long-term use of
steroid drugs, ocular trauma, uveitis or any kinds of diseases with
IOP elevation, (6) absence of other ocular disorders that could severely
affect visual acuity, (7) ancillary laboratory tests with no evidence of
infectious, ischaemic, toxic, and metabolic etiology, (8) brain/orbit
MRI showing no compression lesions and (9) absence of congenital
abnormalities of optic disc development. All the NTG patients in
our cohort were evaluated by glaucoma specialists and neuro-
ophthalmologists together and were followed up for an average of 5
years to exclude other possible diseases.
The detailed medical and family histories of the participants, including

age at onset and diagnosis, symptoms at onset, and ocular manifestations,
were recorded. All patients underwent a complete ophthalmologic
examination, including measurement of best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, ophthalmoscopy, gonioscopy, colour
fundus photography, B-mode ultrasonography, and IOP measurement
(Goldmann applanation tonometer). Perimetry was performed for coop-
erative children and adults using Octopus 101 (Haag-Streit, Inc., Köniz,
Switzerland) or Humphrey Visual Field Analyzer 750 (Zeiss Humphrey
Systems, Dublin, CA, USA).

Optical coherence tomography examination
RNFL and GCC were analysed using spectral domain OCT equipment
(RTVue-XR Avanti; Optovue, Fremont, CA, USA). RNFL and GCC thickness
and cup/disc ratio (C/D ratio) parameters were calculated using the
system’s built-in software. The measured parameters included average
RNFL thickness, average RNFL thickness in each hemisphere (inferior and
superior), RNFL thickness in each regional sector (superotemporal,
inferotemporal, temporal upper, temporal lower, superonasal, inferonasal,
nasal upper, and nasal lower), average GCC thickness, average GCC
thickness in each hemisphere (inferior and superior), and C/D ratio.

Genetic analysis
Whole blood samples of all the patients in both ADOA and NTG groups
and their available first-degree relatives were collected for genomic DNA
extraction. Genetic testing was performed using next-generation sequen-
cing. A panel of 194 genes associated with hereditary neuro-ophthalmic
diseases was sequenced using the Illumina NovaSeq 6000 (Illumina, Inc.,
San Diego, CA, USA) sequencing system with 200× average depth.
Segregation in available relatives was verified using Sanger sequencing.
The reference sequences NM_015560.2 (OPA1) and NM_001017989.3

(OPA3) were used for mutation analysis. The detected mutations were
annotated using ANNOVAR [14] and the Human Gene Mutation Database
(http://www.hgmd.cf.ac.uk/ac/index.php), Clinvar (https://www.ncbi.nlm.
nih.gov/clinvar/), and 1000 Genomes Project (ftp://ftp.1000genomes.ebi.
ac.uk/vol1/ftp) databases. All detected variants were verified using Sanger
sequencing. The novel mutations were classified as pathogenic, likely
pathogenic, variant of uncertain significance, likely benign, and benign
according to the American College of Medical Genetics and Genomics
guidelines [15]. The pathogenicity of detected missense mutations was
assessed using Polymorphism Phenotyping 2 (PolyPhen2) [16] and Sorting
Intolerant from Tolerant (SIFT) [17].

Statistical analysis
Statistical analysis was performed using SPSS statistical software (version
20; SPSS Inc, Chicago, IL). Data were presented as mean ± standard
deviation. The differences between the clinical parameters of the two
groups were examined using the Mann–Whitney U test or one-way
analysis of variance according to the results of the Kolmogorov–Smirnov

Fig. 1 Clinical presentation of patients with ADOA and NTG. Patients with autosomal dominant optic atrophy (A, B) show temporal optic
disc pallor in optic disc photographs, central scotoma, mild diffuse decreases in visual sensitivity, and reduction in papillomacular bundle
thickness in optical coherence tomography (OCT) images. Patients with normal tension glaucoma (C, D) show optic nerve head cupping and
nerve fibre layer defects in optic disc photographs, nasal visual field defects, and diffuse reduction in retinal nerve fibre layer (RNFL) thickness
or asymmetric reduction in RNFL thickness in OCT images. The different colour in OCT images reflects different thickness of RNFL and
ganglion cell complex. Red colour means the thickness is outside normal, yellow colour means borderline, and green colour means within
normal. SN superonasal, NU nasal upper, NL nasal lower, IN inferonasal, IT inferotemporal, TL temporal lower, TU temporal upper, ST
superotemporal.
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test for normality. A mixed model was established using the generalised
estimating equation to compare the OCT parameters between the two
groups (corrected for measurements of two eyes). The chi-square test was
used to compare the sex distributions between the two groups. P < 0.05
was considered statistically significant.

RESULTS
Twenty-four unrelated patients with a genetic diagnosis of ADOA
and 21 unrelated young patients with NTG were enroled in this
study. The demographic and clinical features of all the patients are

summarised in Supplementary Table 1. The ADOA group had a
significantly younger mean age at onset (13.92 ± 10.73 years) than
the NTG group (23.67 ± 4.98 years, P= 0.002). There were no
significant differences in sex distribution between the two groups.
Nine patients with ADOA (9/24, 37.5%) had family histories of poor
vision or dyschromatopsia, whereas one patient with NTG (1/21,
4.8%) had a family history of glaucoma.

Ophthalmological characteristics
In the ADOA group, patients presented with reduced visual acuity
between the ages of 3 and 36 years; 58.3% (14/24) of the patients

Table 1. Comparison of the OCT parameters in eyes with ADOA or NTG.

ADOA NTG P values

Number 16 21 –

Eye 31 42 –

Age (y) 14.77 ± 10.03 26.14 ± 2.69 0.000a

Average RNFL (μm) 69.39 ± 11.35 78.96 ± 13.49 0.013b

Superonasal RNFL (μm) 97.10 ± 17.31 95.55 ± 19.04 0.766b

Nasal upper RNFL (μm) 59.35 ± 12.55 68.19 ± 21.74 0.055b

Nasal lower RNFL (μm) 51.94 ± 11.95 59.55 ± 14.32 0.042b

Inferonasal RNFL (μm) 84.52 ± 15.75 85.24 ± 16.60 0.886b

Inferotemporal RNFL (μm) 84.26 ± 20.80 91.21 ± 28.41 0.317b

Temporal lower RNFL (μm) 35.65 ± 9.51 58.33 ± 21.20 0.000b

Temporal upper RNFL (μm) 45.16 ± 21.87 66.57 ± 18.62 0.000b

Superotemporal RNFL (μm) 97.48 ± 21.26 107.19 ± 27.44 0.190b

Average GCC (μm) 60.45 ± 6.78 75.20 ± 10.57 0.000b

Superior GCC (μm) 61.64 ± 7.35 78.40 ± 12.25 0.000b

Inferior GCC (μm) 59.18 ± 7.16 71.40 ± 11.79 0.000b

Cup/Disc area ratio 0.49 ± 0.18 0.65 ± 0.19 0.005b

Cup/Disc V. area ratio 0.69 ± 0.13 0.79 ± 0.15 0.017b

Cup/Disc H. area ratio 0.74 ± 0.16 0.85 ± 0.14 0.010b

ADOA autosomal dominant optic atrophy, GCC ganglion cell complex, NTG normal tension glaucoma, OCT optical coherence tomography, RNFL retinal nerve
fibre layer.
Statistically significant P values are in bold.
aThe Mann–Whitney U test was used to compare the difference in age between the two groups.
bGeneralised estimating equation was used to compare the difference in optical coherence tomography parameters between the two groups.

Fig. 2 The retinal nerve fibre layer (RNFL) and ganglion cell complex (GCC) features using OCT in patients with ADOA and NTG. A Optical
coherence tomography (OCT) images of three patients with autosomal dominant optic atrophy (ADOA) showing reduced papillomacular
bundle thickness. B OCT images of three patients with normal tension glaucoma (NTG) showing reduced inferior RNFL and GCC thickness. The
different colour in OCT images reflects different thickness of RNFL and GCC. Red colour means the thickness is outside normal, yellow colour
means borderline, and green colour means within normal. SN superonasal, NU nasal upper, NL nasal lower, IN inferonasal, IT inferotemporal,
TL temporal lower, TU temporal upper, ST superotemporal.
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in this group had an age at onset younger than 10 years old. The
BCVA of the ADOA group (0.75 ± 0.32) was significantly poorer
than that of the NTG group (0.16 ± 0.19, P= 0.002). There were no
significant differences in IOP between the two groups. Temporal
or diffused optic disc pallor was observed in the fundus of patients
with ADOA, whereas pathological cupping of the ONH, thinning of
the neuroretinal rim, and nerve fibre layer defects were observed
in the fundus of patients with NTG. The perimetry results of the
patients with ADOA mainly showed central scotoma, paracentral

scotoma, and mild diffuse decreases in visual sensitivity. In the
NTG group, the observed visual field defects had various patterns,
including paracentral scotoma, nasal step, arcuate scotoma, and
temporal wedge (Fig. 1).

Optical coherence tomography characteristics
The patterns of the loss of RGCs and their axons were measured in
16 patients with ADOA (31 eyes) and 21 patients with NTG (42
eyes) using OCT (Table 1, Figs. 1, 2). Eight patients with ADOA did
not undergo OCT because of the lack of cooperation. RNFL
analysis showed that the thicknesses in the nasal lower, temporal
lower, and temporal upper sectors were significantly thinner in the
ADOA group (51.94 ± 11.95, 35.65 ± 9.51, and 45.16 ± 21.87 μm)
than in the NTG group (59.55 ± 14.32, 58.33 ± 21.20, and 66.57 ±
18.62 μm; P= 0.042, P < 0.001, and P < 0.001, respectively; Fig. 3).
Furthermore, the average total RNFL thickness of the ADOA group
(69.39 ± 11.35 μm) was thinner than that of the NTG group (78.96
± 13.49 μm; P= 0.013). The RNFL thicknesses in the superotem-
poral, inferotemporal, inferonasal, nasal upper, and superonasal
sectors were not significantly different between the two groups.
GCC analysis showed that the ADOA group had significantly lower
GCC thickness in all sectors of the foveal region than did the NTG
group (all P < 0.001). ONH analysis revealed that the C/D ratio of
the NTG group was significantly larger than that of the ADOA
group (P= 0.005).

Genetic analysis
All patients underwent genetic analysis using next-generation
sequencing. No mutations in OPA1/OPA3 were detected in the
NTG group. In the ADOA group, 23 pathogenic variants of OPA1
were detected in 23 patients, and 1 pathogenic variant of OPA3

Fig. 3 The retinal nerve fibre layer (RNFL) thickness of patients
with ADOA and NTG. The average RNFL thickness and sectoral
(superonasal, nasal upper, nasal lower, inferonasal, inferotemporal,
temporal lower, temporal upper, and superotemporal) RNFL thick-
ness in the autosomal dominant optic atrophy group (ADOA)
(shown in grey) and the normal tension glaucoma group (NTG)
(shown in red). Error bars indicate the standard deviation of the
mean. Asterisks indicate significance. SN superonasal, NU nasal
upper, NL nasal lower, IN inferonasal, IT inferotemporal, TL temporal
lower, TU temporal upper, ST superotemporal, AVG average. *P < 0.5;
***P < 0.001.

Table 2. Identified OPA1 and OPA3 mutations in patients with ADOA.

Gene Nucleotide changes Amino acid changes Location SIFT/PolyPhen2 ACMG category Reference

OPA1 c.320C>A p.Ser107X Exon2 NA LP Novel

OPA1 c.814delC p.Asp273Metfs*35 Exon8 NA LP Novel

OPA1 c.815T>C p.Leu272Pro Exon8 Damaging/D LP Ref. [18]

OPA1 c.869G>A p.Arg290Gln Exon8 Damaging/D P Ref. [19]

OPA1 c.871-873delGTT p.291delVal Exon9 NA LP Novel

OPA1 c.985G>T p.Val329Leu Exon10 Damaging/D LP Ref. [25]

OPA1 c.1198C>G p.Pro400Ala Exon12 Damaging/D P Ref. [21]

OPA1 c.1212+1G>A – Exon12 NA P Ref. [20]

OPA1 c.1334G>A p.Arg445His Exon14 Damaging/D P Ref. [22]

OPA1 c.1498G>T p.Ala500Ser Exon15 Damaging/D VUS Novel

OPA1 c.1516+1G>T – Exon15 NA P Ref. [12]

OPA1 c.1637T>C p.Leu546Pro Exon17 Damaging/D VUS Novel

OPA1 c.1669C>T p.Arg557X Exon17 NA P Ref. [12]

OPA1 c.1670-1671delGA p.Glu558Valfs*3 Exon17 NA LP Novel

OPA1 c.1939delG p.Gly647Glufs*24 Exon20 NA LP Novel

OPA1 c.2038G>T p.Glu680X Exon21 NA LP Novel

OPA1 c.2131C>T p.Arg711X Exon21 NA P Ref. [20]

OPA1 c.2496+1G>A – Exon24 NA LP Novel

OPA1 c.2530C>T p.His844Tyr Exon25 T/B VUS Novel

OPA1 c.2537T>A p.Leu846X Exon25 NA P Ref. [24]

OPA1 c.2708-2711delTTAG p.Val903Glyfs*3 Exon27 NA P Ref. [23]

OPA1 c.2713C>T p.Arg905X Exon27 NA P Ref. [12]

OPA1 c.2848delG p.Asp950Metfs*18 Exon28 NA VUS Novel

OPA3 c.123C>G p.Ile41Met Exon1 Damaging/D LP Ref. [26, 27]

ACMG American College of Medical Genetics and Genomics, B Benign, D Probably damaging, LP Likely pathogenic, NA Not applicable, P Pathogenic,
T Tolerated, VUS Variant of uncertain significance.
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was identified in 1 patient (Table 2). Apart from one patient
with two heterozygous OPA1 mutations (c.1516+1 G>T and
c.1498G>T), all the other patients had one heterozygous
mutation. No mitochondrial DNA mutations associated with
Leber hereditary optic neuropathy were detected in the ADOA
group. Among the 24 patients who showed genetic mutations, 2
carried de novo mutations, 9 carried heterozygous mutations
inherited from their parents, and 13 patients had no available
genetic samples from parents.
Among the 23 detected OPA1 mutations, there were 8 missense

(8/23, 34.8%), 6 frameshift (6/23, 26.1%), 6 nonsense (6/23, 26.1%),
and 3 splicing mutations (3/23, 13.0%). The frameshift mutation
c.2708_2711delTTAG (p.Val903Glyfs*3) was detected in two
patients; however, all other mutations were detected only in
one patient. Eleven of the mutations were novel, including
p.Ser107X, p.Asp273Metfs*35, p.291delVal, p.Ala500Ser, p.Leu546-
Pro, p.Glu558Valfs*3, p.Glu680X, p.Gly647Glufs*24, c.2496+1G>A,
p.His844Tyr, and p.Asp950Metfs*18, whereas the other
twelve have been reported previously [12, 18–25]. An OPA3
mutation (c.123C>G, p.Ile41Met) that has been previously
detected in three Chinese patients with ADOA was detected in
one patient in the present study [26, 27]. The PolyPhen2 and/or
SIFT prediction showed that except for the p.His844Tyr OPA1
variant, most detected missense variants were highly deleterious
to OPA1 or OPA3.

DISCUSSION
The present study compared the clinical manifestations and OCT
characteristics of ADOA and NTG to help differentiate these
conditions. In particular, patients with ADOA can be misdiagnosed
with NTG because of the similarities in the presentations between
the two diseases [28, 29].
The age at onset for the ADOA group in the present study was

13.92 ± 10.73 years and 58.3% of the patients presented with
reduced visual acuity in the first decade of life. This finding is
consistent with a previous meta-analysis, which showed that
ADOA occurred before 10 years of age in more than two-thirds of
analysed cases [9]. NTG is prevalent among adults older than 40
years; thus, young age at onset may differentiate most patients
with ADOA from those with NTG. However, the diagnosis of ADOA
may be difficult when it presents in adults. Likewise, NTG may be
difficult to diagnose when it presents in young people. Besides,
some literatures showed that the incidence of NTG was increasing
in young Asian patients [30–33]. Therefore, we enroled patients
with NTG who were younger than 30 years to determine the
differences between the features of NTG and ADOA more
accurately. Notably, although we enroled young patients with
NTG (23.67 ± 4.98 years), the average age at onset of the ADOA
group (13.92 ± 10.73 years) was still significantly younger than that
of the NTG group (P= 0.002).
Most patients with ADOA presented to our clinic with poor

BCVA (0.75 ± 0.32) and complained of vision loss. However, most
patients with NTG visited our clinic for suspected glaucomatous
ONH damage noted in regular health examinations. The BCVA
of the NTG group (0.16 ± 0.19) was significantly better than
that of the ADOA group (0.75 ± 0.32) (P= 0.002). The poor
BCVA observed in patients with ADOA is caused by the
impairment of the papillomacular bundle in the early stage of
the disease [34].
ADOA and NTG have distinct characteristic fundus manifesta-

tions. In the present study, the patients with ADOA often
presented with temporal or total optic disc pallor, whereas those
with NTG frequently showed pathological ONH cupping, thinning
of the neuroretinal rim, and nerve fibre layer defects. However, the
disc morphology of some patients with ADOA also showed a C/D
ratio > 0.5 and/or deep excavation, which might confuse the
clinical diagnosis of the disease [8]. Thus, we evaluated the OCT

features of the patients to reveal the differences between the
two diseases.
OCT is useful for the quantitative assessment of RNFL and GCC

thickness in all sectors. However, the differences in OCT features
between ADOA and NTG have not been investigated. ADOA
predominantly involves damage to the macular RGCs and
papillomacular bundle [35]. Therefore, patients with ADOA often
present with diffuse GCC thinning and reduction in RNFL thickness
in the temporal quadrant during OCT examination [36–39]. Mean-
while, glaucomatous damage of the arcuate bundles and macular
often occurs early in NTG [40, 41]. Reduction in RNFL thickness in the
inferotemporal segment or the inferior quadrant has been reported
to be the best indicator for early detection of glaucoma [42, 43];
moreover, early changes in macular thickness can be observed in
NTG using OCT [40]. These differential patterns of RNFL and GCC
thinning in ADOA and NTG result from the different mechanisms of
damage to the RGC in the two diseases. The pathogenesis of ADOA
includes the mitochondrial dysfunction of RGCs [2, 3], and the main
mechanisms of glaucomatous neurodegeneration in NTG include a
lower tolerance of normal IOP, vascular dysregulation, and high
translaminar pressure gradient [44]. In the present study, a
significant reduction in the average RNFL thickness and RNFL
thicknesses in the nasal lower, temporal lower, and temporal
upper sectors was observed in patients with ADOA compared with
patients with NTG. The diffuse thinning of the macular GCC can also
differentiate ADOA from NTG. Therefore, observation of RNFL
thinning in the temporal lower, temporal upper, and nasal lower
sectors along with GCC thinning on OCT might indicate ADOA.
Regarding perimetry, the patients with ADOA in the present study

often presented with central or paracentral scotoma but rarely
presented with peripheral visual field defects. Mild diffuse decrease
in visual sensitivity was also common among the patients with
ADOA, even in those with severe RNFL defects observed on OCT
images. The mismatch between visual field defects and OCT features
is an important indicator of ADOA. In the NTG group, the visual field
defects were often consistent with RNFL thinning seen on OCT
images. The patients often presented with peripheral visual field
defects in the early stage of the disease. Therefore, the combined
analysis of visual field and OCT examination results is essential for
the differentiation of ADOA from NTG.
To date, 13 genes or loci have been identified to cause ADOA

(https://www.omim.org/). OPA1 and OPA3 are the two most
common causative genes. OPA1 is responsible for approximately
60%–80% of all ADOA cases [4]. In the present study, 23 OPA1
variants and 1 OPA3 variant were detected in 24 patients with
ADOA. The OPA1 gene, located on chromosome 3q29, comprises
32 coding exons and has 8 isoforms (https://www.ncbi.nlm.nih.
gov/gene/4976) [20]. As a dynamin-related GTPase protein, OPA1
plays a key role in maintaining the mitochondrial structure and
function [2, 3]. To date, more than 400 OPA1 variants have been
identified [34]. Haploinsufficiency is the main pathogenic mechan-
ism of OPA1 variants. OPA1 variants can impact mitochondrial
fusion, cristae structure remodelling, mitochondrial respiration
activity, and control of apoptosis [2, 3, 34]. Among the 23 OPA1
mutations detected in the present study, 52.2% (12/23, 6
frameshift mutations and 6 nonsense mutations) induced
premature translation termination and resulted in haploinsuffi-
ciency. These variants could be harmful to OPA1 transcription and
translation and ultimately damage mitochondrial function. The hot
spot mutation c.2708_2711delTTAG, which was detected in
approximately 17% of cases in the eOPA1 database [2], was also
detected in two of the patients in the present study. Except for
c.2708_2711delTTAG, all other variants were detected only in one
patient each, consistent with previous studies, indicating that OPA1
mutations are mostly family-specific [2, 34]. Although OPA1
polymorphisms are reported to be associated with NTG in
Caucasians [45–47], the relationship could not be consistently
replicated in other studies [48, 49]. The contribution of OPA1 to the
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pathogenesis of NTG is still unclear. OPA3, which is an outer
mitochondrial membrane lipid metabolism regulator, is another
gene that causes ADOA. To date, five OPA3 variants have been
detected in six Chinese patients [26, 27]. Interestingly, the OPA3
variant (c.123C>G) detected in one of the patients in the present
study has been previously detected in three Chinese patients
[26, 27]. The OPA3 variant could harm the normal function of OPA3,
including maintenance of energy metabolism and balancing of
apoptosis [3]. Genetic testing is essential for the differentiation of
ADOA from NTG when the clinical diagnosis is difficult.
In conclusion, this study demonstrated that the average RNFL

thickness and RNFL thicknesses in the temporal lower, temporal
upper, and nasal lower sectors were thinner in patients with ADOA
than in those with NTG. Additionally, GCC thickness was more likely
to be reduced in ADOA than in NTG. The differences in OCT features
between the two diseases may assist in their differential diagnoses.
This study also presented the genetic spectrum of Chinese patients
with ADOA. Due to the overlapping clinical features of ADOA and
NTG, genetic testing and complete ophthalmic examinations should
be performed in patients suspected to have ADOA or young
patients suspected to have NTG.

SUMMARY

What was known before

● ADOA is an important differential diagnosis of NTG.
● They have many overlapping clinical manifestations and are

often misdiagnosed in clinical practice.

What this study adds

● Our study revealed a distinct difference between the patterns
of RNFL and GCC loss in ADOA and NTG, which will help to
differentiate ADOA from NTG in young patients.

● Additionally, this study expanded the genetic spectrum
of ADOA.
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