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Abstract 

Background  The pathophysiology of toxico-nutritional optic neuropathies remains debated, with no clear under‑
standing of the respective roles played by the direct alcohol toxicity, smoking and the often associated vitamin 
deficiencies, which are risk factors for optic neuropathy. Our aim was to investigate genetic susceptibility in patients 
with bilateral infraclinical optic neuropathy associated with chronic alcohol use disorder.

Methods  This retrospective cohort study included 102 visually asymptomatic patients with documented alcohol use 
disorder from a French reference center. Optic neuropathy was identified with optical coherence tomography (OCT), 
after which genetic susceptibility in the group of affected patients was investigated. Genetic testing was performed 
using panel sequencing of 87 nuclear genes and complete mitochondrial DNA sequencing.

Results  Optic neuropathy was detected in 36% (37/102) of the included patients. Genetic testing of affected 
patients disclosed two patients (2/30, 6.7%) with optic neuropathy associated with pathogenic variants affecting 
the SPG7 gene and five patients (5/30, 16.7%) who harbored variants of uncertain significance close to probable 
pathogenicity in the genes WFS1, LOXL1, MMP19, NR2F1 and PMPCA. No pathogenic mitochondrial DNA variants were 
found in this group.

Conclusions  OCT can detect presence of asymptomatic optic neuropathy in patients with chronic alcohol use 
disorder. Furthermore, genetic susceptibility to optic neuropathy in this setting is found in almost a quarter of affected 
patients. Further studies may clarify the role of preventative measures in patients who might be predisposed to avoid‑
able visual loss and blindness.
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Introduction
Optic nerve damage associated with alcohol consump-
tion was described at the end of the nineteenth century, 
giving rise to the concept of “tobacco-alcohol amblyo-
pia” [1]. The pathophysiology of this disorder is still the 
subject of debate and there is no clear understanding of 
the respective roles played by the direct alcohol toxicity, 
smoking and the often associated nutritional disorders, 
which are risk factors for optic neuropathy [2, 3]. Similar 
phenotypes of optic neuropathy were reported in associ-
ation with severe malnutrition during the Second World 
War, in prisoners of war in Vietnam, and, more recently, 
after prolonged vegan diets without vitamin supplemen-
tation [4, 5]. The optic neuropathy epidemic in Cuba 
(1991–1993) is an example of the intertwining of the 
different mechanisms involved, i.e., deficiencies of both 
folate and B12, as well as exposure to cyanide and metha-
nol [6, 7]. For these reasons and because visual recovery 
may occur after cessation of alcohol consumption and 
vitamin B supplementation, the term “tobacco-alcohol 
amblyopia” has been replaced by the term “nutritional 
optic neuropathy”, suggesting that nutritional factors may 
play a preponderant role in its pathophysiology. Surpris-
ingly, however, optic neuropathy can occur in this setting 
even in the absence of a proven vitamin deficiency [8, 9].

Clinically, patients with this potentially blinding optic 
neuropathy present with bilateral, progressive, and pain-
less visual loss, red-green dyschromatopsia, and central 
or caeco-central scotomata. At early stages, the fundus 
examination is typically normal, but over time, the optic 
nerve heads become bilaterally pale, eventually progress-
ing to optic nerve atrophy. Visual evoked potentials show 
conduction damage in the optic nerves, with a decrease 
in amplitude and/or an increase in latency of the P100 
wave [10]. Its diagnosis requires prior exclusion of other 
causes, including optic nerve compression, inflammation, 
infection and drug toxicity (ethambutol, disulfiram, etc.).

The hypothesis, according to which reactive oxygen 
species accumulates at the origin of an oxidative stress, 
leading to retinal ganglion cell apoptosis, has recently 
been evoked to describe a common mechanism for the 
diverse causes of optic neuropathies, including those 
related to alcohol toxicity [11]. This is consistent with 
the fact that smoking and heavy alcohol intake might 
be associated factors in patients with Leber’s hereditary 
optic neuropathy (LHON) due to mitochondrial DNA 
mutations [12]. Recent data also suggest that alcohol and 
tobacco intoxication is more frequent in symptomatic 
LHON patients, compared to both asymptomatic carriers 
and the general population [13]. As LHON and tobacco-
alcohol amblyopia share common features, it has been 
proposed that patients with the latter phenotype should 
be investigated for LHON mutations [14, 15]. Lastly, it 

has been recently reported that increased alcohol con-
sumption during lock-down periods of Covid-19 has pre-
cipitated the development of severe optic neuropathy in 
patients with LHON variants [16]. Taken together, these 
arguments suggest that alcohol might be an important 
environmental factor that might affect the penetrance of 
LHON. In summary, the co-occurrence of alcohol intoxi-
cation and LHON raises the question of a more gen-
eral genetic contribution to the toxico-nutritional optic 
neuropathies.

The objectives of this study were (1) to estimate the 
prevalence of retinal neuronal and axonal loss as meas-
ured with optical coherence tomography (OCT) in 
patients with documented alcohol use disorder (AUD); 
and (2) to investigate a possible genetic susceptibility to 
optic neuropathy in this group of patients, using routine 
sequencing panels of nuclear and mitochondrial genes 
responsible for hereditary optic neuropathies.

Materials and methods
Ethics statement
This retrospective study was carried out in accordance 
with the ethical recommendations of the Declaration of 
Helsinki. It obtained a favorable opinion from the Ethics 
Committee of the University Hospital of Angers, France, 
under the reference 2020/149. Data from the routine care 
of patients followed for alcohol intoxication were col-
lected and retrospectively analyzed. The genetic analy-
ses, carried out as part of routine etiological diagnosis 
of optic neuropathy, were performed after obtaining 
patients’ informed consent.

Study participants
We collected health data from 102 patients consecutively 
enrolled over six months (between May and Novem-
ber 2019), in a dedicated AUD unit in the Psychiatry 
and Addictology Department of the University Hospi-
tal Center of Angers, France. All included patients (age 
21.5–62.3 years) were diagnosed with AUD according to 
the diagnostic criteria of the Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition (DSM-5). None 
of the included patients reported visual symptoms. Their 
optic nerve structure was, however, systematically evalu-
ated, using OCT in order to detect retinal neuronal and 
axonal loss, suggestive of an infraclinical optic neuropa-
thy. Patients with previously known or concurrent asso-
ciated retinopathies or optic neuropathies were excluded 
from the study.

Ophtalmic investigations used OCT imaging centered 
on the optic discs (Topcon DRI Triton Swept-Source 
OCT), aiming to measure the thickness of both the gan-
glion cell complex (GCC) and the peripapillary retinal 
fiber layer (RNFL). As age leads to a reduction in the 
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amount of GCC, an adjustment was made by the device 
using linear regression. Depending on the OCT find-
ings, included patients were divided into two groups: (1) 
a group of patients with retinal neuronal loss, defined as 
thinning of the average GCC in at least one eye, com-
pared to the normative data; and (2) a group of patients 
without retinal neuronal loss, if the OCT results were 
within normal limits in both eyes. All patients in the 
“optic neuropathy group” underwent a complete clinical 
ophthalmic examination, including evaluation of the best 
corrected visual acuity, intraocular pressure and a formal 
visual field. Color vision was evaluated using a 15 Hue 
desaturated color vision test. All the patients with retinal 
neuronal loss underwent an extensive work-up, aimed 
to rule out other causes of optic neuropathies (i.e., com-
pressive, inflammatory, infectious, glaucomatous, etc.). 
Included patients underwent measurements of plasmatic 
vitamins B9, B12, B1 and B6 levels.

Molecular analyses
The search for genetic susceptibility variants was car-
ried out in the Department of Biochemistry and Molecu-
lar Biology of the University Hospital Center of Angers, 
France. The genetic analysis included complete sequenc-
ing of the mitochondrial DNA and a panel of 87 nuclear 
genes, routinely used for the diagnosis of hereditary optic 
neuropathies [17].

Genomic DNA of patients was extracted from periph-
eral blood using a DNA blood kit on an EZ1 apparatus 
(Qiagen, Courtaboeuf, France). The presence of LHON 
mutations and other pathogenic variants in the mito-
chondrial DNA was assessed using complete mtDNA 
sequencing, as previously described [18]. The panel of 
87 nuclear genes included the following known and 
candidate genes involved in hereditary optic neuropa-
thies: ACO2, ACOX1, AFG3L2, AGXT, ALG3, ANTXR1, 
AOX1, ASPA, ATAD3A, ATP1A3, ATXN1, ATXN7, 
AUH, BOLA3, BTD, C12orf65, C19orf12, CCDC88A, 
CISD2, CYP1B1, CYP7B1, DNAJC19, DNM1L, DNMT1, 
DPYD, FA2H, FDXR, FH, FIS1, HSD17B10, IBA57, KLC2, 
LOXL1, LTBP2, MECR, MFF, MFN1, MFN2, MIEF1, 
MIEF2, MMP19, MTPAP, MYOC, NDUFS2, NEFH, 
NMNAT1, NR2F1, OMA1, OPA1, OPA3, OPN1SW, 
OPTN, PCLO, PDHX, PDSS1, PLAA, PLP1, PMPCA, 
POLR3A, PRPS1, RAB3GAP1, RPIA, RTN4IP1, SIX6, 
SLC19A2, SLC25A46, SLC52A2, SON, SPG7, SSBP1, 
TBCD, TBCE, TFG, TIMM50, TIMM8, TMEM126A, 
TRAPPC12, TSFM, TUBB4A, UCHL1, VPS33A, WARS2, 
WDR36, WDR73, WFS1, YME1L1,and ZNHIT3.

The capture panel was designed with the SureDesign of 
Agilent Technologies, including exons and exons/introns 
boundaries. Libraries were constructed by using Sure-
Select DNA target enrichment probes according to the 

manufacturer’s recommendations (Agilent Technologies 
France, les Ullis, France). gDNA samples were fragmented 
using Agilent SureSelect Enzymatic Fragmentation Kit 
Library. After molecular adaptors and barcode ligation, 
libraries were amplified and hybridized with target-spe-
cific probes of the gene panel. The probe/DNA complexes 
were captured with streptavidin-coated beads and ampli-
fied. Final library concentrations were determined using 
the Qubit dsDNA High Sensitivity Assay Kit (Thermo 
Fisher Scientific, Waltham, MA, USA). Twelve libraries 
were pooled in equimolar concentration (150 pM) and 
sequenced on an Ion Proton apparatus (Ion Torrent tech-
nology, Thermo Fisher Scientific, Waltham, MA, USA).

Variant calling, annotation, and prioritization of genetic 
variants were performed using our in-house pipeline. Vari-
ant calling was based on three variant callers: deepvariant, 
strelka and gatkHC. Annotation and prioritization steps 
were performed using the NCBI variant reporter and 
ANNOVAR. Classification of nuclear gene variants was 
determined using the Varsome [19] and Franklin algo-
rithms [20] based on the standards and guidelines of the 
American College of Medical Genetics and Genomics 
(ACMG) [21]. Variants consistent with the clinical pres-
entation and the mode of inheritance of classes 5 (Patho-
genic), 4 (Probably pathogenic), and 3 (VUS) strongly 
predicted as pathogenic by the algorithms were retained. 
The involvement of pathogenic mtDNA variants was deter-
mined using the Mitomap database [22].

Statistical analyses
Comparisons between the two patient groups (affected vs 
non-affected) were performed using a Wilcoxon rank sum 
test with continuity correction in R version 4.3.0 (R Foun-
dation for Statistical Computing, Vienna, Austria; https://​
www.R-​proje​ct.​org/). Only measurements of the right eyes 
were included in the statistical OCT analysis. Adjustment 
for age, sex, drug use, smoking status, and duration of alco-
hol intoxication was performed in the multivariate analysis 
using Statistical Analysis System version 9.4 (SAS Institute 
Inc., Cary, NC, USA). A p-value (p) of less than 0.05 was 
considered statistically significant.

Data availability
Anonymized data from this study are available from the 
corresponding author, upon reasonable request.

Results
Characteristics of the studied population
The general and addictological characteristics of the 102 
patients at inclusion are summarized in Table  1. The 
mean age of the patients was 45.3 years (21.5–62.3).

https://www.R-project.org/
https://www.R-project.org/
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Optic nerve features, measured with OCT
Of the 102 initially included patients, three (2.9%) 
patients were excluded due to artefacts on the OCT 
imaging. Among the 99 remaining patients, 37 (37.3%) 
displayed thinning of the GCC layer in at least one eye 
(affected group), compared to the 62 (62.6%) unaffected 
patients, with normal GCC thickness values (p < 1.10–3) 
(Fig. 1). When 37 affected patients were compared with 
the 62 unaffected patients, the affected group showed a 
significant thinning of all the other internal retinal struc-
tures, measured arbitrarily on the right eye, as follows: 
mean thickness of the ganglion cell layer (GCL) 55.7 ± 6.9 

μm vs 65.4 ± 5.8 μm (p = 2.10–9); mean thickness of the 
RNFL 89.1 ± 12.4 μm vs 107.3 ± 9.8 μm (p = 2.10–10) and 
mean thickness of GCL + inner plexiform layer 88.7 ± 9.5 
μm vs 105.8 ± 7.7 μm (p = 4.10–13). Compared to the 
group with no GCC thinning (10.1 ± 8.2 years), the group 
with GCC thinning had a significantly longer history of 
alcohol consumption (16.1 ± 12.9 years, p = 0.016). There 
were no differences between the two groups in terms of 
quantity of alcohol (in grams per day) and tobacco (in 
packs per year) consumed.

Clinically, among the 37 patients with abnor-
mal OCT findings, 23 patients (62%) displayed 

Table 1  General and addictological characteristic of the studied population

Patients (N = 102)

Sex Male 80 (78.4%)

Female 22 (21.6%)

Family history Alcohol use disorder 51 (50.0%)

Alcohol-related systemic dysfunction None 86 (84.3%)

Peripheral neuropathy 9 (8.8%)

Hepatic cirrhosis 7 (6.9%)

Folate supplementation at inclusion None 40 (39.2%)

Oral 36 (35.3%)

Intravenous 3 (2.9%)

Intramuscular 1 (1.0%)

Missing 22 (21.6%)

Addictological characteristics of the cohort

Ongoing daily alcohol intake (in grams per day) < 150 45 (44.6%)

151–300 32 (31.7%)

> 300 24 (23.8%)

Not reported by the patients 1 (1.0%)

Duration of alcohol intoxication (in years) < 10 58 (58.6%)

11–20 26 (26.3%)

> 20 15 (15.2%)

Not reported by the patients 3 (3.0%)

Severity of alcohol intoxication according to the DSM-5 Light 3 (3.0%)

Medium 13 (12.9%)

Severe 85 (84.2%)

Not evaluable 1 (1.0%)

Tobacco consumption (in packets per year) < 10 25 (24.5%)

10–19 20 (19.6%)

> 20 57 (55.9%)

Duration of smoking (in years) < 15 28 (27.5%)

15–29 31 (30.4%)

> 30 43 (42.2%)

Drug use None 52 (51.0%)

Cannabis 20 (19.6%)

Cocaine 14 (13.7%)

Heroin 9 (8.8%)

Other drugs 7 (6.9%)
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fundoscopically optic disc pallor, 17 (46%) patients had 
a central or caeco-central scotoma on Goldman visual 
fields and 17 patients (46%) had altered color vision. 
Representative OCT images of one patient without 
optic atrophy and another patient with optic atrophy 
and genetic mutation are shown in Figs. 2 and 3.

Vitamin status
Among the 72 patients whose plasma vitamin levels 
were measured at admission, 23 patients (32%) were 
deficient in vitamin B9 (folate), but none of them pre-
sented a deficiency in vitamins B1, B6 or B12. Folate 
deficiency was present in nine patients with GCC thin-
ning and in 14 patients with unaltered GCC thickness, 
suggesting that folate deficiency was not significantly 
associated with GCC alteration (p = 0.27). There was 
no association with folate deficiency after multivari-
ate adjustment for age, sex and drug use. There was 
no correlation between the thinning of GCC and the 
severity of alcohol intoxication (p = 0.11), but the 
involvement of the GCC was significantly more pro-
nounced depending on the duration of alcohol intoxi-
cation (p = 0.02).

Genetic susceptibility
Among the 37 patients in the group with retinal neuronal 
loss, 30 underwent a genetic study. Their data, summa-
rized in Table 2, are presented in detail in Supplementary 
Table  1. Among these 30 patients, two disclosed (2/30, 
6.7%) a Pathogenic variant in the SPG7 gene. Five other 
patients (5/30, 16.7%) were affected by variants of uncer-
tain significance (VUS) presenting arguments in favor 
of their pathogenicity in the WFS1, LOXL1, MMP19, 
NR2F1 and PMPCA genes. In the same group, 20.0% 
(6/30) of patients carried heterozygous deleterious vari-
ants in recessive genes (DPYD, AGXT, CYP1B1, ACO2, 
LTBP2 and FDXR). All the identified variants were in 
nuclear genes and no patient had pathogenic genetic 
variants in mitochondrial DNA. Taken together, a total of 
23.3% (7/30) of patients who underwent genetic testing, 
had definite or possible genetic susceptibility. Among 
patients with optic neuropathy, there was no significant 
difference in the severity of visual impairment (presence 
or absence of papillary pallor and thickness of the RNFL 
layer) between those carrying an identified variant and 
those without.

The first case was a 36-year-old female patient (# 
6 in Table  2 and Supplementary Table  1) carrying a 

Fig. 1  Workflow chart and main findings
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heterozygous missense variant c.2072G>T, with unknown 
significance (VUS) close to Likely Pathogenic classifica-
tion and with high predictive pathogenicity scores, in the 
WFS1 gene. This gene (Wolframin, chromosomal loca-
tion: 4p16.1, eight exons) encodes a  cation-selective ion 

channel transmembrane protein, located in the endoplas-
mic reticulum and ubiquitously expressed. It is involved 
in recessive Wolfram and dominant Wolfram-like syn-
dromes. Given that the transmission being recessive or 
dominant, this variant alone could explain the appearance 

Fig. 2  Retinal imaging in a normal patient, showing a normal appearance of the right optic nerve head on a colour photograph (upper left 
corner). Optical coherence tomography (OCT) images show a cross sectional analysis or the peripapillary retinal nerve fiber layer (RNFL) thickness, 
compared to a normative database

Fig. 3  Retinal and optic nerve imaging of the right eye in patient 24, carrying the heterozygous variant NM_002429:c.173 + 1G>A (splicing variant) 
in the MMP19 gene. The standard retinal photograph is within normal limits (upper left corner), but OCT shows an optic neuropathy and RNFL loss 
affecting the papillo-macular bundle (decreased RNFL values, in the red colored areas)
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of an optic neuropathy. We did not found any informa-
tion on this variant in the literature. This patient also car-
ried a heterozygous missense variant c.1004G>A, VUS 
close to Likely Pathogenic and not previously reported in 
the literature, in the L2HGDH gene. This gene (l-2-hy-
droxyglutarate dehydrogenase, chromosomal location: 
14q21.3, 10 exons) encodes a  mitochondrial flavin ade-
nine dinucleotide (FAD)-dependent enzyme that oxidizes 
l-2-hydroxyglutarate  to alpha-ketoglutarate. Mutations 
in this gene cause l-2-hydroxyglutaric aciduria, a reces-
sive neurometabolic disorder resulting in mental retar-
dation sometimes associated with optic atrophy. This 
variant was also classified VUS close to Likely Pathogenic 
in this syndrome. As this genetic disease is recessive, this 
variant can only confer susceptibility to optic neuropathy 

but it could act synergistically with the WFS1 variant to 
increase susceptibility, to optic nerve damage.

The second case (# 14) was a 57-year-old man with a 
heterozygous missense variant c.1468G>A in the LOXL1 
gene, not previously reported in the literature. This 
gene (Lysyl oxidase homolog 1, chromosomal location: 
15q24.1, seven exons) encodes a member of the lysyl oxi-
dase gene family involved in the biogenesis of connective 
tissue. It is associated with susceptibility for exfoliation 
syndrome, a common age-related disorder of the extra-
cellular matrix frequently associated with secondary 
open-angle glaucoma. This variant was classified as VUS 
with both high conservation and pathogenicity scores. As 
the transmission is dominant, this variant could by itself 
explain the optic nerve vulnerability. Clinically, there was 

Table 2  Overview of the results of genetic analysis in patients with retinal ganglion cell involvement

Among 37 patients with ganglion cell complex involvement, genetic analysis was performed in 30 of them. Optic neuropathies of genetic origin (n = 2/30; 6.7%, 
both in SPG7). Possible optic neuropathy of genetic origin (n = 5/30; 16.7%, WFS1, LOXL1, NR2F1, MMP19 and PMPCA). This represents a total of 23.3% of patients 
with possible genetic susceptibility (7/30; individual # in bold). Genetic susceptibility conferred by a heterozygous variant in a recessive gene (n = 6/30; 20.0%, DPYD, 
AGXT, CYP1B1, ACO2, LTBP2 and FDXR)? No genetic susceptibility factors identified (n = 17/30, 56.7%; individual # in italics). The complete results are provided in 
Supplementary Table 1

Individual # Sex Age Findings Gene and DNA variant

1 M 33 Heterozygous variant in a recessive gene DPYD, Heterozygous c.1905 + 1G>A (p.?),
Intron 14 of 22

4 F 51 Heterozygous variant in a recessive gene AGXT, Heterozygous c.697C>T (p.Arg233Cys),
Exon 7 of 11

6 F 36 Positive—Possible genetic form of optic neuropa‑
thy (WFS1), and heterozygous variant in a recessive 
gene

WFS1, Heterozygous c.2072G>T (p.Ser691Ile),
Exon 8 of 8

L2HGDH, Heterozygous c.1004G>A (p.Arg335Gln),
Exon 8 of 10

8 M 28 Heterozygous variant in a recessive gene CYP1B1, Heterozygous c.1147G>A (p.Ala383Thr),
Exon 3 of 3

12 M 39 Heterozygous variant reported in recessive condi‑
tion

ACO2, Heterozygous c.220C>G (p.Leu74Val),
Exon 3 of 18

14 M 57 Positive—Possible genetic form of optic neuropa‑
thy

LOXL1, Heterozygous c.1468G>A (p.Gly490Ser),
Exon 4 of 7

17 F 55 Positive—Genetic form of optic neuropathy SPG7, Heterozygous c.1048C>A (p.Pro350Thr),
Exon 8 of 10

19 M 52 Positive—Genetic form of optic neuropathy 
(SPG7), and heterozygous variant in a recessive 
gene

SPG7, Heterozygous c.1408C>T (p.Arg470*),
Exon 10 of 17

ALG3, Heterozygous c.778C>T (p.Arg260Cys), Exon 6 
of 9

24 M 47 Positive—Possible genetic form of optic neuropa‑
thy

MMP19, Heterozygous c.173 + 1G>A (p.?),
Intron 2 of 8

27 M 57 Positive—Possible genetic form of optic neuropa‑
thy

NR2F1, Heterozygous c.883T>C (p.Phe295Leu),
Exon 2 of 3

30 M 28 Heterozygous variant in a recessive gene LTBP2, Heterozygous c.4964A>G (p.Tyr1655Cys),
Exon 34 of 36

31 M 40 Positive—Possible genetic form of optic neuropa‑
thy

PMPCA, Heterozygous c.1111C>A (p.His371Asn),
Exon 10 of 13

35 M 52 Heterozygous variant in a recessive gene FDXR, Heterozygous c.916C>T (p.Arg306Cys),
Exon 9 of 12

2, 3, 5, 7, 9, 11, 13, 15, 
16, 20, 21, 22, 25, 26, 28, 
32, 34

15 M/2 F 23–63 Negative—Established or likely causes of optic 
neuropathy not identified

No established or probable variants were identified 
in 17 individuals
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no evidence of pseudoexfoliation syndrome predispos-
ing the patient to a glaucomatous optic neuropathy. We 
did not find any data indicating whether mutations in this 
gene could be associated with other hereditary optic neu-
ropathies not related to the exfoliative syndrome.

The third case (#  17) was a 55-year-old woman car-
rying a heterozygous missense variant c.1048C>A, not 
reported in the literature, in the SPG7 gene. This gene 
(Paraplegin, chromosomal location: 16q24.3, 17 exons) 
encodes a transmembrane metalloprotease that is a 
member of the AAA protein family located to the  inner 
mitochondrial membrane. It is involved in spastic para-
plegia and possibly isolated optic neuropathy. This vari-
ant was classified as Pathogenic with a high interspecies 
conservation of the amino acid. As this genetic disor-
der is recessive or dominant, this variant could by itself 
explain the optic neuropathy.

The fourth case (# 19) was a 52-year-old man who also 
carried a heterozygote nonsense variant c.1408C>T, not 
previously reported, in the SPG7 gene. This variant was 
classified as Pathogenic. As the genetic disorder is reces-
sive or dominant, this variant could by itself explain the 
optic neuropathy. This patient also carried a heterozy-
gous missense variant c.778C>T, not previously reported, 
in the ALG3 gene. This gene (Dolichyl-P-Man:Man(5)
GlcNAc(2)-PP-dolichyl mannosyltransferase, chromo-
somal location: 3q27.1, nine exons) encodes an enzyme 
involved in glycosylation. It is involved in congenital 
disorder of glycosylation that has been associated with 
optic neuropathy. This variant was classified as VUS but 
close to Likely Pathogenic in this syndrome with a high 
interspecies conservation of the amino acid and a low 
frequency in population. As this genetic disease is reces-
sive, this variant can only confer susceptibility to optic 
neuropathy, but it could act synergistically with the SPG7 
variant to increase susceptibility to optic nerve damage.

The fifth case (# 24) was a 47-year-old male carrying a 
heterozygous splicing variant c.173 + 1G>A, not previ-
ously reported, in the MMP19 gene. This gene (Matrix 
metalloproteinase-19,  chromosomal location: 12q13.2, 
eight exons) is a metalloproteinase involved in the break-
down of  extracellular matrix. It is involved in cavitary 
optic disc anomalies that can lead to optic neuropa-
thy. This variant was classified as VUS but close to Likely 
Pathogenic with a high interspecies conservation of the 
amino acid and a high relative pathogenicity. As this 
genetic disorder is dominant, this variant may be directly 
responsible for optic neuropathy. It should be noted that 
this patient also suffers from peripheral neuropathy with-
out it being possible to know whether this was related to 
alcohol toxicity, to genetic susceptibility, or both. Indeed, 
there are several examples of overlap between optic and 

peripheral inherited neuropathies, as, for example, in the 
case of MFN2 or SLC24A46 genes.

The sixth case (# 27) was a 57-year-old man carrying a 
heterozygous missense variant c.883T>C, not previously 
reported, in the NR2F1 gene. This gene (Nuclear Recep-
tor subfamily 2, group F, member 1, chromosomal loca-
tion 5q15, three exons) encodes a member of  nuclear 
hormone receptor  family. It is involved in the Bosch-
Boonstra-Schaaf optic atrophy syndrome.  This variant 
was classified as VUS but close to Likely Pathogenic with 
a high interspecies conservation of the amino acid, a high 
relative pathogenicity and has never been reported been 
found in the general population. As this genetic disorder 
is dominant, this variant may be directly responsible for 
optic neuropathy.

The seventh case (# 31) was a 40-year-old man carry-
ing a heterozygous missense variant c.1111C>A in the 
PMPCA gene. This gene (Mitochondrial-processing 
peptidase subunit alpha, chromosomal location 9q34.3, 
13 exons) encodes a peptidase located in the mitochon-
drial matrix. It is involved in spinocerebellar ataxia, auto-
somal recessive 2 that can lead to recessive or dominant 
optic neuropathy. This variant was classified as VUS but 
has never been found in the general population and has 
recently been reported to be associated with dominant 
transmission of late-onset optic neuropathy [23]. This 
recent report supports that this variant may be directly 
responsible for optic neuropathy.

The susceptibility variants identified in the other six 
patients were not firmly responsible on their own for a 
genetic form of optic neuropathy since they were found 
in recessives genes (DPYD, ACO2, AGXT, CYP1B1, 
LTBP2 and FDXR) with a single affected allele.

Discussion
The two main findings of our study are: (1) patients with 
AUD are frequently affected by asymptomatic structural 
damage of the optic nerve, identified with OCT and (2) 
in patients with optic neuropathy associated with AUD, 
there is a high prevalence of genetic variants, suggest-
ing a genetic susceptibility to optic neuropathy. Given 
the debate surrounding the pathophysiology of this clini-
cal entity, systematic OCT screening could be helpful 
in identifying asymptomatic AUD patients with retinal 
neuronal loss. Indeed, OCT is a sensitive method, allow-
ing early and objective detection of optic neuropathies, 
via loss of RNFL and/or GCC thickness [24], as has been 
demonstrated in early glaucoma [25, 26] and hereditary 
optic neuropathies [27]. The prevalence of optic neuropa-
thy in AUD is not well known; it has been hypothesized 
that 10% of AUD patients are clinically affected by a toxic 
optic neuropathy [28].
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Among the 30 patients with GCC thinning who under-
went a genetic analysis, seven patients carried pathogenic 
genetic variants that could account for optic neuropathy, 
in the absence of alcohol intoxication. These patients 
may therefore be considered to carry a true genetic 
background of hereditary optic neuropathy, possibly 
enhanced by excessive alcohol consumption. This sur-
prising result means that at least 6.9% of the patients in 
the initial cohort (7/102) and 23.3% of those with GCC 
damage on OCT (7/30) could be carriers of a true genetic 
optic neuropathy. All variants identified in these patients 
were found in six dominant genes (WFS1, LOXL1, SPG7, 
MMP19, NR2F1 and PMPCA). Several of these genes, 
such as WFS1, SPG7, and NR2F1, are common causes of 
hereditary optic neuropathies and none of them has been 
previously associated with alcohol susceptibility, to the 
best of our knowledge. Since dominant genes are often 
associated with incomplete penetrance, alcohol could 
be a penetrance factor in this context. A recent study of 
97 patients with optic neuropathies explored through a 
panel of 22 sequenced genes identified a genetic cause 
in 20.2% and suggested that genetic variants were more 
prevalent in patients who reported excessive alcohol use 
[29].

In addition to these patients with possible inherited 
optic neuropathies, six other patients (20.0% of patients 
with an alteration of the GCC) carried suspected unique 
pathogenic variants in six recessive genes (DPYD, AGXT, 
CYP1B1, ACO2, LTBP2 and FDXR). Many genes respon-
sible for hereditary optic neuropathies present a double 
dominant and recessive transmission, such as OPA1, 
ACO2, MFN2 and SPG7, for example, it is thus tempt-
ing to speculate that when only one allele is affected in 
a recessive form it could nevertheless contribute to the 
genetic susceptibility. These variants could provide a 
moderate genetic susceptibility by weakening retinal gan-
glion cells. On their own, they could not cause optic neu-
ropathy, but they could act synergistically with alcohol to 
do so.

All the mutations in our study affected nuclear genes 
and none of the patients carried pathogenic mitochon-
drial DNA variants. This is not surprising, since our 
study did not include patients with acute visual loss, 
which is a hallmark of LHON. Conversely, patients with 
nuclear gene mutations commonly display slow progres-
sion, sometimes being totally asymptomatic, much like 
the patients included in this study.

In our previous study [17], we screened 2186 patients 
with suspicion of hereditary optic neuropathy, analyz-
ing them using our sequencing panel of 87 nuclear genes. 
The percentage of patients carrying pathogenic variants 
in these nuclear genes was 27%, which is quite close to 
the 23% positive cases we found here (7 out of the 30 

patients with optic neuropathy). This indicates that even 
though these optic neuropathies were unmasked by 
alcohol intoxication, they nonetheless remain genuine 
optic neuropathies deserving genetic exploration. It is 
also noteworthy that 4 out of the 7 cases identified here 
with genetic variants, showed dominant mutations in the 
SPG7, WFS1, and NR2F1 genes, which were among the 
top 10 genes most frequently identified in our previous 
study, further strengthening the proximity between these 
common and alcohol-related optic neuropathies.

If our results were confirmed by other studies, it could 
significantly alter the management of patients with AUD. 
Besides demonstrating that systematic screening for 
optic neuropathy using OCT allows for early detection 
of optic neuropathies, our study also shows that these 
"toxico-nutritional" optic neuropathies warrant genuine 
genetic management. For patients with genetic variants, 
genetic counseling would become essential to detect 
other familial cases, potentially offer prenatal diagnosis 
for couples planning to have children, and most impor-
tantly, to induce prevention of retinal ganglion cell dam-
age by cessation of alcohol intoxication. This prevention 
could be further motivated by the fact that optic neurop-
athy is documented by OCT and its genetic origin.

From a mechanistic standpoint, the six genes impli-
cated in the dominant forms of optic neuropathies 
identified here do not point to a common pathogenic 
mechanism. Indeed, the implicated genes are involved 
in mitochondrial metabolism for two of them (SPG7 and 
PMPCA), endoplasmic reticulum function for another 
gene (WFS1), extracellular tissue metabolism for two 
of them (LOXL1 and MMP19), and gene expression for 
the last one (NR2F1). Nevertheless, it is noteworthy that 
mitochondrial and endoplasmic reticulum impairments, 
as well as the interaction between these two organelles 
at the level of mitochondrial-associated membranes, are 
a frequent mechanism of neurodegeneration and optic 
neuropathies, particularly through the protein and oxida-
tive stresses they generate, as shown for glaucoma [30]. 
To our knowledge, no link has been previously estab-
lished between these six genes and alcohol-induced reti-
nal ganglion cells neurotoxicity.

Conclusion
Our study suggests that a third of patients with AUD 
may suffer from retinal neuronal and axonal loss caus-
ing asymptomatic optic neuropathies, easily detect-
able using OCT. Furthermore, a quarter of patients 
with optic neuropathy associated with AUD have a 
genetic predisposition towards optic nerve damage. 
Future work, undertaken by specialists in addictology, 
ophthalmology, and molecular genetics might deter-
mine whether it would be useful systematically screen 
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patients with AUD to detect asymptomatic optic neu-
ropathy and genetic disease susceptibility.
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