Research

JAMA Ophthalmology | Original Investigation

Association Between Regular Cannabis Use
and Ganglion Cell Dysfunction
Thomas Schwitzer, MD; Raymund Schwan, MD, PhD; Eliane Albuisson, MD, PhD; Anne Giersch, MD, PhD;
Laurence Lalanne, MD, PhD; Karine Angioi-Duprez, MD, PhD; Vincent Laprevote, MD, PhD
Invited Commentary
IMPORTANCE Because cannabis use is a major public health concern and cannabis is known to
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act on central neurotransmission, studying the retinal ganglion cells in individuals who
regularly use cannabis is of interest.
OBJECTIVE To determine whether the regular use of cannabis could alter the function of
retinal ganglion cells in humans.
DESIGN, SETTING, AND PARTICIPANTS For this case-control study, individuals who regularly
use cannabis, as well as healthy controls, were recruited, and data were collected from
February 11 to October 28, 2014. Retinal function was used as a direct marker of brain
neurotransmission abnormalities in complex mental phenomena.
MAIN OUTCOMES AND MEASURES Amplitude and implicit time of the N95 wave on results of

pattern electroretinography.
RESULTS Twenty-eight of the 52 participants were regular cannabis users (24 men and 4
women; median age, 22 years [95% CI, 21-24 years]), and the remaining 24 were controls
(20 men and 4 women; median age, 24 years [95% CI, 23-27 years]). There was no difference
between groups in terms of age (P = .13) or sex (P = .81). After adjustment for the number of
years of education and alcohol use, there was a significant increase for cannabis users of the
N95 implicit time on results of pattern electroretinography (median, 98.6 milliseconds
[95% CI, 93.4-99.5]) compared with controls (median, 88.4 milliseconds [95% CI, 85.0-91.1]),
with 8.4 milliseconds as the median of the differences (95% CI, 4.9-11.5; P < .001, Wald
logistic regression). A receiver operating characteristic curve analysis (area under the curve,
0.84 [95% CI, 0.73-0.95]; P < .001) revealed, for a cutoff value of 91.13 milliseconds, a
sensitivity of 78.6% (95% CI, 60.5%-89.8%) and a specificity of 75.0% (95% CI,
55.1%-88.0%) for correctly classifying both cannabis users and controls in their
corresponding group. The positive predictive value was 78.6% (95% CI, 60.5%-89.8%), and
the negative predictive value was 75.0% (95% CI, 55.1%-88.0%).
CONCLUSIONS AND RELEVANCE Our results demonstrate a delay in transmission of action
potentials by the ganglion cells in regular cannabis users, which could support alterations in
vision. Our findings may be important from a public health perspective since they could
highlight the neurotoxic effects of cannabis use on the central nervous system as a result of
how it affects retinal processing.

Author Affiliations: Author
affiliations are listed at the end of this
article.

JAMA Ophthalmol. doi:10.1001/jamaophthalmol.2016.4761
Published online December 8, 2016.

Corresponding Author: Vincent
Laprevote, MD, PhD, Pôle HospitaloUniversitaire de Psychiatrie du Grand
Nancy, Centre Psychothérapique
de Nancy, 1, rue du Docteur
Archambault, Laxou F-54 521, France
(vincent.laprevote@cpn-laxou.com).

(Reprinted) E1

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/09/2016

Research Original Investigation

Association Between Regular Cannabis Use and Ganglion Cell Dysfunction

T

he retina is an easy-to-access anatomic and developmental extension of the central nervous system,1 which several research teams have suggested as being a crucial site
for investigating human central synaptic transmission in complex mental phenomena.2-12 Among these phenomena, the increasing use of cannabis represents an ever-growing public
health challenge,13 but little is known about the effect of cannabis use on human neural synaptic transmission. Retinal processing could constitute a breakthrough on this issue.
This study aimed to assess the stage of the retinal ganglion cells (RGCs) because it is particularly relevant to study
the effect of regular cannabis use on human neural synaptic
transmission. Retinal ganglion cells are the last and most integrated stage of retinal processing and the first retinal stage
providing visual information in the form of action potentials,
such as is found in the brain.14 The endocannabinoid system
is detected in RGCs and is involved in RGC synaptic transmission.3,5,15 For example, in animals, cannabinoid agonists
reduce glutamate release in rodent RGCs.16,17 In humans, glutamate is also a main transmitter involved in retinal physiologic structure and in the vertical transmission of retinal
information.18,19 The action of cannabis on central glutamatergic transmission20 may thus disturb RGC function in humans. To verify this hypothesis, we used a standard electrophysiological measurement called pattern electroretinography
(PERG),21 which involved averaging a high number of responses, thereby ensuring reproducibility of the results.22 With
PERG, the best marker of RGC function is a negative wave—
the N95 wave—2 parameters of which are usually known as the
amplitude and the implicit time, which denotes the time
needed to reach the maximal amplitude of N95.21,22
We describe the results of the first study, to our knowledge, to assess the effect of regular cannabis use on human RGC
function. Given the role of the cannabinoid system in regulating RGC synaptic transmission, we hypothesized that the
RGC response can be affected by regular cannabis use.

Methods
Study Population
Twenty-eight individuals who regularly used cannabis and
24 matched, healthy, drug-naive controls were recruited
among the general population via a special press campaign,
and data were collected from February 11 to October 28,
2014. Before taking part in the study, volunteers provided
their detailed psychoactive drug and medical history, underwent a full psychiatric evaluation, and signed consent forms
detailing all aspects of the research. All participants received
payment in the form of €100 (approximately US $110) in gift
vouchers. The study protocol met the requirements of the
Declaration of Helsinki23 and was approved by the Nancy
University Hospital Ethics Committee. This study is part of a
larger project, Causa Map, which is researching the effect of
regular cannabis use on the visual system. All participants
also underwent neuropsychological assessments and electroencephalography while they performed several visual tasks.
Given the innovative nature of these measurements, the proE2

Key Points
Question What is the effect of regular cannabis use on the
function of retinal ganglion cells?
Findings In this case-control study of 28 individuals who regularly
used cannabis and 24 controls, a large delay in retinal information
processing was found in regular cannabis users compared with
controls based on an increase in N95 implicit time on results of
pattern electroretinography.
Meaning Although this study is preliminary and not designed to
determine cause and effect, the findings suggest that retinal
function might be used as a marker of brain neurotransmission
abnormalities in cannabis users.

tocol provides an intermediate analysis that is focused on
RGC functioning.
The inclusion criteria for the cannabis group were regular
cannabis use at the rate of at least 7 cannabis consumptions
per week during the past month, positive results for tetrahydrocannabinol metabolites on a urine toxicology test, no
other illicit substance use in the past month, negative results
for other illicit substances on a urine toxicology test, and no
Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition) diagnosis of Axis I disorders. Since tobacco is regularly mixed with cannabis in cigarettes (joints), cannabis users
may meet the criteria for tobacco dependence according to
the Fagerström test. Cannabis users were required to present
with at least 12 hours of abstinence of cannabis use so that
there were no acute cognitive dysfunctions owing to cannabis use.
Inclusion criteria for the healthy controls were no history
of illicit substance use, negative results for tetrahydrocannabinol metabolites and other illicit drugs on a urine toxicology test,
and no history of Diagnostic and Statistical Manual of Mental
Disorders (Fourth Edition) diagnosis of Axis I psychiatric disorders. All participants were aged 18 to 35 years, had no history of neurologic disease, no family history of schizophrenia
or bipolar disorders, and were not taking medication except
for oral contraceptives in the case of women. They had no history of ophthalmologic disease except for corrected refractive errors. All participants had normal results on ophthalmic
evaluation, which included visual acuity and a fundoscopic examination. More important, visual acuity measured with the
Monoyer Scale was at least 10/10 in each eye for all participants. None of the participants reported visual symptoms, and
none was found to have any media opacities. If participants
reported alcohol dependence according to their score in the
Alcohol Use Disorders Identification Test (AUDIT), they were
excluded from the study.

Clinical and Biological Assessments
The Mini-International Neuropsychiatric Interview was administered to assess current and past history of psychiatric diseases and substance use. In addition, the Cannabis Abuse
Screening Test, Fagerström Test, and AUDIT were performed
to assess use, abuse, or dependence with respect to cannabis,
tobacco, and alcohol, respectively. The extent of cannabis use
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Table. Demographic and Substance Use Characteristics
of the Participants
Valuea
Cannabis Users
(n = 28)

Characteristic

Controls
(n = 24)

Male, No. (%) [95% CI]

24 (86) [69-94] 20 (83) [64-93]

Age, y

22 (21-24)

24 (23-27)

Education, y

13.5 (13-14)

15 (14-16)

No. of alcohol uses per week

4 (3-6)

1 (0-2)

Alcohol Use Disorders Identification Test
score

6 (4-10)

3 (1-4)

Fagerström Test score (n = 26)

1 (0-2)

NA

No. of cigarettes per day

3.5 (2-6)

NA

Age of first cannabis use, y

16 (16-17)

NA

Total years of cannabis use

6 (5-12)

NA

20 (14-21)

NA

No. of joints per week
Cannabis Abuse Screening Test score

4 (3-5)

NA

No. of grams of cannabis per week

5 (3-6)

NA

Abbreviation: NA, not applicable.
a

Data are presented as median (95% CI) unless otherwise indicated.

was clinically assessed in an interview and a questionnaire as
follows: age when regular cannabis use began, total years of
cannabis use, average number of joints smoked daily and
weekly during the past month, and average number of grams
of cannabis smoked weekly (Table). To obtain objective confirmation of cannabis consumption, urine drug tests (nal von
minden) were performed for cannabis, buprenorphine, benzodiazepines, cocaine, opiates, amphetamines, and methadone immediately before PERG testing.
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response.21 Two main parameters are derived from N95, known
by convention as the amplitude measured in microvolts and
the implicit time measured in milliseconds. The N95 amplitude is measured from the trough of the N95 wave to the peak
of the P50 wave. Implicit time denotes the time taken to reach
the maximum N95 amplitude.

Statistical Analysis
Depending on the nonparametric distribution of several variables included in the analyses, the Mann-Whitney test, χ2 test,
and Spearman rank correlation test were used when appropriate to compare the 2 groups or to test the association between variables. Among all the variables and in this particular context, the relevant differences between the 2 groups
involved N95 implicit time, years of education, AUDIT score,
and average number of alcohol uses per week. To analyze N95
implicit time between the two groups, we used logistic regression to adjust for years of education and alcohol use. As average alcohol use per week was correlated with the AUDIT score,
we kept the AUDIT score in the analysis. The logistic regression included N95 implicit time, years of education, and the
AUDIT score, with cannabis users and controls as the binary outcome variable. A receiver operating characteristic curve was applied to the N95 implicit time values to estimate the sensitivity and specificity of cutoff values between regular cannabis
users and controls. Since this study is a pilot study based on
preliminary data, we chose to use a conservative level of significance in comparison with α<.025. Statistical analyses were
performed using IBM SPSS Statistics, version 22.0 (IBM Corp).

Results

PERG Measurements
Pattern electroretinography measurements were compiled according to the International Society for Clinical Electrophysiology of Vision standards for PERG.21 The MonPackOne system (Metrovision) was used for stimulation, recording, and
analysis. Electrical signals were recorded simultaneously from
both eyes (averaged for analysis) on nondilated pupils, with
Dawson-Trick-Litzkow electrodes (Metrovision) placed at the
bottom of the conjunctival sac. Ground and reference electrodes were attached to the participant’s forehead and external canthi. A black-and-white reversible checkerboard was
used, with 0.8° check size, 93.3% contrast level, 100 candela/m2 constant luminance white area, and 4 reversals per second. The participant was positioned 1 m from the screen. In
the case of participants with refractive disorders, an appropriate optic correction was provided. At least 220 responses
were recorded for each participant, with constant ambient
room lighting to achieve the best signal to noise ratio. Pattern
electroretinography data were analyzed with Moniteur Ophthalmique (Metrovision). Pattern electroretinography analysis was performed with the experimenter masked to the status of the participant being recorded (ie, cannabis user or
control). Two main components are usually described on a typical PERG trace: an electropositive component, P50, followed
by an electronegative component, N95. The electronegative
component (N95) is attributed to the RGC and reflects their
jamaophthalmology.com

Demographic and Substance Use Characteristics
The demographic and substance use characteristics of the participants are described in the Table. There was no significant
difference between controls and cannabis users for median age
(cannabis users, 22 years [95% CI, 21-24]; controls, 24 years
[95% CI, 23-27]; P = .13) or sex (cannabis users, 24 men [86%]
and 4 women [14%]; controls, 20 men [83%] and 4 women
[17%]; P = .81), but differences were noted between the groups
in terms of average years of education (cannabis users, 13.5
years [95% CI, 13-14]; controls, 15 years [95% CI, 14-16];
P = .02), average number of alcohol uses per week (cannabis
users, 4 [95% CI, 3-6]; controls, 1 [95% CI, 0-2]; P = .002), and
median AUDIT score (cannabis users, 6 [95% CI, 4-10]; controls, 3 [95% CI, 1-4]; P < .001). Because tobacco is widely
mixed with cannabis in joints, 21 of 28 cannabis users were
also tobacco smokers, whereas all members of the control
group were nonsmokers. More important, cannabis users
were not dependent on tobacco, apart from 1 individual who
was only mildly dependent.

PERG Parameters
We found an increase in N95 implicit time on the results of
PERG in the 28 regular cannabis users (median, 98.6 milliseconds [95% CI, 93.4-99.5]) compared with the 24 healthy controls (median, 88.4 milliseconds [95% CI, 85.0-91.1]), with 8.4
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Figure 1. Dot Plot of Pattern Electroretinography N95 Implicit Time
for Cannabis Users and Controls

Figure 3. Interaction Between the Pattern Electroretinography N95
Implicit Time and Alcohol Use Disorders Identification Test (AUDIT)
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For controls: n = 24; median implicit time, 88.4 milliseconds (95% CI, 85.0-91.1).
For cannabis users: n = 28; median implicit time: 98.6 milliseconds (95% CI,
93.4-99.5). Median of the differences between the 2 groups: 8.4 milliseconds
(95% CI, 4.9-11.5; P < .001, Mann-Whitney test). The black horizontal lines
indicate medians.

Figure 2. Dot Plot of Pattern Electroretinography N95 Amplitude
for Cannabis Users and Controls
–1

Pattern Electroretinography
N95 Amplitude, μV
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Cannabis Users

For controls: n = 24; median amplitude, –3.78 μV (95% CI, –4.45 to –3.15). For
cannabis users: n = 28; median amplitude, –3.90 μV (95% CI, –4.55 to –3.60;
P = .37, Mann-Whitney test). The black horizontal lines indicate medians.

milliseconds as the median of the differences (95% CI, 4.911.5; P < .001, Wald logistic regression) (Figure 1). The median N95 amplitude was –3.90 μV (95% CI, –4.55 to –3.60) in
cannabis users vs –3.78 μV (95% CI, –4.45 to –3.15) in controls
(P = .37, Mann-Whitney test) (Figure 2).
The logistic regression was conducted with N95 implicit
time, years of education, and the AUDIT score, with cannabis
users and controls as the binary outcome variable. As average
number of alcohol uses per week was correlated with the AUDIT
score (Spearman rank correlation, 0.736; P < .001), we kept the
AUDIT score (P < .001 for the difference between controls and
cannabis users vs P = .002 for the average number of alcohol
uses per week) in this analysis. The results of the logistic regression (χ2 = 40.3; P < .001; Hosmer Lemeshow χ2 = 6.21;
P = .62; 86.5% of participants correctly classified in their respective group: 89% of cannabis users and 83% of controls)
showed that N95 implicit time was significant (Wald P = .001),
E4
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Linear regression lines of N95 implicit time on the AUDIT score for controls and
cannabis users. The 95% CIs of the 2 negative slopes overlap, and the lines do
not cross among the ranges of the observed values (controls, –0.299 [95% CI,
–1.114 to 0.516]; cannabis users, –0.517 [95% CI, –1.111 to 0.078]).

as was the AUDIT score (Wald P = .008), but years of education was not significant (Wald P = .10).
The N95 implicit time and AUDIT score were both significant between cannabis users and controls. The product AUDIT
score × N95 implicit time (interaction) was not added to the
model because it was too strongly correlated with the AUDIT
score (Spearman rank correlation, 0.994; P < .001). We thus
graphically investigated the interaction with 2 regression lines
of N95 implicit time on the AUDIT score for controls and cannabis users (Figure 3). The 95% CI of the 2 slopes, which were
both negative, overlapped, and the lines did not cross among
the ranges of the observed values (controls, 0.299; [95% CI,
–1.111 to 0.516]; cannabis users, –0.517; [95% CI, –1.114 to
0.078]).
Spearman rank correlations among all 52 participants between N95 implicit time and years of education, AUDIT score,
and average number of alcohol uses per week were, respectively, –0.149 (P = .29), 0.093 (P = .51), and 0.125 (P = .38).
Spearman rank correlations for the 28 cannabis users between N95 implicit time and number of cigarettes per day and
number of packets of tobacco per year were, respectively, –0.191
(P = .33) and –0.165 (P = .40).

Sensitivity and Specificity
A receiver operating characteristic curve was used to assess
the best N95 implicit time cutoff value capable of discriminating between cannabis users and controls (area under the
curve, 0.84; 95% CI, 0.73-0.95; P < .001). Results indicated
that the cutoff value giving the best balance between sensitivity and specificity for regular cannabis users and controls
was 91.13 milliseconds. Twenty-two of 28 regular cannabis
users were above the cutoff, with an estimated sensitivity of
78.6% (95% CI, 60.5%-89.8%), whereas 18 of 24 controls
were below the cutoff, with an estimated specificity of 75.0%
(95% CI, 55.1%-88.0%). Corresponding estimated positive
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Figure 4. Receiver Operating Characteristic Curve Associated With N95
Implicit Time
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retinal function could be an early marker of cognitive deterioration affecting high-level cognitive functions in regular cannabis users.
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Area under the curve = 0.84 (95% CI, 0.73-0.95; P < .001). For the cutoff value
of 91.13 milliseconds (black arrow), 22 of 28 cannabis users are above the cutoff,
with an estimated sensitivity of 78.6%, whereas 18 of 24 controls are below the
cutoff, with an estimated specificity of 75.0%. For the cutoff value of 90.90
milliseconds, sensitivity = 82.1% and specificity = 70.8%; for the cutoff value of
92.23 milliseconds, sensitivity = 75.0% and specificity = 79.2%.

predictive value was 78.6% (95% CI, 60.5%-89.8%) and estimated negative predictive value was 75.0% (95% CI, 55.1%88.0%) (Figure 4).

Discussion
Our results indicate that regular cannabis users appear to display an increase in N95 implicit time on PERG results with no
modification in N95 amplitude. Typical PERG traces are presented in the eFigure in the Supplement. This finding provides evidence for a delay of approximately 10 milliseconds
in the transmission of action potentials evoked by the RGCs.
As this signal is transmitted along the visual pathway via the
optic nerve and lateral geniculate nucleus to the visual cortex, this anomaly might account for altered vision in regular
cannabis users.
Although this anomaly found in regular cannabis users
was not associated with visual symptoms, we think it may
underlie several deficits in information processing. The
effects of regular cannabis use on the main cognitive functions, such as memory, attention, executive function, psychomotor function, and decision making, have been the subject of many studies.24 For example, regular cannabis use
reduces the speed of information processing, leading to
attentional disorders, and can cause psychomotor retardation. Retinal processing also seems to be slowed in regular
cannabis users, although, paradoxically, regular users tend to
respond very quickly and impulsively during several tasks to
assess risk-taking and impulsivity. This alteration detected in
jamaophthalmology.com

This study has several limitations. First, it is a pilot study involving a small number of participants. Consequently, PERG
measurements would need to be replicated in a larger population. Second, because cannabis is widely used in conjunction with tobacco, particularly mixed together in joints, it is
difficult to distinguish the effect of each compound. To our
knowledge, the effect of chronic administration of nicotine on
PERG results has not yet been investigated. A control group
of tobacco smokers could be useful for differentiating between cannabis- and tobacco-associated effects. Third, although we found a delay in the response of the RGCs, we do
not know if this delay is also detected at previous retinal stages.
Full-field electroretinography measurements might be useful for addressing this issue. Similarly, another PERG component, namely P50, is of particular interest for studying macular function. We would need to assess parameters extracted
from this wave—amplitude and implicit time—and its morphologic features to find out more about the effect of cannabis use on retinal functioning. Finally, in future studies involving PERG measurements, it would be important to have visual
acuity of at least 20/20 in each eye. All these limitations could
be addressed in the future.
Here, we assume that cannabis affected the RGC response because our results are still significant when alcohol
use is integrated in statistical analysis. Although alcohol and
cannabis have an opposite action on glutamatergic signaling
pathways,20,25 it cannot be ruled out that an interaction between them had an effect on the RGC response. This possibility should be explored in further studies including, for example, a control group of alcohol users. Cannabis users in our
study share the same pattern as in other studies; namely, they
are also alcohol users and have a lower educational level.26,27
Finally, it would be premature to interpret the sensitivity and
specificity of the findings given that our study is a pilot study
involving a small number of participants.
Such alterations are found in other pathologic conditions, such as various optic neuropathic disorders, and can reveal axonal injuries or apoptosis of RGCs, which are commonly detected with tests such as PERG.28 The fact that an
increase in N95 implicit time was found with no modification
in N95 amplitude suggests that the total number of cells involved in the RGC response was unchanged but argues in favor of a loss of their functional properties.29 Accordingly, in
some cases, such as optic demyelinating neuropathic conditions, modifications in the N95 wave, coupled or not with alterations in the P50 wave—the first positive PERG wave representing the macular function22—can discriminate between
the acute or chronic state of the disease and may be of prognostic value.29 Consequently, the P50 wave should be the subject of future study.
We suggest that these anomalies may be linked to dysfunctions in retinal glutamatergic transmission given that the
effects of cannabis on glutamatergic transmission have
(Reprinted) JAMA Ophthalmology Published online December 8, 2016
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already been demonstrated in the central nervous system.5,20
In addition, in the vertebrate retina, glutamate is one of the
main neurotransmitters involved in the vertical transmission
of retinal information18,19 and is released by the RGCs.30 We
hypothesize that, as a result of exocannabinoids, such as tetrahydrocannabinol acting on retinal endocannabinoids, regular cannabis use may modulate the retinal level of glutamate,
thus altering the retinal signal elicited by the RGCs. However,
other neurotransmitter-signaling pathways expressed in the
retina, such as dopaminergic and gamma-aminobutyric
acid–ergic, could be targeted by exocannabinoids. Thus,
other retinal electrophysiologic measurements, such as fullfield electroretinography and multifocal electroretinography, could yield critical information about the effect of
regular cannabis use on retinal functioning. The precise
mechanisms underlying these anomalies on PERG results
need to be investigated with a view to understanding the
biological underpinning of retinal functional anomalies
found in cannabis users.

ARTICLE INFORMATION
Accepted for Publication: October 8, 2016.
Published Online: December 8, 2016.
doi:10.1001/jamaophthalmol.2016.4761
Author Affiliations: Pôle Hospitalo-Universitaire
de Psychiatrie du Grand Nancy, Centre
Psychothérapique de Nancy, Laxou, France
(Schwitzer, Schwan, Laprevote); EA7298
Interactions gènes-risques environnementaux et
effets sur la santé, Université de Lorraine,
Vandœuvre-lès-Nancy, Nancy, France (Schwitzer,
Schwan, Laprevote); Institut National de la Santé et
de la Recherche Médicale U1114, Fédération de
Médecine Translationnelle de Strasbourg,
Département de Psychiatrie, Centre Hospitalier
Régional Universitaire de Strasbourg, Strasbourg,
France (Schwitzer, Giersch, Lalanne); Maison des
Addictions, Centre Hospitalier Régional
Universitaire Nancy, Nancy, France (Schwan,
Laprevote); Université de Lorraine, Faculté de
Médecine, SPI-EAO, Vandoeuvre-lès-Nancy, Nancy,
France (Albuisson); Centre National de la Recherche
Scientifique, Institut Elie Cartan de Lorraine, Unité
Mixte de Recherche 7502, Vandoeuvre-lès-Nancy,
Nancy, France (Albuisson); Service
d’Ophtalmologie, Centre Hospitalier Régional
Universitaire Nancy, Nancy, France (Angioi-Duprez).
Author Contributions: Drs Schwitzer and
Laprevote had full access to all the data in the study
and take responsibility for the integrity of the data
and the accuracy of the data analysis. Drs Schwitzer
and Schwan contributed equally to this work.
Study concept and design: Schwitzer, Schwan,
Albuisson, Giersch, Angioi-Duprez, Laprevote.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Schwitzer, Albuisson,
Angioi-Duprez, Laprevote.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Schwitzer, Albuisson, Lalanne,
Angioi-Duprez, Laprevote.
Obtained funding: Schwan, Lalanne, Angioi-Duprez,
Laprevote.
Administrative, technical, or material support:
Schwitzer, Schwan, Angioi-Duprez.
E6

Conclusions
To our knowledge, this is the first study to show RGC dysfunctions in regular cannabis users. Such results are particularly
relevant for exploring the cerebral effect of cannabis on synaptic transmission since retinal processing is easily measurable and not affected by high-level cognitive functions. Assessments of retinal function could therefore provide valid,
reliable, and reproducible measurements that could reflect cannabis-associated brain dysfunctions. Cannabis use is widespread worldwide and, consequently, the subject of great interest in terms of public health prospects. Independent of
debates about its legalization, it is necessary to gain more
knowledge about the different effects of cannabis so that the
public can be informed. Future studies may shed light on the
potential consequences of these retinal dysfunctions for visual cortical processing and whether these dysfunctions are
permanent or disappear after cannabis withdrawal.

Study supervision: Giersch, Lalanne, Angioi-Duprez,
Laprevote.
Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest and no
disclosures were reported.
Funding/Support: This study was supported by
grant ANR-12-SAMA-0016-01 from the French
National Research Agency and by the French
Mission Interministérielle contre les Drogues et les
Conduites Addictives.

REFERENCES
1. Hoon M, Okawa H, Della Santina L, Wong ROL.
Functional architecture of the retina: development
and disease. Prog Retin Eye Res. 2014;42:44-84.
2. London A, Benhar I, Schwartz M. The retina as a
window to the brain—from eye research to CNS
disorders. Nat Rev Neurol. 2013;9(1):44-53.
3. Schwitzer T, Schwan R, Angioi-Duprez K, Giersch
A, Laprevote V. The endocannabinoid system in the
retina: from physiology to practical and therapeutic
applications. Neural Plast. 2016;2016:2916732.

Role of the Funder/Sponsor: The funding sources
have no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

4. Schwitzer T, Lavoie J, Giersch A, Schwan R,
Laprevote V. The emerging field of retinal
electrophysiological measurements in psychiatric
research: a review of the findings and the
perspectives in major depressive disorder.
J Psychiatr Res. 2015;70:113-120.

Additional Contributions: We acknowledge the
crucial contribution of Isabelle Ingster-Moati, MD,
PhD, to this work, who died in January 2015 before
the completion of our work. This article is dedicated
to her memory. We thank the ophthalmology staff
of Nancy University Hospital and MetroVision for
their contribution to this work. We also thank all
members of the Cannabis Use and Magnocellular
Processing study group: Marc Borie, Centre
Hospitalier Régional Universitaire Nancy; Stéphanie
Caharel, PhD, INTERPSY, Université Lorraine; Paolo
Di Patrizio, MD, PhD, Université Lorraine; Philip
Gorwood, MD, PhD, Centre de Psychiatrie et
Neurosciences; Coline Jeantet, INTERPSY,
Université Lorraine; Julien Krieg, Centre de
Recherche en Automatique de Nancy, Centre
national de la recherche scientifique, Unité mixte
de recherche 7039; Joëlle LIghezzolo-Alnot, PhD,
INTERPSY, Université Lorraine; Valérie Louis Dorr,
MD, PhD, Centre de Recherche en Automatique
de Nancy, Centre national de la recherche
scientifique, Unité mixte de recherche 7039; Louis
Maillard, MD, PhD, Centre de Recherche en
Automatique de Nancy, Centre national de la
recherche scientifique, Unité mixte de recherche
7039; and Nicolas Ramoz, MD, PhD, Centre de
Psychiatrie et Neurosciences. No one was
compensated for their contribution.

5. Schwitzer T, Schwan R, Angioi-Duprez K, et al.
The cannabinoid system and visual processing:
a review on experimental findings and clinical
presumptions. Eur Neuropsychopharmacol. 2015;25
(1):100-112.
6. Lavoie J, Maziade M, Hébert M. The brain
through the retina: the flash electroretinogram as a
tool to investigate psychiatric disorders. Prog
Neuropsychopharmacol Biol Psychiatry. 2014;48:
129-134.
7. Lavoie J, Illiano P, Sotnikova TD, Gainetdinov RR,
Beaulieu J-M, Hébert M. The electroretinogram as a
biomarker of central dopamine and serotonin:
potential relevance to psychiatric disorders. Biol
Psychiatry. 2014;75(6):479-486.
8. Laprevote V, Schwitzer T, Giersch A, Schwan R.
Flash electroretinogram and addictive disorders. Prog
Neuropsychopharmacol Biol Psychiatry. 2015;56:264.
9. Schwitzer T, Schwan R, Bernardin F, Jeantet C,
Angioi-Duprez K, Laprevote V. Commentary:
anatomical constitution of sense organs as a marker
of mental disorders. Front Behav Neurosci. 2016;10:56.
10. Garcia-Martin E, Rodriguez-Mena D, Satue M,
et al. Electrophysiology and optical coherence
tomography to evaluate Parkinson disease severity.
Invest Ophthalmol Vis Sci. 2014;55(2):696-705.

JAMA Ophthalmology Published online December 8, 2016 (Reprinted)

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/09/2016

jamaophthalmology.com

Association Between Regular Cannabis Use and Ganglion Cell Dysfunction

11. Silverstein SM, Rosen R. Schizophrenia and the
eye. Schizophr Res Cogn. 2015;2(2):46-55.
12. Schwitzer T, Robert MP, Giersch A, et al.
Transient retinal dysfunctions after acute cannabis
use. Eur Addict Res. 2016;22(6):287-291.
13. Volkow ND, Baler RD, Compton WM, Weiss SRB.
Adverse health effects of marijuana use. N Engl J Med.
2014;370(23):2219-2227.
14. Famiglietti EV Jr, Kolb H. Structural basis for
ON- and OFF-center responses in retinal ganglion
cells. Science. 1976;194(4261):193-195.
15. Yazulla S. Endocannabinoids in the retina: from
marijuana to neuroprotection. Prog Retin Eye Res.
2008;27(5):501-526.
16. Wang X-H, Wu Y, Yang X-F, et al. Cannabinoid CB1
receptor signaling dichotomously modulates
inhibitory and excitatory synaptic transmission in rat
inner retina. Brain Struct Funct. 2016;221(1):301-316.
17. Middleton TP, Protti DA. Cannabinoids
modulate spontaneous synaptic activity in retinal
ganglion cells. Vis Neurosci. 2011;28(5):393-402.
18. Wu SM, Maple BR. Amino acid
neurotransmitters in the retina: a functional
overview. Vision Res. 1998;38(10):1371-1384.

jamaophthalmology.com

Original Investigation Research

19. de Souza CF, Acosta ML, Polkinghorne PJ,
McGhee CNJ, Kalloniatis M. Amino acid
immunoreactivity in normal human retina and after
brachytherapy. Clin Exp Optom. 2013;96(5):504-507.
20. Bossong MG, Niesink RJM. Adolescent brain
maturation, the endogenous cannabinoid system
and the neurobiology of cannabis-induced
schizophrenia. Prog Neurobiol. 2010;92(3):370-385.
21. Bach M, Brigell MG, Hawlina M, et al. ISCEV
standard for clinical pattern electroretinography
(PERG): 2012 update. Doc Ophthalmol. 2013;126(1):
1-7.
22. Holder GE, Celesia GG, Miyake Y, Tobimatsu S,
Weleber RG; International Federation of Clinical
Neurophysiology. International Federation of
Clinical Neurophysiology: recommendations for
visual system testing. Clin Neurophysiol. 2010;121
(9):1393-1409.
23. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10
.1001/jama.2013.281053
24. Broyd SJ, van Hell HH, Beale C, Yücel M, Solowij
N. Acute and chronic effects of cannabinoids on

human cognition—a systematic review. Biol
Psychiatry. 2016;79(7):557-567.
25. Zorumski CF, Mennerick S, Izumi Y. Acute and
chronic effects of ethanol on learning-related
synaptic plasticity. Alcohol. 2014;48(1):1-17.
26. Meier MH, Caspi A, Ambler A, et al. Persistent
cannabis users show neuropsychological decline
from childhood to midlife. Proc Natl Acad Sci U S A.
2012;109(40):E2657-E2664.
27. Legleye S, Khlat M, Mayet A, et al. From cannabis
initiation to daily use: educational inequalities in
consumption behaviours over three generations in
France. Addiction. 2016;111(10):1856-1866.
28. You Y, Gupta VK, Li JC, Klistorner A, Graham SL.
Optic neuropathies: characteristic features and
mechanisms of retinal ganglion cell loss. Rev Neurosci.
2013;24(3):301-321.
29. Holder GE, Gale RP, Acheson JF, Robson AG.
Electrodiagnostic assessment in optic nerve
disease. Curr Opin Neurol. 2009;22(1):3-10.
30. Massey SC, Miller RF. N-methyl-D-aspartate
receptors of ganglion cells in rabbit retina.
J Neurophysiol. 1990;63(1):16-30.

(Reprinted) JAMA Ophthalmology Published online December 8, 2016

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/09/2016

E7

