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A B S T R A C T   

The nicotine contained in tobacco is a neuromodulator which affects neurotransmission within the brain. The 
retina is an easy way to study central synaptic transmission dysfunctions in neuropsychiatric disorders. The 
purpose of this study is to assess the impact of regular tobacco use on retinal function using pattern (PERG), flash 
(fERG) and multifocal (mfERG) electroretinogram (ERG). 

We recorded PERG, fERG and mfERG for 24 regular tobacco users and 30 healthy non-smoking subjects. The 
protocol was compliant with International Society for Clinical Electrophysiology of Vision standards. The am-
plitudes and peak times (PT) of P50, N95 waves (PERG), a-, b- and oscillatory potentials (fERG), and N1, P1, N2 
(mfERG) were evaluated. 

Compared to non-smokers, the results (Mann–Whitney U test, Bonferroni correction) for tobacco users sug-
gested a significant increase of ~ 1 ms in the PT of light-adapted 3.0 fERG b-wave (p = 0.002). Using mfERG, we 
observed the following increases in tobacco users: in ring 3 for P1 PT of ~1,5 ms and in ring 5 for P1 PT of ~ 1 ms 
and for N2 PT of ~ 1 ms (p = 0.002, p = 0.002 and p = 0.006). 

It is our hypothesis that these results reflect the consequences of regular tobacco use on retinal synaptic 
transmission, and more specifically on dopaminergic and cholinergic transmission. We deduce that the retina 
may provide a crucial site of investigation for neurotransmission modulation of the reward circuit in regular 
tobacco users.   

1. Introduction 

Today, the retina is used as a window into the brain when investi-
gating neurotransmission modulations in neuropsychiatric and addic-
tive disorders (Lavoie et al., 2014; London et al., 2013; Schwitzer et al., 
2019). The retina is an anatomical and developmental extension of the 
central nervous system (Hoon et al., 2014). It is a complex neural 
network organized into several layers of specialized neurons which 
share similar anatomical and functional properties with brain neurons 

(Hoon et al., 2014). In the brain, dopamine and acetylcholine are neu-
romodulators targeted by the regular use of nicotine (Pistillo et al., 
2015). The retina also contains dopamine and acetylcholine. In the 
retina, amacrine cells have dopaminergic activity, and dopaminergic 
receptors are found in the bipolar, horizontal, ganglion and photore-
ceptor cells (Hoon et al., 2014; Nguyen-Legros et al., 1997). Dopamine 
plays a role in the retina’s circadian clock and serves as a regulator of 
high-acuity and light-adapted vision. Acetylcholine can be detected in 
the ganglion, bipolar and starburst amacrine cells, and is involved in 
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regulating the release of neurotransmitters in the retina (Dmitrieva 
et al., 2007; Hoon et al., 2014; Keyser et al., 2000; Strang et al., 2003). 

Regular tobacco use is a major public health concern. It is a risk 
factor for mortality from such medical causes as cardiovascular diseases, 
chronic obstructive pulmonary disease and lung cancer (Brandon and 
Lam, 1983; Dowling and Ehinger, 1978; Ezzati and Lopez, 2003; 
Fielding, 2010). The main psychoactive substance found in tobacco is 
nicotine, a stimulant alkaloid making up 95%–97% of the total alkaloid 
content (Khalki et al., 2013). In the brain, the nicotine in tobacco 
modulates dopaminergic and nicotinic acetylcholinergic pathways. 
Nicotine increases dopamine in the ventral striatum and has a direct 
effect on nACHRs in the reward circuit, changing neuronal function by 
interrupting the transmission of endogenous acetylcholine (Gotti et al., 
2007; Hoon et al., 2014). Like the brain, retinal neurotransmission is 
affected by tobacco use. Varghese et al. suggest that nicotine alters 
amacrine and cone bipolar cells that express nicotinic receptors (Var-
ghese et al., 2011). Studying retinal processing is therefore a good way 
of exploring the effects of tobacco use on neurotransmission in the brain 
and the reward circuit in particular (Maziade and Silverstein, 2020; 
Schwitzer et al., 2017b). 

A helpful tool for studying neuroretinal processing is the electro-
retinogram (ERG; (Holder et al., 2010; Hoon et al., 2014). ERG is an 
objective and electrophysiological technique which records the elec-
trical biopotential of the retinal cells’ response to light stimulation (Bach 
et al., 2013; Hood et al., 2012; McCulloch et al., 2015). Flash ERG 
(fERG) evaluates the function of photoreceptors (cones and rods), 
ON-bipolar and Müller cells complex and amacrine cells. Pattern ERG 

(PERG) evaluates ganglion cell and macular function, and multifocal 
ERG (mfERG) examines the spatial properties of central retinal cone 
function (Fig. 1). 

In humans, several studies have looked at the chronic effects of to-
bacco smoking on retinal processing using PERG and mfERG (Fig. 2 
(Abdelshafy and Abdelshafy, 2020; El-Shazly et al., 2018; 2017; Sobacı 
et al., 2013);. The results of these studies suggest that regular tobacco 
use alters retinal function. Using PERG, Abdelshafy et al. showed an 
increase in N95 peak time and a decrease in N95 amplitude for a group 
of chronic tobacco smokers—defined as those smoking at least 15 cig-
arettes per day for 10 years—compared to healthy non-smoking sub-
jects. Previously, El-Shazly et al. found an increase in N95 peak time and 
a decrease in N95 amplitude in a group of active tobacco smokers (at 
least 10 cigarettes per day for 10 years) compared with a group of 
passive smokers (healthy participants in close contact with smokers; 
(El-Shazly et al., 2017). These studies suggest that cigarette smoking has 
an impact on ganglion cell response. Using mfERG, one study compared 
the effects of tobacco smoking for a group of active smokers—defined as 
those consuming at least one pack per day over the past five years—and 
a healthy control group. The study’s authors only looked at central re-
sponses (central hexagon 6◦) and did not find significant differences for 
N1 and P1 peak times and amplitudes (Sobacı et al., 2013). Another 
study used mfERG to compare an active and passive smoker group and 
found a significant decrease in P1 amplitude (<2◦, ring 1) among active 
smokers, as well as an increase in P1 peak time (<2◦, ring 1) and lower 
amplitude ratios (El-Shazly et al., 2018). 

To the best of our knowledge, 1) no studies have used fERG to 

Fig. 1. 1. Schematic organization of the retina with cells(based on Schwitzer et al. 2017b) 
2a. Multifocal ERG (mfERG) global traces with concentric rings which represent the five retinal regions from the central fovea to the peripheral retina:ring 1(<2◦), 
ring 2(2-5◦), ring 3(5-10◦), ring 4(10-15◦) and ring 5(>15◦) 
2b. Typical isolated mfERG wave 
3a.Typical light-adapted 3.0 fERG trace 
3b. Typical dark-adapted oscillatory potential trace 
4. Typical PERG trace 
The arrows represent the way the parameters are measured, namely amplitude and peak time 
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compare regular tobacco users and healthy subjects, 2) no studies have 
compared oscillatory potentials (OPs) in regular smokers and healthy 
subjects, and 3) no studies have performed a complete retinal explora-
tion using PERG, fERG and mfERG to evaluate the effects of regular 
tobacco use on human retinal function as compared to that of a healthy 
non-smoking group. The aim of our study was to use PERG, fERG and 
mfERG to carry out a complete evaluation of retinal neurons in regular 
tobacco users and compare this with healthy non-smoking control 
subjects. 

2. Materials and methods 

2.1. Population and ethics statement 

Regular tobacco users (n = 24) and age- and sex-matched healthy 
drug-naive controls (n = 30) were recruited from among the general 
population through a special press campaign, and data were collected 
from February 11, 2014 to June 03, 2019. 

This study is part of a wider project—Causa Map (NCT02864680)— 
which researched the impact of regular cannabis use on the visual sys-
tem. The protocol has been described in previous studies (Lucas et al., 
2019; Polli et al., 2020; Schwitzer et al, 2017, 2018, 2019). 

Briefly, volunteers underwent a full psychiatric evaluation. None of 
the participants had DSM-IV diagnosis of Axis I disorders evaluated by 
MINI. Participants signed consent forms detailing all aspects of the 
research. All participants received a payment of €100 in the form of gift 
vouchers. The study protocol met the requirements of the Helsinki 
Declaration and was approved by the Ethics Committee of Nancy Uni-
versity Hospital. 

2.2. Inclusion criteria, and clinical and biological assessments 

The inclusion criteria for the tobacco group were tobacco use for at 
least 12 months, a low to very high smoking dependence according to 
the Fagerström test, an abstention from cannabis use for at least 12 
months, a negative urine toxicology screen for cannabis, and no DSM-IV 
diagnosis of an Axis I disorder. 

The general inclusion criteria for the healthy control subjects and for 
all participants were described in previous studies (Polli et al., 2020; 
Schwitzer et al., 2017, 2018, 2020). 

2.3. Experimental protocol 

PERGs, fERGs and mfERGs were performed in accordance with In-
ternational Society for Clinical Electrophysiology of Vision (ISCEV) 
standards (Bach et al., 2013; Hood et al., 2012; McCulloch et al., 2015). 
The MonPackOne system (Metrovision, Pérenchies, France) was used for 
stimulation, recording and analysis. Electrical signals were recorded 
simultaneously from both eyes. Averaged retinal responses were first 
obtained from each eye, and then the values for given parameters (peak 
time and amplitude) were averaged over both eyes to allow analysis. 
Electrical signals were recorded on non-dilated (PERG) and dilated pu-
pils (fERG, mfERG, Tropicamide 0.5%) using DTL electrodes (Metrovi-
sion, Pérenchies, France) placed at the bottom of the conjunctival sac. 
Pupil sizes were noted before fERG and after mfERG recordings, and 
remained systematically constant throughout the testing period. Ground 
and reference electrodes were attached to the forehead and external 
canthi. 

Pattern (PERG), flash (fERG) and multifocal electroretinogram 
(mfERG). 

PERG protocol was previously described in (Schwitzer et al, 2017, 
2018), fERG protocol in (Polli et al., 2020; Schwitzer et al., 2018) and 
mfERG protocol in (Schwitzer et al., 2020). 

2.4. Analysis 

The PERG, fERG and mfERG data were analyzed using Ophthalmic 
Monitor (Metrovision, Pérenchies, France). This analysis was carried out 
with the experimenter blind to which group the subject whose data had 
been recorded belonged to (tobacco user or control). Two main com-
ponents are usually described on a typical PERG trace: an electropositive 
component, P50, followed by an electronegative component, N95. N95 
is believed to reflect the response of retinal ganglion cells. P50 reflects 
the response of the retinal ganglion cells and macular photoreceptors. 
Two main parameters are derived from P50 and N95, referred to as the 
amplitude, measured in microvolts (μV), and the peak time, measured in 
milliseconds (ms). N95 amplitude is measured from the trough of N95 to 
the peak of P50. P50 amplitude is measured from the trough of the 
inconstant N35—or from the baseline—to the peak of P50. Peak time 
denotes the time taken to reach the maximum N95 and P50 amplitudes 
(Fig. 1). 

Fig. 2. Schematic representation of the retina with results of previous studies of tobacco users(based on Schwitzer et al., 2017a)  
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Conversely, the two main components usually described on a typical 
fERG are an electronegative component, the a-wave, followed by an 
electropositive component, the b-wave. The a-wave is not detected in 
the dark-adapted 0.01 ERG response because it is masked by the b-wave. 
A-waves are attributed to the retinal photoreceptors and b-waves are 
attributed to the retinal bipolar cells, which are postsynaptic to photo-
receptors. Two main parameters are derived from a- and b-waves, 
referred to as the amplitude measured in microvolts (μV) and the peak 
time measured in milliseconds (ms). The a-wave amplitude is measured 
from the baseline to the trough of the a-wave. The b-wave amplitude is 
measured from the trough of the a-wave to the peak of the b-wave. Peak 
time denotes the time taken to reach the maximum a- and b-wave am-
plitudes (Fig. 1). 

The mfERG responses were averaged over five retinal regions: <2◦, 
2◦–5◦, 5◦–10◦, 10◦–15◦ and >15◦. Three main components are usually 
described on a typical mfERG trace: a first negative wave known as N1, 
followed by an electropositive component, P1, and then a second 
negative wave, N2. Two main parameters are derived from N1, P1 and 
N2, referred to as the amplitude measured in microvolts (μV) and the 
peak time measured in ms. The amplitude of N1 was measured from the 
baseline to the trough of N1. The amplitudes of P1 and N2 are the 
trough-to-peak amplitudes, measured respectively from the trough of N1 
to the peak of P1, and from the peak of P1 to the trough of N2. Peak time 
denotes the time taken to reach the maximum N1, P1 and N2 amplitudes 
(Fig. 1). Responses from each eye were recorded. The analysis was 
carried out after averaging the responses for both eyes. 

2.5. Statistical analysis 

Depending on their nature and the non-parametric distribution of the 
quantitative variables included in the analyses, a Mann–Whitney U test 
and Chi-square test were used when appropriate to compare the tobacco 
user and control groups. When tests were performed on parameters 
extracted from the same ERG trace, ie “dark-adapted 3.0 ERG or scotopic 
oscillatory potentials”, to name a few, and accordingly to a possible 
dependence, a Bonferroni correction on the alpha risk was performed for 
the tests concerning this same trace. When tests were used on parame-
ters extracted from separated ERG traces, we considered them as 
nondependent and no correction was performed. For mfERG, we applied 
the same methodology concerning the alpha risk. Statistical analyses 
were performed using IBM SPSS Statistics 22.0 (IBM corp.). 

3. Results 

3.1. Demographic and substance use characteristics 

The demographic and substance use characteristics of the partici-
pants are described in Table 1. There was no relevant difference between 
the controls and tobacco users in terms of gender (p = 0.143), age (p =
0.065) and years of education (p = 0.465), but differences were noted 
between the groups in terms of alcohol use, which was higher among 
tobacco users (p = 0.006 for average alcohol consumption/week, p =
0.025 for AUDIT score). Based on the Fagerström test, of the 24 tobacco 
users, 12 were slightly dependent, 8 were mildly dependent and 4 were 
highly dependent. 

3.2. ERG parameters 

Table 2 summarizes all the results for the PERG, fERG and mfERG 
measurements. Only significant results are given here. 

3.3. fERG: light-adapted 3.0 ERG 

The median and interquartile range of the b-wave peak time was 
36.75 ms (35.96:37.09) for tobacco users versus 35.85 ms (34.95:36.30) 
for the controls. The b-wave peak time was significantly increased of 

approximatively 1 ms in tobacco users (p = 0.002; Mann–Whitney test). 

3.4. mfERG 

In ring 3 (5◦–10◦): The median and interquartile range of the P1 peak 
time for 5◦–10◦ was 44.00 ms (42.99:45.09) for tobacco users and 42.53 
ms (41.88:43.50) for the controls. The P1 peak time was significantly 
increased of approximatively 1,5 ms in tobacco users (p = 0.002; 
Mann–Whitney test). 

In ring 5 (>15◦): The median and interquartile range of the P1 peak 
time for >15◦ was 43.10 ms (42.59:44.14) for tobacco users and 42.03 
ms (41.63:42.76) for the controls. The P1 peak time was significantly 
increased of approximatively 1 ms in tobacco users (p = 0.002; Man-
n–Whitney test). 

The median and interquartile range of the N2 peak time for >15◦ was 
61.68 ms (60.69:62.70) for tobacco users and 60.62 ms (59.10:61.06) 
for the controls. The N2 peak time was significantly increased of 
approximatively 1 ms in tobacco users (p = 0.006; Mann–Whitney test). 

4. Discussion 

These results suggest that regular tobacco use impacts both the 
function of the retinal bipolar cells and the spatial properties of the 
retinal cone system. Firstly, delayed retinal signaling at the bipolar cell 
level was found in regular tobacco users, observed as an increase of ~1 
ms in the light-adapted 3.0 fERG b-wave peak time. This delay was also 
detected in the mfERG measurements. Compared with healthy subjects, 
we observed: an increase in P1 peak time of ~1,5 ms (ring 3), an in-
crease in P1 peak time of ~1 ms (ring 5) and an increase in N2 peak time 
of ~1 ms (ring 5). No significant anomaly was found in either the rod 
bipolar or ganglion cells. 

It is our hypothesis that these results demonstrate modulation of the 
retinal dopaminergic pathways. We believe that the b-wave of the light- 
adapted 3.0 fERG has a dopaminergic implication and could be an in-
dicator of dopamine modulation of the reward circuit in addictive dis-
orders. Several arguments support this hypothesis. Among regular 
tobacco users, an increase of ~1 ms in the b-wave peak time of the light- 
adapted 3.0 fERG was observed. We know that chronic use of nicotine, 
the main addictive component of tobacco, affects the reward system by 
modulating dopamine release in the nucleus accumbens (Svensson, 

Table 1 
Demographic and substance use characteristics of the participants.   

Tobacco users (n 
= 24) 

Controls P- 
value 

(n = 30) 

Gender (male/female)a,d 13/11 22/8 p =
0.143 

Age (years)b,c 28 (23.5–30) 24 
(22.75–27.25) 

p =
0.065 

Education (years)b,c 14 (13–16.75) 15 (14–16) p =
0.465 

Average number of alcohol 
uses/weekb,c 

4 (2–6) 1 (0–3.25) p =
0.006 

Alcohol Use Disorders 
Identification Test (AUDIT) 
scoresb,c 

4 (3–6) 3 (1–4.25) p =
0.025 

Fagerström Test scoresb 

(n¼24) 
4.5 (3–5) – – 

Average number of 
cigarettes/dayb (n¼24) 

11 (7.75–17.75) – – 

Average number pack-years 
of cigarettesb (n¼22) 

4.65 
(2.875–10.649) 

– – 

Age of first tobacco 
useb(n¼22) 

18.5 (16–20) – –  

a Categorical variable represented as frequencies. 
b Quantitative variable represented as median and interquartile rangeb. 
c Mann-Whitney U test. 
d Chi-Square test d. 
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2002). As retinal bipolar cells -at the origin of the b-wave- contain 
dopamine and dopaminergic receptors (Nguyen-Legros et al., 1997), we 
surmise that nicotine has an effect on the function of these cells. A 
delayed bipolar cell response as demonstrated by an increase of ~1 ms 
in the light-adapted 3.0 fERG b-wave peak time has also been observed 
by our group in regular cannabis users (Schwitzer et al., 2018). Similarly 
to tobacco use, regular cannabis use produces modulation of dopamine 

Table 2 
Electroretinogram (ERG) parameters of the participants.   

Tobacco users Controls P-Value 

(n = 24) (n = 30) 

Pattern Electroretinogram (PERG) 
N95 peak time 

(ms)a.b 
92.90 
(86.25:100.35) 

89.38 (84.50:91.60) p= 0.050, 
NS 

N95 amplitude − 3.70 (− 4.60: 
2.80) 

− 3.73 (− 4.49: 3.11) p = 0.554, 
NS (μV)a.b 

P50 peak time 
(ms)a.b 

51.75 
(47.75:56.15) 

48.65 (47.20:51.30) p = 0.136, 
NS 

P50 amplitude 2.60 (2.30:3.30) 2.35 (2.15:2.69) p = 0.062, 
NS (μV)a.b 

Flash Electroretinogram (fERG) 
Dark-adapted 0.01 ERG 
a-wave peak 

time (ms)a 
37.95 
(36.20:39.25) 

37.95 (36.65:39.26) p = 0.619, 
NS 

a-wave 
amplitude 
(μV)a 

− 6.93 (− 10.35: 
4.58) 

− 8.15 (− 11.01: 4.78) p = 0.537, 
NS 

b-wave peak 
time (ms)a 

79.80 
(77.10:88.68) 

80.68 (77.58:84.90) p = 0.801, 
NS 

b-wave 
amplitude 
(μV)a 

125.75 
(102.75:172.88) 

132.75 (118.63:158.63) p = 0.508, 
NS 

Dark-adapted 3.0 ERG 
a-wave peak 

time (ms)a.b 
24.35 
(23.90:24.80) 

23.90 (23.45:24.80) p = 0.244, 
NS 

a-wave 
amplitude 
(μV)a.b 

− 97.45 
(− 111.00: 
81.00) 

− 106.75 (− 112.50: 90.94) p = 0.199, 
NS 

b-wave peak 
time (ms)a.b 

47.35 
(46.00:50.05) 

46.68 (45.60:48.70) p = 0.235, 
NS 

b-wave 
amplitude 
(μV)a.b 

162.00 
(135.50:183.00) 

164.50 (153.25:199.88) p = 0.222, 
NS 

Scotopic Oscillatory Potentials (OPs) 
OP1 peak time 

(ms)a 
21.40 
(21.10:21.70) 

21.10 (20.80:22.00) p = 0.542, 
NS 

OP1 amplitude 
(μV)a 

− 15.95 
(− 18.42: 11.73) 

− 17.50 (− 20.59: 15.20) P = 0.036, 
NS 

OP2 peak time 
(ms)a 

24.70 
(24.40:25.00) 

24.70 (24.40:25.60) p = 0.553, 
NS 

OP2 amplitude 
(μV)a 

33.90 
(25.39:38.89) 

37.60 (33.23:45.40) p = 0.049, 
NS 

OP3 peak time 
(ms)a 

27.90 
(27.60–28.50) 

28.20 (27.60:28.88) p = 0.516, 
NS 

OP3 amplitude 
(μV)a 

− 32.30 
(− 38.34: 24.41) 

− 39.45 (− 42.60: 31.16) p = 0.042, 
NS 

OP4 peak time 
(ms)a 

31.35 
(30.90:32.05) 

31.50 (31.20:32.41) p = 0.251, 
NS 

OP4 amplitude 
(μV)a 

28.03 
(18.41:33.47) 

31.88 (26.84:36.46) p = 0.095, 
NS 

Light-adapted 3.0 ERG 
a-wave peak 

time (ms)a 
18.60 
(18.15:19.50) 

18.60 (18.15:19.05) p = 0.324, 
NS 

a-wave 
amplitude 
(μV)a 

− 10.43 (− 12.5: 
8.39) 

− 10.75 (− 12.63:9.31) p = 0.394, 
NS 

b-wave peak 
time (ms)a 

36.75 
(35.96:37.09) 

35.85 (34.95:36.30) p =
0.002, S 

b-wave 
amplitude 
(μV)a 

43.58 
(39.72:52.13) 

47.98 (39.55:51.94) p = 0.814, 
NS 

Multifocal Electroretinogram(mfERG) 
<2◦(ring 1) 
N1 amplitude − 449.00 − 459.50 p = 0.963, 

NS (μV)a.c (-757.75: 
357.75) 

(-549.00: 419.88) 

N1 peak time (ms)a.c 26.53 
(24.96:28.31) 

26.37 (25.09:28.06) p = 0.935, 
NS 

P1 amplitude 803.75 923.50 
(763.00:1068.38) 

p = 0.526, 
NS (μV)a.c (682.25:1229.3) 

P1 peak time (ms)a.c 50.18 
(49.13:52.71) 

49.83 (47.94:51.56) p = 0.324, 
NS 

N2 amplitude − 735.25 − 940.25 p = 0.146, 
NS (μV)a.c (-1181.63: 716.75)  

Table 2 (continued )  

Tobacco users Controls P-Value 

(n = 24) (n = 30) 

(-994.63: 
639.88) 

N2 peak time (ms)a.c 72.42 
(70.64:74.74) 

70.28 (67.70:72.35) p = 0.012, 
NS 

2–5◦(ring 2)    
N1 amplitude − 249.00 − 245.50 p = 0.869, 

NS (μV)a.c (-309.50: 
214.00) 

(-319.50: 207.75) 

N1 peak time 26.07 
(24.94:27.21) 

25.30 (24.39:26.26) p = 0.169, 
NS (ms)a.c 

P1 amplitude 491.00 495.25 p = 0.925, 
NS (μV)a.c (435.13:598.13) (433.50:550.63) 

P1 peak time (ms)a.c 45.83 
(44.56:47.46) 

45.25 (43.86:46.33) p = 0.142, 
NS 

N2 amplitude − 406.50 − 403.00 p = 0.690, 
NS (μV)a.c (-497.75: 

276.75) 
(-459.13: 349.63) 

N2 peak time 67.45 
(65.01:71.04) 

64.70 (62.10:65.76) p = 0.011, 
NS (ms)a.c 

5–10◦(ring 3) 
N1 amplitude − 203.50 − 184.50 p = 0.446, 

NS 
(μV)a.c (-227.13: 154.62) (-232.62: 149.25)  
N1 peak time (ms)a.c 24.75 (23.95:25.66) 24.38 

(23.68:25.06) 
p = 0.201, 
NS 

P1 amplitude 362.75 371.25 
(346.38:462.25) 

p = 0.503, 
NS (μV)a.c (334.13:430.00) 

P1 peak time 44.00 
(42.99:45.09) 

42.53 
(41.88:43.50) 

p =
0.002, S (ms)a.c 

N2 amplitude − 326.00 − 327.75 p = 0.805, 
NS (μV)a.c (-386.13: 281.13) (-394.88: 285.38) 

N2 peak time (ms)a.c 64.20 (61.93–66.40) 61.70 
(60.09:64.76) 

p = 0.054, 
NS 

10–15◦(ring 4) 
N1 amplitude − 166.50 − 148.25 p = 0.398, 

NS (μV)a.c (-203.75: 134.38) (-197.50: 131.72) 
N1 peak time 24.70 (23.59:25.63) 23.98 

(23.44:24.71) 
p = 0.189, 
NS (ms)a.c 

P1 amplitude 350.50 356.75 p = 0.981, 
NS (μV)a.c (298.00:412.63) (311.50:406.75) 

P1 peak time 43.13 (42.38:44.21) 42.25 
(41.54:42.66) 

p = 0.009, 
NS (ms)a.c 

N2 amplitude − 327.25 − 294.50 p = 0.519, 
NS (μV)a.c (-381.63: 260.63) (-344.13: 269.62) 

N2 peak time 62.05 (60.51:62.98) 60.88 
(59.15:62.05) 

p = 0.105, 
NS (ms)a.c 

>15◦(ring 5) 
N1 amplitude − 153.25 − 148.50 p = 0.439, 

NS (μV)a.c (-178.50: 135.38) (-176.25:116.88) 
N1 peak time 24.60 (23.79:25.40) 24.00 

(23.64:24.56) 
p = 0.110, 
NS (ms)a.c 

P1 amplitude 348.25 332.00 
(297.75:382.00) 

p = 0.392, 
NS (μV)a.c (298.75:402.25) 

P1 peak time 43.10 
(42.59:44.14) 

42.03 
(41.63:42.76) 

p =
0.002, S (ms)a.c 

N2 amplitude − 303.50 − 300.75 p = 0.725, 
NS (μV)a.c (-368.50: 272.63) (-340.88: 269.88) 

N2 peak time (ms)a.c 61.68 
(60.69:62.70) 

60.62 
(59.10:61.06) 

p =
0.006, S 

NS: non significant. 
S: significant. 

a Quantitative variable represented as median and interquartile range. 
b Tobacco users n = 23. 
c Tobacco users and controls n = 22. 
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levels in the reward circuit (Gardner, 2005). Tetrahydrocannabinol 
(THC) causes increased dopamine release by activating cannabinoid 
CB1 receptors (Bloomfield et al., 2016; Bossong et al., 2009). Taken 
together, these results suggest that the fERG light-adapted b-wave could 
provide information on dopamine modulation in the reward system in 
cases of substance use disorders. In the brain, regular tobacco and 
cannabis use are associated with a dopamine deficiency, which can also 
be found in the retina and which is characterized by an increase in the 
light-adapted 3.0 b-wave peak time. Previous findings support a link 
between lower levels of dopamine and an increased b-wave. In trypto-
phan hydroxylase 2 knock-in (Tph2-KI) mice with an approximately 
80% decrease in brain serotonin and dopamine, an increase in the 
b-wave peak time of the light-adapted fERG was observed (Lavoie et al., 
2014). For patients with Parkinson’s disease, a neurological disorder 
associated with a dopamine deficiency, a significantly increased b-wave 
peak time, such as we found in regular tobacco and cannabis users, has 
been observed (Ikeda et al., 1994). 

Our results observed with mfERG are consistent with those observed 
with fERG since increased peak times were also found. They suggest that 
regular tobacco consumption has an effect on P1 peak time ring 3 and 5, 
and on N2 peak time ring 5. Among cannabis users, we previously found 
an increase in the N2 peak time in rings 1 and 2 and an increase in the P1 
peak time in rings 2, 3 and 4 (Schwitzer et al, 2019). We have also 
observed significant correlations between the number of cigarettes per 
day and N2 peak time in ring 1 (p = 0.01) and P1 peak time in ring 4 (p 
= 0.036) among cannabis users (Schwitzer et al, 2019). Here, we also 
observed an increase in N2 peak time (ring 1) of ~2 ms and P1 peak time 
(ring 4) of ~1 ms in regular tobacco users, although they were no 
significant. 

In comparison with the retinal alterations found in cannabis users 
(Lucas et al., 2019; Polli et al., 2020; Schwitzer et al, 2018, 2019), we 
assume that we found both similar and different retinal dysfunctions in 
regular tobacco users. Several retinal alterations are specific to regular 
cannabis use, such as the increase in the PERG N95 peak time, which 
was not found in tobacco users. We conjecture that this anomaly in-
volves neurotransmission modulations specific to cannabis use, and 
glutamatergic modulations in particular (Bernardin et al., 2017; 
Schwitzer et al., 2019). On the other hand, we maintain that some 
retinal dysfunctions are found in those who regularly use any addictive 
substance such as tobacco or cannabis, since such regular use modulates 
the reward circuit, and central dopaminergic neurotransmission in 
particular. In both regular cannabis and tobacco use, we found similar 
retinal dysfunctions, which could be viewed as modulations of dopa-
minergic neurotransmission in the retina (Polli et al., 2020; Schwitzer 
et al., 2018). As the retina is a window to the brain, we deduce that these 
retinal dopaminergic modulations are a reflection of dopaminergic 
modulations in the brain. 

Tobacco is also known to be a modulator of cholinergic neuro-
transmission, and we therefore contend that our results demonstrate a 
modulation of retinal cholinergic pathways. In the CNS, nicotine im-
pacts nicotinic acetylcholine receptors (nACHRs) and alters neuronal 
function by interrupting the transmission of endogenous achetylcholine 
(Pistillo et al., 2015). In the retina, bipolar cells express nACHRs 
(Dmitrieva et al., 2007; Elgueta et al., 2015; Hoon et al., 2014; Keyser 
et al., 2000; Strang et al., 2003). Our results suggest that the function of 
bipolar cells is altered in tobacco users. These alterations could therefore 
be viewed as the effect of nicotine on nACHRs in bipolar cells and thus 
on retinal cholinergic transmission. Previous findings in animals support 
this hypothesis. Jurklies et al. found modifications in the b-wave under 
light- and dark-adapted conditions in cats treated with a cholinergic 
agonist (acetylcholine) or a muscarinic acetylcholine antagonist 
(scopolamine; (Jurklies et al., 1996). In humans, one previous study has 
looked at the acute effects of nicotine on the retina. Chewing-gum 
containing 2 mg or 4 mg of nicotine was administered to non-smoking 
adults 30 min before fERG testing (Varghese et al., 2011). The authors 
observed changes in the amplitudes of the light- and dark-adapted fERG 

b-waves and hypothesized that nicotine affects retinal responses via the 
nACHRs. 

This study has several limitations. Cigarettes are composed of 
numerous addictive substances, and we assume here that nicotine is the 
main substance causing modulations of retinal synaptic transmission. In 
order to confirm the key role played by nicotine in these results, further 
studies should look only at chronic nicotine use. Another limitation is 
the alcohol consumption frequently observed in tobacco users (MacLean 
et al., 2018). This study found significant differences between the to-
bacco and control groups in terms of the number of units of alcohol 
consumed per week and their AUDIT score. The potentiating effect of 
these two substances (alcohol and tobacco) on neurotransmission, and 
dopaminergic neurotransmission in particular, cannot therefore be ruled 
out. Future studies should explore the isolated effect of the regular use of 
each substance on retinal function by comparing groups of tobacco-only 
and alcohol-only users. Furthermore, it would be interesting in future 
studies to compare with ERGs different populations of consumers, for 
example tobacco and cannabis users, to evaluate the sensitivity and 
specificity of the findings in each population. 

To conclude, ERG measurements may be a relevant tool for studying 
neurotransmission abnormalities in cases of addictive disorders, and in 
particular, the effects of substance use on the reward system. In the 
future, ERG could one day be used to monitor the effects of pharmaco-
logical treatments for addictive disorders. fERG, PERG and mfERG are 
complementary retinal electrophysiological measures using different 
types of stimulations -flashes, checkerboards and hexagons-to study 
functional and spatial properties of several retinal neurons and may 
inform on different neurotransmission systems. 
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Jeantet, InterPsy, Université Lorraine, France; Julien Krieg, INSERM 

M. Dartois et al.                                                                                                                                                                                                                                 



Journal of Psychiatric Research 136 (2021) 351–357

357
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