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ABSTRACT

Purpose: to assess and compare the changes produced by the two most commonly used substances,

alcohol and cannabis, on accommodation dynamics.

Methods: A total of 38 young participants (19 females) were enrolled in the study. They were
assigned to two groups: a cannabis group (N = 19) and an alcohol group. Participants in the cannabis group
underwent two randomized sessions: a baseline session and a session after smoking a cigarette. Participants in
the alcohol group underwent three randomized sessions: a baseline session, a session after the intake of 300
ml of red wine (Alcohol 1), and other after the ingestion of 450 ml of wine (Alcohol 2). For the

accommodation assessment, the open-field autorefractor WAM-5500 was used.

Results: The decrease of the mean velocity of the accommodative response produced by Alcohol 2
condition was significantly greater than that observed for Alcohol 1 and Cannabis (p = 0.046). The direction of
the accommodation (near-distance and distance-near) had no effect on the deterioration of the accommodation
dynamics following substance use. The target distance had a significant effect on the decrease of the mean velocity
following substance use (p = 0.002). The decrease of the amplitude of the accommodative response was associated

with a decrease of the peak velocity (p = 0.004) and the increase of the accommodative lag (p < 0.001).

Conclusions: a moderate-high dose of alcohol impairs accommodation dynamics to a greater extent that
lower dose of alcohol or smoked cannabis. The deterioration of the accommodation mean speed was higher for a

shorter target distance.

KEYWORDS: alcohol consumption, cannabis use, accommodation dynamics, accommodative lag,

accommodative response, target distance.
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1. INTRODUCTION

The accommodative system is one of the most important components of the visual function, as long as it

enables sharp vision at any distance. A proper functioning of the accommodation dynamics is essential to perform
tasks that require effective accommodative changes, such as driving, when we need to constantly change focus from

distance (the road, signals, etc.) to near (speedometer, fuel indicator, navigator, etc.). The accommodation dynamics
are controlled by the autonomic nervous system (ANS), mainly by the parasympathetic tone, although the sympathetic
tone is also known to play a role [1]. The use of psychoactive substances such as alcohol or cannabis may trigger
changes on the ANS, thus generating changes on the accommodative response. Alcohol was consumed daily by one
in twelve adults (8%) in Europe during 2019, and 30% used it weekly (ec.europa.eu/Eurostat). According to the
European Drug Report 2021, cannabis constituted the most tried illicit drug during that year, with 79 million people

having used this psychoactive substance [2].

The effects of ingested alcohol on ANS are mediated through actions on different neurotransmitters,
producing excitatory and inhibitory signals [3]. Given that alcohol inhibits the parasympathetic nervous system (PNS),
responsible for accommodation [4], it seems reasonable that the accommodative response would be affected by this
substance. In this line, some authors have reported an increase of the reaction time of accommodation following
alcohol consumption [5]. Considering the accommodative response, Campbell and colleagues also observed that
chronic alcoholism reduced static accommodation [6]; however Miller and colleagues found that ingested alcohol
increased the accommodative response for near (30 cm) and distance (6 m) static targets [7]. Alcohol also interfere
with the sympathetic nervous system (SNS), which takes part in the disaccommodation (near-distance) process [1]. It
has been reported that the variability of the accommodative response is a consequence of the variation in heart rate
and arterial pulse, controlled by the SNS [8, 9]. Alcohol rise both heart rate and blood pressure [10, 11], so the

variability of the accommodative response would be altered as well.

It has been suggested that cannabis acts on the ANS, stimulating the SNS and inhibiting the PSN [12]. The
main psychoactive compound of cannabis is the A-9-tetrahydrocannabinol (THC) that binds to cannabinoid receptors,
located through the central nervous system. These receptors take part in the neurotransmission and are present in the
retina and visual cortex, but also in important components of the accommodative system such as the ciliary muscle

[13]. Therefore, the accommodative system could be altered by cannabis, however there is very little information
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about the influence of cannabis on the accommodative response. It has been reported that cannabis users indicate
difficulties when reading under the effects of the drug [14, 15]. Also, it has been suggested that cannabis consumption
may trigger accommodative infacility, accommodative insufficiency and reduced accommodative amplitude [16, 17].
In addition, a recent study carried out in cannabis smokers showed an increase of the accommodative lag under the

influence of this substance [18].

Alcohol is a socially accepted substance and cannabis is often conceived of as a non-harmful drug. However,
their effects on important functions as the visual system and specifically on the accommodative response, can be an
impediment to performing everyday tasks safely, representing an issue of concern. Comparing the visual impairment
derived from the use of these substances may help to better understand how they exert their effects on the
accommodative system. Thus, the aim of this study was to assess and compare the effects of ingested alcohol and

smoked cannabis on the accommodation dynamics.

2. METHODS

2.1. Participants

A total of 38 participants were included in the study (mean age + SD; 23.5 & 3.5 years; range 19-33), of which
19 were female. The inclusion criteria covered the following aspects: being alcohol and/or cannabis user, monocular
visual acuity of at least 20/20 (with best correction if necessary). Participants were excluded if they had any history
or current illness, or binocular/accommodative problems, clinically significant disorders with alcohol or cannabis use
according to the Alcohol Use Disorder Identification Test (AUDIT) [19] or the Cannabis Use Disorder Identification
Test revised (CUDIT-r) [20], pregnancy or breastfeeding. They were classified into two different groups: alcohol and
cannabis (parallel design). After classification, 19 participants were allocated in the alcohol group (mean age + SD;
22.5 + 3.1 years) and 19 participants formed the cannabis group (mean age + SD; 24.5 &+ 3.7 years). The results of the

Mann-Whitney U test showed that the age of both groups did not differ significantly (Z = 1.844; p=0.075).
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The study was adhered to the tenets of the Declaration of Helsinki and an informed consent was obtained
from all participants before enrolling the study. The University of Granada Human Research Ethics Committee

prospectively evaluated and approved the procedures of this investigation (921/CCEIH/2019).

2.2. Procedure

All volunteers attended an initial visit where inclusion criteria were checked, and they were informed about
the objectives and procedures of the study. Moreover, participants assigned to the alcohol group completed three
experimental sessions in random order: Baseline, Alcohol 1 and Alcohol 2. Participants in the cannabis group
completed two sessions in random order: Baseline and Cannabis. The criteria followed to assign participants to alcohol
or cannabis groups were based on the substance they normally used. Most of the volunteers who indicated cannabis
use were also occasional alcohol users, so we chose an allocation ratio of 2:1 in such cases, as finding participants

who were cannabis users was more difficult.

Alcohol consumption simulated a social drink environment [21, 22] by consuming red wine with 13.5%
alcohol content (Pago de Almaraes wineries S.L., Benalua de Guadix, Granada, Spain). Experimental sessions were
performed 2 hours after lunch, and participants drunk 300 ml in the Alcohol 1 session (= 32.4 g of alcohol) and 450
ml in the Alcohol 2 session (= 48.6 g of alcohol). Participants had approximately 40 minutes to complete the
consumption and the breath alcohol content (BrAC) was controlled 30 minutes after, once the alcohol had been
absorbed [23, 24], and every 20 minutes thereafter. The mean BrAC of such measurements was considered for

analysis.

Cannabis use followed an ad libitum procedure. Participants underwent to the cannabis session 20 minutes
after consuming a cannabis cigarette prepared and smoked as they usually do in their habitual use. Before starting
experimental sessions, we checked cannabis or other drugs use and breath alcohol content with the Dréger DrugTest

5000 and the Drager Alcotest 6820 breath analyzer (Drager Safety AG & Co. KGaA, Liibeck, Germany), respectively.

2.3. Accommodative response assessment

At the initial visit, an optometric evaluation was made to check the inclusion criteria. If necessary, optical

correction was adjusted. We measured the amplitude of accommodation with the push-up method to ensure normal
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values as a function of age [25]. Also, the near point of convergence was measured to discard convergence

insufficiency, obtaining for all participants values of 5 cm or less [26].

The WAM-5500 (Grand Seiko Co. Ltd., Hiroshima, Japan) was employed for measuring the accommodative
response dynamically. This is an open-field autorefractor, clinically validated for measuring accommodative response
in its dynamic and static mode [27]. For measurements, we used the dynamic mode (HI-SPEED), with a sample
frequency of 5 Hz and a sensitivity of 0.01 D. Subjects had to fixate a target binocularly and the device registered the
spherical equivalent from one eye randomly selected. If they need optical correction, measurements were taken while

wearing soft contact lenses.

During measurements, accommodation changes were triggered by changing participant’s fixation between
two different targets: one placed at 4 m and other at near distance (0.4 or 0.2 m). In this way, accommodation and
disaccommodation steps of 2.25 and 4.75 D were generated. The fixation chart provided by the WAM-5500
manufacturer was employed as far target. This is a square (234 x 324 mm) chart comprising a 78 mm grid with a four-
pointed star placed in the center. The near target was the same six-pointed black star, printed on a transparent slide.
More information about the targets can be found in [18]. The room luminance was kept constant during measurements
(150 lux), measured at the participant’s corneal plane (T-10 illuminance meter, Konica Minolta). Participants were
asked to change their fixation from one target to another every 10 s, guided by an audible alarm, starting at the far
distance target (4 m). Participants were encouraged to make the changes as fast as possible, keeping the target in focus
at all times and without blinking wherever possible. We measured 20 s of accommodation/disaccommodation cycles,
and this was repeated three times, completing 60 s of measurement. The accommodation dynamics measurement

procedure is summarized in Fig. 1.
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99 Fig. 1. Accommodation dynamics measurement process using WAM-5500 for both target distances: 40 cm
100 (A) and 20 cm (B), and including near-distance (N-D) and distance-near (D-N) changes
101 Once the measurements were obtained, the data was divided into accommodation and disaccommodation
102 cycles for subsequent analysis, allowing us to obtain the step response. Then, we calculated the amplitude of the
103 response (D) as the maximum difference of the response. The mean accommodation/disaccommodation velocities
104 (D/s) were also obtained as the absolute value of the dioptric change divided by the time over the interval 10%— 90%
105 of the total step (80% of the absolute value). The absolute value of the maximum dioptric change by time unit was
106 called the accommodation/disaccommodation peak velocities (D/s). These parameters have been obtained as in
107 previous work [18, 28-30]. The response time was obtained as the time elapsed between the onset of the change in the
108 accommodative response and when the accommodative response reached a steady-state level [28]. From the moment
109 when the accommodative response reached a steady-state level, we obtained two more parameters: the accommodative
110 lag (D) and the accommodative variability (D). The accommodative lag was computed by subtracting the mean focus
111 point during the test (WAM-5500 refraction value) from the target distance (2.25 or 4.75 D) and adjusting the reference
112 static refraction value (taken at 4 m) [31]. On the other hand, the variability of accommodation corresponds to the
113 standard deviation of the accommodative response [18, 30, 32].
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To compare the experimental conditions, the results of the different variables have been calculated as
deteriorations, i.e. the absolute value in the baseline session minus the absolute value in other experimental condition
(Alcohol 1, Alcohol 2 or Cannabis). Thus, a positive or negative value may indicate impairment in different variables

(Table 1).

2.4. Statistical analysis

The SPSS Statistics v.26 software (SPSS Inc., Chicago, IL) was used for the statistical analysis. The mean
deterioration values + standard deviations (SD) were reported for all the variables analyzed. A significance level of
95% was considered in all tests. The Kolmogorov-Smirnov test was used to examine the normality of the residuals (p
> (.05). First, a t-test for independent samples was performed to verify that there were no age differences between the
two groups (alcohol and cannabis). To analyze the effect of the experimental condition on the deterioration of the
accommodative variables, a Kruskal-Wallis test was conducted, providing the H statistic and the p-value. To assess
the effect of the target distance (20 and 40 cm) and the direction of the accommodation (N-D and D-N), a Wilcoxon
test was performed, providing the standardized statistic (Z) and the p-values.

Finally, correlations between the deterioration of the different variables was assessed by a Spearman

correlation test. The correlation coefficients index (p) and the associated p-values are included.

3. RESULTS

The mean BrAC obtained for Alcohol 1 condition was 0.20 + 0.09 mg/l, and the mean BrAC for Alcohol 2

condition was 0.32 £ 0.13 mg/1.

Results of the deterioration of the different accommodative variables in the three experimental conditions
(Cannabis, Alcohol 1, and Alcohol 2) are shown in Table 2. The experimental condition had a significant effect on
the decrease of the mean velocity, with pairwise comparisons indicating that the mean velocity following cannabis
use was significantly lower than that observed for Alcohol 2 condition (p = 0.045). Mean velocity decreased 5.4% for
Cannabis, 34.7% for Alcohol 1, and 37.3% for Alcohol 2 with respect to baseline condition. Peak velocity and the
amplitude of the response decreased more for Alcohol 2 than for Cannabis and Alcohol 1 conditions, but the difference

was not significant. The response time decreased after substance use, especially for Cannabis, but not significantly.
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The accommodative Lag increased equally for Cannabis and Alcohol 1 conditions, while the variability of the response

increased more for Alcohol 2 than for Cannabis and Alcohol 1 conditions.

Regarding the accommodation direction (distance-near and near-distance) for all substance use conditions
(Alcohol 1, Alcohol 2, and Cannabis), no significant differences were observed for any of the variables analyzed
(Table 3). Mean velocity deteriorated equally for both directions, while peak velocity decreased more for near-distance
direction, but not significantly. Similarly, the response time increased more for near-distance step change, but the

deterioration of the amplitude of the response was similar for both directions.

Considering the target distance (40 and 20 cm) for all substance use conditions (Alcohol 1, Alcohol 2, and
Cannabis), mean velocity deteriorated significantly more for 20 cm than for 40 cm, decreasing 32.1% for 20 cm and
13.2% for 40 cm. The rest of the variables, however, did not show significant differences between the two target
distances. Peak velocity and response time were slightly more deteriorated for 40 cm, while the amplitude of the
response decreased more for 20 cm. The accommodative lag increased more for 40 c¢cm, but the variability of the

accommodation deteriorated similarly for both target distances.

The correlation analysis, considering the deterioration for all substance use conditions (Alcohol 1, Alcohol
2, and Cannabis), revealed a significant ascending association between the decrease of the amplitude of the
accommodative response and the decrease of the peak velocity (p = 0.199; p = 0.004). Also, a descending correlation
between the decrease of the amplitude of the accommodative response and the increase of the accommodative lag was

observed (p =-0.354; p < 0.001). These correlations are represented in Fig. 2.
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159 Fig. 2. Correlations between the deterioration of the amplitude of the response and the peak velocity and
160 the accommodative lag.
161
162 4. DISCUSSION
163 The dynamics of the accommodative response was clearly impaired by alcohol and cannabis use, as indicated
164 by the deterioration values obtained for all the accommodative variables. The results of this study show a decrease of

165 the mean velocity and the peak velocity of accommodation, along with an increase of the response time and a decrease
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of the amplitude of the response following alcohol and cannabis use. Although there are few reports on the effects of
alcohol on the accommodative function, most of them point toward a decrease of the accommodative response and an
increase of the response time [5, 30, 33]. Likewise, the few existing studies on the influence of cannabis on
accommodation reported an impact on some visual functions related to accommodation, like phoria and binocular

depth vision [34-36] and also on accommodative response and accommodation dynamics [18, 37].

Regarding the substance used (i.e. cannabis, low alcohol dose, or moderate-high alcohol dose), our results
showed that the moderate-high dose of alcohol (Alcohol 2) induced a greater impairment than the low dose (Alcohol
1) and cannabis for most of the accommodative variables: the peak velocity, the amplitude of the response, the
variability, and, especially, the mean velocity. It is noteworthy that, even though the mean velocity decreased more
for the moderate-high alcohol dose, the response time (inversely related to the mean velocity) increased more for
cannabis use. However, given that the amplitude of the response (directly related to mean velocity) also decreased
more for the moderate-high dose of alcohol, these results would be reasonable. In fact, the deterioration of the
amplitude of the response after smoking cannabis is almost nil (Table 2), thus indicating that the increase of the
response time would be the main variable responsible for the decrease of the mean velocity in this case. The
deterioration obtained in previous experiments for these variables following alcohol and cannabis use are in line with
these results [18, 30]. An experiment carried out in rodents suggested that alcohol and cannabis act on the SNS through
different mechanisms [38]. Indeed, according to previous studies, it seems that alcohol have a strongest effect on
different visual functions than cannabis [34, 39], although it may vary depending on the concentrations of these

substances and other factors such as the means by which cannabis is supplied, or the type of cannabis used.

When considering the direction of the accommodation (distance-near and near-distance), we obtained that
the peak velocity and the response time were more impaired for the near-distance step change, while the amplitude of
the response decreased more for distance-near step change, and the mean velocity deteriorated equally for both
directions. Besides, these differences were not significant, indicating that the direction of the accommodation, in line
with previous findings. Ortiz-Peregrina and colleagues only observed a significant effect on the accommodative
direction on the amplitude of the response when smoking cannabis, being higher the deterioration for near-distance
direction [18]. Other study showed no significant difference in the deterioration of the accommodation following

alcohol consumption when considering the direction of the accommodation [30]. According to the literature, the PNS

11
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(responsible for the distance-near accommodative response) is inhibited by alcohol and cannabis, while the SNS
(responsible for the near-distance accommodative response) is stimulated by these substances [10, 40-42]. Considering
this, it could be hypothesized that the deterioration for the distance-near (D-N) accommodative response would be
greater than that for near-distance (N-D) response. However, results do not show this tendency for most of the
variables evaluated in this experiment. There are two reasons for that: first, there is the fact that the near-distance
accommodative response is much slower than the distance-near response [1, 43], so a greater deterioration of the
velocity and the response time would be expected for the near-distance accommodative response. Second, according
to the literature, it seems that the contribution of the PNS to the ciliary muscle is much more important, being
responsible for the dynamic changes of the accommodative response, while the sympathetic innervation operates in

setting the tone of sustained accommodation at near [43].

The influence of the demand of the accommodative target was also analyzed. Our results revealed, after
substance use, a greater deterioration for all accommodative variables when the demand of the accommodative target
was higher, but the difference was significant only for the mean velocity. According to the literature, it seems clear
that the demand of the accommodative target has an influence on the accommodative response, in such a way that the
greater the demand, the higher the variability of the response [44] and the accommodative lag [45, 46]. Other authors
also observed that peak velocity and mean velocity were lower when the step change less abrupt (i.e., when the
accommodative target was less demanding) [28]. In the same line, Aldaba and colleagues reported a lower mean

velocity for a greater accommodative demand in normal conditions [29].

Our results also showed that the peak velocity decreased and the accommodative lag increased significantly
as the amplitude of the response decreases, thus indicating that the decrease of the amplitude of the response is
responsible for the deterioration of the accommodation dynamics following alcohol intake, particularly the
accommodative lag and the peak velocity. The deterioration of the dynamic aspects of the accommodation is an issue
of concern when performing tasks that require an accurate and effective accommodation. In this sense, some authors
have reported an association between a deterioration of the binocular vision and accommodation insufficiency and

complex tasks, such as simulated driving and flight [47, 48].

On the other hand, it should be noted that the assessment of accommodation dynamics is influenced by visual

attention. Considering that alcohol and cannabis use have also an effect on visual attention, the deterioration of the

12
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accommodation dynamics obtained in this study may be influenced by this factor. In this line, it has been reported that
alcohol has negative effects on vigilance tasks that require attention to changing stimuli [49, 50], as is the case of our
experiment. Cannabis (specifically 9-A-tetrahydrocannabinol, THC) also leads to a decrease of the accuracy of visual

attention tasks [51].

Some limitations should be considered when interpreting the results obtained. One limitation of this study is
that participants were not randomly assigned to groups, since we followed the criteria stated above in the methods
section. Also experimental sessions were not blind for the participants. As we used red wine to create a social drink
environment, participants were aware of the condition under which they were performing the visual tests (alcohol or
baseline). Other limitation is that the dose and type of cannabis used was not controlled (each participant smoked
following their usual pattern), as long as we aimed to investigate the effects of recreational cannabis. Nevertheless,
other authors have reported that there is no linear association between THC blood concentrations and the impairment
caused by cannabis [52]. Finally, it should also be mentioned that a control group was not included in this experiment
for two reasons: first, the aim of the study was to compare the impairment induced by these two substances (alcohol
and cannabis) on the accommodative function and, for that, the difference between the baseline results and the results
obtained following substance use was calculated for each individual, so the baseline session was performed by the
same participants who underwent the alcohol sessions and the cannabis session. Second, we wanted to investigate the
impairment of alcohol and cannabis on accommodation in occasional users. Although it would have been interesting
to include a control group of non-users to compare their impairment with that of users, a different approach would
have been necessary, including participants who were heavy users or with substance use-related problems instead of

occasional users.

5. CONCLUSIONS

Alcohol and cannabis impair the accommodation dynamics, however the deterioration observed was not
equal for the two substances. Overall, a moderate-high dose of alcohol produced a higher deterioration than cannabis,
and the lowest effect was generated by a low dose of alcohol, but differences were significant only for the mean
velocity of the accommodative response. Regarding the direction (near-distance or distance-near), no differences were

observed. The accommodative demand generated by the target distance (20 and 40 cm) had a significant effect on the
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deterioration of the accommodation dynamics, but only for the mean velocity, showing a higher impairment for the
target distance of 20 cm. The differences observed in the deterioration results for cannabis and alcohol could indicate
that the mechanisms through which these two substances influence the accommodative system would differ at some

point.
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