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Long-Term Substance Use Can Cause Irreversible Photopic Vision
Changes in Substance Use Disorder in Remission
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Objective Substance use has such effects on pupil diameter. Although there is knowledge about the acute effects of substances on pupils,
studies showing their chronic effects are limited. The aim of the present study was to evaluate the effect of long-term substance use on sco-
topic, mesopic, and photopic vision.

Methods The present study with cross-sectional desgn was conducted at the Adiyaman Training and Research Hospital for Psychiatry
in Adiyaman. This study involved 110 substance use disorder (SUD) patients and 46 healthy volunteers as the control. The parameters
were measured and recorded automatically by a device.

Results The mean age was 23.441+5.53 years in the SUD group and 24.26£5.38 years in healthy controls (p=0.420). The mean age of
onset of the substance was 17.7413.89 years and the mean duration of substance use was 3.5412.9 years. It was determined that the pa-
tients had not used any substance for a mean of 121.73+117.49 days. There was no significant difference between patient and control
groups in terms of scotopic and mesopic measurements of both eyes (p>0.05). Photopic measurements were significantly higher in the
patient group than in the control group (p<0.05). Photopic measurements were significantly higher in the opioid, cannabis, ecstasy, and
multiple substance use groups than in the control group (p<0.05).

Conclusion The most important topic of this study is that photopic vision is permanently impaired in patients with a history of chronic

substance use. This was attributed to disrupted sympathetic-parasympathetic hierarchy.
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INTRODUCTION

A colored circular muscle, the iris, is perforated by a central
opening, the pupil, which is shifted slightly toward the nasal
side. The main function of the iris is to regulate the amount of
light reaching the retina, which it does by constantly adjusting
the pupil size. This adjustment is effected by a muscle system
composed of a circular part, the sphincter pupillae, and a radi-
al part, the dilator pupillae. The pupil ranges in size from 7.5-8
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mm at full mydriasis to 1.5-2 mm at full miosis. This means that
the area of the pupil (nr?), and thus the amount of light admit-
ted to the eye, can vary by a factor of 36. At maximum constric-
tion the fibers of the sphincter pupillae are shortened by 87%
relative to their length in the resting state, a property possessed
by no other smooth muscle in the human body. In infants, the
pupil is smaller and reaches its normal diameter at the age of
7-8, and tends to be smaller in the elderly."”

Apart from the function of controlling the size of the pupil,
the iris that has sympathetic and parasympathetic innervation
contributes to the reduction of aberrations and the depth of
focus. Any pathology that may develop in the arch of the pu-
pil reflex disrupts the pupil’s response to light.** The most im-
portant factors affecting the pupil diameter are the intensity
of light reaching the retina and accommodation.> In addition,
many different factors such as age, attention level, changes in
parasympathetic and sympathetic efferent pathways and to-
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nus dominance affect pupil diameter.** Pupillary diameter
control is mainly achieved by autonomic control, in which the
sympathetic and parasympathetic system plays a role. Miosis
occurs when the parasympathetic system is activated and my-
driasis occurs when the sympathetic system is activated.”

The sympathetic and parasympathetic system has a hierar-
chical order. Roughly, the stimulus from the periphery moves
to the spinal cord, brain stem, hypothalamus and eventually
to the cerebral cortex, respectively. Although the sympathetic-
parasympathetic activation cycle is regulated regularly under
physiological conditions, it can be affected by any pharmaco-
logical agent that affects this cycle. This affect the pupil diam-
eter due to the presence of both adrenergic and serotergic re-
ceptors in the retina, as well as the multiple complex pathways
in the central nervous system.® It is known that sedatives, an-
esthetics, psychostimulants, as well as opioids and cannabi-
noids, have different effects on pupil diameter.”" Delta-9-tet-
rahydrocannabinol (THC), also known as the cannabis and
marijuana, rapidly distributes from blood and can cause var-
ious effects on pupil size. Blood 11-hydroxy-THC concentra-
tions were significantly related to pupil sizes in all lighting con-
ditions. The effect of cannabis on pupil diameter is controversial.
In several studies, a reduced pupil diameter was measured af-
ter cannabis intake," but others have found dilated pupils.’
Opioid and its derivatives cause miosis through parasympa-
thetic system activation. In addition, an advanced miotic re-
action called pinpoint pupil is seen in opioid intoxication.” It
has been shown that the miotic effect may vary depending on
the dose in opioid use and also there is a correlation between
plasma concentration and pupil diameter changes."

Although there are studies evaluating pupil with substance
effect, there are not enough studies evaluating pupil who have
used substance in the past but are not currently affected by sub-
stance. We hypothesize that chronic substance use has perma-
nent effects on pupil diameter. The aim of this study was to
evaluate the pupil diameters of subjects with a history of sub-
stance use disorder (SUD) who are not currently under the in-
fluence of a substance and to discuss the pathophysiological
mechanisms in the light of literature.

METHODS

Study design

This was a case-control study comparing 110 male patients
diagnosed with SUD according to Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition (DSM-5)"* and 46
healthy males. The diagnosis of SUD was made by an experi-
enced psychiatrist. The study group consisted of patients who
were followed up at the outpatient clinic of Alcohol-Drug Ad-
diction Research and Training Centers (AMATEM) in our
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hospital. Patients admitted to the AMATEM outpatient clinic
are examined once every 15 days. Toxicological analysis of
urine is used to determine whether substance use is present.
The patients included in our study consisted of patients who
had no substance detected in urine and had no withdrawal or
intoxication symptoms. After being seen during the baseline
visit by the treating psychiatrist, each patient’s eligibility for
the study was evaluated, and if they were eligible, they were
invited to participate in the study. The control group consist-
ed of healthy volunteers without a history of a SUD who were
recruited from the hospital staff. The sociodemographical vari-
ables and substance use characteristics were obtained. This
study was approved by the Ethics Committee of our University
Training and Research Hospital (Adiyaman University Ethics
Committee, Date: 23/03/2016, Number: 2016/2-7).

Inclusion and exclusion criteria

Male patients with SUD who were between 18 and 35 years
of age and who were diagnosed according to the DSM-5 cri-
teria were included. Persons who have used any of the sub-
stances in the last 8 weeks have not been taken to study. Pa-
tients and controls with insufficient or incomplete data were
not included in the study. Persons with organic disease or those
with the potential to affect the measured parameters (e.g., drug
use, hypertension, diabetes mellitus, coronary artery disease,
cancer, hyperlipidemia, infectious diseases, pregnancy, and
rheumatologic diseases) were excluded. Patients with refrac-
tion errors =1 prism dioptre were also excluded. Both the pa-
tient and the control groups were examined in the ophthal-
mology clinic and best corrected visual acuity, intraocular
pressure, slit lamb bio-microscopy, and fundus examination
by eye dilatation was measured. Patients and controls with
normal eye findings were included. The group of healthy con-
trols did not have hypertension, diabetes mellitus, severe neu-
rological, immunological or systemic diseases which may af-
fect the results. Local ethics committee approval was obtained,
and all study participants provided written informed consent.

Pupil diameter measurement

The measurements were performed in light, soft light and
dark environments with the pupillometer system of a cali-
brated device. The brightness of the light sent to the eye dur-
ing the test was adjusted by the computer. Pupil diameter mea-
sured in light is called as photopic, called as mesopic in soft
light, and called as scotopic in dark. Pupil measurements were
performed with the Sirius 3D Rotating Scheimpflug Camera
& Topography System (Costruzioni Strumenti Oftalmici, Flor-
ence, Italy) (Figure 1), which performed anterior segment anal-
ysis using a combination of scheimpflug camera and placido
disc technique. Scotopic measurements were measured at 0.04
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Figure 1. The diagnostic device.

lux, mesopic measurements at 4 lux, and photopic measure-
ments at 50 lux.

Statistical analyses

Statistical analyses were performed using SPSS 22.0 package
program (IBM Corp., Armonk, NY, USA). The mean=tstandard
deviation and percentages were used as descriptive statistics.
The chi-square test was used to compare categorical variables.
The normality of the data was tested using the Kolmogorov-
Smirnov test. An independent samples t-test was used to com-
pare two normally distributed variables and the Mann-Whit-
ney U test was used to compare two non-normally distributed
variables. The relationship between spherical equivalent val-
ues and pupil diameter measurements was investigated by
spearman correlation analysis. A value of less than 0.05 was
considered statistically significant.

RESULTS

The mean ages in the SUD group and control groups were
23.44+5.53 years and 24.2615.38 years, respectively and it was
not significant (p=0.420). The socio-demographic features of
the SUD and control groups are shown in Table 1. There was
a significant difference between SUD and control groups in
terms of marital status, education level, working status and
forensic history (p<0.05) (Table 1).

There were 30 (27.3%) opioid use disorder (OUD), 31
(28.2%) cannabis use disorder (CUD), 32 (29.1%) ecstasy use
disorder (EUD), 17 (15.4%) multiple substance use disorder
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Table 1. Sociodemographic data of patient and control groups

Patient Control
(N=110) (N=45) ~ Pvalue
Age (years) 23441553 24.26+5.38 0.420
Marital status (%) 0.023*
Married 21(19.1) 18 (39.1)
Single 87 (79.1) 28 (60.9)
Widow 2(1.8) 0(0.0)
Education status (%) 0.000*
Primary 6 (5.5) 0(0.0)
Secondary 77 (70.0) 1(2.2)
High 23(20.9) 16 (34.8)
University 4(3.6) 29 (63.0)
Working status (%) 0.008*
Yes 90 (81.8) 45(97.8)
No 20(18.2) 1(2.2)
Forensic history (%) 0.000*
Yes 79 (71.8) 1(22)
No 31(28.2) 45(97.8)
*p<0.05

(MDUD) in SUD group. The mean age of onset of the sub-
stance was 17.7413.89 years and the mean duration of sub-
stance use was 3.5412.9 years. Fifteen patients (13.6%) had
buprenorphine plus naloxone use history. It was determined
that the patients had not used any substance for a mean of
121.73£117.49 days.

There was no significant difference between SUD and con-
trol groups in terms of scotopic and mesopic measurements
of both eyes (p>0.05). Photopic measurements were signifi-
cantly higher in the SUD group than in the control group (p<
0.05) (Table 2). There was no significant difference between
OUD and control groups; CUD and control groups; MDUD
and control groups; EUD and control groups in terms of sco-
topic and mesopic measurements of both eyes (p>0.05). Phot-
opic measurements were significantly higher in the OUD, CUD,
EUD, and MDUD groups than in the control group (p<0.05)
(Tables 3-6).

DISCUSSION

This study is important in terms of being the first study to
measure the sub-parameters of pupil diameter at different
light intervals in patients with long-term substance use who
are not currently under the influence of a substance. The first
important finding in our study was that the photopic measure-
ments of the patient group were significantly larger than the
control group. In the analysis conducted according to sub-
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stance subgroups, this was found to be the case for all drugs.
It is known that opioid use has a dose-related miotic effect
in many studies. At high doses, the miotic effect increases and

Table 2. Pupil diameters of patient and control groups

Parameter Mean®SD p value
Right scotopic 0.847
Patient (N=110) 5.80*+1.13
Control (N=46) 5.77+0.94

Right mesophic 0.107
Patient (N=110) 5.24+1.08
Control (N=46) 4.941+1.02

Right photopic 0.001*
Patient (N=110) 423+0.86
Control (N=46) 3.73+0.74

Left scotopic 0.471
Patient (N=110) 547+1.15
Control (N=46) 5.324+1.06

Left mesophic 0.106
Patient (N=110) 4.98+1.09
Control (N=46) 4.6810.92

Left photopic 0.044*
Patient (N=110) 4.10+0.85
Control (N=46) 3.81£0.77

*p<0.05. SD: standard deviation

Table 3. Pupil diameters of opioid and control groups

even pinpoint pupils develop in toxicity.'*"” However, the fact
that opioids have different effects on pupil diameter (such as
mydriatic effect in cats, miotic effect in dogs) among living or-
ganisms has brought many discussions."*** In conclusion, the
effects of opioids on pupils are controversial and many hypoth-
eses related to mechanism of action have been proposed. One
of the current approaches to the effects of opioids on humans
is described as follows: opioids cause respiratory depression,
activate the parasympathetic system secondary to hypoxia and
hypercarbia, resulting in miosis.'**' There are also explanations
that opioids cause miosis by reducing tonic inhibition of the
occlamatory nucleus by reducing acetylcholine release in the
periphery and central.**** As a result of these discussions, it
was concluded that the miotic effect was not only associated
with parasympathetic stimulation; The hypothesis that opi-
oids can induce a local effect by directly stimulating Edinger-
Westphal nucleus has also been proposed.”

The most important finding of this study is that the phot-
opic values of the subjects who were followed up with OUD
diagnosis in the past were higher than the healthy subjects.
Normally; in bright environments, miotic effect is observed
with parasympathetic activation of the pupils. In the patient
group not under opioid effect, a miotic effect is expected in
the bright setting. However, mydriatic reaction was observed
in these patients. In other words, photopic pupil diameters
were found to be wider than controls. In fact, the sympathet-

Table 4. Pupil diameters of cannabis and control groups

Parameter MeantSD p value Parameter MeantSD p value
Right scotopic 0.587 Right scotopic 0.696
Patient (N=30) 5.9241.29 Patient (N=31) 5.84+1.11
Control (N=46) 5.77+0.94 Control (N=46) 5.771+0.94

Right mesophic 0.184
Patient (N=30) 533+1.13
Control (N=46) 4.94+1.02

Right photopic 0.009*
Patient (N=30) 4.30+0.84
Control (N=46) 3.7310.74

Left scotopic 0.216
Patient (N=30) 5.62+1.10
Control (N=46) 5.32+1.06

Left mesophic 0.115
Patient (N=30) 5.04£0.99
Control (N=46) 4.681+0.92

Left photopic 0.037*
Patient (N=30) 4.2810.95
Control (N=46) 3.81+0.77

Right mesophic 0.082
Patient (N=31) 527+1.07
Control (N=46) 4.94+1.02

Right photopic 0.001*
Patient (N=31) 4234088
Control (N=46) 3.73+0.74

Left scotopic 0.522
Patient (N=31) 5.45+1.15
Control (N=46) 5.32+1.06

Left mesophic 0.099
Patient (N=31) 4.97%1.10
Control (N=46) 4.6810.92

Left photopic 0.049*
Patient (N=31) 4.10£0.83
Control (N=46) 3.81+0.77

*p<0.05. SD: standard deviation
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Table 5. Pupil diameters of multiple substance use group and con-
trol groups

Parameter Mean*SD p value
Right scotopic 0.203
Patient (N=17) 5.12%1.20
Control (N=46) 5.77%+0.94

Right mesophic 0.056
Patient (N=17) 548+1.13
Control (N=46) 4.94+1.02

Right photopic 0.002*
Patient (N=17) 4.41+0.90
Control (N=46) 3.7310.74

Left scotopic 0.240
Patient (N=17) 5.6611.09
Control (N=46) 5.321+1.06

Left mesophic 0.089
Patient (N=17) 5.11+1.00
Control (N=46) 4.68+0.92

Left photopic 0.047*
Patient (N=17) 4.2540.97
Control (N=46) 3.81+0.77

*p<0.05. SD: standard deviation

ic-parasympathetic hierarchy was thought to be impaired in
patients with increased sympathetic system activation due to
long-term opioid use. Activation of the reflex parasympathet-
ic system led to the idea that sympathetic activation was de-
sensitized over time."

As in the OUD group, photopic pupil diameters were sig-
nificantly higher in the CUD group than in the controls. This
made us think that the sympathetic response to light was di-
minished. There are conflicting findings regarding the effects
of cannabis on pupil diameter. Some studies show that canna-
bis use causes dose-related miosis. In addition, cannabis use
has been shown to reduce response to light reflex and cause
pupil diameter to shrink.>'® On the other hand, there are stud-
ies reporting mydriatic effect due to chronic cannabis.” Mer-
zouki et al.”” reported that short term use of cannabis causes
mydriasis as a result of parasympatholysis secondary to adren-
ergic stumulation. It is also thought that cannabis use can cause
pupillary dilatation through cannabinoid type 1 (CB1) recep-
tors found in human retina.”® In our study, mydriatic effect was
seen in patients with a history of chronic cannabis use and who
are currently in remission. This effect was significant in phot-
opic measurements. This is thought to result from reflex para-
sympathetic effect secondary to chronic adrenergic stimulation.

Ecstasy, which contains 3, 4-methylenedioxy-N-methylam-
phetamine as active substance, increases noradrenaline, sero-
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Table 6. Pupil diameters of ecstasy and control groups

Parameter MeantSD p value
Right scotopic 0.320
Patient (N=32) 5.95%1.16
Control (N=46) 5.77+0.94

Right mesophic 0.088
Patient (N=32) 530+1.12
Control (N=46) 4.941+1.02

Right photopic 0.001*
Patient (N=32) 4.3010.88
Control (N=46) 3.73+0.74

Left scotopic 0.452
Patient (N=32) 5.43+1.13
Control (N=46) 5.32+1.06

Left mesophic 0.118
Patient (N=32) 4.98%1.08
Control (N=46) 4.68+0.92

Left photopic 0.032*
Patient (N=32) 4.16£0.86
Control (N=46) 3.81+0.77

*p<0.05. SD: standard deviation

tonin and dopamine levels in the synaptic range. Although the
effects of these substances on pupil diameter are not clearly
known, the miotic effect can be expected when used because
they are stimulants that activate the parasympathetic system.”
In our study, photopic values were higher in patients with a his-
tory of stimulant use than in healthy controls. This is thought to
result from reflex parasympathetic effect secondary to chronic
adrenergic stimulation.

Normally, opioids cause miosis. This is a sign of an opioid
overdose. This is the acute effect of opioid use. Studies on pu-
pil diameter values of persons with a history of chronic sub-
stance use but currently in remission (clean for last 8 weeks or
without acute opiod effect) are unknown. This study was con-
ducted to illuminate this area where data is limited. The most
important topic of this study is that pupils’ response to light
is permanently impaired in persons with a history of chronic
substance use. In all of our patients, it was observed that the
sympathetic response to light was lost, the parasympathetic
system function was impaired and continuously activated,
and the sympathetic-parasympathetic hierarchy was disrupt-
ed. In particular, it has been observed that photopic vision is
impaired. It is observed that myriatic response develops in
cases where normal miotic effect is required.

In conclusion, studies have shown that mydriatic pupil can
cause glaucoma in the eye in the long term. Long-term my-
driasis may result in thickening of the iridocorneal angle of
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the iris periphery, preventing drainage of the humorous aque-
ous. There are also studies suggesting that many psychiatric
drugs may have a role in the development of glaucoma. Tricy-
clic antidepressants and selective serotonin reuptake inhibi-
tors used in the treatment of SUD cause mydriasis and they
cause relative blockade in the anterior chamber and increase
intraocular pressure with their anticholinergic, noradrener-
gic and serotonergic effects. These drugs lead to relaxation of
the iris pupillary sphincter (passive mydriasis) through 5-HT7
receptors. In addition, they can cause glaucoma by directly af-
fecting the production of humorous aqueous by acting on the
5-HT2A and 5-HT2C receptors in the ciliary body. Indeed, in
patients with chronic mydriatic response, mydriasis may trig-
ger glaucoma by increasing intraocular pressure and choroi-
dal effusion. Another undesirable outcome is cataract devel-
opment. It is thought that the sensitivity of the mydriatic pupils
to light will increase and by passing more light to the lens, it
will trigger opacity in the lens and cause cataract development.
In clinical practice, morphine derivatives can be used as an-
algesics and cannabinoid derivatives can be used in the treat-
ment of neuropathic pain, multiple sclerosis, anxiety, nausea
and vomiting. Considering the clinical use of these substanc-
es, it is thought that unknown long-term effects should be
clarified !

The major limitation of this study is its cross-sectional de-
sign. There is a need for study that equals male and female sub-
jects and control numbers. Past and current drug use of the
study group was unknown. In addition, pupil diameter data
were not evaluated separately due to insufficient number of
amphetamine and alcohol groups.
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