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ABSTRACT
Background: Emerging evidence highlights a concerning prevalence of accommodative and convergence anomalies in individuals
with opioid use disorder. However, there remains a significant scarcity of data comparing accommodative functions of opium
users and non-users. Hence, we investigated potential changes in accommodative functions of opium users compared to that of
non-users. Furthermore, we evaluated changes in these parameters after administering 5% phenylephrine eye drops, both within
and between the two groups.
Methods: This cross-sectional case-control study recruited opium users and non-users. The binocular amplitude of accommodation
(AA), monocular estimate method (MEM), negative and positive relative accommodation (NRA and PRA, respectively), and
monocular and binocular accommodative facility (AF) were assessed and documented. All measurements were repeated 30 min
after instillation of one drop of 5% phenylephrine hydrochloride eye drops.
Results: We recruited 103 opium users and 107 non-users, with comparable mean ages (P > 0.05) but significantly different sex
ratios (P <0.05), with men outnumbering women among the opium users. All accommodative functions measured before and after
the instillation of 5% phenylephrine, along with the differences in their values between the two time points, were comparable
between the two groups (all P > 0.05), with the exception of the right-eye AF, which was significantly higher in non-users than in
opium users after instillation (P < 0.05). Within the opium user group, all accommodative functions exhibited significant differences
between pre- and post-instillation measurements (all P < 0.05), except for NRA, which did not change (P > 0.05). In contrast, the
non-user group showed no significant differences between pre- and post-instillation measurements for all accommodative
functions (all P >0.05), except in the AA and the right-eye MEM (both P < 0.05).
Conclusions: We observed small but significant changes in most baseline accommodative functions after the application of 5%
phenylephrine eye drops in opium users. In contrast, most parameters remained unchanged in healthy non-users. When
comparing the results between the two groups pre- and post-application of phenylephrine, we found similar accommodative
functions overall. However, non-users had a significantly higher value for the right-eye AF following the instillation. To better
understand potential binocular anomalies in opium users, further longitudinal studies that are matched for age and sex should be

conducted, focusing on additional aspects of binocular vision and ocular motility.

KEYWORDS
opium use, opium addiction, phenylephrine hydrochloride, binocular vision, ocular accommodation

Correspondences: Masoud Sadeghi, Department of Optometry, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran,
Iran. Email: jaamejamoptometry@gmail.com. ORCID iD: https://orcid.org/0000-0002-8353-2904.

How to cite this article: Khoshnazar TS, Sharifzadeh Kermani M, Mahjoob M, Sadeghi M. Accommodative functions in opium users and non-users.
Med Hypothesis Discov Innov Optom. 2024 Fall; 5(3): 103-111. DOI: https://doi.org/10.51329/mehdioptometry204

Received: 30 November 2024; Accepted: 03 January 2025

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/) which permits copy and

redistribute the material just in noncommercial usages, provided the original work is properly cited. . @ @

BY NC

103 Med Hypothesis Discov Innov Optom. 2024; 5(3)


https://mehdijournal.com/index.php/mehdioptometry
jaamejamoptometry@gmail.com
https://orcid.org/0000-0002-8353-2904
https://doi.org/10.51329/mehdioptometry204
https://ivorc.com/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Accommodative functions in opium users and non-users
e —
INTRODUCTION
Opiates encompass a variety of substances, including naturally occurring morphine, semisynthetic heroin, and synthetic derivatives such
as meperidine and methadone. Prescription opioids, such as hydrocodone, oxycodone, pentazocine, and fentanyl, also belong to this
category [1]. Additionally, the sap of the poppy plant (Papaver somniferum)—known as opium, or Theriac—is included among the
opiates [2].

The effects of opiates on the eyes and visual system can vary significantly [1]. These include oculomotor symptoms such as acute-
onset esotropia with diplopia [3], downbeat nystagmus, saccadic intrusions and oscillations such as square wave jerks and saccadic
pulses, decreased gain of sinusoidal vestibulo-ocular reflex and smooth pursuit [4], accommodative and convergence anomalies [5], and
intermittent or constant exotropia [6, 7]; increased likelihood of developing cataracts [8]; and severe complications such as diffuse retinal
ischemia [9].

Accommodative and non-strabismic binocular dysfunctions represent a diverse group of visual disorders that often accompany
various asthenopic symptoms. These symptoms can be particularly bothersome during close work and may significantly impair daily
activities, ultimately reducing the quality of life [10-12]. Although there are reports of a high prevalence of accommodative and
convergence anomalies—such as accommodative insufficiency, accommodative infacility, and convergence insufficiency —in individuals
with opioid use disorder [5], there is scarcity of data comparing accommodative functions between opium users and non-users.

Thus, we aimed to compare accommodation and binocular vision performance between opium users and non-users by measuring
accommodative functions. Additionally, we evaluated any changes in these parameters after administrating 5% phenylephrine eye
drops, both within and between groups.

METHODS

This cross-sectional case-control study recruited opium users and non-users through convenience sampling from individuals visiting the
ophthalmology outpatient clinic at Shafa Hospital in Kerman, Iran, between 01 November 2023 and 01 November 2024. The study
protocol received approval from the ethics committee of Shahid Beheshti University of Medical Sciences and adhered to the ethical
standards outlined in the Declaration of Helsinki. After a thorough briefing about the study, all participants provided written informed
consent prior to their involvement.

The inclusion criteria for opium users were as follows: age of 20 — 60 years; opium use (only Theriac) [2] for at least 5 years; no
systemic or ocular comorbidities such as diabetes mellitus, hypertension, central nervous system disorders, cataracts, glaucoma, or
accommodation disorders; no history of refractive or intraocular surgeries; and no use of medications with effects similar to those of
opium. The study excluded individuals who had not used opium for 2 — 4 weeks; who used any systemic psychotropic drugs, alcohol,
hashish, or other illicit drugs; and those who underwent treatment for opioid use disorder. Non—drug-abusing healthy controls of both
sexes were recruited from individuals in the same age range.

Comprehensive orthoptic assessments were performed [13], and detailed ocular examinations of the anterior and posterior segments
[14, 15] were conducted using a slit-lamp microscope (Topcon, Tokyo, Japan). Objective manifest refraction was assessed using a Topcon
KR 8900 auto-refracto-keratometer (Topcon Inc., Tokyo, Japan) and subjectively refined using a streak retinoscope (Heine Beta 200
Retinoscope; Heine Optotechnik, Herrsching, Germany). Best-corrected distance visual acuity was determined through full-distance
sphere-cylindrical refraction using a trial frame and trial lenses, with visual acuity assessed by Snellen chart. Near visual acuity was
recorded using a reduced Snellen near vision card. For participants with presbyopia, near-vision spectacles were prescribed as needed.

The accommodative and binocular tests were performed by the same examiner [16], applying standard methods as detailed
elsewhere [5, 17-21], during the same daytime interval to avoid the effect of diurnal variation in accommodation values [22, 23]. The
horizontal and vertical phoria for near and distance was determined using a prism bar and alternate cover test. The near point of
convergence was measured and recorded in centimeters [17]. Pupil diameter was measured and recorded in millimeters using a standard
pupil gauge printed on a near-vision reading card [18]. Final assessments included the near point of accommodation [17] for calculating
binocular amplitude of accommodation (AA) [21] in diopters (D), monocular estimate method (MEM) findings in D [19], negative and
positive relative accommodation in D (NRA and PRA, respectively) [20], and monocular and binocular accommodative facility (AF) in
cycles per minute (CPM) [5]. Measurement of best-corrected distance and near visual acuities with all accommodative and binocular tests
were repeated 30 min after instillation of one drop of 5% phenylephrine hydrochloride eye drops (Neophrin® 5, Sina Daru Co., Tehran,
Iran) [24] in both eyes of each individual.

Data were entered into IBM SPSS Statistics for Windows (version 24.0; IBM Corp., Armonk, NY, USA). The Kolmogorov — Smirnov
and Shapiro — Wilk tests were employed to assess the normality of data distribution. Quantitative data are presented as mean (standard
deviation [SD]) for normally distributed data and as median (interquartile range [IQR]) for non-normally distributed data. Qualitative
data are expressed as numbers (percentages). Means were compared using either the Student’s t-test or the paired #-test, while medians
were compared using the Mann — Whitney U test or the Wilcoxon signed-rank test, as appropriate. Categorical variables were analyzed
using the chi-square test. To minimize type I error resulting from multiple testing, the Bonferroni correction method was employed, as
explained elsewhere [25]. A significance level of P < 0.05 was established for all tests.
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RESULTS

We recruited 210 individuals, 103 opium users and 107 non-users, with comparable mean ages (P> 0.05) and significantly different
sex ratios (P < 0.05), with men outnumbering women among opium users (Table 1).

All accommodative functions measured at pre- and post-instillation of phenylephrine (Table 2), along with the differences
in their values between the two time points (Table 3), were comparable between groups (all P > 0.05), except for the right-eye AF,
which was significantly higher in non-users than in opium users at the post-instillation time point (mean [SD] values for non-
users and opium users were 7.93 [5.08] and 6.65 [4.88] CPM, respectively; P < 0.05) (Table 2).

Within-group comparisons among the opium users uncovered a significant decrease in mean values of all accommodative
functions between the pre- and post-instillation time points (all P < 0.05), except for the right-eye MEM, which increased
significantly (P < 0.05), and the NRA, which was unchanged (mean [SD] values for pre- and post-instillation were + 1.71 [0.44]
and +1.70 [0.43] D, respectively; P > 0.05) (Table 2). At the pre- and post-instillation time points, the calculated mean (SD) values
for AA, right-eye AF, left-eye AF, both-eyes AF, PRA, right-eye MEM, and left-eye MEM were 5.16 (3.15) and 5.13 (3.15) D, 6.73
(4.85) and 6.65 (4.88) CPM, 6.74 (4.61) and 6.68 (4.61) CPM, 4.91 (3.68) and 4.85 (3.68) CPM, - 0.89 (0.53) and - 0.88 (0.54) D, 0.92
(0.35) and 1.00 (0.40) D, and 1.01 (0.40) and 0.94 (0.35) D, respectively.

In contrast, within-group comparisons among non-users found no significant differences between pre- and post-instillation
values of all accommodative functions (all P > 0.05), except for a significant decrease in AA (mean [SD] values for pre- and post-
instillation were 5.80 [3.28] and 5.76 [3.25] D, respectively; P < 0.05) and increase in the right-eye MEM (mean [SD] values for pre-
and post-instillation were 0.84 [0.36] and 0.92 [0.44] D, respectively; P < 0.05) (Table 2).

Table 1. Comparison of demographic characteristics of study groups

Variable Opium users (n =103) Non-users (n =107) P-value
Age (y), Mean + SD 41.6+11.0 39.1+£10.5 0.093
Sex (Men / Women), n (%) 72(69.9) /31 (30.1) 47 (43.9) / 60 (56.1) <0.001

Abbreviations: n, number of participants; y, years; SD, standard deviation; %, percentage. Note: P-value < 0.05 is shown in bold.

Table 2. Between-group and within-group comparisons of accommodative functions before and after instillation of 5%

phenylephrine
Variable Time-point = Opium users, Median (IQR) (Range) Non-users, Median (IQR) (Range) 2 P-value
AA (D) Pre +5.00 (+4.50) (+ 0.5 to + 12.50) +5.00 (+4.50) (+ 0.50 to + 16.00) 0.163
Post +5.00 (+ 4.50) (+ 0.5 to + 12.50) +5.00 (+4.50) (+0.50 to + 16.00) 0.173
1 P-value 0.014 0.020 -
AF (CPM) | OD | Pre 5.00 (8.00) (1.00 to 19.00) 6.00 (9.00) (1.00 to 23.00) 0.057
Post 5.00 (8.00) (1.00 to 19.00) 7.00 (9.00) (1.00 to 20.00) 0.044
1 P-value 0.011 0.329 -
0S | Pre 5.00 (8.00) (1.00 to 18.00) 7.00 (9.00) (- 0.75 to 23.00) 0.093
Post 5.00 (8.00) (1.00 to 18.00) 7.00 (9.00) (1.00 to 23.00) 0.056
1 P-value 0.034 0.160 -
OU | Pre 4.00 (5.00) (1.00 to 15.00) 5.00 (8.00) (1.00 to 17.00) 0.108
Post 4.00 (5.00) (1.00 to 15.00) 5.00 (8.00) (1.00 to 16.00) 0.093
! P-value 0.063 0.059 -
PRA (D) Pre -0.75 (+0.75) (- 2.25 to - 0.25) -0.75 (+1.00) (- 2.50 to + 1.50) 0.176
Post -0.75 (+0.75) (- 2.25 to - 0.25) -0.75 (+1.00) (- 2.50 to + 2.00) 0.270
1 P-value 0.046 0.121 -
NRA (D) Pre +1.75 (+0.50) (+ 0.75 to + 2.50) +1.75 (+ 0.50) (+ 0.75 to + 2.50) 0.274
Post +1.75 (+ 0.50) (+ 0.75 to +2.50) +1.75 (+ 0.50) (- 1.00 to + 2.50) 0.180
1 P-value 0.317 0.366 -
MEM (D) | OD | Pre +1.00 (+ 0.50) (+0.25 to + 1.75) +0.75 (+ 0.50) (- 0.50 to +2.00) 0.091
Post +1.00 (+ 0.50) (+0.25 to + 1.75) +0.75 (+ 0.75) (- 0.75 to +2.00) 0.179
1 P-value 0.001 0.001 -
OS | Pre +1.00 (+ 0.50) (+0.25 to + 1.75) +0.75 (+ 0.75) (- 0.75 to +2.00) 0.060
Post +1.00 (+ 0.50) (+ 0.25 to + 1.75) +0.75 (+ 0.75) (- 0.25 to +2.00) 0.176
1 P-value 0.005 0.091 -

Abbreviations: IQR, interquartile range; AA, amplitude of accommodation; D, Diopters; AF, accommodative facility; CPM, cycle per minute;
OD, right eye; OS, left eye; OU, both eyes; PRA, positive relative accommodation; NRA, negative relative accommodation; MEM, monocular
estimate method. Note: P-values < 0.05 are shown in bold; Pre, before instillation of 5% phenylephrine; Post, 30 min after instillation of 5%
phenylephrine; ! P-value, within-group comparisons of accommodative values pre- and 30 min post-instillation of 5% phenylephrine; ? P-value,
between-group comparisons of accommodative values pre- and 30 min post-instillation of 5% phenylephrine; IQR is defined as the difference
between the third quartile and the first quartile of data distribution; Range is expressed as minimum to maximum.
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Table 3. Between-group comparisons of accommodative functions before and after instillation of 5% phenylephrine

Variables Difference in opium users, Median (IQR) (Range) Difference in non-users, Median (IQR) (Range) P-value
AA (D) 0. 00 (0.00) (- 0.50 to 0.00) 0. 00 (0.00) (- 2.5 to 0.00) 0.959
AF OD |0.00 (0.00) (- 2.00 to 0.00) 0. 00 (0.00) (- 3.00 to +2.00) 0.346
(CeMD OS (0.00 (0.00) (- 1.00 to +1.00) 0. 00 (0.00) (- 2.00 to +12.75) 0.978

O U |0.00 (0.00) (- 2.00 to 0.00) 0. 00 (0.00) (- 3.00 to 0.00) 0.951
PRA (D) 0.00 (0.00) (0.00 to +0.25) 0. 00 (0.00) (- 0.25 to +3.25) 0.771
NRA (D) 0.00 (0.00) (- 0.50 to +0.25) 0. 00 (0.00) (- 2.75 to + 0.25) 0.113
MEM | OD |0.00 (+0.25) (- 0.50 to + 0.50) 0. 00 (+0.25) (- 1.75 to + 1.00) 0.880
) 0S [0.00 (+0.25) (- 0.50 to + 0.50) 0. 00 (+ 0.25) (- 0.50 to + 1.75) 0.311

Abbreviations: IQR, interquartile range; AA, amplitude of accommodation; D, Diopters; AF, accommodative facility; CPM, cycle per minute;
OD, right eye; OS, left eye; OU, both eyes; PRA, positive relative accommodation; NRA, negative relative accommodation; MEM, monocular
estimate method. Note: P-values < 0.05 are shown in bold; Difference, difference in accommodative functions between before and 30 min after
instillation of 5% phenylephrine; IQR is defined as the difference between the third quartile and the first quartile of data distribution; Range
is expressed as minimum to maximum.

DISCUSSION

We recruited 103 opium users and 107 age-matched non-users, with men outnumbering women among the opium users. In opium
users, we observed a small but significant change in all baseline accommodative functions after the instillation of 5%
phenylephrine eye drops. Specifically, their mean values decreased, except for the MEM in the right eye, which increased
significantly, and the NRA, which did not change. In contrast, we found no significant changes in accommodative functions for
non-users between the two time points, except for a significant decrease in AA and an increase in the right-eye MEM. Despite
these differences, all measured accommodative functions—both before and after phenylephrine instillation, as well as the
differences between these values—were comparable between the two groups, except for a significantly higher value of the right-
eye AF in non-users at the post-instillation time point.

The primary aim of accommodation is to enhance visual performance; therefore, its most accurate measurement is subjective
rather than objective [26]. In this study, we utilized subjective techniques to assess accommodative functions. We observed a
significantly higher AF in the right eye of non-opium users, compared to opium users, 30 min after the instillation of 5%
phenylephrine eye drops. Alabi et al. [27] reported that noxious stimulation of the cornea in healthy individuals produces a dose-
dependent increase in the accommodative response, irrespective of whether the stimulation is mechanical or chemical [27]. The
use of opioids for short-term pain relief following refractive surgery has been reported [28]. Because opioids serve as systemic
analgesics [28], the differences we observed in the right-eye AF may be due to reduced pain sensation in opium users compared
to that of healthy non-users. Further research could assess pain perception after phenylephrine instillation by measuring
accommodative functions in both opium users and age- and sex-matched non-users. This may provide further insight into the
effects of opium use.

Dynamic retinoscopy is a simple technique for quantifying accommodation in a clinical setting. Subjective measures could
overestimate the true AA [29]. Mean values of AA obtained using this technique were found to be significantly lower than for the
other two subjective methods [30], the modified push down and minus lens techniques. We employed a dynamic retinoscopy
procedure to assess accommodative response using MEM, which may justify the lower values we obtained in both study groups.

Ghobadi et al. [5] conducted a cross-sectional study involving 80 young men with opioid use disorder, recruited through a
convenience sampling method from a specialized drug-dependence rehabilitation center in Mashhad, Iran. The participants had
a mean (SD, range) age of 30.5 (3.9, 19 — 35) years [5]. In the current study, the mean (SD, range) age of opium users was 41.6 (11.0,
20 - 60) years, with a men-to-women ratio of 2.3. Ghobadi et al. [5] reported that the prevalence of accommodative disorders was
33.75% (95% confidence interval [CI]: 23.55 — 45.19) and that of convergence disorders was 25.00% (95% CI: 15.99 — 35.94). The
prevalence of accommodative insufficiency was 22.5% (95% CI: 13.91 — 33.21), which was notably higher than that of
accommodative excess (3.75% [95% CI: 0.78 — 10.57]) and accommodative infacility (7.50% [95% CI: 2.80 — 15.61]) [5]. Likewise,
the study reported a prevalence of convergence insufficiency of 18.75% (95% CI: 10.89 — 29.03), again higher than that of
convergence excess (3.75% [95% CI: 0.78 — 10.57]) and basic exophoria (2.50% [95% CI: 0.30 — 8.74]). Multiple logistic regression
analysis revealed a significant inverse relationship between pupil size and accommodative insufficiency (odds ratio [OR] = 0.45),
accommodative infacility (OR = 0.67), and convergence insufficiency (OR = 0.55). The study concluded that young men with
opioid use disorder exhibited a higher prevalence of certain accommodative and convergence disorders [5] when compared to
normal populations of a similar age range reported in previous studies [31-34]. We found no significant differences in most
accommodative functions—both before and after the administration of 5% phenylephrine eye drops —between opium users and

age-matched healthy controls. The only exception was that non-users exhibited a significantly higher value of the right-eye AF
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after the eye drop instillation. This discrepancy between our findings and those of Ghobadi et al. [5] may be due to the older

participant ages and wider age ranges in our study. Additionally, our study included female participants, who comprised 30.1%
of the opium user group. Furthermore, the participants in our study were restricted to those who only used Theriac [2], an opiate
type different from that used in the other study [5]. Notably, the aims of the two studies differed; Ghobadi et al. [5] aimed to
report the prevalence of accommodative and convergence anomalies in patients with opioid use disorder, yet we focused on
measuring and reporting the changes in accommodative function before and after the instillation of 5% phenylephrine in both
opium users and non-users. Other undiscovered factors may contribute to this observed discrepancy, highlighting the need for
further research in this area.

Aslaksen et al. [35] conducted a cross-sectional case-control study comparing visual acuity, orthoptic status, refractive state,
color vision, and visual field between 63 children aged 5 — 13 years with prenatal opioid maintenance therapy exposure and 63
non-exposed children matched for age and sex [35]. They observed a significantly higher frequency of manifest strabismus (30%
in the exposed group vs. 4.8% in the control group, with 19 and 3 cases, respectively) and manifest nystagmus (16% vs. 1.6%, with
10 and 1 cases, respectively). Additionally, the exposed children had a lower mean (SD) value of AA (12.85[2.87] D vs. 14.24 [2.69]
D) and poorer visual acuity when compared to the controls; these differences persisted even after adjusting for confounding
factors [35]. Within the exposure group, the children exposed to methadone exhibited poorer visual acuities, along with higher
frequencies of strabismus, nystagmus, hypermetropia, and astigmatism, when compared to those exposed to buprenorphine [35].
Furthermore, impaired or absent binocular function has been reported in children with prenatal opioid exposure [36]. Despite the
differences in demographic and clinical characteristics between our participants and those in the study by Aslaksen et al. [35], our
findings showed a significant change in most accommodative functions after the instillation of 5% phenylephrine eye drops in
opium users. However, we observed no detectable changes in most accommodative functions in non-users. This suggests that
opium users may experience instability in their accommodation and ciliary muscle contraction, reducing their ability to control
accommodative functions. Both our study and that of Aslaksen et al. [35] provide clinical evidence of the effects of opium use on
ocular motility. There is a persistent need for multicenter longitudinal studies with larger populations to gather more evidence
on the health consequences of opium use.

Firth et al. [37] recruited 83 heroin users before detoxification and 69 after, along with a control group of 10 individuals. They
reported mean (SD) binocular AA values of 12.93 (4.58) D in heroin users and 13.1 (3.2) D in non-users, with repeated measures
showing values of 12.2 (4.16) D for heroin users and 14.5 (6.85) D for non-users, indicating no significant differences between the
groups [37]. The mean (SD) binocular AA and repeated binocular AA values increased to 14.15 (6.68) D and 13 (5.1) D, after
detoxification and before discharge for heroin users, again showing no significant difference [37]. A key finding of their study
was a shift in the distance angle of deviation in the esotropic direction. This change was attributed to involvement of the sixth
cranial nerve and divergence insufficiency [37]. Differences between the findings of their research [37] and those of the current
study may arise from variations in addiction types, participant demographics, or measurement techniques, which warrant further
investigation.

Pupil size can influence accommodative gain [38]. Pupillary diameter is significantly and independently associated with AA
in individuals aged less than 44 years; however, this association does not hold for those aged 45 or more years [39]. Furthermore,
pupil size has a significant impact on AA [40]. Therefore, addressing differences in pupillary diameter could serve as an early
treatment target for presbyopia [39]. In the current study, within-group comparisons among non-users found a significant
decrease in AA post-instillation of 5% phenylephrine.

The effects of phenylephrine eye drop on the accommodative system have been documented at concentrations ranging from
0.1% to 10% [41]. Phenylephrine is a pharmacological option for the treatment of presbyopia, particularly when used in a mixed
combination at a concentration of 0.78%, which causes ciliary muscle contraction and mydriasis [42]. A 0.5% phenylephrine eye
drop combined with 0.5% tropicamide can relax accommodation [43]. This combination is widely used as a cycloplegic agent
because of its safety, rapid onset, and quick recovery [44, 45]. The mydriatic effect of phenylephrine eye drops can lead to a
decrease in both objective and subjective measurements of accommodation [46]. Reductions in accommodative performance with
concentrations of 2.5%, 5%, and 10% of the drug, combined with pupil diameter, suggest an independent role of pupil size in
determining accommodative performance [24]. We administered 5% phenylephrine and assessed accommodative function 30
min after instillation. No significant differences were detected in most accommodative functions between opium users and
healthy non-users, except for a significantly higher value of the right-eye AF in non-users at the post-instillation time point.

Richdale et al. [47] conducted a cross-sectional study involving 25 healthy young adults, in which they measured pupil size,
accommodation, and ciliary muscle thickness both before and 30 min after the instillation of 1% proparacaine and 2.5%
phenylephrine. The study found a significant reduction in AA, approximately 1 D, using the push-up test with phenylephrine.
However, phenylephrine did not alter the accommodative response to a 4 D Badal target, as measured by either autorefraction or
photorefraction [47].

Additionally, phenylephrine had no significant impact on baseline ciliary muscle thickness or the muscle’s accommodative
contraction. The researchers concluded that low-dose phenylephrine does not affect ciliary muscle dimensions and contractility,
or the accommodative response to a 4 D near target [47]. We observed small but significant changes in binocular AA and MEM

of the right eye 30 min after administering 5% phenylephrine in healthy non-opium users. The mean (SD) values for AA were
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5.80 (3.28) D before instillation and 5.76 (3.25) D afterward. For the right-eye MEM, the values were 0.84 (0.36) D before and 0.92

(0.42) D after instillation.

Data from 1357 young students in Iran with a mean (SD, range) age of 22.71 (3.0, 18 — 39) years showed a decreasing trend
in AA with age [17]. Data from 1113 individuals aged 6 — 30 years living in rural northern Iran indicated a mean (95% CI) binocular
AF of 9.84 (9.63 — 10.06) CPM [48]. Among 382 Iranian university students with a mean (SD, range) age of 22.5 (4.4, 18 — 35) years,
the mean (SD) NRA and PRA were +2.08 (0.33) D and - 2.92 (0.76) D, respectively [20]. In a study involving 382 young adults in
Iran [49], results showed the following means (SD) and medians for various accommodative functions: monocular AF, 11.33 (5.58)
12 CPM; binocular AF, 8.84 (4.47) 9 CPM; NRA, 2.08 (0.33) 2.25 D; PRA, - 2.92 (0.76) - 2.75 D; and AA, 11.14 (2.6) 11.11 D,
respectively [49]. Notably, these values for our healthy controls, who were two decades older and had a broader age range, were
substantially lower, highlighting the impact of age on accommodative functions in normal individuals. Accordingly,
Ramamurthy et al. [50] reported that younger adolescents have significantly lower near monocular AF than older adolescents,
with values of 5.87 (3.72) CPM compared to 8.11 (4.11) CPM, respectively [50]. Additionally, a significant direct correlation has
been found between the cumulative amount of near work and decreased AF [51]. This suggests that factors other than age may
influence the measured values for accommodative functions, and this should be further investigated. On a positive note, training
has been shown to improve the facility rate [52].

A study involving 713 Iranian university students with a mean (SD, range) age of 21.35 (1.87, 18 — 25) years found statistically
significant differences in AA, monocular AF, and accommodative response between individuals with and without
accommodative insufficiency. In a multiple regression analysis, only sex demonstrated a significant association with
accommodative insufficiency, with an OR of 3.14 (95% CI: 1.33 — 7.45) [53]. The current study compared the accommodative
functions of opium users with that of age-matched controls, addressing the confounding effects of age [49]. The rates of fusional
vergence dysfunction are similar in male and female individuals in Iran [54]. According to the National Burden of Eye Diseases
report on Iran from 1990 to 2010, a point-by-point comparison of disability-adjusted life years attributed to accommodation
disorders showed a slight decrease across all specific age groups for both sexes. This trend is consistent for both men and women
[55], which may reduce the need to consider a similar sex ratio when assessing accommodation functions. However, owing to the
significantly different sex ratios of the two groups, this confounding factor could undermine the robustness of our conclusion
regarding the comparable accommodative functions. Therefore, further research with balanced sex ratios among opium users and
non-users is necessary to validate our findings.

The current study presents a novel comparison of accommodative functions between users of a specific type of opium,
known as Theriac, and age-matched healthy non-users. This comparison was conducted before and after the instillation of 5%
phenylephrine. However, the study has certain limitations. As a single-center, cross-sectional study, it does not provide
longitudinal assessments of accommodative functions. Additionally, it did not evaluate the effects of orthoptic training on
improvements in these functions, the effects of other concentrations of phenylephrine, or other aspects of binocular vision, such
as vergence anomalies. Further research addressing these limitations could yield more reliable and applicable outcomes for

managing potential binocular abnormalities in opium users.

CONCLUSIONS

We observed significant, albeit minimal, changes in most baseline accommodative functions after the application of 5%
phenylephrine eye drops in opium users. In contrast, most parameters in healthy non-users remained unchanged, except for a
significant decrease in AA and an increase in the right-eye MEM. When compared to healthy non-users, considering the difference
in values of accommodative functions before and after the instillation of phenylephrine, opium users exhibited similar
accommodative functions. Likewise, before and after the instillation of phenylephrine, opium users exhibited similar
accommodative functions, except for a significantly lower value for the right-eye AF at the post-instillation time point. Further
longitudinal studies, matched for age and sex, should investigate additional aspects of binocular vision and ocular motility to

further explore potential binocular anomalies in opium users.
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