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Purpose: To investigate the association between early lifetime substance use on the development of severe visual acuity impairment
or blindness on a national level.

Methods: National Survey of Drug Use and Health data was used to identify cases of substance use before 21* years of age, within
the past year, and cases of self-reported blindness or visual impairment. Univariable and multivariable binary logistic regression with
time-dependency was performed to evaluate odds of visual impairment influenced by 16 substances separated into three classes:
prescription, non-prescription, and illicit drugs. Adjusted variables of interest included gender, marital status, race, level of education,
total family income, poverty level, population density, and history of chronic disease.

Results: 55,824 total responses were analyzed with 2577 (4.6%) cases of self-reported blindness or significant visual impairment.
All early-use substance categories, including prescription, non-prescription, and illegal substances, were significantly associated
with self-reported VI (OR 2.068, CI 1.451-2.949, p<0.001; OR 1.352, CT 1.227-1.489, p<0.001); OR 1.211, CT 1.086-1.352,
p<0.001), respectively). Non-prescription substances displayed parallel significances amongst all constituents (alcohol, cigarettes,
inhalants, and marijuana) (OR=1.227, CI 1.12-1.344, p<0.001; OR 1.363, CI 1.243-1.495, p<0.001; OR 1.418, CI 1.134-1.774;
OR 1.388, CI 1.27-1.518, p<0.001, respectively). Univariable and multivariable analysis revealed several significant demogra-
phical and clinical adjustors.

Conclusion: Early lifetime use of all three classes of substances is associated with enhanced odds of subsequent visual impairment or
blindness. Several readily available and commonly used substances have a greater risk. These findings may help clinicians and public
health agencies in mitigation ventures including education, prevention, and rehabilitation efforts.
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Plain Language Summary

For the past three to four decades, multiple substance abuse epidemics, including the Opioid Use Epidemic and
Methamphetamine Use Epidemic, have plagued the United States. A plethora of studies directly implicate the involvement of
substance use, including cocaine, marijuana, and heroin, with visual impairment. This investigation of the National Survey of
Drug Use and Health associates early lifetime substance abuse with the eventual onset of self-reported visual impairment or
blindness. Notably, we observed that early lifetime use of all three classes of substances (prescription, non-prescription, and
illegal) can contribute to later lifetime visual impairment. These findings are potentially important to improve future education,

prevention, and rehabilitation efforts.
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Introduction
Prior investigations of the NSDUH (National Survey on Drug Use and Health) acted as a provision for active
investigations by the Centers for Disease Control and Prevention (CDC) into addressing high-risk substance use
among American youth.' The focus on youth is critical as the majority of adults diagnosed with substance use
disorders initiated their addiction(s) during their teen and young adult years.* Recent estimates of substance use for
illicit, injectable, and misused prescription drugs approach 15% among high school students in the United States.*>
Ocular pathology associated with substance use is well-described in the literature, ranging from mild vision loss to
permanent, irreversible visual impairment.6 High-risk substances, such as cocaine, amphetamines, and opioids, have been
linked to vision-threatening complications such as glaucoma, endophthalmitis, and retinal vascular events.®> Commonly
used substances, such as alcohol and marijuana, are also associated with morbidity, including ocular surface disease.'®'
The NSDUH,'? operated by an agency under the Department of Human and Health Services Administration (HHS),
represents a nationally representative database of substance use and behavioral/medical health-related registries within
the United States.'* Numerous federal agencies use the NSDUH to provide important national updates on substance use
and its sequelae as they relate to key societal and medical issues.'” This includes identifying at-risk demographics/
geographical areas for efficient utilization of federal resources,'® monitoring developments within the National Drug

718 and understanding current immediate and longitudinal substance use trends nationally.'*

Control Strategy,

Recent studies have investigated the NSDUH within the ophthalmic context. Andoh et al recently determined 20%
increased odds of visual impairment in individuals with a history of criminal justice involvement (CJI).” Furthermore,
Han et al highlighted a strong prevalence of visual impairment associated with psychoactive substances, including
alcohol, nicotine dependence, prescription opioids, and tranquilizers within the past year amongst middle-aged and older
adults.'® Considering the aforementioned ocular pathology, there is a need to highlight longitudinal trends regarding
future vision loss or blindness within a relatively high-risk generation.

To the best of our knowledge, a comprehensive analysis of early lifetime substance use and its association with visual
impairment has not been elucidated. In the context of increasing incidence and prevalence of both vision loss and

substance use disorders in the American population,>* >

this retrospective cohort analysis represents the first study to
evaluate all NSDUH-contained time-dependent substance use variables and their association(s) with eventual blindness

or significant visual impairment despite refraction correction.

Materials and Methods

The institutional review board (IRB) at the University of Oklahoma deemed the study exempt from review. As the
NSDUH data are freely available and accessible on a public database, these patient de-identified data were
gathered through governmental agencies with the informed consent of the survey respondents at the time of
original data collection.”® For the purposes of our study, additional informed consent was not possible due to the
already confirmed anonymity of the data. This study followed all guidelines outlined in the Declaration of
Helsinki.

NSDUH cross-sectional estimates were curated utilizing a formalized multistage area probability sampling strategy of
non-institutionalized US civilians of at least 12 years of age.” Confidentiality and cultural/in-group bias in the context of
sensitive questions were maintained and reduced, respectively, via computerized interviewing systems. Self-reported VI,
despite refractive correction was established by yes or no responses to “Are you blind or do you have serious difficulty
seeing, even when wearing glasses?” Case responses categorized as “bad data”, “don’t know”, “refused”, or “blank” (no
answer) were excluded from the analysis (N=312).

To understand the association between early exposure of substance use and visual pathology, 16 time-dependent
substance use variables were extracted from the NSDUH, which convey illicit consumer use of substances at least once
before 21 years of age. Specifically, the substances analyzed were cigarettes, alcohol, marijuana, cocaine, crack, heroin,
hallucinogens, lysergic acid (LSD), phencyclidine (PCP), ecstasy, inhalants, methamphetamine, misused pain relievers,
tranquilizers, non-traditional stimulants, and sedatives. During post-hoc analysis, an additional variable broadly categor-
izing substances into three classes (prescription use, non-prescription use, and use of illegal substances) was developed to
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provide a clinically meaningful generalized prediction of the class-effect of early illicit substance use on eventual self-
reported VI. As observed in prior studies,'” clarity regarding continued longitudinal substance use later in life is
demonstrated by evaluating substance misuse rates within the past year. Furthermore, proper assessment of longitudinal
use impact on vision loss is performed by evaluating odds of self-reported VI secondary to respondents who reported
substance misuse before 21 years of age and misuse within the past year. For substances misused within the past year, the
NSDUH defines misuse as “Use in any way not directed by a doctor, including use without a prescription of one’s own
medication; use in great amounts, more often, or longer than told to take a drug; or use in any other way not directed by a
doctor”.

Furthermore, the NSDUH does not label “misuse” or “abuse” for past-year use of crack cocaine, cocaine, nor heroin,
as these substances are currently not legally consumed for any reason.

Demographical and clinical characteristics were extracted, including gender, marital status, age, race/ethnicity, level
of education, total family income, poverty level, Core Based Statistical Areas (CBSA) for population density, and
lifetime history of chronic disease (eg, hypertension, diabetes, heart disease, chronic obstructive pulmonary disease
(COPD), asthma, cirrhosis, chronic kidney disease, chronic viral hepatitis B & C, COPD, cancer, HIV/AIDS). Due to
well-documented associations with visual morbidity, the presence of systemic disease, specifically diabetes, heart disease,
and hypertension, was each separately assessed with multivariable modeling in their association with self-reported VI.
Univariable analyses were conducted with each substance or category as separate primary independent predictors of self-
reported VI. Within the multi-variable analysis, all demographical and clinical characteristics of individuals in the
database were adjusted to comprehensively 1) document psychosocial associations amongst substance users and 2)
evaluate the NSDUH database to determine which patient characteristics may be high-risk or low-risk for associative
self-reported VI.

Application of univariable binary logistic regression on all candidate substances was first performed. If univari-
able significance was achieved at p<0.05, then selected substances were sequentially qualified with multivariable
regression. To compensate for family-wise error rates associated with multiple hypothesis testing, the Bonferroni
correction was applied. Furthermore, model complexity and multi-collinearity were reduced via the formation of
clinically correlative principal components with separate univariable and multivariable logistic regression models.
Principal components considered all 16 substances, which were grouped according to the similarity of substance
mechanism or function. Statistical analyses were performed utilizing IBM SPSS Statistics for Windows, Version 28
(IBM Corp., Armonk, NY, USA). All P values were two-tailed and 95% confidence intervals were reported.
Statistical significance was achieved at p<0.05.

Results

Descriptive Analysis

Baseline demographic data are shown in Table 1. A total of 55,824 cases were considered for analysis with
N=2577 (4.6%) cases self-reporting visual impairment despite refractive correction. Approximately 52.3%
(N=29,200) of respondents were female, and 57.3% (N=31,980) identified as non-Hispanic White. Categorical
age brackets were positively skewed, with most respondents between 18-25 years (N=14140, 25.3%). 27.9% of
respondents (N=15588) were afflicted by at least one lifetime chronic disease. Additional information regarding
marital status, education, family income, poverty level, and population density demographics are provided in this
table.

Table 2 displays substance use data broadly divided into three categories: prescription use, non-prescription
use, and illegal use before 21 years of age. For the category of prescription use, pain relievers comprised N=208
(0.4%) cases, with tranquilizers (N=172, 0.3%) and sedatives (N=27, 0.0%) also reported. Regarding non-
prescription use within the 2019 NSDUH cohort, N=33464 (59.9%) reported first using alcohol before 21 years
of age, followed by use of cigarettes (N=32,631, 58.5%) and marijuana (N=20903, 37.4%). Finally, when
analyzing illegal drug use, hallucinogens (N=5937, 10.6%), inhalants (N=4567, 8.2%), cocaine (N=3658, 6.6%),
LSD (N=3598, 6.5%), ecstasy (N=2597, 4.7%), methamphetamine (N=1449, 2.6%), crack (N=600, 1.1%), PCP
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Table | Baseline Cohort and Subcohort* Demographical Characteristics

Variable

Frequency (%)

Subcohort Frequency (%)**

Blindness or significant visual impairment
Yes
No

2577 (4.6%)
53,247 (95.4%)

2577 (100%)
0 (0%)

Any substance abuse within past year

2062 (4.7%)

Yes 43,656 (78.2%)

No 12,168 (21.8%) 515 (4.2%)
Gender

Male 26,604 (47.7%) 976 (3.66%)
Female 29,220 (52.3%) 1601 (5.47%)

Marital status

Married

Widowed

Divorced or Separated
Never Married

16,931 (30.3%)
1326 (2.4%)
4493 (8%)
26,584 (47.6%)

540 (3.18%)
126 (9.5%)
270 (6.00%)
1306 (4.91%)

Age

12-20 years
21-25 Years
2634 years
3549 years
50+ years

18,624 (33.36%)
8801 (15.77%)
8568 (15.35%)
11,085 (19.86%)
8746 (15.67%)

1030 (5.53%)
393 (4.47%)
296 (3.45%)
348 (3.13%)
510 (5.83%)

Race/Hispanicity

NonHisp White

NonHisp Black/African Am

NonHisp Native Am/AK Native

NonHisp Native HI/Other Pacific Islander
NonHisp Asian

NonHisp more than one race

Hispanic

31,980 (57.3%)
7177 (12.9%)
742 (1.3%)

290 (0.5%)
2678 (4.8%)
2185 (3.9%)
10,772 (19.3%)

1173 (3.66%)
426 (5.93%)
60 (8.08%)
20 (6.89%)
91 (3.39%)
143 (6.54%)
664 (6.16%)

Education

Less high school

High school grad

Some college/Associate degree
College graduate

12 to 17 year olds

5181 (9.3%)
11,371 (20.4%)
14,384 (25.8%)
11,603 (20.8%)
13,285 (23.8%)

404 (7.79%)
609 (5.35%)
633 (4.40%)
207 (1.78%)
724 (5.44%)

Total Family Income
Less than $20,000
$20,000 - $49,999
$50,000 - $74,999
$75,000 or More

9696 (17.4%)
16,566 (29.7%)
8809 (15.8%)

20,753 (37.2%)

752 (7.75%)
905 (5.46%)
343 (3.89%)
577 (2.78%)

Poverty level

Living in Poverty

Income Up to 2X Fed Poverty Threshold
Income More Than 2X Fed Poverty Threshold

9868 (17.7%)
11,837 (21.2%)
33,596 (60.2%)

778 (7.88%)
700 (5.91%)
1078 (3.20%)

Population Density
Segment in a MSA with | million or more persons
Segment in a MSA with fewer than | million persons

Segment not in a MSA

23,534 (42.2%)
27,542 (49.3%)
4748 (8.5%)

994 (4.22%)
1332 (4.83%)
251 (5.28%)

(Continued)
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Table | (Continued).

Variable Frequency (%) | Subcohort Frequency (%)**

Lifetime Chronic Disease

No 40,236 (72.1%) 1609 (3.99%)
Yes 15,588 (27.9%) 968 (6.20%)
Lifetime diabetes 3088 (5.5%) 279 (9.03%)
Lifetime hypertension 5167 (9.3%) 324 (6.27%)
Lifetime heart Disease 3064 (5.5%) 234 (7.63%)

Notes: *Subcohort is only inclusive of those self-reporting VI impairment. **Subcohort percentages reflect percent of total
cohort with self-reported VI.

(N=528, 0.9%), heroin (N=400, 0.7%), and non-traditional stimulants (N=198, 0.4%) were disclosed before 21
years of age. Furthermore, while the majority of respondents who did not use any substance before 21 years of
age (58.2%) did not misuse any substance within the past year (58.2%), 94.4% of all respondents who did use
substances before 21 years of age also reported abusing any substance within the past year.

Logistic Regression Analysis

All early-use substance categories, including prescription, non-prescription, and illegal substances, were significantly
associated with self-reported VI (OR 2.068, CI 1.451-2.949, p<0.001; OR 1.352, CI 1.227-1.489, p<0.001); OR
1.211, CI 1.086-1.352, p<0.001), respectively). Non-prescription substances was the only category displaying
parallel significances amongst all individual constituents (alcohol, cigarettes, inhalants, and marijuana) (OR=1.227,
CI 1.12-1.344, p<0.001; OR 1.363, CI 1.243-1.495, p<0.001; OR 1.418, CI 1.134-1.774; OR 1.388, CI 1.27-1.518,
p<0.001, respectively). While individual substance use outcomes were not significantly associated with eventual
self-reported VI, we noted that heroin (OR=1.465, CI 0.998-2.149, p=0.051) and pain relievers (OR=1.59, CI
0.972-2.603, p=0.065) showcased parallel trends; however, these groups did not reach statistical significance.
Table 2 presents additional substance-stratified descriptive analyses and multivariate logistic regression outcomes
for self-reported VI.

Univariable and multivariate analysis (Table 3) revealed several significant demographical and clinical adjus-
tors, including age, population density, gender, high school education, marital status, race, poverty status, family
income, and history of chronic disease. Among ecarly-life substance users, those aged 26-34 years and 35-49
years at the time of interviewing demonstrated increased odds of self-reported VI as compared to those between
12 and 17 years of age (OR 1.347, CI 1.057-1.715, p=0.016; OR 1.514, CI 1.182-1.939, p=0.001, respectively).

Substance use yielding borderline or no significance with eventual self-reported VI or blindness were crack
(OR=1.167, CI 0.813-1.674), heroin (OR=1.465, CI 0.998-2.149), pain relievers (OR=1.590, CI 0.972-2.603), non-
traditional stimulants (OR=1.509, CI 0.867-2.626), tranquilizers (OR=1.193, CI 1.197-3.25), and sedatives (OR=0.841,
CI 0.112-6.310).

Within the cohort of respondents who reported at least one incident of substance use both before 21 years of
age and within the past year (N=43,656), prevalence of self-reported VI increased by 0.12% (4.72%).
Furthermore, within this cohort, hypertension (N=4683, 10.7%), diabetes (N=2646, 6.1%), and any prior heart
disease (N=2696, 6.2%) significantly influenced the relationship between substance use before 21 and self-
reported VI (all p<0.001).

Discussion

Vision loss and blindness consistently top the list of greatest fears among Americans, surpassing serious ailments such as
cancer, stroke, heart disease, and even death.”**> Recent population-based estimates of visual acuity loss or blindness
totaled 7.08 million persons, significantly superseding historical national estimates by 68.7%.° Simultaneously, rates of
substance use disorders among Americans, including the opioid crisis and methamphetamine abuse,*®*’ are accelerating
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Table 2 Substance-Based Frequencies and Regression Outcomes for Vision Loss

Substance Category Frequency (%) | VI Prevalence (%) OR 95% CI p-value
Prescription Use 2.068 (1.451-2.949) <0.001
Pain Relievers
Yes 208 (0.4%) 9.1% 1.59 (0.972-2.603) 0.065%*
No 55,616 (99.6%) 4.6%
Sedatives
Yes 27 (0%) 3.7% 0.841 (0.112-6.31) 0.866
No 55,797 (100%) 4.6%
Tranquilizers
Yes 172 (0.3%) 10.5% 1.973 (1.197-3.25) 0.008*
No 55,652 (99.7%) 4.6%
Non-Prescription Use 1.352 (1.227-1.489) <0.001*
Alcohol
Yes 33,464 (59.9%) 4.5% 1.227 (1.12-1.344) <0.001*
No 22,360 (40.1%) 4.8%
Cigarettes
Yes 32,631 (58.5%) 5.8% 1.363 (1.243-1.495) <0.001*
No 23,193 (41.5%) 4.3%
Inhalants
Yes 4567 (8.2%) 5.9% 1.418 | (1.134-1.774) <0.001*
No 51,257 (91.8%) 4.5%
Marijuana
Yes 20,903 (37.4%) 5.1% 1.388 (1.27-1.518) <0.001*
No 34,921 (62.6%) 4.3%
lllegal Use 1211 (1.086—1.352) <0.001*
Crack
Yes 600 (1.1%) 5.5% 1.167 | (0.813-1.674) 0.403
No 55,224 (98.9%) 4.6%
Cocaine
Yes 3658 (6.6%) 5.4% 1.331 (1.138-1.557) <0.001*
No 52,166 (93.4%) 4.6%
Ecstasy
Yes 2597 (4.7%) 5.2% 1.352 | (1.123-1.628) 0.001*
No 53,227 (95.3%) 4.6%
Hallucinogens
Yes 5937 (10.6%) 5.4% 1.407 | (1.238-1.599) <0.001*
No 49,887 (89.4%) 4.5%
Heroin
Yes 400 (0.7%) 7.5% 1.465 | (0.998-2.149) 0.051%*
No 55,424 (99.3%) 4.6%
Lysergic Acid
Yes 3598 (6.4%) 5.4% 1.394 | (1.192-1.631) <0.001*
No 52,226 (93.6%) 4.6%
Methamphetamine
Yes 1449 (2.6%) 6.3% 1.418 | (1.134-1.774) 0.002*
No 54,375 (97.4%) 4.6%
Phencyclidine
Yes 528 (0.9%) 7.2% 1.538 | (1.093-2.164) 0.013*
No 55,296 (99.1%) 4.6%
Non-traditional Stimulants
Yes 198 (0.4%) 7.6% 1.509 | (0.867-2.626) 0.145
No 55,626 (99.6%) 4.6%

Notes: *Reveals significance after Bonferroni correction; **Borderline significance. All regression analyses were first
qualified using univariate regression outcomes before implementing adjusted regression analyses.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 3 Multivariable Logistic Regression for Substance Use and Clinical Adjustors

Variable Odds Ratio (OR) | 95% Confidence | p-value
Interval (CI)
Any Substance Use
Yes Ref. Ref. Ref.
No 0.748 0.678 0.825 <0.001
Age
12—17 Years Ref. Ref. Ref. Ref.
18-25 Years 1.059 0.857 1.31 0.595
26-34 Years 1.347 1.057 1.715 0.016
3549 Years 1.514 1.182 1.939 0.00/
50-64 Years 1.014 0.777 1.323 0.92
65+ Years of Age 0.885 0.668 1.172 0.394
Population Density 2000
Core-Based Statistical Area* with at least | million persons Ref. Ref. Ref.
Core-Based Statistical Area* with less than | million persons 0.873 0.799 0.954 0.003
Not Core-Based Statistical Area* 0.846 0.726 0.985 0.031
Sex
Male Ref. Ref. Ref.
Female 0.669 0.615 0.727 <0.001
High School Education
Less high school Ref. Ref. Ref. Ref.
High school graduate 1.372 1.196 1.573 <0.001
Some college/Associate Degree 1.522 1.319 1.757 <0.001
College graduate 2912 2418 3.508 <0.001
Marital Status
Married Ref. Ref. Ref.
Widowed 0.636 0.507 0.797 <0.001
Divorced or Separated 0.741 0.634 0.867 <0.001
Never Been Married 0.885 0.77 1.018 0.086
Race/Hispanic Recode
Non-Hispanic White Ref. Ref. Ref.
Non-Hispanic Black/African American 0.735 0.649 0.832 <0.001
Non-Hisp Native American/Alaska Native 0.616 0.466 0.813 0.001
Non-Hispanic Native Hawaiian/Other Pacific Islander 0.588 0.369 0.937 0.025
Non-Hispanic Asian 0.759 0.606 0.951 0.017
Non-Hispanic more than one race 0.624 0.519 0.75 <0.001
Hispanic 0.662 0.594 0.738 <0.001
Poverty Status
Living in Poverty Ref. Ref. Ref.
Income Up to 2X Federal Poverty Threshold 1.157 | 1.338 0.049
Income More Than 2X Federal Poverty Threshold 1.475 1.217 1.788 <0.001
(Continued)
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Table 3 (Continued).

Variable Odds Ratio (OR) | 95% Confidence | p-value
Interval (CI)

Family Income
Less than $20,000 Ref. Ref. Ref.
$20,000 - $49,999 1.133 0.978 1.311 0.096
$50,000 - $74,999 1.186 0.96 |.466 0.114
$75,000 or More 1.363 1.098 1.692 0.005

Lifetime Chronic Disease
Yes Ref. Ref. Ref.
No 0.635 0.58 0.695 <0.001

Notes: These outcomes are nationally representative and sourced by the NSDUH 2019 Edition, which is available from: https://www.samhsa.
gov/data/release/20|9-national-survey-drug-use-and-health-nsduh-releases. All responses were interview generated. Statistical significance was
achieved at p<0.05.

at an ever-increasing pace. Substance use disorders are well-documented to provide a heightened propensity for the
development of a variety of psychiatric disorders, lower socioeconomic status, substantial lifetime trauma, and low
accessibility to mental health services.”®*’ Prior studies have also characterized the influence of substance use on
ophthalmic pathology through anatomical stratification within the eye and orbit.® Within ophthalmology, epidemiological
analyses have previously highlighted strong associations between self-reported VI and illicit drug use among service
members and veterans.>> While studies of the NSDUH within the ophthalmic literature are few in number,>'® this
national investigation validates an enormous body of literature regarding the harmful effects of substance use, while
simultaneously recommending a heightened clinical awareness among all eye care providers for visual morbidity
consequent to a national endemic of substance abuse.

Previous studies have noted significant risks of visual morbidity, especially when considering illegal substances. For
example, one study reported an increased risk of open-angle glaucoma in cocaine and amphetamine users.” Similarly,
intravenous drug use has been reported to cause endogenous endophthalmitis, talc retinopathy, and septic emboli.>* When
considering legal substances, both history of increased alcohol consumption and current heavy drinking (defined as at
least 4 drinks per day) correlated with the presence of dry eye signs and symptoms.>'~*? Furthermore, illicit drug use may
not necessarily directly affect visual acuity; other visual domains of interest, including contrast sensitivity, prolonged
glare recovery, and reduction in color discrimination, are evidenced to be in association with drug use.*’

In the present study, we noted a significant risk of self-reported VI associated with early life use of both illegal and
legal substances, the latter including both readily-available and prescription-required substances. First, we observed that
58.2% of respondents who did not use any substance before 21 years of age endorsed substance use within the past year
of taking the survey. Furthermore, 94.4% of all respondents who used substances before 21 years of age also reported
substance use within the past year of taking the survey. This observation is likely clinically important, as respondents are
much more likely to continue drug abuse into adulthood if drug abuse occurred before 21 years of age. This observation
is also statistically important as there is verification of significantly greater specificity of drug abuse later in life when
drug abuse occurred earlier in life.

To inform clinicians and policymakers most meaningfully, the encompassed 16 substances were divided into three
broad categories: prescription, non-prescription, and illegal substances. We noted that early substance use among all three
categories led to significantly increased odds of self-reported VI or blindness later in life (Table 2). More specifically, 9
of 16 studied substances were independently associated with significant self-reported VI after early lifetime substance
use. Furthermore, past-year substance misuse was observed in 94.4% of respondents who reported substance use before
21 years of age. This indicates an association of early lifetime substance use with past year substance misuse and further
validates a cumulative lifetime impact of longitudinal substance use with vision.
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Understanding the cumulative impact of early-onset substance use on a societal and economic basis, especially during
teenage years and young adulthood, is a profound public health concern.'”* Health care costs, along with strains in the
workplace, households, and local communities, have historically and systematically been impacted. Logistically, non-
prescription substances create a concern, given the high rates of ease of access among young adults. In this study,
alcohol, cigarettes, inhalants, marijuana, and the all-inclusive “non-prescription group” individually and collectively
demonstrated a strong relationship with the eventual onset of self-reported VI (all p<0.001). These findings alone require
considerable discussion; however, these “gateway” or “light” substances could act as a provision for later involvement in
more nefarious drugs, which synergistically impact ocular function.**

Additionally, this investigation highlights an extensive array of prescription-only and illegal substances (Table 2) that
also demonstrate the potential for predicting self-reported VI. A non-significantly stronger association with self-reported
VI is evident for prescription use (OR 2.069, p<0.001) as compared to non-prescription use (OR 1.352, p<0.001).
Coupled with significantly fewer cases of prescription use before 21 years of age, these findings altogether would
demonstrate a greater specificity for eventual self-reported VI with prescription use in tandem with greater sensitivity
with non-prescription use. By extension, this rationale would firmly support the “gateway” theory concerning the
adolescent transition of categorical substance use from non-prescription to prescription medications.®>>° Important
regard for alternative mechanisms is evidenced by adjustors, including age, sex, marital status, poverty status, population
density, family income, and lifetime chronic disease, reaching statistical significance. These factors underpin the
intricacies mediating the relationship between vision loss and substance use. Ultimately, it is not merely substance use
itself, but a myriad of psychosocial confounders, including access and quality of care, socioeconomic status, or familial
support, that results in the onset of self-reported VI later in life (Table 3).

Young adolescents are susceptible to impulsivity, peer pressure or peer approval, and pleasurable drug experiences
that ultimately contribute to psychological drug addiction and the use of more dangerous substances.'**3* In terms of
accessibility, adolescents can potentially access these medications from prescriptions of family members within their
respective households or second-hand from social gatherings.*> Contributing factors to this dynamic include social
isolation and incompetency of safe management strategies for controlled medications within the household.****

Han et al showcased preliminary evidence of substance use exercising a widened prevalence within the past year
among middle-aged and older adults suffering from self-reported VI or blindness.'® The authors suggest middle-aged and
elderly adults may utilize these substances, either prescribed or obtained otherwise, to alleviate mood dysfunction
secondary to vision loss. In contrast, our analysis highlights a time-dependent influence of early substance use on the
development of self-reported VI or blindness later in life. Furthermore, when considering CDC-directed investigations
concluding that early substance use strongly predicts a continuation of substance use into adulthood,'” then an alternative
explanation can be considered. Instead of vision loss provoking the use of psychoactive substances amongst older adults,
it is also likely that an early onset of substance use results in ocular, systemic, and psychiatric morbidity, which may
primarily or secondarily explain continued substance use in older populations.’>>° Several studies that report the
chronic, degenerative ocular effects of prescription, non-prescription, and illicit substances would additionally support
our findings.® !> However, it is possible that both explanations may apply on an individual basis: while some patients
may have an early history of substance use associated with vision loss in later years, there may be also a significant
number of patients who initiated substance use in middle-adulthood in response to complex medical conditions causing
chronic pain and mood disorders.***¢

Regardless of the exact cause-effect time relationship between substance use and self-reported VI, eye care providers
should practice a heightened level of awareness for identifying substance use disorders before chronic consumption of
a given substance cumulatively impacts vision to a severe degree. In the clinical setting, eye care providers should
strongly consider giving additional attention, especially when treating younger patients, to accurately document and
review medical and substance use history, given long-term visual implications. This is notably important for patients
residing in high-risk areas. For some patients, eye care providers may be the only medical provider encountered, whether
it be for routine, elective, or emergent care; thus, eye care providers among all subspecialties should be aware of their
gatekeeper role in the comprehensive well-being and health maintenance of high-risk patient populations. Subsequent
education, establishing care with primary care doctors, and psychiatric referral for addiction rehabilitation, if necessary,
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should promptly follow. As a corollary, practitioners may need to play a critical role in substance use rehabilitation
efforts. For example, recent visuoperceptive prediction models have highlighted the importance of visual skills remedia-
tion before the implementation of higher-order cognitive and emotional psychotherapy for patients diagnosed with severe
alcohol use disorder.*” Thus, eye care providers may not only have to treat drug-induced ocular pathology but also
participate in multidisciplinary efforts for successful long-term rehabilitation of this patient population.*’*3

Strengths of this study include a considerably large cohort and a nationally representative database. Additionally, the
comprehensive nature of the NSDUH allows for an ability to capture information on commonly misused prescription and
non-prescription substances. NSDUH data utilization carries an inherent risk of social desirability and recall biases.”*
Compensation for recall bias is developed within the interview style. For example, interview questions related to misuse
of certain substances incorporate generic and brand names to aid in respondent recollection and accuracy (benzodiaze-
pine tranquilizer, alprazolam, Xanax, etc). Furthermore, time-dependent NSDUH analyses, such as this study, ascertains
legitimacy in documenting trends or associations over time by virtue of rates of under- or over-reporting remaining
relatively constant over time. This is likely due to the social undesirability of substance use remaining constant over time.
NSDUH-derived studies are usually cross-sectional in nature; however, causality can be inferred. This study demon-
strates inferred causality in its use of time-dependent variables, namely substance use before a certain age, thereby
creating a legitimate framework for establishing temporal associations. Future investigations may be able to improve on
the limitations of this study.

Conclusions

In summary, this study demonstrated enhanced odds of self-reported visual impairment or blindness in relation to all
three classes of substance use (prescription use, non-prescription use, and illegal use) before 21 years of age. A number
of readily-available and commonly used substances have a greater risk for visual impairment. Eye care providers should
be aware of their role in the diagnosis and management of this high-risk patient population. These findings may further
help clinicians and public health agencies in mitigation efforts including education, prevention, and rehabilitation efforts.

Abbreviation
VI, visual impairment or blindness despite refractive correction.
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