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Purpose: This study aims to investigate the risk of drug-induced cataract and
examine its epidemiological patterns using real-world data.

Methods: Data from the FDA Adverse Event Reporting System (FAERS), spanning
January 2004 to December 2024, were analyzed. Adisproportionality analysis was
conducted on the FAERS database using four quantitative measures—reporting
odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence
propagation neural network (BCPNN), and multi-item gamma Poisson shrinker
(MGPS)—to identify potential safety signals. The study categorized the identified
cataract-induced drugs by risk level and quantitatively compared the time to
onset across these categories.

Results: A total of 671 drugs were reported to be associated with cataract
in the FAERS database. Disproportionality analysis identified 64 drugs with a
significant risk of cataract formation. The primary therapeutic classes included
hormonal, oncological, and ophthalmic medications, along with drugs acting
on the nervous system. The highest-risk drugs identified were omidenepag
isopropyl, clobazam, and nitisinone, with BCPNN scores of 7.69, 7.36, and 6.02,
respectively. Ophthalmic medications showed the shortest mean onset time
for drug-induced cataract, averaging 120.29 days. The majority of affected
individuals were female (67.59%) and elderly (mean age 63.85 + 14.54 years).
Conclusion: This study provides real-world evidence regarding the risk of
drug-induced cataract, offering empirical support for preventive strategies and
informed clinical decision-making.

KEYWORDS

cataract, drug induction time, drug-induced risk, FAERS, pharmacovigilance

Introduction

Cataract development is characterized by the clouding of the eye’s crystalline lens,
resulting from the aggregation and precipitation of proteins, ultimately leading to a
progressive decline in visual quality (1). As the leading cause of blindness globally, cataract
disproportionately impact populations in middle- and low-income countries (2). Current
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estimates indicate that over 10 million people are blind due to
cataract, with an additional 35 million experiencing moderate to
severe vision impairment, making it a significant global health
challenge (3).

Cataracts are classified by their etiology into several subtypes,
including age-related, congenital, secondary, traumatic, radiation-
induced, and drug-induced (4, 5). Among these, drug-induced
cataract represent a clinically significant, yet often underrecognized,
contributor to visual impairment. These cataract develop as a result
of prolonged exposure to specific pharmacological agents, with
over 70 medications identified as potential risk factors (6, 7). A
critical clinical consideration is that, in early or mild cases, drug-
induced cataract may be reversible, or their progression can be
halted if the causative medication is identified and discontinued
promptly. Therefore, the early identification of drugs that can
induce cataract is crucial in clinical practice. Historically, prior to
comprehensive databases like the FDA Adverse Event Reporting
System (FAERS), knowledge of drug-induced cataract was based
largely on isolated case reports and limited surveillance (8).
Although these methods established common associations, they
had notable limitations, including the systematic underreporting
of rare medications, substantial publication delays, and the
potential for false-positive signals in studies with limited
statistical power.

This study aims to systematically evaluate drug-induced cataract
using a large-scale real-world dataset derived from the FAERS
database, with the additional goal of identifying risks associated with
pharmacological agents not yet recognized as causing cataract. Our
objectives are to identify drugs associated with cataract in clinical
practice, quantify their specific risks, and determine the typical onset
time following drug initiation.

Methods
Data source

This study utilized data extracted from the FAERS, covering the
period from January 1, 2004, to December 31, 2024. These datasets
are publicly available for download on the FDAs official website. The
database consolidates voluntary adverse drug reaction (ADR) reports
submitted by global stakeholders, including healthcare professionals,
pharmaceutical companies, and consumers. To strengthen the
validity of the analysis, only reports submitted by physicians and
pharmacists were included. In accordance with FDA deduplication
standards, reports were organized by PRIMARYID, CASEID, and
FDA_DT. For instances with duplicate combinations of CASEID and
FDA_DT, only the record with the highest PRIMARYID and the
most recent FDA_DT was retained, ensuring the most up-to-date
entry for each case (9). Between January 2004 and December 2024,
the database accumulated 22,249,476 case entries in its unprocessed
form. After deduplication using primary ID identifiers, 18,627,667
entries remained for analysis. Within this dataset, 14,056 cataract-
associated adverse event reports were identified, corresponding to
13,808 unique subjects experiencing drug-induced cataract reactions
linked to 1,866 pharmaceutical agents. After applying exclusion
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criteria (removing drugs with fewer than three reported cases and
consolidating duplicate brand names), 671 distinct medications were
retained for final analysis. The data cleaning process is systematically
presented in Figure 1.

Identification of ADRs

This study utilized the Medical Dictionary for Regulatory
Activities (MedDRA) to define ADRs (MedDRA® version 20.0) (10).
Adverse events were encoded using MedDRA Preferred Terms (PTs),
and related PTs were identified through standardized MedDRA
queries (SMQs) specific to cataract. In this study, only PTs of narrow
scope were employed (11).

Statistical analysis

Signal detection was conducted using disproportionality analysis,
which incorporated four complementary statistical methods: the
reporting odds ratio (ROR), proportional reporting ratio (PRR),
Bayesian confidence propagation neural network (BCPNN), and
multi-item gamma Poisson shrinker (MGPS). ROR and PRR were
selected for their high sensitivity and computational simplicity;
however, these measures can be unstable in sparse data and may
generate false-positive signals due to random variability. To mitigate
this limitation, Bayesian shrinkage methods (BCPNN and MGPS)
were applied, as they provide higher specificity in the context of rare
events (12). This study therefore centered on adverse event meeting
all four algorithm criteria. All methods were implemented within a
standard contingency table framework (Tables 1, 2). The criteria for
positive signals were as follows: (1) For ROR, a value >3 with the
lower limit of the 95% confidence interval (CI) > 1; (2) For PRR, a
value >3 with the lower limit of the 95% CI > 1; (3) For BCPNN, the
lower limit of the information component (ICy,s) > 0; (4) For MGPS,
the standard is EBGM,s > 2 and a > 0. For the BCPNN method, signal
strength was classified based on IC,,; values: signals were considered
weak (ICs 0-1.5), medium (ICys 1.5-3), or strong (IC,s > 3).
Additionally, Quartiles of drug-induced event onset times were
calculated to analyze temporal patterns across drugs. A multivariable
logistic regression was conducted on the top 20 signal drugs to assess
risk profiles, adjusting for confounders like age, gender, reporting
country, administration route, and drug indications. All analyses
were conducted using SPSS (v26.0), GraphPad Prism (v10.1.2), Excel
2019, and R (v4.2.2). For visualization and statistical workflows in R,
the following packages were used: ggplot2, ggrepel, dplyr, and
DescTools. A two-sided p<0.05 was considered statistically
significant.

Results
Baseline characteristics of subjects

A total of 13,808 subjects with reported ADRs associated with
cataract were included in this study. The mean age of participants was
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Raw FAERS reports
(January 2004 - December 2024)
N =22,249,476
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(January 2004 - December 2024)
N =18,627,667

Duplicate value
(January 2004 - December 2024)
N =3,621,809

-

Number of ADEs related to cataract
(January 2004 - December 2024)
N = 14,056

Number of patients reported \b

ADEs of cataract
(January 2004 - December 2024)
N=13,808

Number of drug products reported
with ADEs of cataract
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Duplicate drug names were deleted and the
number of reported cases was greater than 3
(January 2004 - December 2024)
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FIGURE 1
Flowchart of the data cleaning pipeline for drug-induced cataract data from the FAERS database.

TABLE 1 Four-grid table of disproportionality analysis method. with a higher prevalence observed in females compared to males

(Figure 2B). The primary therapeutic indications were “other

Item Target adverse All other Total indications” (67.23%, n = 67,230), rheumatoid arthritis (17.99%,
events adverse events n=1,632), and plasma cell myeloma (9.09%, n = 276) (Figure 2C).
Target drugs a b a+b Among reports of drug-induced cataract, the most common serious
Al other drugs c d c+d clinical outcomes were hospitalization (38.18%, n = 1,159) and other
serious conditions (48.29%, n = 1,466). Notably, fatal (4.48%, n = 270)

Total a+c b+d a+b+c+d

and disabling (5.11%, n = 155) outcomes were also reported. It is
A conti table for the calculation formula of th tion imbal lysis. " .
contingeney fable for fhe caletfation formuta o7 The proporfion imbaiance anatysis critical to note that these outcomes may be attributed to co-reported

adverse events rather than cataract themselves (Figure 2D). The

63.85 + 14.54 years, with a predominance of females (67.59%)
(Figure 2A). Since 2004, the reported incidence of drug-induced
cataract has shown a rising epidemiological trend, peaking in 2019,
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United States, Canada, and Japan accounted for the highest number
of reported cases (Figure 2E). Additional details are provided in
Figure 2 and Table 3.
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TABLE 2 Principle of disproportionality analysis and standard of signal detection.

Methods Calculation formula Inclusion standard of
positive signal
ROR >3 and 95%CI > 1
ROR = (a/c) a an
(b/d)
SE(InROR) = (1+1+1+1]
a b c d
In(ROR)+1.96 /1+l+1+1
95%Cl=e abcd
PRR oar_2/(a+b) a>3and 95%CI > 1
c/(c+d)
SE(InPRR) = (1—L+1— L )
a a+b ¢ c+d
In(PRR)+1.96 (LLJ—LJ
95%Cl=e a a+b ¢ c+d
BCPNN a(a+b+c+d) 1. No signal (=): ICy; < 0
IC=logg ——+——" :
(a+b)(a+c) 2. Low signal (+): 0 < ICps < 1.5
( )( )( ) 3. Medium signal (++): 1.5 <ICs <3
a+yll)(a+b+c+d+a)(a+b+c+d+ g . X
IC =1 4. High 1 : 1C, 3.
025 =062 (a+b+c+d+y)(a+b+al)(a+c+pl) igh signal (+-++): 1Cns >
V()= 12{{ (a+b+c+d)—a+y—y11 }
(in2) (a+y1)(1+a+b+c+d+y)
(a+b+c+d)-(a+b)+a-al
(a+b+at)(1+a+b+c+d+a)
. (a+b+c+d)-(a+c)+p-p1
(a+c+pl)(1+a+b+c+d+p)
B 11(a+b+c+d+a)(a+b+c+d+ﬁ)
r=r (a+b+al)(a+c+ )
IC-2SD =E(IC)-2,/V(IC)
Whereal =pl=La=p=2;y11=1
MGPS EBGMO05 >2anda >0
Epgm = 2(@+bro+d)
(a+c)(a+b)
In(EBGM)—;|1.64 [1+1+1+1)
EBGMO5 = e abocd

ROR, reporting odds ratio; PRR, proportional reported ratio; BCPNN, Bayesian confidence propagation neural network; MGPS, multi-item gamma Poisson shrinker; CI, confidence interval;

IC, information component.

Distribution of drug categories associated
with drug-induced cataract

In the disproportionality analysis of 671 drugs linked to cataract-
related adverse reactions, positive signals were detected for 64
medications. The DrugBank database was used to retrieve brand/
generic drug names and their respective mechanisms of action.
Among the 64 signal-positive drugs, the distribution by therapeutic
class was as follows: hormonal medications (16, 25%), oncological
drugs (15, 23.4%), ophthalmic medications (6, 9.4%), nervous
system agents (6, 9.4%), and other drug classes (21, 32.8%). The
therapeutic classes and specific actions of these drugs are detailed in
Table 4.

Frontiers in Medicine

Risk values of drugs associated with
drug-induced cataract

Among the drugs associated with cataract, the top three hormonal
medications by ROR values were prednisolone phosphate
(ROR = 36.78), dexamethasone (ROR =29.09), and budesonide
(ROR = 15.15). In the oncological class, mirvetuximab soravtansine
showed the strongest cataract signal (ROR = 44.14), followed by
erdafitinib (ROR =18.32) and tamoxifen (ROR =13.39). For
ophthalmic medications, the top three drugs by ROR values were
omidenepag isopropyl (ROR = 238.95), aflibercept (ROR = 12.86),
and brolucizumab (ROR = 8.04). In other medication classes, the top
three drugs by ROR values were nitisinone (ROR =68.22),
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FIGURE 2

Distribution of baseline data for patients reporting adverse events of cataract in the FAERS database. (A) Patient age distribution by gender.
(B) Reporting trend of adverse events. (C) Distribution of indication. (D) Distribution of patient outcomes. (E) Profile of drug administration routes.

Omega-3-Acid Ethyl Esters (ROR=30.54), and tamsulosin
(ROR = 16.03). Further details are provided in Table 4 and Figure 3.

Risk, reporting frequency of drugs

The BCPNN algorithm was utilized to assess the risk of drug-
induced cataract, with 26 drugs (40.6%) classified as high-risk and 38
drugs (59.4%) classified as medium-risk. The top three drugs with the
highest risk levels were omidenepag isopropyl (IC,s = 7.69), clobazam
(ICyys = 7.36), and nitisinone (ICy,5 = 6.02). Conversely, the three
drugs with the lowest risk levels were lumacaftor (IC,; = 1.68),
letrozole (ICy,s = 1.81), and eltrombopag (ICy,s = 1.85). Based on the
frequency of adverse event reports, Figure 4 lists drugs associated with
cataract, with lenalidomide (1 = 2,353) having the highest number of
reports, followed by pomalidomide (n = 455), aflibercept (n = 251),
abatacept (n = 155), and tamsulosin (n = 101).

Comparison of drug-induced onset time
among different categories of drugs

One-way ANOVA revealed significant differences in the time-to-
onset of drug-induced cataract across therapeutic classes (p < 0.001).
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Ophthalmic medications had the shortest onset time

(mean = 120.29 days),
= 128.9 days), nervous system medications (mean = 196.26 days), and

followed by oncological drugs (mean

hormonal therapies (mean = 325.35 days). Other medications
exhibited the longest progression time (mean= 495.40 days)
(Figure 5).

Multivariate analysis results

Furthermore, we incorporated comprehensive data for all subjects
exposed to the top 20 signal drugs—including age, weight, gender,
country, drug indications, reporter type, route of administration, and
duration of use—into a multivariable logistic regression model. The
analysis confirmed that each of the top 20 drugs remained an
independent risk factor for drug-associated cataract (OR >1, p < 0.05).
Additionally, older age was identified as a significant risk factor for
cataract development [OR (95% CI) = 2.023 (1.893-4.171)]. Regarding
reporting sources, compared with reports submitted by “Health
Professional,” those from “Other Health-Professional” [OR (95%
CI) = 1.891 (1.571-2.275)], “Pharmacist” [OR (95% CI) = 1.503
(1.209-1.868)], and “Physician” [OR (95% CI) = 1.565 (1.324-1.851)]
were associated with a significantly higher likelihood of cataract
reporting (p < 0.05) (Figure 6).
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TABLE 3 Baseline characteristics of patients with drug-induced cataract.

Variable Total

Age 63.85 + 14.54
Weight 74.72 + 20.89
Gender
Female 2,052 (67.59)
Male 984 (32.41)
Reporter
Physician 2,078 (68.45)
Other health-professional 763 (25.13)
Pharmacist 195 (6.42)
Country

United States 1,625 (53.52)

Other Country 455 (14.99)
Canada 269 (8.86)
Japan 214 (7.05)
Germany 129 (4.25)
France 123 (4.05)
Brazil 99 (3.26)
United kingdom 83 (2.73)
Australia 19 (0.63)
Spain 11 (0.36)
Italy 9(0.30)
Route

Oral 1,679 (55.30)
Other 530 (17.46)
Subcutaneous 366 (12.06)
Intravenous 314 (10.34)
Ophthalmic 68 (2.24)
Intramuscular 43 (1.42)
Intraocular 18 (0.59)
Respiratory (inhalation) 18 (0.59)

Outcome

Other Serious (Important Medical Event) 1,466 (48.29)

Hospitalization - Initial or Prolonged 1,159 (38.18)

Disability 155 (5.11)
Death 136 (4.48)
Life-threatening 80 (2.64)
Required Intervention to Prevent

39 (1.28)
Permanent Impairment/Damage
Congenital Anomaly 1(0.03)

Indication

Other Indication 2,041 (67.23)

Rheumatoid arthritis 1,632 (17.99)

Plasma cell myeloma 276 (9.09)

Osteoporosis 194 (6.39)

(Continued)
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TABLE 3 (Continued)

Multiple sclerosis 60 (1.98)
Breast cancer 56 (1.84)
Crohn’s disease 50 (1.65)
Psoriatic arthropathy 175 (1.27)
Asthma 36 (1.19)
Dermatitis atopic 32 (1.05)
Psoriatic arthropathy 28 (0.92)
Psoriasis 23(0.76)
Discussion

This study systematically evaluated drug-induced cataract reports
in the FAERS database from January 2004 to December 2024.
Disproportionality analysis identified 64 medications with significant
positive signals, predominantly across five therapeutic classes:
hormonal agents, oncological drugs, ophthalmic medications, nervous
system medications, and other pharmacological categories. The
associated risks and onset times for these drugs were also assessed.
Additionally, subgroup analyses were conducted stratified by age, sex,
reporting country, and underlying medical conditions. These findings
provide critical insights for reducing cataract prevalence and
improving drug safety, while assisting ophthalmologists in identifying
cataract-inducing medications and mitigating the risk of drug-
induced cataract.

Our analysis shows a clear increase in reports of drug-induced
cataract from 2004 to 2019, followed by a decrease after that
(Figure 2B). This trend can be explained by several related factors. The
initial rise likely resulted from greater awareness among clinicians and
increased use of medications in growing older populations. Elderly
patients often take multiple medications long-term and are more
prone to cataract, which may have further contributed to the upward
trend (2).

The decline after 2019, however, requires careful interpretation. It
could reflect better drug safety or improved prescribing habits, but it
also coincides with the COVID-19 pandemic. During this period,
reduced non-urgent medical visits—including eye examinations—
likely led to fewer cases being detected and reported (13). Interestingly,
reports of drug-induced cataract were more common in female
patients. This difference may be due to several reasons. Certain high-
risk drugs, such as hormonal treatments (e.g., tamoxifen) and
medications for autoimmune conditions like rheumatoid arthritis, are
prescribed more frequently to women. Additionally, women may be
more likely to seek medical care, leading to higher detection and
reporting rates.

Our analysis found that ophthalmic medications had the shortest
mean onset time for drug-induced cataract (120.29 days). This earlier
onset may be attributed to two main factors. First, the local route of
administration bypasses the blood-retinal barrier, allowing direct and
sustained high drug concentrations at the ocular site (14). Second,
patients on these therapies typically undergo more frequent ocular
evaluations, which facilitates earlier detection of cataract formation.
Anti-VEGF agents and prostaglandin analogs emerged with cataract
risk signals in our study. While intravitreal injections carry a known
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TABLE 4 Disproportionality analysis of positive signal drugs associated with cataract.

Drug name Classification ROR (95%Cl) PRR (95%ClI) MGPS (95%CI)  BCPNN (95%Cl) PRR (X?) p value
Budesonide Hormonal medication 15.15(9.11-25.2) 15 (14.5-15.51) 14.99 (9.79-22.95) 3.91 (2.24-5.57) 15 (195.99) <0.001
Conjugated estrogens Hormonal medication 4.51 (2.94-6.92) 4.5 (4.07-4.92) 4.49 (3.14-6.43) 2.17 (0.5-3.83) 4.5 (57.04) <0.001
Corticotropin Hormonal medication 4.55(2.17-9.57) 4.54 (3.8-5.28) 4.54 (2.44-8.45) 2.18 (0.52-3.85) 4.54 (19.35) <0.001
Dexamethasone Hormonal medication 29.09 (22.37-37.83) 28.55 (28.3-28.81) 28.44 (22.83-35.43) 4.83 (3.16-6.5) 28.55 (1510.43) <0.001
Fluocinolone acetonide Hormonal medication 17.14 (9.92-29.63) 16.96 (16.42-17.5) 16.94 (10.72-26.78) 4.08 (2.41-5.75) 16.96 (195.19) <0.001
Fluticasone furoate Hormonal medication 13.21 (6.28-27.81) 13.1 (12.37-13.84) 13.1 (7.03-24.42) 3.71 (2.04-5.38) 13.1 (78.28) <0.001
Fluticasone propionate Hormonal medication 5.66 (3.47-9.26) 5.65 (5.16-6.14) 5.64 (3.74-8.51) 2.5(0.83-4.16) 5.65 (61.16) <0.001
Methylprednisolone Hormonal medication 5.46 (3.09-9.62) 5.44 (4.87-6) 5.44 (3.38-8.74) 2.44 (0.78-4.11) 5.44 (43.47) <0.001
Mometasone furoate Hormonal medication 6.47 (4.12-10.15) 6.44 (6-6.89) 6.44 (4.41-9.39) 2.69 (1.02-4.35) 6.44 (87.34) <0.001
Pasireotide Hormonal medication 4.64 (1.74-12.37) 4.62 (3.65-5.6) 4.62 (2.03-10.51) 2.21 (0.54-3.88) 4.62 (11.37) 0.005
Prednisolone Hormonal medication 4.21 (1.89-9.38) 4.2 (3.4-5) 4.2 (2.15-8.21) 2.07 (0.4-3.74) 4.2 (14.64) 0.001
Prednisolone acetate Hormonal medication 13.76 (8.53-22.19) 13.64 (13.17-14.11) 13.63 (9.13-20.32) 3.77 (2.1-5.44) 13.64 (199.03) <0.001
Prednisolone phosphate Hormonal medication 36.78 (17.37-77.87) 35.91 (35.18-36.65) 35.9 (19.16-67.24) 5.17 (3.49-6.84) 35.91 (237.63) <0.001
Triamcinolone Hormonal medication 6.65 (5.23-8.46) 6.63 (6.39-6.87) 6.6 (5.4-8.07) 2.72 (1.06-4.39) 6.63 (318.72) <0.001
Clobazam Nervous system medication 185.16 (55.75-614.98) 164.7 (163.63-165.77) 164.66 (60.31-449.57) 7.36 (5.61-9.12) 164.7 (488.34) <0.001
Fluvoxamine Nervous system medication 5.22 (1.68-16.21) 5.2 (4.07-6.33) 5.2(2.01-13.43) 2.38 (0.71-4.05) 5.2 (10.18) 0.011
Imipramine Nervous system medication 19.81 (11.2-35.02) 19.56 (19-20.12) 19.54 (12.13-31.48) 4.29 (2.62-5.96) 19.56 (211.28) <0.001
Quetiapine Nervous system medication 4.07 (3.29-5.02) 4.06 (3.85-4.27) 4.04 (3.39-4.82) 2.01 (0.35-3.68) 4.06 (199.41) <0.001
Sumatriptan Nervous system medication 7.27 (2.34-22.62) 7.24 (6.11-8.37) 7.24 (2.8-18.71) 2.86 (1.19-4.53) 7.24 (16.15) 0.001
Vutrisiran Nervous system medication 19.37 (8.65-43.34) 19.13 (18.33-19.93) 19.12 (9.75-37.52) 4.26 (2.59-5.93) 19.13 (103.12) <0.001
Anastrozole Oncological medication 4.02 (2.53-6.38) 4.01 (3.55-4.47) 4(2.72-5.9) 2(0.34-3.67) 4.01 (40.61) <0.001
Belantamab mafodotin Oncological medication 11.38 (8.96-14.45) 11.3 (11.06-11.53) 11.25(9.21-13.74) 3.49 (1.83-5.16) 11.3 (635.56) <0.001
Bexarotene Oncological medication 10.68 (4.79-23.85) 10.61 (9.82-11.41) 10.61 (5.42-20.78) 3.41 (1.74-5.08) 10.61 (52.27) <0.001
Dutasteride Oncological medication 4.61 (2.2-9.69) 4.6 (3.86-5.34) 4.6 (2.47-8.56) 2.2 (0.53-3.87) 4.6 (19.73) <0.001
Enfortumab vedotin Oncological medication 5.03 (2.85-8.87) 5.02 (4.45-5.58) 5.01 (3.12-8.06) 2.33(0.66-3.99) 5.02 (38.59) <0.001
Erdafitinib Oncological medication 18.32 (10.6-31.66) 18.11 (17.57-18.65) 18.09 (11.44-28.59) 4.18 (2.51-5.85) 18.11 (210.04) <0.001
Goserelin Oncological medication 4.98 (1.87-13.29) 4.97 (3.99-5.94) 4.96 (2.18-11.29) 2.31 (0.64-3.98) 4.97 (12.67) 0.003
Lenalidomide Oncological medication 4.71 (4.51-4.93) 4.7 (4.66-4.75) 4.08 (3.93-4.24) 2.03 (0.36-3.7) 4.7 (5715.59) <0.001
Letrozole Oncological medication 3.53 (2.3-5.41) 3.52 (3.09-3.95) 3.52(2.46-5.03) 1.81 (0.15-3.48) 3.52 (37.84) <0.001
Mirvetuximab soravtansine Oncological medication 44.14 (24.85-78.39) 42.89 (42.33-43.45) 42.85 (26.5-69.3) 5.42 (3.75-7.09) 42.89 (490.85) <0.001
Pomalidomide Oncological medication 3.7 (3.37-4.07) 3.7 (3.6-3.79) 3.61 (3.34-3.9) 1.85(0.19-3.52) 3.7 (866.39) <0.001
Raloxifene Oncological medication 5.37 (3.38-8.54) 5.36 (4.9-5.82) 5.35(3.63-7.88) 2.42 (0.75-4.09) 5.36 (63.74) <0.001
(Continued)
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Drug name Classification ROR (95%Cl) PRR (95%ClI) MGPS (95%Cl) BCPNN (95%Cl) PRR (X?) p value
Rituximab Oncological medication 6.6 (4.87-8.95) 6.58 (6.28-6.88) 6.56 (5.09-8.46) 2.71 (1.05-4.38) 6.58 (198.24) <0.001
Selinexor Oncological medication 11.44 (8.79-14.88) 11.36 (11.1-11.62) 11.32 (9.08-14.11) 3.5(1.83-5.17) 11.36 (527.18) <0.001
Tamoxifen Oncological medication 13.39 (9.29-19.31) 13.28 (12.91-13.64) 13.25 (9.76-18) 3.73 (2.06-5.4) 13.28 (328.78) <0.001
Aflibercept Ophthalmic medication 12.86 (11.34-14.57) 12.76 (12.63-12.88) 12.55(11.3-13.93) 3.65 (1.98-5.32) 12.76 (2672.98) <0.001
Brolucizumab Ophthalmic medication 8.04 (5.84-11.06) 8(7.68-8.32) 7.98 (6.11-10.42) 3(1.33-4.66) 8(232.24) <0.001
Faricimab Ophthalmic medication 7.29 (4.96-10.73) 7.26 (6.88-7.65) 7.25 (5.25-10.01) 2.86 (1.19-4.52) 7.26 (140.28) <0.001
Omidenepag isopropyl Ophthalmic medication 238.95 (92.9-614.61) 205.9 (205.09-206.72) 205.83 (93.37-453.75) 7.69 (5.95-9.42) 205.9 (1019.87) <0.001
Travoprost Ophthalmic medication 9.3 (5.39-16.04) 9.24 (8.7-9.79) 9.24 (5.85-14.58) 3.21 (1.54-4.87) 9.24 (95.55) <0.001
Verteporfin Ophthalmic medication 6.27 (3.55-11.05) 6.25 (5.68-6.81) 6.24 (3.88-10.03) 2.64 (0.98-4.31) 6.25 (52.87) <0.001
Icatibant Other medication 4.73 (1.77-12.63) 4.72 (3.74-5.7) 4.72 (2.08-10.73) 2.24(0.57-3.91) 4.72 (11.73) 0.004
Salmeterol Other medication 6.52 (3.39-12.56) 6.5 (5.85-7.15) 6.5 (3.76-11.24) 2.7 (1.03-4.37) 6.5 (41.89) <0.001
Abatacept Other medication 3.98 (3.39-4.66) 3.97 (3.81-4.13) 3.94 (3.45-4.5) 1.98 (0.31-3.64) 3.97 (340.81) <0.001
Alprostadil Other medication 6.83 (2.2-21.22) 6.8 (5.67-7.93) 6.8 (2.63-17.56) 2.77 (1.1-4.43) 6.8 (14.85) 0.002
Belumosudil Other medication 11.72 (5.57-24.66) 11.64 (10.9-12.37) 11.63 (6.24-21.67) 3.54 (1.87-5.21) 11.64 (68.06) <0.001
Cinacalcet Other medication 6.78 (3.04-15.11) 6.75 (5.95-7.55) 6.75 (3.45-13.2) 2.75 (1.09-4.42) 6.75 (29.39) <0.001
D-alpha-tocopherol acetate Other medication 4.34(2.07-9.13) 4.33 (3.6-5.07) 4.33 (2.33-8.06) 2.12 (0.45-3.78) 4.33(17.96) <0.001
Deflazacort Other medication 7.02 (4.57-10.78) 6.99 (6.56-7.42) 6.98 (4.87-9.99) 2.8 (1.14-4.47) 6.99 (107.67) <0.001
Eltrombopag Other medication 3.62 (2.59-5.04) 3.61 (3.28-3.94) 3.6 (2.73-4.76) 1.85(0.18-3.52) 3.61 (65.89) <0.001
Etelcalcetide Other medication 8.21 (4.85-13.88) 8.17 (7.65-8.69) 8.16 (5.26-12.67) 3.03 (1.36-4.7) 8.17 (88.05) <0.001
Fenofibrate Other medication 8.29 (2.67-25.79) 8.25 (7.12-9.38) 8.25 (3.19-21.32) 3.04 (1.37-4.71) 8.25(19.12) <0.001
Hydrochlorothiazide Other medication 5.65 (3.75-8.51) 5.63 (5.22-6.04) 5.62 (3.99-7.92) 2.49 (0.83-4.16) 5.63 (87.52) <0.001
Hydroxychloroquine Other medication 3.84(2.95-5.01) 3.84(3.57-4.1) 3.83 (3.06-4.78) 1.94 (0.27-3.6) 3.84 (115) <0.001
Ivacaftor Other medication 427 (2.13-8.55) 4.26 (3.57-4.95) 4.26 (2.38-7.61) 2.09 (0.42-3.76) 4.26 (19.97) <0.001
Lumacaftor Other medication 3.21(1.96-5.24) 3.2(2.71-3.69) 3.2(2.12-4.82) 1.68 (0.01-3.34) 3.2 (24.22) <0.001
Nitisinone Other medication 68.22 (50.57-92.02) 65.27 (64.98-65.55) 65.06 (50.65-83.58) 6.02 (4.36-7.69) 65.27 (2840.56) <0.001
Omega-3-acid ethyl esters Other medication 30.54 (20.71-45.05) 29.95 (29.57-30.33) 29.89 (21.59-41.38) 4.9 (3.23-6.57) 29.95 (726.61) <0.001
Sevelamer Other medication 20.5 (7.64-55.01) 20.24 (19.26-21.21) 20.23 (8.86-46.2) 4.34 (2.66-6.01) 20.24 (73.18) <0.001
Sildenafil Other medication 3.9 (2.63-5.77) 3.89 (3.5-4.28) 3.88 (2.79-5.39) 1.96 (0.29-3.62) 3.89 (53.56) <0.001
Tamsulosin Other medication 16.03 (13.17-19.52) 15.87 (15.68-16.07) 15.76 (13.37-18.59) 3.98 (2.31-5.64) 15.87 (1398.16) <0.001
Tezacaftor Other medication 4(2.98-5.36) 3.99 (3.7-4.28) 3.98 (3.12-5.09) 1.99 (0.33-3.66) 3.99 (100.63) <0.001
Tolterodine Other medication 5.49 (2.74-11) 5.48 (4.78-6.17) 5.47 (3.06-9.79) 2.45(0.79-4.12) 5.48 (29.27) <0.001
Upadacitinib Other medication 3.86 (2.84-5.25) 3.85(3.55-4.16) 3.85(2.97-4.97) 1.94 (0.28-3.61) 3.85 (86.47) <0.001

The p-value represents the statistical test value from the Chi-square test in the PRR algorithm. CI, confidence interval; ROR, reporting odds ratio; PRR, proportional reported ratio; BCPNN, Bayesian confidence propagation neural network; MGPS, multi-item gamma

Poisson shrinker.
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FIGURE 3
Forest plot of ROR-based positive signals for drug-induced cataract from the FAERS database.
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Distribution of risk and case count for drug-induced cataract. (A) Signals ranking of drugs associated with cataract. (B) Frequency of adverse event

reports.
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procedural risk of mechanical lens injury (15), drug-specific effects
are also likely involved. For anti-VEGF agents, cataract formation
may result from complex biochemical alterations within the vitreous
cavity that disrupt the lens microenvironment. One critical pathway
implicated in this process is the c-Src/VEGF pathway, which is
known to be activated under oxidative stress conditions (16). Zhang
et al. demonstrated that oxidative stress can lead to increased VEGF
expression and activation of c-Src kinase in lens epithelial cells (17).
Among prostaglandin analogs, omidenepag isopropyl demonstrated
the strongest pharmacovigilance signal (ROR = 238.95, ICy,s = 7.69).
This finding aligns with earlier FAERS-based research linking another
prostaglandin analog, latanoprost, to drug-induced -cataract,
suggesting a potential class effect (17). Both omidenepag isopropyl
and travoprost are effective ocular hypotensive agents used in
glaucoma management, with known adverse effects including
conjunctival hyperemia, corneal thickening, macular edema, and
ocular inflammation (18, 19). However, drug-induced cataract have
not been directly reported in clinical studies for these medications.
An important consideration is that the higher frequency of eye
examinations in patients using ophthalmic medications may increase
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cataract detection rates, introducing a potential surveillance bias.
Therefore, further research is necessary to clarify the precise
mechanisms and better characterize the cataract risk associated with
these therapeutic agents.

Corticosteroids are widely utilized in clinical practice, both as
topical agents in ophthalmology and as systemic treatments for
conditions such as asthma, arthritis, leukemia, and nephrotic syndrome
(20,21). Despite their potent anti-inflammatory and immunosuppressive
effects, corticosteroids are well-documented to carry a significant risk
of cataract formation, particularly with high-dose or long-term use. Our
study further supports this association, identifying significant safety
signals for drugs such as dexamethasone, prednisolone phosphate, and
budesonide. Glucocorticoid-induced cataract typically present as
central, posterior subcapsular opacities accompanied by vacuoles, a
pathological hallmark indicative of abnormal migration and
differentiation of lens epithelial cells (LECs) along the posterior capsule
(22). With an estimated 1% of the US population undergoing long-term
glucocorticoid therapy (23), this adverse effect represents a considerable
public health concern, emphasizing the need for vigilant monitoring

and risk mitigation in clinical practice.
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FIGURE 5

(B) Median onset times differed across drug classifications.

Onset time of adverse reactions in drug-induced cataract. (A) Analysis of cumulative reports of drug-related cataract across drug classes over time.

Medication Category

Our findings indicate that, following hormonal agents,
oncological agents are associated with the highest incidence of drug-
induced cataract. Mirvetuximab soravtansine, a folate receptor
alpha-directed antibody and microtubule inhibitor conjugate used
to treat various types of treatment-resistant cancers (24), carries a
risk of cataract formation, with an ROR of 44.14. Ocular toxicities
are common treatment-related adverse events with mirvetuximab
soravtansine (25). A study reported that 20% of patients required
dose reductions due to adverse events, with the most frequent causes
being visual impairment (9%), keratopathy (7%), and cataract (3%)
(26). Although the exact mechanism remains unclear, the potential
cataract risk associated with mirvetuximab soravtansine necessitates
clinical vigilance. Erdafitinib, a fibroblast growth factor receptor
(FGFR) inhibitor used to treat locally advanced or metastatic
urothelial carcinoma, has also been associated with cataract risk. A
pharmacovigilance study utilizing the FAERS database identified a
significant association between erdafitinib treatment and visual
impairment, with an ROR of 3.49 (95% CI, 1.93-6.30) (27). The
FGEFR signaling pathway is directly involved in the proliferation of
LECs (28, 29), suggesting that FGFR inhibition may disrupt ionic
balance and cellular renewal in the lens, potentially leading to
cataract formation. Tamoxifen, a selective estrogen receptor
modulator commonly prescribed for breast cancer therapy (30), has
been linked to an increased risk of cataract. Gorin et al. (31) reported
a 4.03-fold higher risk of posterior subcapsular cataract formation
associated with tamoxifen use. The proposed mechanism involves
tamoxifen-induced dysfunction of chloride channels in LECs,
disrupting electrolyte balance and leading to lens opacification (32).
Additionally, other anticancer agents, such as belantamab mafodotin,
selinexor, and bexarotene, also pose a significant pharmacological
risk for cataract formation. Given that cancer patients typically
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require extended and regular medication as part of their treatment
regimen, ophthalmic evaluation—including visual acuity tests, slit-
lamp examination, and fundoscopy—should be conducted before
initiating therapy with these agents. Regular follow-up during
treatment is essential, and immediate referral to ophthalmology is
necessary if visual disturbances.

Among nervous system medications, six drugs showed positive
signals for inducing cataract. Our study confirms that imipramine,
fluvoxamine, and quetiapine, psychotropic drugs, are associated with
cataract formation, consistent with existing clinical reports and
epidemiological studies on conventional antipsychotics (33). While
direct causal pathways remain insufficiently understood, one
proposed mechanism is that antipsychotics disrupt signaling
systems, promoting protein aggregation within the lens and
predisposing individuals to cataract formation (34, 35). Clobazam,
a benzodiazepine derivative, is used in managing severe forms of
epilepsy (36). Vutrisiran, a novel therapy, halts hereditary
transthyretin-mediated amyloidosis to prevent progressive
neuropathy (37). Sumatriptan, a serotonin receptor agonist, is used
for acute intervention in migraine and cluster headache attacks (38).
The current available clinical data do not allow for a comprehensive
assessment of the causal relationship between these drugs and
cataract formation, highlighting the need for more in-depth studies
on the association between nervous system medications and
cataract.

Other drugs, including nitisinone, Omega-3-Acid Ethyl Esters,
and tamsulosin, have also been implicated in cataract formation,
further expanding the list of medications associated with cataract.
Nitisinone, used to treat hereditary tyrosinemia type 1 (HT-1) and
alkaptonuria, has been reported to cause cataract as an adverse effect
(39). One potential mechanism involves nitisinone therapy, which
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Variables Factor OR (95%Cl) Pvalue
Age / 2.023 (1.893 to 4.171) | — <0.001
Time / 1(0.999 to 1) * 0.154
Country Non-United States Ref | Ref
United States 1.021 (0.882 to 1.506) rlﬂ—! 0.214
Gender Female Ref : Ref
Male 0.929 (0.853 to 1.012) L] 0.087
Reporter Health Professional Ref : Ref
Other health-professional  1.891 (1.571 to 2.275) | —— <0.001
Pharmacist 1.503 (1.209 to 1.868) : —— <0.001
Physician 1.565 (1.324 to 1.851) : o <0.001
Route Intramuscular Ref I Ref
Intravenous 0.989 (0.632 to 1.55) l—*—' 0.858
Ophthalmic 1.299 (0.78 to 2.163) ——— 0.219
Oral 1.175 (0.763 to 1.81) '—:l—i 0.325
Other routes 0.957 (0.637 to 1.439) —— 0.957
Weight <57.14 Kg Ref : Ref
57.14 t0 69.00 Kg 1.017 (0.901 to 1.15) »Ib 0.354
69.00 to 82.10 Kg 0.968 (0.858 to 1.095) L 0.832
>82.10 Kg 1.041 (0.923 to 1.174) »h 0.199
Lenalidomide Yes 3.106 (2.28 to 5.213) | —_— . <0.001
Pomalidomide Yes 1.305 (1.034 to 2.045) :D—I—! <0.001
Aflibercept Yes 2.551 (1.298 to 4.958) : = <0.001
Abatacept Yes 1.74 (1.139 to 3.659) | — <0.001
Tamsulosin Yes 3.169 (2.045 to 4.913) : —_— <0.001
Quetiapine Yes 10.126 (7.106 to 14.43) | —————><0.001
Belantamab Mafodotin Yes 1.389 (1.131 to 1.707) : i 0.002
Triamcinolone Yes 2.029 (1.427 to 2.886) I —— <0.001
Dexamethasone Yes 4.095 (2.861 to 5.859) : —_—. <0.001
Selinexor Yes 2.181 (1.56 to 3.049) : — <0.001
Hydroxychloroquine Yes 1.582 (1.21 to 2.069) | —a— 0.001
Nitisinone Yes 1.515 (1.137 to 2.018) : —a— 0.008
Tezacaftor Yes 3.312 (2.308 to 4.748) | —_— . <0.001
Rituximab Yes 8.628 (4.859 to 15.138) : L <0.001
Upadacitinib Yes 1.127 (1.034 to 1.52) Ih-—c 0.016
Brolucizumab Yes 5.337 (3.741 to 9.899) | L <0.001
Eltrombopag Yes 1.325 (1.086 to 1.78) :l-l—1 0.027
Tamoxifen Yes 3.426 (2.287 t0 5.113) | —_—.— <0.001
Faricimab Yes 4.072 (1.848 to 8.596) : = 0.001
Omega-3-Acid Ethyl Esters  Yes 2.714 (1.386 to 5.314) | L 0.002
0 2 2 6 8 10
Lower than 1 Higher than 1
FIGURE 6
Multivariate logistic regression results of the top 20 drugs associated with cataract adverse event reports. OR, odds ratio.
raises tyrosine levels, depletes glutathione, impairs antioxidant ~Limitations
defenses, and results in increased oxidative stress, ultimately leading
to cataract formation (40). Antilipemic agents like Omega-3-Acid This study has several limitations. Firstly, while

Ethyl Esters and fenofibrate, used to lower cholesterol and fat levels in
the blood, are also linked to a high pharmacological risk for drug-
induced cataract. Elderly patients taking these medications should
undergo regular lens examinations to monitor for any changes (41).
Additionally, andrological medications such as tamsulosin and
alprostadil were identified in this study as having a significant risk for
drug-induced cataract. Our findings contribute valuable insights into
the risk of drug-induced cataract and provide a foundation for future
research on the underlying mechanisms.

Given these findings, a wide range of medications are associated
with cataract formation, and clinicians should remain vigilant for the
possibility of drug-induced cataract. For patients requiring these
medications due to underlying health conditions, physicians should
proactively discuss the potential risks, closely monitor treatment
responses, and consider arranging periodic ophthalmologic
evaluations after starting therapy.
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disproportionality analysis can detect potential drug-event
associations, it does not establish causality. Secondly, unmeasured
confounding factors—such as age, comorbidities, or concomitant
medication use—may influence the observed relationships. Thirdly,
although subgroup analyses were performed, the FAERS database
relies on voluntary and spontaneous reporting, which is subject to
underreporting, reporting delays, inaccuracies, and incomplete data;
these inherent limitations may bias disproportionality estimates.
Finally, external validation in broader populations is needed to
confirm the robustness of our findings.

Conclusion

In conclusion, our findings comprehensively confirm the
demographic and epidemiological characteristics of drug-
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induced cataract and identify specific medications with
significant safety signals. By systematically classifying these
drugs based on therapeutic class, risk magnitude, and time-
to-onset, our study offers critical insights for clinical
practice and provides an essential safety assessment of these
medications.
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