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Nationwide health claims analysis
of phenothiazine-associated
retinopathy risk in chlorpromazine
and perphenazine users

Jiyeong Kim%*, Jee-Eun Chung®* & Seong Joon Ahn3**

We conducted a nationwide, retrospective cohort study to quantify the risk of phenothiazine-
associated retinopathy among new users of chlorpromazine (n=35,955) and perphenazine
(n=224,790) in South Korea between January 1, 2015, and December 31, 2023. Adults without

prior phenothiazine prescriptions or retinopathy who received at least one week of either drug were
identified in the Health Insurance Review and Assessment database. We compared incidence rates of
overall retinopathy, maculopathy, and pigmentary retinopathy/retinal degeneration before and after
drug initiation, plotted cumulative incidence using Kaplan-Meier analyses, and used multivariable Cox
regression to estimate hazard ratios (HRs) adjusted for age and sex. We also examined dose-response
relationships across quartiles of cumulative exposure. By the end of follow-up, overall retinopathy

and maculopathy occurred in 10.3% and 2.7% of chlorpromazine users and 19.5% and 6.2% of
perphenazine users, respectively, with pigmentary retinopathy/retinal degeneration developed in 3.6%
and 7.6%, respectively. Post- versus pre-exposure incidence rate ratios (IRRs) for overall retinopathy
were 1.17 (95% Cl 1.12-1.22) with chlorpromazine and 1.10 (95% CI 1.08-1.11) with perphenazine;
IRRs for maculopathy were 1.18 (95% Cl 1.08-1.29) and 1.11 (95% Cl 1.08-1.14), indicating a modest
increase in risk after initiation (all P <0.05) Cumulative perphenazine exposure was associated with a
slight increase in risk for pigmentary retinopathy/retinal degeneration (HR 1.06, 95% Cl 1.02-1.11 in
the highest quartile, P=0.012), the highest chlorpromazine quartile showed reduced risks for overall
retinopathy (HR 0.75, 95% Cl 0.68-0.82), maculopathy (HR 0.53, 95% Cl 0.44—0.63), and pigmentary
retinopathy/retinal degeneration (HR 0.63, 95% Cl 0.54-0.73; all P <0.001). In multivariable

models, perphenazine use (vs. chlorpromazine), older age, female sex, diabetes, hypertension, and
hyperlipidemia were all significant predictors of the outcomes (all P <0.05). These findings demonstrate
that both drugs carry a modest risk of retinal toxicity—particularly perphenazine—and support the
need for proactive ophthalmic screening in this population.

Phenothiazines are a class of compounds first synthesized in the 1940s, characterized by a tricyclic structure
combining two benzene rings and a central thiazine ring!. They are widely used as antipsychotic and antiemetic
agents>>. Key antipsychotic examples include chlorpromazine (used for schizophrenia and acute psychosis),
perphenazine (used for both acute and maintenance therapy in schizophrenia), and thioridazine (often reserved
for patients who do not tolerate or respond to other antipsychotics)?.

Phenothiazine-associated retinopathy is a severe and often irreversible ocular toxicity primarily linked to the
antipsychotic agent thioridazine and, to a lesser extent, chlorpromazine>. This condition poses a significant
threat to visual function, necessitating a comprehensive understanding of its underlying mechanisms, varied
clinical presentation, and contemporary management strategies. It is characterized by damage predominantly to
the outer retina and retinal pigment epithelium, leading to distinctive pigmentary changes and specific patterns
of visual field defects*’. Although the early stages are frequently asymptomatic, progression can lead to profound
and irreversible central vision loss®. However, the true population-level burden of these adverse effects remains
poorly characterized, and it is unclear whether phenothiazines other than thioridazine and chlorpromazine

1Department of Pre-Medicine, College of Medicine, and Biostatistics Laboratory, Medical Research Collaborating
Center, Hanyang University, Seoul, Republic of Korea. ?College of Pharmacy, Hanyang University, Ansan, South
Korea. 3Department of Ophthalmology, Hanyang University Hospital, Hanyang University College of Medicine,
222-1 Wangsipli-ro, Seongdong-gu, Seoul 04763, Republic of Korea. “Jiyeong Kim and Jee-Eun Chung contributed
equally to this work. “email: ahnsj81@gmail.com

Scientific Reports|  (2025) 15:40757 | https://doi.org/10.1038/s41598-025-24620-5 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-24620-5&domain=pdf&date_stamp=2025-10-21

www.nature.com/scientificreports/

carry a similar risk profile. In light of these uncertainties and given that many patients requiring long-term
antipsychotic therapy accumulate substantial phenothiazine exposure, the establishment of robust, real-world
risk estimates is imperative.

By capturing real-world prescription records, diagnostic codes, and follow-up data on millions of individuals,
health claims databases allow the comprehensive evaluation of both incidence and temporal patterns of
drug-associated adverse events’. In South Korea, the Health Insurance Review and Assessment (HIRA)
database encompasses virtually the entire (98%) population and includes detailed information on medication
dispensations, comorbid diagnoses coded according to ICD-10, and longitudinal follow-up!’. Leveraging this
resource, it becomes possible to compare the rates of phenothiazine-induced retinopathy and maculopathy before
versus after phenothiazine initiation, quantify cumulative incidences, and explore dose-response relationships.

In this study, we constructed a population-based cohort of phenothiazine users, specifically chlorpromazine
and perphenazine users, using nationwide phenothiazine drug usage data. Our primary objectives were to
quantify the risk of phenothiazine-associated retinopathy at the population level and identify the exposure-
related factors that modulate this risk. By providing comprehensive real-world estimates, we aimed to determine
the risk of phenothiazine-induced retinopathy and enhance clinician awareness of phenothiazine retinal toxicity.
Understanding the risk of retinopathy helps balance the therapeutic benefits against vision-threatening adverse
effects, especially in psychiatric patients requiring long-term therapy with high cumulative phenothiazine doses.

Methods

Participants

This nationwide, population-based, retrospective cohort study utilized the HIRA database of South Korea, which
captures detailed information on the diagnoses, procedures, prescription records, visit dates, and demographic
variables of approximately 50 million individuals. Disease codes in the HIRA are based on the Korean Standard
Classification of Diseases (KCD) 8th revision (KCD-8), corresponding to the ICD-10 codes (Supplementary
Table 1). Because HIRA captures health service utilization for nearly the entire South Korean population under
the mandatory national insurance system, selection or volunteer bias is inherently minimized!?. The database
encompasses comprehensive data on drug exposures, longitudinal health outcomes, and potential confounding
factors, making it a robust, nationwide, population-based resource that has been validated in numerous
studies”!!-14,

From the HIRA claims, we identified all patients who received at least a 1-week prescription for phenothiazine
prescription between January 1, 2012, and December 31, 2023. To ensure that the included individuals
were incident users, defined as those first exposed during our study window, we excluded anyone with any
phenothiazine claims prior to January 1, 2015. Specifically, patients with no phenothiazine prescriptions
between January 1, 2012, and December 31, 2014, were assumed to be phenothiazine-naive at the start of 2015
and thus characterized as “new users” from January 1, 2015, onward. This approach mirrors the methodologies
employed in prior HIRA-based drug-toxicity studies!!"!* and reflects long-term, continuous phenothiazine use
for maintenance therapy in chronic psychiatric conditions®.

To avoid inclusion of preexisting retinopathy, we further excluded patients who underwent any fundus or
macular evaluation, such as fundoscopy, optical coherence tomography, fundus autofluorescence, visual field
testing, fluorescein angiography, or electroretinography— and were diagnosed with retinopathy (KCD-8/ICD-
10 codes in Supplementary Table 1) before 2015. This step removed individuals with underlying retinopathy
prior to 2015, while preserving the pre-phenothiazine baseline period, to calculate the pre-exposure risk of
maculopathy and retinopathy between 2015 and 2023. We excluded patients treated with both chlorpromazine
and perphenazine to avoid confounding, as well as those prescribed either drug for less than 1 week, ensuring
that only individuals with at-risk exposure were included.

The study population after applying these inclusion and exclusion criteria is shown in Fig. 1. This study was
performed in accordance with the tenets of the Declaration of Helsinki and was approved by the Institutional
Review Board of Hanyang University Hospital (IRB File No. 2024-11-039). The need for informed consent was
waived by the Institutional Review Board of Hanyang University Hospital because of the retrospective nature
of the study and the use of deidentified data. The reporting adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.

Definitions and evaluation

Currently, only three phenothiazine drugs, chlorpromazine, perphenazine, and levomepromazine, are available
in the HIRA database. Some drugs, such as thioridazine, were withdrawn due to serious adverse effects (e.g.,
arrhythmia), while others are not reimbursed under Korea’s National Health Insurance and are thus classified as
non-covered items without assigned drug codes in the HIRA database. Since chlorpromazine and perphenazine
accounted for the vast majority of phenothiazine use in Korea among the three drugs available in the database
(Supplementary Table 2), we selected these two as the study drugs. The date of the first prescription was defined
as time zero for all time-to-event analyses in both the chlorpromazine and perphenazine groups. The cumulative
dose was defined as the sum of all daily doses from the first prescription until an event (retinopathy) or censoring
(end of follow-up). The duration of use (months) was determined by summing the days of supply from all
prescriptions and converting the total to months.

Incident retinopathy was defined as the first appearance of KCD codes corresponding to overall retinopathy
(Supplementary Table 1) in outpatient or inpatient claims. For each patient, the date of the first claim bearing any
of the retinopathy codes after phenothiazine treatment initiation was considered the incident retinopathy date.

To calculate the pre-exposure retinopathy incidence, we defined the “before” period as the interval
immediately preceding the first phenothiazine prescription (i.e., from January 1, 2015, to time zero—1). Any
retinopathy event recorded during the window was counted based on the pre-exposure event rate. This allowed
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Fig. 1. Flowchart illustrating the study design and participant selection process based on the inclusion and
exclusion criteria.

computation of incidence rate ratios (IRRs) comparing “before” versus “after” drug initiation (where the “after”
period extended from time zero until retinopathy, censoring, or study end [December 31, 2023]).

Statistical analysis

We described the baseline demographics (age group and sex), primary indications for phenothiazine therapy
(e.g., schizophrenia and bipolar disorder), and cumulative doses. Continuous variables are presented as
mean + standard deviation, and categorical variables as counts with percentages.

We generated Kaplan—-Meier curves to estimate the cumulative incidence of retinopathy and maculopathy
among phenothiazine users and to calculate person-year incidence rates for retinopathy and maculopathy
before and after exposure. Multivariate Cox regression was performed to estimate the hazard ratios (HRs) for
retinopathy and maculopathy after phenothiazine initiation, adjusting for age, sex, the phenothiazine drug used,
duration of use, diabetes mellitus, hypertension, and hyperlipidemia. All statistical tests were two-sided, with
P<0.05 indicating significance. Analyses were performed using the SAS Enterprise Guide 7.1 (SAS Institute
Inc., Cary, NC, USA).

Results

Phenothiazine user distribution and selection of study drugs

Supplementary Table 2 summarizes the nationwide number of phenothiazine users in the HIRA database over
a 12-year period from January 2012 to December 2023, stratified by phenothiazine subclasses and individual
drugs. Among the aliphatic phenothiazines, chlorpromazine was prescribed to 166,909 individuals, whereas
levomepromazine was recorded for 10,761. Perphenazine, a piperazine phenothiazine, was the most commonly
used overall, with 551,785 users nationwide. Table 1 presents the demographic and clinical characteristics of
the 35,955 chlorpromazine users and 224,790 perphenazine users included in our analyses. The age-group
distributions were similar between chlorpromazine and perphenazine users, except in those aged>60 years,
who comprised 32.6% of the chlorpromazine cohort and 33.7% of the perphenazine cohort. Chlorpromazine
users were predominantly male (61.1%), whereas perphenazine users were predominantly female (64.6%),
showing a statistically significant difference (P <0.001). Mood disorders predominated in both groups (60.6%
chlorpromazine; 65.1% perphenazine), but schizophrenia, schizotypal, and delusional disorders were more
common with chlorpromazine (37.8% vs. 9.9%), whereas anxiety, dissociative, stress-related, somatoform,
and other nonpsychotic mental disorders were higher with perphenazine (64.9% vs. 38.3%). Chlorpromazine
users had a mean duration of use of 12.2+27.7 months with a mean daily dose of 90.2+75.0 mg, whereas
perphenazine users had 8.0+ 17.8 months with a daily dose of 3.0 mg. Chlorpromazine and perphenazine users
had comparable prevalences of diabetes mellitus (40.1% and 35.6%), hypertension (45.3% and 42.0%), and
dyslipidemia (35.6% and 42.5%), although these differences were statistically significant (all P < 0.001).

Time-to-event analysis and cumulative incidences
Kaplan-Meier analysis (Fig. 2) showed a steady increase in retinopathy risk among chlorpromazine users,
whereas perphenazine users had a steeper event rate, resulting in a higher cumulative incidence at equivalent
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Characteristics Chlorpromazine (n=35,955) | Perphenazine (n=224,790) | P value
Age (years)

<20 1731 (4.8%) 6609 (2.9%)

20-39 10,708 (29.8%) 66,345 (29.5%)

40-59 11,814 (32.9%) 76,196 (33.9%) <0001
>60 11,702 (32.6%) 75,640 (33.7%)

Sex

Male 21,953 (61.1%) 79,631 (35.4%)

Female 14,002 (38.9%) 145,159 (64.6%) <0001
Medical indications for use (multiple diagnoses allowed)

Organic, including symptomatic, mental disorders 6250 (17.4%) 9649 (4.3%)

Mental and behavioral disorders due to psychoactive substance use 4,129 (11.5%) 7,877 (3.5%)

Schizophrenia, schizotypal and delusional disorders 13,575 (37.8%) 22,175 (9.9%)

Mood (affective] disorders) 21,772 (60.6%) 146,219 (65.1%)

Anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders 13,773 (38.3%) 145,867 (64.9%)

Behavioral syndromes associated with physiological disturbances and physical factors 14,027 (39.0%) 66,349 (29.5%) <0.001
Disorders of adult personality and behavior 840 (2.3%) 2523 (1.1%)

Mental retardation 1259 (3.5%) 534 (0.2%)

Disorders of psychological development 683 (1.9%) 181 (0.1%)

Behavioral and emotional disorders with onset usually occurring in childhood and adolescence | 1319 (3.7%) 2712 (1.2%)

Unspecified mental disorder 82 (0.2%) 178 (0.1%)
Systemic diseases

Diabetes mellitus 14,404 (40.1%) 80,001 (35.6%) <0.001
Hypertension 16,285 (45.3%) 94,493 (42.0%) <0.001
Dyslipidemia 12,809 (35.6%) 95,633 (42.5%) <0.001
Mean (SD)/median duration of use, months 12.2 (27.7)/2.1 8.0 (17.8)/1.7 N/A
Mean daily dose, mg 90.2+75.0 3.0£1.7 N/A
Mean cumulative dose, g 41.0+137.0 0.8+2.1 N/A
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Table 1. Clinical characteristics and prescription details of the patients included in the population-based
cohort using the HIRA database. N/A =not applicable (data not comparable).
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Fig. 2. Kaplan-Meier curves depicting the time to (A) overall retinopathy, (B) maculopathy, and (C)
pigmentary retinopathy/retinal degeneration in chlorpromazine and perphenazine users in South Korea.

times. Figure 3 shows the percentages of patients who developed overall retinopathy, maculopathy, and
pigmentary retinopathy/retinal degeneration during the study period after the initiation of phenothiazine
therapy. Among 35,955 chlorpromazine users, 3708 (10.3%) and 957 (2.7%) developed overall retinopathy and
maculopathy, respectively. Among the 224,790 perphenazine users, 43,741 (19.5%) and 13,918 (6.2%) developed
overall retinopathy and maculopathy, respectively. Pigmentary retinopathy/retinal degeneration was noted in
3.5% of chlorpromazine users and 7.9% of perphenazine users. These data highlight that perphenazine users
showed higher cumulative incidences of overall retinopathy and its subtypes than chlorpromazine users.

The cumulative incidence estimates adjusted for age and sex at different intervals are presented in Table 2. At
6 months initiation, the cumulative incidences of retinopathy, maculopathy, and pigmentary retinopathy/retinal
degeneration among chlorpromazine users were 1.7%, 0.4%, and 0.5%, respectively, whereas those were 2.5%,
0.6%, and 0.9%, respectively, among perphenazine users. By 1 year, cumulative incidence increased to 3.0%,
0.6%, and 0.8% in chlorpromazine users and 4.7%, 1.1%, and 1.6% in perphenazine users for overall retinopathy,
maculopathy, and pigmentary retinopathy/retinal degeneration, respectively. Over the 5-year period, the
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Fig. 3. Clinical presentation of phenothiazine-associated retinopathy and cumulative incidence of each
retinopathy subtype in chlorpromazine (n=35,955) and perphenazine (n=224,790) users.

Cumulative incidences (%)
Pigmentary retinopathy or
Overall retinopathy Maculopathy retinal degeneration
Drugs 6 months | 1year | 5years | 6 months | 1year | 5years | 6 months | 1year | 5 years
Chlorpromazine | 1.7 3.0 17.3 0.4 0.6 4.4 0.5 0.8 3.6
Perphenazine 2.5 4.7 35.3 0.6 1.1 9.9 0.9 1.6 7.6

Table 2. Age- and sex-adjusted cumulative incidences of overall retinopathy and maculopathy at 6 months,
1 year, and 5 years after drug initiation.

Overall retinopathy Maculopathy Pigmentary retinopathy or retinal degeneration
Before After IRR* Before After IRR* Before After IRR*
(95% (95% (95%
Drugs Event | Rate* | Event | Rate* | CI) P Event | Rate* | Event | Rate* | CI) P Event | Rate* | Event | Rate* | CI) P
Chlorpromazine 1.17 1.18 1.13
(n=35,955) 4,713 1 0.32 3,708 | 0.38 (1.12- <0.001 |1,143 |0.31 957 0.37 (1.08- | <0.001 | 1335 0.30 1263 0.34 (1.05- 0.001
=2 1.22) 1.29) 1.22)
Perphenazine 1.10 1.11 1.11
E) 41,231 | 0.32 43,741 | 0.35 (1.08- <0.001 |9,651 |0.30 13,918 | 0.33 (1.08- | <0.001 | 12,584 | 0.29 17,840 | 0.32 (1.08- | <0.001
(n=224,790) 1.11) 1.14) 1.14)

Table 3. Incidence rate ratios (IRRs) of maculopathy and retinopathy before and after drug use.
CI=confidence interval. *Events per person-year. 'Pre-exposure period was used as a denominator.

cumulative incidences of overall retinopathy and maculopathy reached 17.3% and 4.4% in chlorpromazine and
35.3% and 9.9% in perphenazine users, respectively, whereas that of pigmentary retinopathy/retinal degeneration
was 3.6% and 7.6% in chlorpromazine and perphenazine users, respectively.

Comparison between pre- and post-treatment risk of retinopathy

The rate of retinopathy after phenothiazine initiation was modestly higher than that during the pre-exposure
period for both agents (Table 3). In chlorpromazine users, the incidence rates of overall retinopathy before and
after its use were 0.32 and 0.38 per person-year, respectively, yielding an IRR of 1.17 (95% CI 1.12-1.22). The
IRR of maculopathy and pigmentary retinopathy/retinal degeneration before and after its use were 1.18 (95%
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Fig. 4. Dose-response relationship between retinopathy and drug exposure stratified by risk group based on
cumulative dose.

Pigmentary retinopathy
Overall retinopathy Maculopathy or retinal degeneration

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P
Phenothiazine used
Chlorpromazine* 0.53 (0.51-0.55) | <0.001 | 0.46 (0.43-0.49) | <0.001 | 0.47 (0.45-0.50) | <0.001
Duration of use, months | 1.00 (1.00-1.00) 0.405 | 1.00 (1.00-1.00) 0.428 | 1.00 (1.00-1.00) 0.340
Age 1.08 (1.07-1.09) | <0.001 | 1.66 (1.63-1.69) | <0.001 | 1.34 (1.32-1.37) | <0.001
Sex, female® 1.28 (1.25-1.30) | <0.001 | 1.19 (1.15-1.23) | <0.001 | 1.25 (1.22-1.29) | <0.001
Diabetes mellitus 129 (1.26-1.32) | <0.001 | 1.46 (1.40-1.52) | <0.001 | 1.32(1.28-1.37) | <0.001
Hypertension 1.13 (1.11-1.16) | <0.001 | 1.25(1.20-1.31) | <0.001 | 1.07 (1.04-1.11) | <0.001
Hyperlipidemia 1.38 (1.35-1.41) | <0.001 | 1.56 (1.50-1.63) | <0.001 | 1.47 (1.42-1.52) | <0.001

Table 4. Multivariate Cox proportional hazards models for overall retinopathy and maculopathy.
CI=confidence interval. *Perphenazine was used as a reference. "Male as reference.

CI 1.08-1.29) and 1.13 (95% CI 1.05-1.22), respectively. In perphenazine users, the IRRs were 1.10 (95% CI
1.08-1.11) for overall retinopathy, 1.11 (95% CI 1.08-1.14) for maculopathy, and 1.11 (95% CI 1.08-1.14) for
pigmentary retinopathy/retinal degeneration. Supplementary Table 3 presents the HRs after adjusting for age
and sex, indicating that both chlorpromazine and perphenazine use were associated with an increased risk of
retinopathy outcomes.

Dose-response relationship between phenothiazines exposure and adverse reactions

Figure 4 shows the adjusted ORs for overall retinopathy, maculopathy, and pigmentary retinopathy/retinal
degeneration by quartile of cumulative exposure to chlorpromazine and perphenazine, using the lowest quartile
as the reference. For chlorpromazine, the overall retinopathy risk decreased with increasing exposure: ORs
were 0.88 (95% CI 0.81-0.96) in the second quartile, 0.74 (95% CI 0.67-0.81) in the third, and 0.75 (95% CI
0.68-0.82) in the fourth (P <0.001). ORs for maculopathy and pigmentary retinopathy/retinal degeneration also
declined across cumulative exposure quartiles: 0.74 (95% CI 0.63-0.87) and 0.79 (95% CI 0.68-0.91) in the
second quartile; 0.51 (95% CI 0.43-0.62) and 0.64 (95% CI 0.54-0.74) in the third; and 0.53 (95% CI 0.44-0.63)
and 0.63 (95% CI 0.54-0.73) in the fourth (both P <0.001). However, perphenazine showed a modest trend
toward higher odds ratios with increasing exposure for pigmentary retinopathy/retinal degeneration: OR 1.01
(95% CI 0.97-1.06) in the second quartile, 1.05 (95% CI 1.01-1.10) in the third, and 1.06 (95% CI 1.02-1.11) in
the fourth (P=0.012).

Multivariable analysis of factors associated with retinopathy and maculopathy

Table 4 summarizes the clinical factors associated with the risk of developing retinopathy, maculopathy, and
pigmentary retinopathy/retinal degeneration using the Cox proportional hazards model. Chlorpromazine users
had a significantly lower hazard of overall retinopathy than perphenazine users (HR, 0.53; 95% CI 0.51-0.55).
The duration of phenothiazine use did not significantly affect the risk of overall retinopathy, maculopathy,
or pigmentary retinopathy/retinal degeneration (all P>0.05). Age was associated with a high risk for overall
retinopathy (HR 1.08; 95% CI 1.07-1.09), pigmentary retinopathy/retinal degeneration (HR 1.34; 95% CI
1.32-1.37), and maculopathy (HR 1.66; 95% CI 1.63-1.69). Female sex, diabetes mellitus, hypertension, and
hyperlipidemia were also associated with increased risks for all outcomes (Table 4).
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Discussion

This analysis revealed that among the phenothiazine antipsychotics prescribed in Korea from 2012 to 2023,
chlorpromazine and perphenazine overwhelmingly accounted for nearly all usage for phenothiazine available
in the HIRA database. Both chlorpromazine and perphenazine were associated with an increased risk of
overall retinopathy, maculopathy, and pigmentary retinopathy/retinal degeneration after treatment, although
perphenazine users exhibited higher cumulative incidences of these conditions than chlorpromazine. Multivariate
analyses further identified perphenazine use, increasing age, female sex, and systemic comorbidities, such as
DM, HTN, and hyperlipidemia, as significant risk factors for retinopathy outcomes.

By focusing on chlorpromazine and perphenazine, based on their nationwide use in Korea over the 12-
year study period (Supplementary Table 2), we were able to capture a large cohort of users and conduct a
real-world longitudinal analysis of retinopathy and maculopathy. However, despite their shared classification
(phenothiazine), the chlorpromazine and perphenazine cohorts exhibited differences in demographic and
clinical characteristics, which may reflect divergent prescription practices and underlying disease severities.
Remarkably, chloropromazine users were predominantly male (61.1% vs. 35.4%), with a higher prevalence of
schizophrenia-spectrum disorders (37.8% vs. 9.9%) and longer use (12.2 months vs. 8.0 months on average)
than perphenazine users. In contrast, perphenazine was more frequently prescribed for anxiety, dissociation,
stress-related, somatoform, and other nonpsychotic mental disorders (64.9% vs. 38.3%) in the predominantly
female population. These baseline imbalances highlight the need for rigorous control of confounding factors,
particularly sex and medical indications for phenothiazine prescriptions.

To address this, our study employed a self-controlled case-series (SCCS) design, which used each patient
as their own control. This approach compared the pre- and post-exposure periods within the same individual,
inherently accounting for time-invariant confounders and allowing a within-person assessment of the temporal
association between phenothiazine initiation and retinopathy. For this analysis, we restricted the SCCS to
individuals without prior retinal disease before 2015 and divided the observation window (2015-2023)
into “before” and “after” exposure to directly estimate IRRs between the two periods. Our results showed
increased IRRs for overall retinopathy, maculopathy, and pigmentary retinopathy/retinal degeneration in both
chlorpromazine and perphenazine users.

However, in a nationally representative one million-person HIRA sample without phenothiazine exposure,
the cumulative incidence of overall retinopathy was 2.2%, 3.7%, and 5.0% at 6 months, 1 year, and 5 years,
respectively, whereas the cumulative incidence of maculopathy was 0.3%, 0.5%, and 3.1% over the same time
points (Supplementary Table 4). These background estimates indicate that phenothiazine users, particularly those
treated with perphenazine, exhibited a substantially higher cumulative incidence. However, direct statistical
comparisons with the general population were not feasible because the data were derived from a separate HIRA
database. Consequently, a head-to-head comparison with a matched non-user cohort was not possible, given the
data extraction and analysis constraints. Future studies employing matched healthy controls are warranted to
enable such comparisons and further contextualize the observed risks.

Our time-to-event analyses (Fig. 2) revealed a consistently increasing cumulative incidence, highlighting
the gradual accumulation of phenothiazine-associated retinal toxicity. However, cumulative incidences differed
markedly between chlorpromazine and perphenazine users. Chlorpromazine users experienced a smaller
accrual of events, reaching a cumulative incidence of 10.3% at study end, whereas perphenazine users showed
a steeper increase of 19.5% during the observation period. These differences suggest that even within the same
pharmacological class, individual agents may vary in their retinal safety profiles, potentially reflecting differences
in blood-retinal barrier penetration, metabolite formation, or retinal tissue afﬁnity‘s.

The cumulative incidence and risk factor analyses align with chlorpromazine’s historical reputation as a
relatively safer phenothiazine, whereas thioridazine, which has been largely withdrawn worldwide, is known for
its high retinotoxic potential®. Although chlorpromazine, together with thioridazine, has long been recognized
to cause retinal toxicity, chlorpromazine-associated retinopathy is uncommon and is generally reported only at
very large doses, whereas perphenazine’s retinotoxic potential has been scarcely documented in the literature and
is typically limited to isolated case reports or brief product-label mentions*~. Previous case series and surveys
of antipsychotic-treated patients have reported a substantially lower prevalence of retinal degenerative changes
(e.g., approximately 4% in a recent cross-sectional series) than the 10-19% cumulative incidence we observed in
our long-term phenothiazine cohorts*~”:!. Taken together, these findings indicate that phenothiazine exposure
is associated with a substantial risk of retinopathy compared with other antipsychotics. Notably, perphenazine,
a phenothiazine commonly used to treat diverse psychiatric diseases, has emerged as an important agent
associated with retinal toxicity, demonstrating a steeper increase in the incidence of retinopathy that may exceed
that observed with chlorpromazine.

Dose-response analyses yielded counterintuitive findings for chlorpromazine, wherein higher cumulative
exposure quartiles were associated with lower ORs for retinopathy and maculopathy. This inverse association
might reflect a depletion-of-susceptibles effect!”!, where patients inherently prone to retinal toxicity manifest
changes early dose reductions or discontinuation, while long-term, high-exposure “survivors” represent those
who tolerate the drug. Additional factors could include variation in monitoring intensity'?, since surveillance is
often most rigorous at treatment initiation given chlorpromazine’s well-known retinal risks. In contrast, the odds
ratio of perphenazine maculopathy showed a modest upward trend with increasing exposure. These divergent
patterns suggest that the dose-dependency of phenothiazine-induced retinal toxicity may be drug-specific,
which warrants further investigation.

Our multivariate Cox models further reinforce the importance of drug- and patient-level modifiers of
retinal risk. As suggested by the difference in the cumulative incidence of chlorpromazine and perphenazine,
chlorpromazine with perphenazine as a reference was associated with a decreased risk of maculopathy
(HR=0.53). Age is an independent predictor of retinal toxicity, with older patients exhibiting increased
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susceptibility, which is also observed in other drug-induced retinopathies!>?, potentially reflecting cumulative

age-related retinal thinning?! and neuronal loss interacting with phenothiazine toxicity. Female sex, diabetes,
hypertension, and hyperlipidemia were all independently associated with a high risk of maculopathy and overall
retinopathy, indicating synergistic effects between phenothiazine toxicity and underlying vascular or metabolic
comorbidities or vulnerability to phenothiazine toxicity in patients with such conditions. These findings advocate
personalized risk stratification and clinicians should consider baseline demographic and systemic risk factors
when selecting antipsychotic regimens and determining screening intervals.

This study has some limitations that warrant consideration. First, our reliance on claims-based diagnostic
codes may have underestimated retinopathy owing to unrecognized retinopathy. Further, we lacked access to
medical records or imaging confirmation, which might have resulted in nonspecific retinopathy captured as
phenothiazine-associated retinopathy. The reported cumulative incidences therefore reflect any recorded retinal
or macular diagnosis in the database, rather than drug-specific toxicity, which could lead to an overestimation
of phenothiazine-induced retinopathy and maculopathy. In this study, we adopted broader diagnostic categories
to capture the full spectrum of phenothiazine-associated retinopathy, which remains poorly characterized,
and clinicians may differ in their diagnostic labeling because of the limited awareness of its clinical patterns.
However, analyses using more specific diagnostic codes for pigmentary retinopathy or retinal degeneration
yielded lower incidence estimates—likely closer to the true toxicity rate—while maintaining the observed
pattern of higher risk with perphenazine compared to chlorpromazine. Moreover, although the self-controlled
case series design robustly adjusted for fixed confounders, time-varying covariates, such as changes in comorbid
conditions or concurrent use of other potentially retinotoxic medications, which could not be controlled for in
real-world studies, could still bias the risk estimates. Additionally, confounding by indication cannot be ruled
out; patients with more severe psychiatric illness may receive higher chlorpromazine doses and have different
healthcare utilization patterns that reduce ophthalmologic evaluations, leading to underdetection of retinopathy
or maculopathy. Excluding medication users prior to 2015 may have influenced cohort definition by restricting
the analysis to incident users from 2015 onward and, consequently, limiting the maximum follow-up period
to 9 years. This restriction could affect the generalizability of our findings by excluding long-term users who
initiated treatment before 2015. However, adopting the 2015 cutoff improved outcome ascertainment reliability
because on January 1, 2015, HIRA introduced an OCT procedure code, which allowed us to confirm the capture
of ophthalmic assessments (fundoscopy and OCT) used to diagnose retinopathy and maculopathy. Finally, only
codes for three phenothiazine drugs, chlorpromazine, levomepromazine, and perphenazine, were available in
the HIRA database, limiting the generalizability of our findings to other phenothiazine agents.

Despite these limitations, by demonstrating a significant increase in the risk of retinopathy after phenothiazine
initiation and differences according to the drug, our findings support proactive ophthalmic surveillance in
phenothiazine users, particularly those taking perphenazine. Future research should prioritize the integration
of ophthalmic imaging data and testing to validate claims-based findings and standardized screening for early
detection of retinal toxicity in phenothiazine users.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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