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Abstract: Glaucoma and skin neoplasms are common disorders in older adults, but whether they are longitudinally 
associated remains unclear. Biological links have been proposed based on shared susceptibility to oxidative injury 
and ultraviolet radiation. We used the TriNetX Global Collaborative Network to examine the relationship between 
glaucoma and skin neoplasms in both temporal directions. After propensity score matching, the glaucoma analysis 
included 873,294 patients in each cohort. Glaucoma was associated with a higher subsequent risk of skin neo-
plasms (HR 1.220; 95% CI 1.185-1.256), with similar findings for melanoma (HR 1.197; 95% CI 1.101-1.301) and 
non-melanoma skin cancer (HR 1.228; 95% CI 1.191-1.266). In analyses stratified by race, the association was 
observed among White patients (HR 1.274; 95% CI 1.233-1.317), but did not reach statistical significance among 
Black or Asian patients. The reciprocal analysis included 1,456,093 patients in each matched cohort. A history of 
skin neoplasms was associated with subsequent glaucoma (HR 1.881; 95% CI 1.841-1.922), and the association 
remained significant across the racial groups examined. Several glaucoma-related conditions also showed elevated 
risks, including glaucoma suspect states. Our findings demonstrate longitudinal associations between glaucoma 
and skin neoplasms in both directions. The results may increase clinical awareness of these coexisting conditions, 
although the observational design does not establish causality or justify routine cross-specialty screening. Further 
studies are needed to determine the mechanisms underlying these associations and whether risk-based surveil-
lance has clinical value.
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Introduction

Glaucoma is a major cause of irreversible visu-
al impairment and remains an important health 
burden in aging populations worldwide [1]. 
Beyond its ocular manifestations, glaucoma 
has been associated with a range of systemic 
comorbidities [2-4], suggesting that its clinical 
relevance may extend beyond the eye. Skin 
neoplasms likewise represent an increasing 

clinical concern, with the burden of both mela-
noma and non-melanoma skin cancer (NMSC) 
rising substantially among older adults [5]. 
Although these conditions involve different or- 
gan systems, several observations have raised 
the possibility that they may share underlying 
susceptibility.

Oxidative stress has been implicated in glauco-
matous optic nerve damage and also plays an 

http://www.ajcr.us
https://doi.org/10.62347/ULAQ5947


Glaucoma and skin cancer

4495	 Am J Cancer Res 2026;16(10):4494-4508

important role in cutaneous carcinogenesis [6, 
7]. Ultraviolet (UV) radiation provides another 
potential link. It is a well-established environ-
mental risk factor for skin cancer, while UV- 
related oxidative damage has also been impli-
cated in ocular pathology [8, 9]. Biological simi-
larities between ocular and cutaneous tissues 
offer further rationale for investigating this re- 
lationship. In particular, ocular and cutaneous 
melanocytes share a neural crest origin, sug-
gesting that susceptibility affecting melanocyte 
homeostasis may have implications beyond a 
single organ system [10, 11].

Despite this biological rationale, epidemiologi-
cal evidence remains limited. Previous resear- 
ch has generally examined the relationship in 
only one direction or has focused on selected 
disease subtypes. A cohort study, for example, 
reported an increased risk of exfoliation glau-
coma among individuals with a history of 
NMSC, supporting cumulative UV exposure as 
one possible explanation [12]. Another popu- 
lation-based study evaluated subsequent can-
cer risk among patients with glaucoma [13]. 
Whether a broader relationship exists between 
glaucoma and skin neoplasms remains uncer-
tain. It is also unclear whether such an associa-
tion can be observed in both temporal direc-
tions. Evidence across different racial groups  
is particularly limited, which is relevant given 
the marked racial variation in the epidemiology 
of both diseases.

We therefore conducted two complementary 
retrospective cohort analyses using the TriNetX 
Global Collaborative Network to examine the 
relationship between glaucoma and skin neo-
plasms in both temporal directions. The princi-
pal innovation of this study lies in evaluating 
both directions of this association within the 
same large-scale analytical framework rather 
than restricting the investigation to a single  
disease subtype or temporal sequence. The 
global population further enabled assessment 
across clinically relevant subgroups and spe- 
cific disease phenotypes. These findings may 
also have practical relevance for both dermato-
logic and ophthalmologic care.

Materials and methods

Data source and study design

We conducted a retrospective cohort study 
using the TriNetX Global Collaborative Network 

(https://live.trinetx.com/). TriNetX provides ac- 
cess to anonymized electronic health records 
(EHRs) from more than 100 million patients 
treated at healthcare organizations worldwide 
and has been used in previous epidemiological 
studies [14-16]. The study was approved by  
the Institutional Review Board of Chung Shan 
Medical University Hospital (CS1-25002) and 
conducted in accordance with the Declaration 
of Helsinki.

Population selection and eligibility

Eligible participants were older than 50 years 
at cohort entry and were required to have at 
least two documented clinical encounters. Two 
complementary cohorts were constructed to 
evaluate the association in each temporal 
direction.

For the glaucoma-to-skin neoplasm analysis, 
the exposure cohort included patients with a 
documented diagnosis of glaucoma. The com-
parison cohort consisted of individuals under-
going general health examinations who had no 
history of glaucoma. Patients with a diagnosis 
of skin neoplasm before the index date were 
excluded to restrict the analysis to incident  
outcomes during follow-up.

For the skin neoplasm-to-glaucoma analysis, 
the exposure cohort included patients with a 
documented diagnosis of skin neoplasm. The 
comparison cohort consisted of individuals 
undergoing general health examinations with-
out a history of skin neoplasms. Patients with 
glaucoma before the index date were exclud- 
ed from this analysis. Patients recorded as 
deceased before cohort entry were exclud- 
ed from both study directions. The diagnostic 
codes used to define the study populations  
are provided in Table 1, while the complete 
patient selection process is shown in Figure 1.

Propensity score matching

Patients were matched 1:1 using greedy near-
est-neighbor matching with a caliper of 0.1 
pooled standard deviations of the logit of the 
propensity score. Covariates included age, sex, 
race, comorbidities (hypertension, hyperlipid-
emia, diabetes), socioeconomic factors, and 
healthcare utilization (inpatient/ambulatory vi- 
sits). Missing covariate values were retained 
as a separate category rather than excluded 
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Table 1. Utilized proxy codes
Description ICD-10-CM codes 
Glaucoma-skin neoplasm cohort
    Glaucoma H40-H42
    Malignant melanoma of skin C43
    Other and unspecified malignant neoplasm of skin C44
    Neoplasms C00-D49
    Encounter for general examination without complaint, suspected or reported diagnosis Z00
    Trabeculoplasty by laser surgery CPT code: 65855
    Trabeculotomy ab externo CPT code: 65850
    Trabeculotomy ab externo SNOMED: 30880003
    Trabeculotomy of right eye SNOMED: 1287866001
    Trabeculotomy of left eye SNOMED: 1287865002
    Goniotomy CPT code: 65820
    Removal of blood clot, anterior segment of eye CPT code: 65930
    Drainage of Left Anterior Chamber, Percutaneous Approach ICD-10-PCS: 08933ZZ
    Drainage of Right Anterior Chamber, Percutaneous Approach ICD-10-PCS: 08923ZZ
    Fistulization of sclera for glaucoma; trabeculectomy ab externo in absence of previous surgery CPT code: 66170
    Fistulization of sclera for glaucoma; trabeculectomy ab externo with scarring from previous ocular surgery or trauma (includes injec-
tion of antifibrotic agents)

CPT code: 66172

    Transluminal dilation of aqueous outflow canal (eg, canaloplasty); without retention of device or stent CPT code: 66174
    Transluminal dilation of aqueous outflow canal (eg, canaloplasty); with retention of device or stent CPT code: 66175
    Aqueous shunt to extraocular equatorial plate reservoir, external approach; without graft CPT code: 66179
    Aqueous shunt to extraocular equatorial plate reservoir, external approach; with graft CPT code: 66180
    Insertion of anterior segment aqueous drainage device, without extraocular reservoir, external approach CPT code: 66183
    Revision of aqueous shunt to extraocular equatorial plate reservoir; with graft CPT code: 66185
    Repair of iris, ciliary body (as for iridodialysis) CPT code: 66680
    Ciliary body destruction; cyclophotocoagulation, transscleral CPT code: 66710
    Ciliary body destruction; cyclophotocoagulation, endoscopic, without concomitant removal of crystalline lens CPT code: 66711
    Ciliary body destruction; cryotherapy CPT code: 66720
    Iridoplasty by photocoagulation (1 or more sessions) (eg, for improvement of vision, for widening of anterior chamber angle) CPT code: 66762
    Aspiration of release of vitreous, subretinal or choroidal fluid, pars plana approach (posterior sclerotomy) CPT code: 67015
    Capsulotomy CPT code: 1005411
    Reformation of anterior chamber of eye SNOMED: 172517004
    Insertion of anterior segment aqueous drainage device, without extraocular reservoir, internal approach, into the suprachoroidal 
space

CPT code: 0253T
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    Insertion of anterior segment aqueous drainage device, with creation of intraocular reservoir, internal approach, into the supracili-
ary space

CPT code: 0474T

    Insertion of anterior segment aqueous drainage device, without extraocular reservoir, internal approach, into the trabecular mesh-
work; initial insertion

CPT code: 0191T

    Insertion of anterior segment aqueous drainage device, without extraocular reservoir, internal approach, into the trabecular mesh-
work

CPT code: 1022278

    Insertion of anterior segment aqueous drainage device, without extraocular reservoir, internal approach, into the trabecular mesh-
work; each additional device insertion (List separately in addition to code for primary procedure)

CPT code: 0376T

    Insertion of anterior segment aqueous drainage device into the trabecular meshwork, without external reservoir, and without con-
comitant cataract removal, one or more

CPT code: 0671T

    Beta blocking agents ATC code: C07
Skin neoplasm-glaucoma cohort
    Glaucoma H40-H42
    Malignant melanoma of skin C43
    Other and unspecified malignant neoplasm of skin C44
    Neoplasms C00-D49
    Encounter for general examination without complaint, suspected or reported diagnosis Z00
    Mohs micrographic surgery procedures CPT code: 1003602
    Mohs surgery SNOMED: 418024000
    Electrodesiccation SNOMED: 8401003
    Curettage SNOMED: 68688001
    Imiquimod RxNorm code: 59943
    Nivolumab RxNorm code: 1597879
    Pembrolizumab RxNorm code: 1547545
    Fluorouracil RxNorm code: 4492
    Ipilimumab RxNorm code: 1094833
    Dabrafenib RxNorm code: 1424911
    Trametinib RxNorm code: 1425099
    Dacarazine RxNorm code: 3098
ICD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification; ICD-10-PCS: International Classification of Diseases, Tenth Revision Procedure Coding Sys-
tem; CPT: Current Procedural Terminology; SNOMED: Systematized Nomenclature of Medicine; ATC: Anatomical Therapeutic Chemical.
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Figure 1. Patient selection process.
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from the analysis. Covariate balance after 
matching was evaluated using standardized 
mean differences (SMDs); values below 0.1 
were considered adequately balanced.

Study outcomes and follow-up

The study period extended from January 1, 
2005, through December 31, 2023. Outcomes 
were assessed after the index date during fol-
low-up. In the glaucoma-to-skin neoplasm anal-
ysis, the primary outcome was incident skin 
neoplasm. Melanoma and non-melanoma skin 
cancer were evaluated as secondary outcomes. 
In the reciprocal analysis, the primary outcome 
was incident glaucoma. Specific glaucoma sub-
types and glaucoma-related conditions were 
evaluated as secondary outcomes. The primary 
analyses assessed outcomes over up to 15 
years of follow-up. Participants were followed 
from the index date until the occurrence of the 
outcome of interest or the end of the 15-year 
follow-up period, whichever came first.

Statistical analysis

All analyses were performed using the TriNetX 
Analytics platform, via the function “Advanced 
Analysis”. Covariate balance before and after 
matching was assessed using standardized 
mean differences, with an absolute value be- 
low 0.1 indicating adequate balance. Time-to-
event analyses were performed after match- 
ing. Kaplan-Meier methods were used to esti-
mate cumulative event-free probabilities, with 
between-group differences evaluated using 
the log-rank test. Hazard ratios (HRs) with 95% 
confidence intervals (CIs) were estimated. Sta- 
tistical significance was defined as a two-sided 
P value <0.05. Sensitivity analyses included 
varying washout periods (12, 24, 36 months) 
and using stricter algorithm definitions (com-
bining diagnosis codes with procedure or medi-
cation codes). Age, sex, and race were select- 
ed for stratified analyses because of their 
established relevance to the epidemiology of 
both glaucoma and skin neoplasms. These 
demographic characteristics are routinely cap-
tured within the TriNetX network and permit 
clinically interpretable subgroup comparisons. 
Other measured baseline characteristics were 
addressed primarily as potential confounders 
through propensity score matching. Multivaria- 
ble regression analysis after propensity score 
matching could not be performed because this 

function is not supported by the TriNetX 
Analytics platform. ROC curve and area under 
the curve analyses were likewise unavailable. 
Details of the sensitivity analyses are provided 
in Table 2. This study followed the STROBE 
guidelines for reporting [17].

Results

Baseline characteristics

The analysis included two matched cohorts. 
For the glaucoma-to-skin neoplasm analysis, 
873,294 patients with glaucoma were matched 
1:1 to controls without the outcome of interest. 
The mean age of patients with glaucoma was 
66.5 ± 12.0 years, and 56.6% were female. 
White patients accounted for 49.9% of the 
cohort, compared with 17.5% who were Black 
or African American and 5.7% who were Asian.

The skin neoplasm-to-glaucoma analysis in- 
cluded 1,456,093 patients with skin neo-
plasms and an equal number of matched con-
trols. The mean age was 66.8 ± 11.3 years, 
and 50.3% were male. White patients com-
prised 76.8% of this cohort, a higher proportion 
than in the glaucoma cohort. After matching, 
the case and control groups showed adequate 
balance across the measured baseline cha- 
racteristics (Table 3).

Risk of skin neoplasms in glaucoma patients

Patients with glaucoma had a higher subse-
quent risk of skin neoplasms than matched 
controls (HR, 1.220; 95% CI, 1.185-1.256) 
(Table 4). Similar associations were found for 
melanoma (HR, 1.197; 95% CI, 1.101-1.301) 
and NMSC (HR, 1.228; 95% CI, 1.191-1.266). 
When the analysis was stratified by race, an 
increased risk was found among White pa- 
tients (HR, 1.274; 95% CI, 1.233-1.317), where-
as the estimates for Black and Asian patients 
did not reach statistical significance. Results 
were similar between men (HR, 1.217; 95% CI, 
1.168-1.269) and women (HR, 1.187; 95% CI, 
1.138-1.238) (Table 5).

Risk of glaucoma in skin neoplasm patients

In the reciprocal analysis, patients with a his-
tory of skin neoplasms had a higher risk of  
new-onset glaucoma (HR, 1.881; 95% CI, 
1.841-1.922) (Table 4). Increased risks were 
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Table 2. Description of all applied sensitivity analysis models
Models Description
Glaucoma-skin neoplasm cohort
Applying various proxy-based glaucoma definition
    Algorithm 1 Only patients with documented inpatient encounters associated with the ICD-10-CM diagnosis code H40-H42 (glaucoma) 

were classified into the glaucoma cohort for this model.
    Algorithm 2 Patients were included in the glaucoma cohort for this model only if they had a documented diagnosis of glaucoma 

(ICD-10-CM code H40-H42) along with any of following glaucoma-associated surgery record (CPT code 65820, 65850, 
65855, 65930, 66170, 66172, 66174, 66175, 66179, 66180, 66183, 66185, 66680, 66710, 66711, 66720, 66762, 
67015, 0253T, 0474T, 0191T, 1022278, 0376T, 0671T; ICD-10-PCS code 08933ZZ, 08923ZZ; SNOMED code 30880003, 
1287866001, 1287865002, 172517004).

    Algorithm 3 Patients were included in the glaucoma cohort for this model only if they had a documented diagnosis of glaucoma (ICD-10-
CM code H40-H42) along with a prescription record for beta blocking agents (ATC code: C07).

Applying different wash-out period after index date
    12 months/24 months/36 months after index date Outcome events occurring during the designated washout period were excluded from subsequent analyses. For all sub-analy-

ses, a fixed follow-up duration of 15 years was applied.
    5 years/10 years/15 years after index date Only outcome events occurring within the predefined follow-up period were considered for analysis. In all sub-analyses, a 

washout period of three months was applied.
Applying different matching covariates
    Crude model Hazard ratio was calculated based on the population without propensity score matching.
    Matching model 1 Matching covariates include age at index and sex.
    Matching model 2 Matching covariates include age at index, sex, race, and medical utilization status.
Skin neoplasm-glaucoma cohort
Applying various proxy-based skin neoplasm definition
    Algorithm 1 Only patients with documented inpatient encounters associated with the ICD-10-CM diagnosis code C43-C44 (malignant 

melanoma of skin and other unspecified neoplasms of the skin) were classified into the skin neoplasm cohort for this model.
    Algorithm 2 Patients were included in the skin neoplasm cohort for this model only if they had a documented diagnosis of malignant 

melanoma of skin and other unspecified neoplasms of the skin (ICD-10-CM code C43-C44) along with any of following skin 
neoplasms surgery (CPT code: 1003602, SNOMED: 418024000, 8401003, 68688001).

    Algorithm 3 Patients were included in the skin neoplasm cohort for this model only if they had a documented diagnosis of malignant 
melanoma of skin and other unspecified neoplasms of the skin (ICD-10-CM code C43-C44) along with a prescription record 
for any of following skin neoplasms medications (RxNorm code: 59943, 1597879, 1547545, 4492, 1094833, 1424911, 
1425099, 3098).

Applying different wash-out period after index date
    12 months/24 months/36 months after index date Outcome events occurring during the designated washout period were excluded from subsequent analyses. For all sub-analy-

ses, a fixed follow-up duration of 15 years was applied.
    5 years/10 years/15 years after index date Only outcome events occurring within the predefined follow-up period were considered for analysis. In all sub-analyses, a 

washout period of three months was applied.
Applying different matching covariates
    Crude model Hazard ratio was calculated based on the population without propensity score matching.
    Matching model 1 Matching covariates include age at index and sex.
    Matching model 2 Matching covariates include age at index, sex, race, and medical utilization status.
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Table 3. Baseline characteristics: propensity score-matched cohorts and controls

Characteristics

Glaucoma - Skin Neoplasm Studya Skin Neoplasm - Glaucoma Studya

Glaucoma 
Cohort (n = 
873,294)

Control Cohort 
(n = 873,294) SMD

Skin Neoplasm 
Cohort (n = 
1,456,093)

Control Cohort (n 
= 1,456,093) SMD

Age at index (years)
    Mean ± SD 66.5 ± 12.0 66.5 ± 12.0 0.01 66.8 ± 11.3 67.0 ± 11.6 0.02
Sex, No. (%)
    Male 254,105 (40.6) 253,732 (40.6) 0.00 732,987 (50.3) 688,832 (47.3) 0.06
    Female 354,177 (56.6) 354,354 (56.6) 0.00 686,296 (47.1) 728,731 (50.0) 0.06
    Unknown 17,325 (2.8) 17,521 (2.8) 0.00 36,810 (2.5) 38,530 (2.6) 0.01
Race, No. (%)
    White 311,852 (49.9) 313,681 (50.1) 0.01 1,118,078 (76.8) 1,121,729 (77.0) 0.01
    Black or African American 109,658 (17.5) 108,904 (17.4) 0.00 10,965 (0.8) 10,960 (0.8) 0.00
    Asian 35,530 (5.7) 36,311 (5.8) 0.01 9,105 (0.6) 8,887 (0.6) 0.00
    American Indian or Alaska Native 2,122 (0.3) 2,011 (0.3) 0.00 1,850 (0.1) 2,869 (0.2) 0.02
    Native Hawaiian or Other Pacific Islander 5,433 (0.9) 5,711 (0.9) 0.00 7,748 (0.5) 7,207 (0.5) 0.01
    Other Race 24,853 (4.0) 25,034 (4.0) 0.00 36,324 (2.5) 52,900 (3.6) 0.07
    Unknown Race 136,159 (21.8) 133,955 (21.4) 0.01 272,023 (18.7) 251,541 (17.3) 0.04
Labs
    BMI, mean ± SD 29.2 ± 6.89 28.8 ± 6.95 0.10 28.3 ± 5.90 28.7 ± 6.37 0.06
    BMI at least 25 kg/m2, No. (%) 148,280 (23.7) 150,072 (24.0) 0.01 443,604 (30.5) 453,368 (31.1) 0.01
Comorbidities, No. (%)
    Essential hypertension 198,772 (31.8) 201,502 (32.2) 0.01 419,679 (28.8) 439,196 (30.2) 0.03
    Hyperlipidemia 116,793 (18.7) 119,267 (19.1) 0.01 309,239 (21.2) 322,934 (22.2) 0.02
    Diabetes mellitus 107,995 (17.3) 110,547 (17.7) 0.01 139,393 (9.6) 143,646 (9.9) 0.01
Lifestyle & Socioeconomic, No. (%)
    Mental and behavioral disorders due to psychoactive substance use 29,303 (4.7) 29,909 (4.8) 0.00 94,507 (6.5) 93,702 (6.4) 0.00
    Persons with potential health hazards related to socioeconomic and psychosocial circumstances 5,521 (0.9) 5,418 (0.9) 0.00 15,627 (1.1) 15,049 (1.0) 0.00
Medical utilization, No. (%)
    Visit: Ambulatory 393,242 (62.9) 395,329 (63.2) 0.01 1,062,892 (73.0) 1,064,961 (73.1) 0.00
    Visit: Inpatient Acute 1,578 (0.3) 1,555 (0.2) 0.00 836 (0.1) 658 (0.0) 0.01
BMI, body mass index; SD, standard deviation; SMD, standardized mean difference. aCovariates matched included age, sex, race, health risks tied to socioeconomic and psychosocial factors, mental and behav-
ioral disorders associated with psychoactive substance use, comorbidities (including essential hypertension, hyperlipidemia, diabetes mellitus), medical utilization (ambulatory, inpatient acute).
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Table 4. Risk of developing the secondary condition in propensity score-matched cohorts

Outcome of Interest
Study Cohort Control Cohort

Hazard Ratio (95% CI)
No. of events (%) No. of events (%)

Direction 1a: Risk of Skin Neoplasms in Patients with Glaucoma n = 873,294 n = 873,294
    Any skin neoplasm 10,648 (1.3) 7,854 (0.9) 1.220 (1.185, 1.256)
    Melanoma 1,295 (0.2) 973 (0.1) 1.197 (1.101, 1.301)
    Non-Melanoma Skin Cancer 9,655 (1.1) 7,063 (0.8) 1.228 (1.191, 1.266)
Direction 2b: Risk of Glaucoma in Patients with Skin Neoplasms n = 1,456,093 n = 1,456,093
    Any glaucoma 26,433 (1.8) 12,083 (0.8) 1.881 (1.841, 1.922)
    Primary/Secondary
        Primary 5,361 (0.4) 2,464 (0.2) 1.824 (1.739, 1.914)
        Secondary 673 (0.0) 337 (0.0) 1.689 (1.481, 1.925)
    Open-angle/Angle-closure
        Open-angle glaucoma 6,027 (0.4) 2,725 (0.2) 1.852 (1.770, 1.938)
        Primary angle-closure glaucoma 685 (0.0) 321 (0.0) 1.791 (1.568, 2.046)
    Glaucoma suspect status
        Glaucoma suspect 17,294 (1.2) 6,324 (0.4) 2.339 (2.273, 2.408)
        Preglaucoma 7,304 (0.5) 2,953 (0.2) 2.083 (1.995, 2.174)
        Open angle with borderline findings 6,505 (0.4) 1,807 (0.1) 3.070 (2.914, 3.235)
        Anatomical narrow angle 2,099 (0.1) 733 (0.1) 2.447 (2.249, 2.662)
        Ocular hypertension 3,815 (0.3) 1,448 (0.1) 2.225 (2.094, 2.364)
CI, Confidence interval. a Direction 1 represents the risk of developing skin cancer in patients with a history of glaucoma compared to non-glaucoma 
controls over a 15-year follow-up period. b Direction 2 represents the risk of developing glaucoma in patients with a history of skin neoplasms 
compared to non-skin neoplasm controls over a 15-year follow-up period.

Table 5. Stratification analyses of the bidirectional association by age, sex, and race in 15-year follow-
up period

Subgroups
Risk of Skin Neoplasm in Glaucoma Patients Risk of Glaucoma in 

Skin Neoplasm Patients
All Skin Cancers

HR (95% CI)a
Melanoma

HR (95% CI)a
NMSC

HR (95% CI)a
Any Glaucoma
HR (95% CI)a

Age
    50-64 years 1.168 (1.060, 1.287) 1.207 (0.939, 1.551) 1.162 (1.047, 1.290) 1.835 (1.715, 1.963)
    ≥65 years 1.209 (1.172, 1.247) 1.251 (1.144, 1.369) 1.213 (1.174, 1.253) 1.948 (1.904, 1.994)
Sex
    Male 1.217 (1.168, 1.269) 1.180 (1.050, 1.327) 1.233 (1.180, 1.288) 1.707 (1.652, 1.763)
    Female 1.187 (1.138, 1.238) 1.265 (1.118, 1.431) 1.185 (1.134, 1.239) 2.079 (2.010, 2.150)
Race
    White 1.274 (1.233, 1.317) 1.274 (1.158, 1.403) 1.285 (1.241, 1.330) 1.988 (1.941, 2.036)
    Black/African American 0.810 (0.642, 1.022) 0.672 (0.416, 1.084) 0.860 (0.660, 1.121) 1.705 (1.449, 2.006)
    Asian 0.790 (0.599, 1.040) 0.911 (0.387, 2.146) 0.764 (0.573, 1.020) 2.160 (1.733, 2.694)
HR, Hazard ratio; NMSC, Non-melanoma skin cancer; CI, Confidence interval. aCovariates matched included age, sex, race, health risks tied to 
socioeconomic and psychosocial factors, mental and behavioral disorders associated with psychoactive substance use, comorbidities (including 
essential hypertension, hyperlipidemia, diabetes mellitus), medical utilization (ambulatory, inpatient acute).

found for primary glaucoma (HR, 1.824; 95% 
CI, 1.739-1.914) and secondary glaucoma (HR, 
1.689; 95% CI, 1.481-1.925) (Table 4). Among 
glaucoma-related conditions, open-angle with 
borderline findings had the highest estimate 
(HR, 3.070; 95% CI, 2.914-3.235), followed by 
anatomical narrow angle (HR, 2.447; 95% CI, 

2.249-2.662). The association with subsequent 
glaucoma was also present within each racial 
subgroup. The HR was 1.988 (95% CI, 1.941-
2.036) among White patients and 1.705 (95% 
CI, 1.449-2.006) among Black patients. Am- 
ong Asian patients, the HR was 2.160 (95% CI, 
1.733-2.694) (Table 5).
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Table 6. Sensitivity analyses for the risk of all skin cancers in patients with glaucoma

Outcome: all skin cancers
Study cohort with incident 

outcome event, n (%) Hazard ratio (95% CI)
Case patients Control patients

Sensitivity Analyses
    Applying various proxy-based skin neoplasm definition
        Algorithm 1 7836 (2.2) 3597 (1.0) 2.123 (2.041, 2.208)
        Algorithm 2 1060 (1.6) 690 (1.1) 1.442 (1.310, 1.587)
        Algorithm 3 5362 (1.6) 3535 (1.1) 1.623 (1.555, 1.693)
    Applying various wash-out periods
        12 months 9249 (1.1) 6583 (0.8) 1.254 (1.215, 1.294)
        24 months 8285 (1.0) 5639 (0.7) 1.275 (1.233, 1.319)
        36 months 7014 (0.8) 4601 (0.5) 1.293 (1.246, 1.342)
    Applying various follow-up periods
        5 years 8612 (0.8) 6763 (0.6) 1.196 (1.154, 1.240)
        10 years 9783 (1.2) 7320 (0.9) 1.218 (1.181, 1.255)
        15 years 10648 (1.3) 7854 (0.9) 1.220 (1.185, 1.256)
    Applying various matching algorithms
        Crude model 10792 (1.2) 42248 (0.8) 1.574 (1.541, 1.607)
        Matching Model 1 10519 (1.3) 8847 (1.1) 1.064 (1.034, 1.095)
        Matching Model 2 10525 (1.3) 12364 (0.9) 1.218 (1.183, 1.255)

Sensitivity analyses

The findings remained consistent across the 
sensitivity analyses. Similar estimates were 
obtained when stricter case definitions requir-
ing medication or procedure codes were app- 
lied and when the washout period was extend-
ed to 36 months. Changing the duration of fol-
low-up or the matching approach did not mate-
rially alter the results (Tables 6-9).

Discussion

In this large cohort study, glaucoma and skin 
neoplasms were associated in both temporal 
directions. Patients with glaucoma had a 22% 
higher risk of subsequent skin neoplasms, 
while a history of skin neoplasms was associ-
ated with an 88% higher risk of glaucoma. The 
associations were similar across the sensi- 
tivity analyses.

Previous epidemiological studies have report- 
ed associations between glaucoma and cuta-
neous malignancy. One cohort study found a 
higher risk of exfoliation glaucoma among in- 
dividuals with NMSC and suggested cumula-
tive UV exposure as a possible explanation 
[12]. Our results show that the association 
with skin neoplasms is not limited to exfolia-

tion glaucoma, as increased risks were also 
found for other glaucoma phenotypes. Popula- 
tion-based research has examined the reverse 
temporal relationship by evaluating cancer risk 
after glaucoma [13]. In our study, skin neo-
plasms were more common after glaucoma, 
and glaucoma was also more common after 
skin neoplasms. Observing these associations 
in both directions within the same study pro-
vides additional epidemiological evidence for  
a relationship between the two conditions, 
although it does not establish causality.

Biological and genetic mechanisms

UV exposure and oxidative stress may provide 
one explanation for the observed association. 
Chronic UV exposure is a well-established con-
tributor to cutaneous carcinogenesis and has 
also been implicated in exfoliation glaucoma 
(XFG), possibly through oxidative damage to 
the anterior ocular segment [9, 18]. Kang et 
al. reported a 40% higher risk of XFG among 
patients with a history of non-melanoma skin 
cancer and proposed skin cancer as a marker 
of cumulative lifetime UV exposure [12]. In our 
study, however, the association with skin neo-
plasms was also observed for primary open-
angle glaucoma. This finding suggests that the 
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Table 7. Sensitivity analyses for the risk of melanoma in patients with glaucoma

Outcome: melanoma
Study cohort with incident  

outcome event, n (%) Hazard ratio (95% CI)
Case patients Control patients

Sensitivity Analyses
    Applying various proxy-based skin neoplasm definition
        Algorithm 1 923 (0.3) 397 (0.1) 2.242 (1.993, 2.522)
        Algorithm 2 147 (0.2) 102 (0.2) 1.350 (1.049, 1.739)
        Algorithm 3 683 (0.2) 414 (0.1) 1.753 (1.551, 1.980)
    Applying various wash-out periods
        12 months 1141 (0.1) 814 (0.1) 1.252 (1.144, 1.370)
        24 months 996 (0.1) 712 (0.1) 1.214 (1.103, 1.337)
        36 months 837 (0.1) 587 (0.1) 1.211 (1.090, 1.346)
    Applying various follow-up periods
        5 years 843 (0.1) 681 (0.1) 1.177 (1.064, 1.302)
        10 years 1191 (0.1) 913 (0.1) 1.188 (1.090, 1.295)
        15 years 1295 (0.2) 973 (0.1) 1.197 (1.101, 1.301)
    Applying various matching algorithms
        Crude model 1316 (0.1) 5890 (0.1) 1.370 (1.291, 1.454)
        Matching Model 1 1275 (0.2) 1108 (0.1) 1.030 (0.950, 1.116)
        Matching Model 2 1280 (0.2) 973 (0.1) 1.153 (1.061, 1.254)

Table 8. Sensitivity analyses for the risk of non-melanoma skin cancer in patients with glaucoma

Outcome: non-melanoma skin cancer
Study cohort with incident 

outcome event, n (%) Hazard ratio (95% CI)
Case patients Control patients

Sensitivity Analyses
    Applying various proxy-based skin neoplasm definition
        Algorithm 1 7169 (2.0) 3273 (0.9) 2.132 (2.045, 2.222)
        Algorithm 2 952 (1.5) 608 (1.0) 1.468 (1.326, 1.626)
        Algorithm 3 4844 (1.4) 3197 (1.0) 1.621 (1.550, 1.695)
    Applying various wash-out periods
        12 months 8373 (1.0) 5916 (0.7) 1.261 (1.220, 1.304)
        24 months 7527 (0.9) 5058 (0.6) 1.290 (1.245, 1.337)
        36 months 6371 (0.8) 4132 (0.5) 1.306 (1.256, 1.359)
    Applying various follow-up periods
        5 years 6079 (0.7) 4811 (0.6) 1.202 (1.158, 1.248)
        10 years 8856 (1.1) 6573 (0.8) 1.226 (1.188, 1.266)
    Applying various matching algorithms
        Crude model 9784 (1.1) 37319 (0.7) 1.615 (1.580, 1.652)
        Matching Model 1 9544 (1.1) 7941 (1.0) 1.074 (1.043, 1.107)
        Matching Model 2 9539 (1.1) 6755 (0.8) 1.233 (1.195, 1.272)

relationship may not be restricted to XFG, 
although our data cannot determine whether 
UV-related injury accounts for the broader 
association.

Genetic susceptibility may also contribute to 
the association. Melanocytes in the eye and 

skin share a neural crest origin, raising the  
possibility that some biological processes af- 
fecting these cells may be relevant to both 
organs. CYP1B1 is involved in the metabolism 
of endogenous estrogens and environmental 
carcinogens, and variants in this gene have 
been implicated in primary open-angle glauco-
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ma as well as several cancers [19]. Another 
potential link involves GSTM1. The null geno-
type reduces the capacity to detoxify reactive 
oxygen species and has been associated with 
susceptibility to glaucomatous neurodegenera-
tion and cutaneous malignancy [8]. Although 
these observations offer possible biological 
explanations for our findings, the present stu- 
dy did not examine genetic variants or related 
molecular pathways directly.

Clinical relevance and subgroup findings

Previous studies have focused mainly on ex- 
foliation glaucoma (XFG) and non-melanoma 
skin cancer, with UV exposure and LOXL1-
related susceptibility proposed as possible 
links between the two conditions [12, 20]. 
Evidence for other forms of glaucoma remains 
limited. We found that a history of skin neo-
plasms was associated with diagnosed glau- 
coma as well as glaucoma-related conditions, 
including open-angle with borderline findings 
and anatomical narrow angle. The reverse re- 
lationship was also present, as patients with 
glaucoma had higher subsequent risks of me- 
lanoma and NMSC. Thus, the association 
observed here was not confined to XFG, al- 
though our data cannot determine the mecha-
nisms involved.

The associations were present in both age 
groups. A previous study reported a stronger 
association between NMSC and XFG among 
individuals younger than 65 years (MVRR,  
2.56; 95% CI, 1.62-4.05) [12], whereas we 
observed somewhat higher HRs among pa- 
tients aged 65 years or older. This discrepancy 
may be related to differences in the study po- 
pulations or outcome definitions. The earlier 
study also examined XFG specifically, making 
direct comparison with our broader definition of 
glaucoma difficult.

Variation by sex was modest. Previous studies 
have reported sex differences in cancer risk 
among patients with glaucoma, and racial vari-
ation in glaucoma burden has been described 
in other populations [13, 21-23]. Skin neo-
plasms were more strongly associated with 
subsequent glaucoma among women than 
men in our analysis, whereas the reverse asso-
ciation was similar between sexes. A different 
pattern emerged across racial groups. Glau- 
coma was associated with subsequent skin 
neoplasms among White patients, but not  
significantly among Black or Asian patients. 
Variation in baseline skin cancer susceptibi- 
lity, including differences related to cutaneous 
melanin pigmentation, may contribute to this 
finding [24, 25]. Fewer events in some racial 

Table 9. Sensitivity analyses for the risk of new-onset glaucoma in patients with skin neoplasms

Outcome: New-onset glaucoma
Study cohort with incident 

outcome event, n (%) Hazard ratio (95% CI)
Case patients Control patients

Sensitivity Analyses
    Applying various proxy-based skin neoplasm definition
        Algorithm 1 18388 (3.0) 5666 (0.9) 2.992 (2.904, 3.082)
        Algorithm 2 7203 (2.2) 2927 (0.9) 2.177 (2.085, 2.273)
        Algorithm 3 5328 (2.9) 1656 (0.9) 3.054 (2.890, 3.227)
    Applying various wash-out periods
        12 months 24302 (1.7) 10217 (0.7) 2.000 (1.955, 2.047)
        24 months 21570 (1.5) 8300 (0.6) 2.115 (2.062, 2.169)
        36 months 18786 (1.3) 6721 (0.5) 2.194 (2.133, 2.256)
    Applying various follow-up periods
        5 years 17063 (1.2) 8612 (0.6) 1.871 (1.823, 1.920)
        10 years 24076 (1.7) 11327 (0.8) 1.893 (1.851, 1.935)
    Applying various matching algorithms
        Crude model 27797 (1.8) 38688 (0.8) 2.249 (2.214, 2.284)
        Matching Model 1 27243 (1.8) 14599 (1.0) 1.560 (1.529, 1.592)
        Matching Model 2 26686 (1.8) 12364 (0.8) 1.840 (1.801, 1.880)
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subgroups may also have reduced statistical 
precision. By comparison, skin neoplasms were 
associated with subsequent glaucoma across 
all racial groups examined. These subgroup 
results are exploratory, and the observed dif- 
ferences should not be interpreted as evi-
dence of race-specific effects.

Strengths and limitations

The large sample size and broad geographic 
coverage of the TriNetX network allowed us to 
examine the association in both temporal direc-
tions and to perform several subgroup analy-
ses. Propensity score matching achieved ade-
quate balance in the measured baseline cha- 
racteristics between the study cohorts [26-28]. 
The main findings changed little when alterna-
tive case definitions were used or when longer 
washout periods were applied [28].

Several limitations should be considered when 
interpreting these findings. TriNetX relies on 
routinely collected EHR data, and diagnoses 
recorded in clinical practice may be misclassi-
fied or lack information on disease severity. 
Detailed cancer characteristics, such as whe- 
ther a lesion was in situ or invasive, were also 
unavailable [26, 29]. Information on UV expo-
sure behavior and family history was not avail-
able, and genetic background could not be 
adequately captured [30, 31]. Although mea-
sured baseline characteristics were balanced 
through propensity score matching, residual 
confounding cannot be excluded. Additional 
multivariable regression after matching was 
not available through the TriNetX Analytics  
platform. The platform also does not support 
ROC curve or area under the curve analyses, 
precluding further assessment using these 
measures. Surveillance bias is another con- 
cern because patients receiving care for one 
condition may have more opportunities for the 
other condition to be detected [13, 32, 33]. 
However, elevated risks were still observed 
after extending the washout period to 3 years 
and during longer follow-up, making surveil-
lance alone an unlikely explanation for the 
observed associations.

Conclusion

We report that glaucoma and skin neoplasms 
were associated in both temporal directions. 
Patients with skin neoplasms had a higher sub-

sequent risk of glaucoma, while patients with 
glaucoma had a higher risk of skin neoplasms, 
particularly among White patients. These find-
ings may increase awareness of the coexis-
tence of these conditions in dermatologic and 
ophthalmologic practice. Further studies are 
needed to determine whether targeted sur- 
veillance of higher-risk patients would provide 
clinical benefit.
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