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Abstract
Objective: To identify common factors associated with periocular cutaneous malignancies using the National
Institutes of Health (NIH) All of Us database.

Methodology: In this case-control study, we extracted electronic health records and sociodemographic data
for 385 cases of periocular cutaneous malignancies from the All of Us nationwide database. Controls (N =
1540) were matched to the demographic characteristics of the 2020 United States Census. Bivariate analyses
and multivariable logistic regression determined variables significantly associated with increased odds of
periocular cutaneous malignancies. We analyzed medical, environmental, and social determinants to
evaluate which factors were associated with increased odds of periocular cutaneous malignancies.

Results: Among the cases, the mean (standard deviation) age was 66.8 (11.2) years at the time of diagnosis.
The majority were male (207, 54%) and white (361, 94%). Periocular cutaneous malignancy was significantly
more likely among individuals with high sun exposure (odds ratio [OR] 14.79, 95% confidence interval [CI]
3.35-85.73, P = 0.001), those identifying as white race (OR 3.88, 95% CI 1.06-25.33, P = 0.079), and those with
higher socioeconomic status, including higher annual income (OR 1.35, 95% CI 1.25-1.46, P < 0.001).

Conclusions: This study demonstrates similar risk factors for periocular cutaneous malignancies, echoing
prior research that showed increased associations with lighter-pigmented skin and higher socioeconomic
status. It also sheds light on the positive impact of physician surveillance and health utilization factors in
the early detection and treatment of these malignancies, aspects less explored in prior analyses.

Categories: Dermatology, Ophthalmology
Keywords: allofus national database, health inequities, social determinants of health, periocular cutaneous
malignancy, big data

Introduction
Cutaneous malignancies are the most common type of malignancy [1], among which about 10% occur in the
periocular area [2]. The most common periocular skin tumor types are basal cell carcinoma (BCC), squamous
cell carcinoma (SCC), and cutaneous melanoma (CM) [3]. Previous studies have demonstrated an increased
incidence of all three tumor types among patients with lightly pigmented skin and higher socioeconomic
status [4-6]. However, while patients of lower socioeconomic status and/or heavily pigmented minorities
have a lower incidence of periocular cutaneous malignancies, they have a greater risk of poor clinical
outcomes, including increased rates of advanced disease at presentation and higher stage-specific mortality
rates [3,7-14].

The All of Us Research Program is an unprecedented effort by the National Institutes of Health (NIH) to
collect and study data from 1 million adult participants across the United States. The program, launched in
May 2018, prioritizes the enrollment of underrepresented minorities reflecting the increasing diversity of
the US population [15,16]. The database provides electronic health record (EHR) and survey data for more
than 736,000 adult participants to date [17], and enrollment is ongoing. This case-control study leverages
the diversity and scale of the All of Us database to identify medical, environmental, and social factors
associated with periocular cutaneous malignancies. Prior studies on these malignancies have been primarily
single-center studies that were limited in sample size and/or diversity. Therefore, leveraging the large
population, nationwide scope, and diversity of All of Us provides a unique opportunity to contribute to
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knowledge regarding this group of malignancies, which carry a substantial public health burden. This work
was presented as a poster in the 53rd Annual Fall Scientific Symposium of the American Society of
Ophthalmic Plastic and Reconstructive Surgery.

Materials And Methods
Data source and study population
The All of Us database contains EHR data, surveys, physical measurements, biospecimens, and wearable
device data. EHR data about medical conditions, procedures, labs, and measurements are linked for all
consented participants. Participants provide written informed consent and fill out a basic demographic
survey upon enrollment covering factors such as education level, household income, and employment status
[18]. Initial participant data collection was approved by the All of Us Institutional Review Board.

All the data have been transformed and de-identified across each participant record by the All of
Us Program to protect participant privacy before sharing data with researchers on the All of Us Researcher
Workbench. These transformations include data suppression of codes with a high risk of identification and
generalization of categories such as age, sex at birth, gender identity, sexual orientation, and race.
Secondary analyses of de-identified data included in All of Us, such as that presented here, are considered
non-human subjects research and this was verified by the University of California Institutional Review
Board. The study adhered to the Declaration of Helsinki 

There were 479,000 adult participants enrolled in All of Us at the time of analysis in March 2022. Cases were
defined as adult (aged 18 years or older) participants with qualifying International Classification of Diseases
(ICD) or Systematized Nomenclature of Medicine (SNOMED) codes corresponding to basal cell carcinoma,
squamous cell carcinoma, and melanoma of the eyelids, medial canthus, cheek, forehead, or temple (see
Supplementary Digital Content [SDC], Appendix A).

A total of 385 cases of periocular cutaneous malignancies were identified. Controls (N = 1,540) were sampled
from the general adult population in the All of Us database with a 4:1 control-to-case ratio. Controls were
sampled such that their demographics matched the 2020 US Census data about race, ethnicity, and gender
using the R package MatchIt [19]. This was done to ensure that controls were representative of the general
US population, given the known enrichment of minorities in the All of Us Program given its emphasis on
enrolling individuals from populations traditionally underrepresented in biomedical research. A 4:1 control-
to-case ratio was chosen to minimize the effects of class imbalance, and prior studies have shown that ratios
higher than this do not confer additional statistical power [20].

Statistical analyses
Descriptive statistics of both cases and controls in the study cohort were generated (Table 1). We used
mean/standard deviation for continuous variables and counts/percentages for categorical variables. We also
examined the prevalence of periocular cutaneous malignancies by geographical region, as All of Us provided
state-level data regarding the location of each study participant’s enrollment site.
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 Periocular cutaneous malignancies cases (N = 385) Controls (N = 1,540)

Self-reported race, N (%)

White 361 (94) 1175 (76)

Other 21 (5) 69 (4)

Asian <20 (<5)* 90 (6)

Black or African American <20 (<5)* 206 (13)

Self-reported ethnicity, N (%)

Non-Hispanic or Latino >360 (>95%) 1256 (82)

Hispanic or Latino <20 (<5)* 284 (18)

Gender

Male 207 (54) 758 (49)

Female 178 (46) 782 (51)

Mean age (SD) in years (at the time of diagnosis) 66.81 (11.16) 58.69 (17.45)

Mean age (SD) in years (at the time of the survey) 71.93 (11.26) 58.69 (17.45)

TABLE 1: Demographic characteristics of adults with periocular cutaneous malignancies in the
NIH All of Us research program and controls matched to the 2020 United States census.
*Counts less than 20 are not disclosed, and additional data coarsening may be used to prevent secondary calculations of counts under 20, in accordance
with All of Us data reporting policies.*

We performed bivariate and multivariable logistic regression using a wide range of predictors to identify
medical, environmental, and social determinants significantly associated with increased odds of periocular
cutaneous malignancies. Predictor variables included hypertension, hyperlipidemia, glaucoma, number of
medical specialist visits, sun exposure (i.e., events of exposure to excess sunlight and to man-made
ultraviolet light), geographical location, and sociodemographic variables (i.e., race/ethnicity, gender,
employment status, insurance type, annual income). Correlation coefficients were generated to identify
highly correlated variables to address any issues due to potential multi-collinearity in the multivariable
modeling. Since none of the correlation coefficients exceeded 0.9, we proceeded with statistical modeling
using the full complement of predictor variables. 

Bivariate analyses were performed to determine statistically significant variables. Bivariate odds ratios (OR)
and 95% confidence intervals (CIs) were calculated for all predictors. A multivariable logistic regression
model was then generated using bidirectional stepwise feature selection to identify variables significantly
associated with increased odds of periocular cutaneous malignancy while adjusting for comparison of
multiple variables simultaneously. Statistical significance was defined as P <= 0.05. All statistical analyses
were performed in an R notebook within the All of Us Researcher Workbench environment, which is
accessible upon request to all registered All of Us users [21].

Results
A total of 385 cases of periocular cutaneous malignancy were identified (Table 1). The mean (standard
deviation) age was 66.8 (11.2) years at the time of diagnosis, and 71.9 (11.3) years at the time of survey. The
majority of cases were male (207, 53.8%) and white (361, 93.8%). BCC, SCC, and melanoma accounted for
70.02%, 25.36%, and 4.20% of the cases, respectively, and the remaining 0.42% had sebaceous
adenocarcinoma.

Bivariate analyses to identify predictors associated with increased odds of periocular cutaneous malignancy
demonstrated a significant association with white race (crude OR 13.83, 95% CI 4.35-84.19, P < 0.001),
higher education level (OR 1.82, 95% CI 1.57-2.13, P < 0.001), higher annual income (OR 1.37, 95% CI 1.31-
1.43, P < 0.001), and current homeownership (OR 2.72, 95% CI 1.74-4.48, P < 0.001). In addition, medical
conditions, including hyperlipidemia (OR 4.93, 95% CI 3.89-6.27, P < 0.001), hypertension (OR 3.45, 95% CI
2.74-4.35, P < 0.001), macular degeneration (OR 3.65, 95% CI 2.12-6.24, P < 0.001), and glaucoma (OR 1.63,
95% CI 1.09-2.40, P = 0.015), and environmental conditions such as sun exposure (OR 22.22, 95% CI 7.35-
95.87, P < 0.001) were associated with increased risks of periocular cutaneous malignancy. Those with poor
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social satisfaction (OR 0.18, 95% CI 0.06-0.41, P < 0.001; see SDC, Appendix B) and concerned with stable
housing (OR 0.22, 95% CI 0.13-0.35, P < 0.001) were associated with lower risk (Table 2).

Variable Odds ratio (OR) 95% confidence interval (CI) P-value

Sun exposure 22.22 7.35-95.87 <0.001

White race 13.83 4.35-84.19 <0.001

Education level 1.82 1.57-2.13 <0.001

Annual income 1.37 1.31-1.43 <0.001

Current homeowner 2.72 1.74-4.48 <0.001

Hyperlipidemia 4.93 3.89-6.27 <0.001

Hypertension 3.45 2.74-4.35 <0.001

Macular degeneration 3.65 2.12-6.24 <0.001

Glaucoma 1.63 1.09-2.40 0.015

Poor social satisfaction 0.18 0.06-0.41 <0.001

Concerned with stable housing 0.22 0.13-0.35 <0.001

TABLE 2: Bivariate analyses of odds ratios for variables significantly associated with increased
odds of periocular cutaneous malignancies.

In multivariable analyses, medical conditions, including hypertension (adjusted OR 2.46, 95% CI 1.68-3.63,
P < 0.001) and hyperlipidemia (OR 1.88, 95% CI 1.28-2.78, P = 0.001), and environmental conditions such as
sun exposure (OR 14.79, 95% CI 3.35-85.73, P = 0.001) remained significantly associated with increased risk
of periocular cutaneous malignancy. Glaucoma (OR 0.55, 95% CI 0.31-0.97, P = 0.039) and higher number of
specialist visits (OR 0.83, 95% CI 0.70-0.98, P = 0.028) were linked with reduced risk (Table 3 and Figure 1).
Wisconsin, Massachusetts, California, and Illinois, with 0.50%, 0.19%, 0.14%, and 0.14% prevalence,
respectively, demonstrated the highest prevalence of periocular cutaneous malignancies among all states
(Figure 2).

Variable Odds ratio (OR) 95% confidence interval (CI) P-value

Sun exposure 14.79 3.35-85.73 0.001

Annual income 1.35 1.25-1.46 <0.001

Hypertension 2.46 1.68-3.63 <0.001

Hyperlipidemia 1.88 1.28-2.78 0.001

Glaucoma 0.55 0.31-0.97 0.039

Number of specialist visits 0.83 0.70-0.98 0.028

White race 3.88 1.06-25.33 0.079

TABLE 3: Adjusted odds ratios for variables significantly associated with increased odds of
periocular cutaneous malignancies using multivariable logistic regression.
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FIGURE 1: Odds ratios (OR) associated with periocular cutaneous
malignancies derived from the multivariable models.
Log of OR is used for scaling purposes and better visualization. Note that log(OR) > 0 indicates greater
associated risk.

FIGURE 2: Periocular cutaneous malignancy prevalence in each state
among All of Us participants.

Discussion
In this study, we aimed to leverage a diverse nationwide database to better understand risk factors
associated with periocular cutaneous malignancies, including basal cell carcinoma, squamous carcinoma,
melanoma, and sebaceous adenocarcinoma. While a previous review study did show an increased incidence
of periocular cutaneous malignancies in patients with lightly pigmented skin and higher socioeconomic
status [3], it was conducted in a population group with limited diversity. Our study is unique in that it
leverages a novel nationwide database with demographic data from a diverse population, including
underrepresented minorities.

Similar to prior studies, our bivariate analyses showed a significant association between white race and
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periocular cutaneous malignancy. Part of this can be explained by biological differences in melanin
concentration and associated ultraviolet (UV) protection in light versus heavier-pigmented skin types. In
addition, our study showed that race and ethnicity are closely intertwined with socioeconomic factors such
as educational level and annual income. Our bivariate analyses demonstrated that higher education level,
annual income, and homeownership were associated with increased risk, while those with poor social
satisfaction and those concerned with stable housing had lower periocular cutaneous malignancy risk.
Higher-income remained significantly associated with greater risk in the multivariable model when
accounting for other factors such as medical comorbidities (adjusted OR 1.35, 95% CI 1.25-1.46, P < 0.001),
whereas white race was borderline significant when other factors were accounted for (adjusted OR 3.88, 95%
CI 1.06-25.33, P = 0.08). This is in contrast with other conditions where, in general, lower socioeconomic
status has typically been associated with greater disease risk, such as glaucoma and diabetic retinopathy
[22,23]. Therefore, this represents a situation where disease risk is present even among those with relatively
better resources, despite presumably better access to healthcare services.

A possible explanation for this may be related to behavioral differences between groups, with particular
emphasis on recreational UV exposure [24]. For instance, those in high-socioeconomic groups in the United
States likely have increased opportunity for more intense recreational sunlight exposure, potentially due to
increased amount of leisure time, and/or increased resources for engaging in high-cost outdoor recreational
activities. This was also demonstrated in our multivariable model, where sun exposure was the risk factor
with the highest OR in association with malignancy (adjusted OR 14.79, 95% CI 3.35-85.73, P = 0.001).
However, the incidence of periocular skin cancers can be reduced with the long-term use of sunscreens,
sunglasses, and hats with brims [25]. Ophthalmologists should counsel patients who endorse substantial sun
exposure about the risk of periocular cutaneous malignancy and advise them to take precautions
accordingly. 

Further, sun exposure in patients who live and work in states with a large agricultural industry may have
contributed to geographic differences in prevalence. Our data supports this hypothesis, as 3 out of 4 top
states with the highest prevalence (California, Illinois, and Wisconsin) are also among the top 10 in
agricultural production [26]. However, diagnostic bias may have also contributed to this, since Illinois and
Massachusetts are among the states with the highest employment rates for ophthalmologists [27].

The multivariable analysis also suggests that a higher number of specialist visits is associated with a lower
risk of periocular cutaneous malignancy. This is likely due to increased surveillance of the periocular area in
these patients and with earlier detection and intervention leading to the reduced incidence in patients with
concurrent glaucoma who visit an ophthalmologist more frequently. This is consistent with prior findings
that skin cancer can be partially preventable by physician counseling, especially for high-risk patients with a
current or previous history of nonmelanoma melanoma skin cancer, or actinic keratosis [28]. This data
demonstrates the important role of ophthalmologists in the detection and treatment of skin cancer. Even
ophthalmologists who subspecialize in intraocular pathology should remember to examine the eyelid and
the ocular adnexal regions and have a low threshold to refer patients with suspicious lesions to oculoplastics
specialists and/or dermatologists for further evaluation.

This study has some limitations. First, diagnoses of periocular cutaneous malignancies were based on
diagnostic and billing codes captured in the All of Us database, rather than clinical notes, photographs, or
pathology reports. Therefore, we could not verify the diagnoses clinically. Similarly, without clinical notes,
we could not ascertain the treatment course. Finally, exact details about actual sun exposure and
recreational activities were somewhat limited, as we were constrained by the existing survey instruments
in All of Us. As with all observational studies, statistical associations do not imply causation. However,
despite these limitations, this data source does offer a large sample size, multi-site enrollment across the
United States, and variables regarding healthcare access and utilization and socioeconomic characteristics,
which are typically not readily available in routine claims data or other EHR databases.

Conclusions
Our analyses of All of Us nationwide data demonstrate a significant correlation between cutaneous
periocular tumors and certain medical, environmental, and social factors. Increased risk of these
malignancies was seen in individuals of higher socioeconomic status with greater sun exposure. Although
higher socioeconomic status typically comes with better access to healthcare and general well-being, those
individuals are also more likely exposed to recreational outdoor activities with extended sun exposure. Our
findings validate those of prior studies now utilizing a national diverse database and serve to inform
ophthalmologists of the patients who require close monitoring regarding the development of periocular
malignancies.

Appendices
Appendix A 
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Criterion Concept ID SNOMED code

Basal cell carcinoma of the cheek 4292381 402507001

Basal cell carcinoma of the eyelid 4335883 231832009

Basal cell carcinoma of the forehead 4298033 403916003

Basal cell carcinoma of the lower eyelid 4291143 402494003

Basal cell carcinoma of the medial canthus 4292378 402495002

Basal cell carcinoma of the temple 4300565 403917007

Basal cell carcinoma of the upper eyelid 4297185 403919005

Exposure to excess sunlight 4053945 242535001

Malignant melanoma of the eye 4170619 274087000

Malignant melanoma of the eyelid 4338760 231834005

Malignant melanoma of the skin of the cheek 4244166 93217003

Malignant melanoma of the skin of the eyelid 434590 93224002

Malignant melanoma of skin of lower eyelid 4309539 423447006

Melanoma in situ of eyelid, including canthus 4033836 109274007

Primary basal cell carcinoma of left eyelid 36712713 1079111000119108

Primary basal cell carcinoma of right eyelid 36712715 1079171000119100

Sebaceous adenocarcinoma of eyelid 4335884 231833004

Squamous cell carcinoma of eyelid 4338759 231831002

Squamous cell carcinoma of forehead 4300556 403893006

Squamous cell carcinoma of skin of cheek 4111221 285309005

Squamous cell carcinoma of temple 4314299 425148008

TABLE 4: Supplementary digital content: criteria codes.

Appendix B

Category Survey question Answer choices

Social
satisfaction

In general, how would you rate your satisfaction with your social activities and
relationships?

Excellent, very good, good, fair,
poor, skip

Stable housing
In the past 6 months, have you been worried or concerned about NOT having a
place to live?

Yes, no, skip

TABLE 5: Supplementary digital content: relevant survey questions.
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