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Abstract

Purpose: The purpose of this study was to investigate the social determinants of health for 

keratoconus.

Methods: In this retrospective cohort study of patients with keratoconus, the electronic health 

record was reviewed for keratometry, treatments received, clinical comorbidities, and social 

characteristics. Outcomes included severe keratoconus at presentation (steep keratometry ≥52 

diopters), disease progression (≥0.75 diopters increase from the first to the most recent clinical 

visit), and corneal transplantation. Logistic regression was used to evaluate factors associated with 

severity at presentation and corneal transplantation. Cox proportional hazards modeling was used 

to evaluate progression.

Results: A total of 1038 patients with keratoconus were identified, 725 (70%) of whom had 

baseline imaging. Compared with commercially insured patients, Medicaid recipients were more 

likely to have severe keratoconus, independent of social and clinical confounders [odds ratio 

(OR) 1.94, 95% confidence interval (CI), 1.12–3.35, P = 0.017]. Male sex was independently 

associated with progression (hazard ratio = 1.38, 95% CI, 1.03–1.84, P = 0.030). Medicare and 

Medicaid recipients were more likely to require transplantation compared with commercially 

insured patients (OR 2.71, 95% CI, 1.65–4.46, P < 0.001 and OR 1.74, 95% CI, 1.08–2.80, P 
= 0.022, respectively). Other social determinants of health, including non-White race/ethnicity, 

limited English proficiency, and unemployment, were associated with the outcomes only in 

univariate analysis. Obstructive sleep apnea, atopy, body mass index, and tobacco use were not 

associated with any outcome.

Conclusions: Socioeconomic factors were more consistent predictors of keratoconus severity 

and corneal transplantation compared with clinical factors that have received relatively greater 

attention in the keratoconus literature.
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Keratoconus is characterized by progressive thinning and steepening of the cornea. 

Progressive keratoconus may result in vision loss because of the development of irregular 

astigmatism and/or corneal scarring.1 The prevalence of keratoconus in the United States 

is 0.17 per 1000.2 Keratoconus is associated with allergic diseases,3 Down syndrome, 

collagen vascular disorders,4 obstructive sleep apnea (OSA),5,6 eye rubbing, and a family 

history of the condition,7 while diabetes mellitus may be protective.8–10 In the United 

States, eye care access and utilization vary by social status. Patients of racial and ethnic 

minority groups, those with lower incomes, and those who lack medical insurance are at 

higher risk of underutilizing eye care and losing vision from conditions, such as glaucoma, 

diabetic retinopathy, and cataracts.11 Few studies have explored the relationship between 

socioeconomic status and keratoconus. We aim to investigate the social factors influencing 

disease severity and progression of patients with keratoconus, with hopes that this insight 

may provide an opportunity to improve disease outcomes.

METHODS

In this study approved by the Institutional Review Board at the University of California San 

Francisco, all patients with an International Classification of Diseases (ICD) diagnosis of 

keratoconus (ICD-9 code 371.6, ICD-10 code H18.609) were retrospectively identified and 

screened for eligibility. Clinical documentation of keratoconus and complete data on 1 or 

more of the outcomes was required for inclusion. The retrospective period dated from 2012 

[the implementation of Epic (Verona, WI), the electronic health record at the University of 

California San Francisco] to 2019. The study was conducted in accordance with the tenets of 

the Declaration of Helsinki.

Epic was reviewed for sociodemographic and socioeconomic traits, including race (White 

or non-White), primary language (English or non-English), insurance payer (commercial, 

Medicaid, or Medicare), and employment status (employed/retired or unemployed/disabled). 

Clinical characteristics (including age, sex, diabetes, Down syndrome, OSA, allergic rhinitis, 

asthma, eczema, dry eye, tobacco use, and body mass index [BMI]) were also collected. All 

characteristics were collected from the initial visit for each patient. Age was categorized 

into clinically meaningful groups, including pediatric patients (age ≤18 years), young 

adults (age 18–35 years), adults (35–50 years), and older adults (≥50 years). Atopy was 

defined as the presence of allergic rhinitis, asthma, or eczema. BMI was categorized 

as underweight, healthy, overweight, or obese using Centers for Disease Control and 

Prevention definitions.12

The primary outcomes were the severity of keratoconus at presentation, disease progression, 

and corneal transplantation. Severe keratoconus was defined as steep keratometry ≥52 

diopters at the initial clinical visit, and progression was a ≥0.75 diopters increase in 

steep keratometry from the first to the most recent clinical visit (of either eye in bilateral 

keratoconus). Keratometry values were obtained from corneal tomography reports or, if 
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unavailable, corneal topography reports. Corneal transplantation included full-thickness and 

partial-thickness transplants.

Logistic regression was used to evaluate the association between predictor variables and 

keratoconus severity and corneal transplantation. Cox proportional hazards modeling was 

used to account for variable follow-up duration in the evaluation of progression. The 

proportional hazards assumption was confirmed by calculating Schoenfeld residuals for 

each regression variable. Univariate analysis was performed for each factor–outcome pair. 

Factors associated with the outcome at P < 0.05 (2-sided) were included in a multivariate 

model. Stata software version 15.1 (StataCorp, College Station, TX) was used for statistical 

analysis.

RESULTS

A total of 1038 patients had an ICD-9 or ICD-10 diagnosis of keratoconus. Of these, 877 

(84%) had clinical documentation consistent with keratoconus and 725 (70%) had baseline 

imaging data; these patients comprised the final study sample for the outcome of baseline 

keratoconus severity. The final keratoconus treatment information was available for 716 

patients (68%) to evaluate for corneal transplantation. Imaging data at a subsequent clinical 

visit were available for 475 patients (46%); these patients comprised the study sample for 

the analysis of progression. Figure 1 shows derivation of the study sample.

The median duration of follow-up from the first to the most recent clinical visit was 

1.92 months (range: 0–42). Most patients were male (65%), English-speaking (94%), and 

commercially insured (63%). Forty-five percent identified as White. Social and clinical 

characteristics are summarized in Table 1.

In univariate logistic regression, patients who were non-White [odds ratio (OR) 1.83, 95% 

confidence interval (CI) 1.33–2.52, P < 0.001], non-English–speaking (OR 2.39, 95% CI, 

1.35–4.22, P = 0.003), unemployed/disabled (OR 1.66, 95% CI, 1.14–2.44, P = 0.009), and 

insured by Medicaid (OR 2.00, 95% CI, 1.39–2.87, P < 0.001) were significantly more 

likely to have severe keratoconus at presentation compared with White, English-speaking, 

employed/retired, and commercially insured patients, respectively. Compared with patients 

older than 50 years, younger patients were more likely to have severe keratoconus (OR 

2.98, 95% CI, 1.71–5.22, P < 0.001 for ≤18 years; OR 1.96, 95% CI, 1.33–2.91, P = 

0.001 for 18–35 years; and OR 1.66, 95% CI, 1.08–2.54, P = 0.02 for 35–50 years). 

Patients with a diagnosis of dry eye syndrome were significantly less likely to have severe 

keratoconus compared with patients without dry eye syndrome (OR 0.31, 95% CI, 0.10–

0.93, P = 0.04). In a multivariate logistic regression analysis (including race, language, 

insurance, employment, age, and dry eye), only Medicaid-insured patients were significantly 

more likely to have severe keratoconus at presentation compared with commercially insured 

patients (OR 1.94, 95% CI, 1.12–3.35, P = 0.02).

In univariate Cox proportional hazards regression, patients who were non-White [hazard 

ratio (HR) 1.34, 95% CI, 1.02–1.75, P = 0.04], insured by Medicaid (HR 1.38, 95% CI, 

1.00–1.90, P = 0.05), younger than 35 years (HR 1.64, 95% CI, 1.03–2.62, P = 0.04 for 
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≤18 years and HR 1.56, 95% CI, 1.13–2.16, P = 0.007 for 18–35 years), and male (HR = 

1.41, 95% CI, 1.07–1.86, P = 0.02) were significantly more likely to develop progression 

compared with patients who were White, commercially insured, older than 50 years, and 

female, respectively. In a multivariate analysis (including race, insurance, age, and sex), only 

male sex was significantly associated with progression (HR = 1.38, 95% CI, 1.03–1.84, P = 

0.03).

In univariate logistic regression, corneal transplantation was far less likely in younger 

patients compared with patients older than 50 years (OR 0.14, 95% CI, 0.06–0.38, P < 

0.001 for ≤18 years and OR 0.39, 95% CI, 0.25–0.59, P < 0.001 for 18–35 years), including 

in multivariate analysis (OR 0.28, 95% CI, 0.10–0.79, P = 0.02 for ≤18 years and OR 0.59, 

95% CI, 0.36–0.96, P = 0.04 for 18–35 years), and patients with limited English proficiency 

compared with English-speaking patients (OR 0.44, 95% CI, 0.19–0.99, P = 0.05). Diabetic 

patients (OR = 2.51, 95% CI, 1.50–4.18, P < 0.001) and smokers (OR 1.90, 95% CI, 

1.13–3.20, P = 0.02) were significantly more likely to undergo transplantation compared 

with patients without these conditions. Patients insured by Medicare were significantly more 

likely than commercially insured patients to undergo transplantation (OR 3.38, 95% CI, 

2.21–5.16, P < 0.001). Insurance status remained a significant predictor of transplantation 

in a multivariate analysis (including language, age, diabetes, and tobacco use), with patients 

insured by both Medicare (OR 2.71, 95% CI, 1.65–4.46, P < 0.001) and Medicaid (OR 1.74, 

95% CI, 1.08–2.80, P = 0.02) significantly more likely to require transplantation compared 

with commercially insured patients. Table 2 demonstrates the odds and hazard ratios for 

the study outcomes in univariate and multivariate analysis. Comorbid conditions, such as 

OSA, atopy, BMI, and tobacco use, were not associated with keratoconus severity, disease 

progression, or corneal transplantation.

Given the strength of association between insurance status and corneal transplantation, a 

post hoc analysis was conducted to examine the relationship between insurance status and 

other treatments of keratoconus. Compared with commercially insured patients, patients 

insured by Medicaid were significantly more likely to undergo corneal collagen cross-

linking (CXL) (OR 2.09, 95% CI, 1.34–3.26, P = 0.001) and significantly less likely to 

receive rigid gas permeable (RGP) or scleral lenses (OR 0.51, 95% CI, 0.35–0.75, P = 

0.001).

DISCUSSION

We demonstrate the association between keratoconus and various clinical factors and 

social determinants of health. Medicaid recipients were more likely than commercially 

insured patients to have severe keratoconus at initial presentation and to undergo corneal 

transplantation, independent of clinical and social confounders. Other socioeconomic 

factors, including non-White race, limited English proficiency, and unemployment, were 

associated with worse disease in univariate but not multivariate analysis. Age and sex 

were the only biologic variables consistently associated with any of our study outcomes. 

Overall, socioeconomic factors were more consistent predictors of keratoconus severity on 

presentation, progression, and corneal transplantation compared with clinical factors that 

have received relatively greater attention in the keratoconus literature.
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Socioeconomic status is a social construct inferred by income, employment, and education, 

which are tied to race. Racial and ethnic health disparities seem driven by socioeconomic 

status because socioeconomic health disparities are larger within racial groups than 

they are across racial groups.11 Still, non-White race and low socioeconomic status are 

both independently associated with vision impairment, putting poor ethnic minorities at 

highest risk.13,14 These populations tend to underutilize preventive eye care and bear a 

disproportionate burden of preventable, blinding conditions, such as glaucoma and diabetic 

retinopathy.11,15

Although the global prevalence of keratoconus varies by race and ethnicity, this is believed 

to be due to geographic and genetic ancestral variability.16 Few studies have explored the 

influence of race and ethnicity in the United States, where race is a social construct.17 

A recent study in the United States identified higher odds of keratoconus among Black 

and Latino patients but no association with the education level or income.6 A study of 

patients with keratoconus in New Zealand identified a disproportionately high rate of 

transplantation among patients with keratoconus of Māori and Pacific ethnicities, which—

similar to marginalized populations in the United States—have a high burden of disease 

and lower life expectancy.18 In this study, non-White race, limited English proficiency, and 

unemployment were associated with severe keratoconus and disease progression, but these 

differences were better explained by insurance status.

Medicaid is a federally funded health insurance program originally designed for low-income 

children. In 2013, the Affordable Care Act expanded coverage to low-income adults and 

now covers more than 70 million people.19 Although Medicaid is a financial need-based 

program, Medicare is based on age and disability. Racial and ethnic minorities remain more 

likely to be uninsured or to receive Medicaid than their White counterparts.19 The visual 

acuity is one of the few health outcomes shown to be affected by the generosity of insurance 

coverage.20 In this study, Medicaid patients were significantly less likely to receive RGP or 

scleral lenses and more likely to undergo CXL or transplantation. One likely explanation for 

this is that CXL is currently covered by Medicaid, whereas RGP and scleral lenses are not. 

Because CXL was only recently approved in the United States, lenses were the primary 

nonsurgical means of correcting vision in patients with keratoconus. Another possible 

explanation is that Medicaid patients presented with more severe keratoconus disease, 

necessitating surgical intervention. Additional barriers to care for Medicaid recipients 

include lower physician reimbursements, a limited supply of Medicaid providers (resulting 

in care delays or lack of access), difficulty with transportation to and from appointments, 

and greater medical comorbidities.21–23 Medicaid recipients also tend to be less educated 

and to have lower health literacy, potentially rendering them less aware of the importance 

of eye care.21,24 Although Medicare patients were similarly more likely to undergo corneal 

transplantation, this likely represents a selection bias. Patients receiving care for keratoconus 

in late adulthood are likely being followed for severe disease and corneal transplantation.

Younger patients were less likely to undergo corneal transplantation. The rates of 

transplantation for keratoconus have been declining with newer therapies, such as CXL.25 

Men were significantly more likely than women to have progression, which is consistent 

with several studies reporting an earlier disease onset and faster progression among 
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men,26,27 although some studies have shown no sex difference.1,28 Diabetic patients were 

two-and-a-half times more likely than nondiabetic patients to require corneal transplantation 

in univariate analysis; however, this association diminished to statistical insignificance with 

the inclusion of age and insurance status. Biomechanically, diabetes is believed to strengthen 

the cornea through glycosylation of corneal fibers, providing an auto–cross-linking effect 

and reducing the risk of keratoconus.8–10 However, clinical evidence is mixed, with some 

studies actually showing increased risk.29 A recent study by Woodward et al6 showed lower 

odds of a keratoconus diagnosis among diabetic patients but more severe disease when 

present. This may be consistent with the trend toward corneal transplantation among diabetic 

patients in our study.

BMI, OSA, atopy, and Down syndrome were not associated with any outcome in our 

study. Although several studies have demonstrated an association between obesity and 

keratoconus through OSA,30 a recent study demonstrated a strong independent correlation 

between BMI and keratoconus incidence.31 The lack of an association with OSA in our 

study may be related to the low prevalence in our data set, only 6%. Many studies have 

shown patients with asthma, allergy, and eczema to have increased incidence and severity of 

keratoconus.6,32–34 This was not observed in our study. Owing to the very low prevalence 

of asthma (n = 6), we considered asthma in combination with eczema and allergic rhinitis 

operationalized as ‟atopy.” Several studies have similarly failed to identify a correlation 

between atopy and keratoconus,35,36 believed to be due to differences in definitions and a 

potentially indirect relationship through eye rubbing.7

There are several study limitations. The single-institution design limits generalizability, 

and the retrospective nature is limited by the quality of the available data, any changes 

in reporting over time, and differential loss to follow-up. Furthermore, there is no gold-

standard classification system for keratoconus severity; we used steep keratometry to 

define baseline severity and progression. As previously mentioned, some clinical and social 

variables had large differences in the numbers within the comparison groups. Baseline data 

were collected at the first visit at our institution, which, for patients diagnosed elsewhere, 

may not represent the initial clinical presentation. Nevertheless, as a large academic tertiary 

care center, barring—or in light of—care delays, data at the initial visit likely reflect the 

clinical and social context. Finally, although we searched for a family history of keratoconus 

and eye rubbing in our chart review of clinical notes, in most cases there was no such 

documentation. Thus, despite these being strong risk factors for keratoconus, they were not 

included in the analysis.7

In summary, socioeconomically marginalized patients are at higher risk for having severe 

keratoconus and requiring corneal transplantation. Social factors seem to be at least as 

important as clinical ones in keratoconus severity and progression. This underscores the 

importance of considering the social determinants of health when seeking to understand and 

address the drivers of disease outcomes in ophthalmology.
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FIGURE 1. 
Derivation of the study sample. A total of 1,038 were initially identified using ICD codes, 

877 of whom had clinical documentation consistent with keratoconus. The study sample was 

further narrowed for each outcome based on the number of patients with baseline imaging 

(725), final treatment information (716), and both baseline and follow-up imaging (475).
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TABLE 1.

Social and Clinical Characteristics of Patients With Keratoconus

Frequency Percentage

Race

 White 412 45

 Non-White 507 55

Language

 English 971 94

 Non-English 67 6

Insurance

 Private 643 63

 Medicaid 208 20

 Medicare 169 17

Employment

 Employed/retired 443 65

 Unemployed/disabled 241 35

Age (yr)

 ≤18 80 9

 18–35 293 34

 35–50 241 28

 ≥50 259 30

Sex

 Female 362 35

 Male 674 65

Diabetes

 Yes 89 9

 No 879 91

Down syndrome

 Yes 20 2

 No 1018 98

Obstructive sleep apnea

 Yes 62 6

 No 906 94

Atopy

 Yes 190 18

 No 848 82

Dry eye

 Yes 42 4

 No 926 96

Tobacco use

 Yes 95 10

 No 873 90
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Frequency Percentage

Body mass index

 Underweight 14 3

 Healthy 182 35

 Overweight 164 31

 Obese 167 32
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