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Purpose: To assess the impact of parental socioeconomic status and keratoconus literacy on pediatric eye rubbing and keratoconus 
severity.
Methods: In this mixed-methods study, pediatric keratoconus patients (age ≤ 18 years) were retrospectively identified. 
Sociodemographic and clinical characteristics were extracted from the electronic medical record (EMR). Telephone surveys were 
subsequently conducted to assess parental keratoconus literacy, receipt of counseling on keratoconus prevention, eye rubbing, and 
household socioeconomic factors not available in the EMR. Parents reporting poor keratoconus literacy were probed via semi- 
structured interview to explore barriers to their understanding.
Results: Forty-eight patients met inclusion criteria, 22 (46%) of whom were reached by telephone. Most patients were insured by 
Medicaid (73%) and current eye rubbers (82%). Few parents reported good or excellent keratoconus literacy now (32%) or at the time 
of diagnosis (18%). Parents with a high-school education, limited English proficiency, lower income level, and Medicaid insurance 
tended to have lower keratoconus literacy, though this was not statistically significant. Parental keratoconus literacy was not correlated 
with disease severity. High-school education, limited English proficiency, lower income level, and Medicaid insurance were correlated 
with steeper keratometry readings, which was statistically significant for high-school education. In-depth interviews revealed parents 
felt unconfident with eye health in general and perceived a personal responsibility for learning more.
Conclusion: This is the first study exploring keratoconus literacy from a socioeconomic perspective, demonstrating lower literacy 
among socioeconomically marginalized parents and a tendency toward more severe disease in their children.
Keywords: keratoconus, social determinants of health, health literacy, disparities

Introduction
Keratoconus is characterized by ectatic protrusion of the cornea and is associated with chronic and rigorous eye rubbing.1 

Treatment of eye rubbing triggers, such as allergic conjunctivitis, and patient education are tantamount to halting the 
development of keratoconus.2 In the United States, socioeconomically marginalized patients bear a high burden of 
disease3,4 and are more likely to suffer vision loss from chronic eye conditions.5 Keratoconus patients from lower 
socioeconomic backgrounds are more likely to have severe disease and to require corneal transplantation compared to 
their more economically privileged counterparts.6 Socioeconomic status encompasses income level, educational attain-
ment, English proficiency, and race/ethnicity. The influence of socioeconomic status on disease outcomes is at least partly 
mediated by health literacy.7 Health literacy describes the ability to understand and act on health-related information. 
Children of parents with lower educational attainment and poorer health literacy are at higher risk for non-adherence to 
patching for amblyopia and topical glaucoma therapy.8–10 Few studies have explored the influence of socioeconomic 
factors and health literacy on keratoconus severity and management. The purpose of this mixed-methods study is to 
assess, in a pediatric population, the impact of parental socioeconomic status and keratoconus literacy on pediatric eye 
rubbing behaviors and keratoconus severity.
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Methods
This study was conducted in accordance with the tenets of the Declaration of Helsinki under the approval of the 
University of California San Francisco (UCSF) Institutional Review Board. Pediatric patients (current age ≤ 18 years) at 
UCSF 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. UCSF is a public academic medical institution and 
tertiary referral center with a broad catchment area serving a socioeconomically diverse population. The retrospective 
period dated from 2015 (the opening year of the pediatric medical center) to 2019. Clinical documentation of keratoconus 
and complete data in the electronic medical record (EMR) were required for inclusion.

In this mixed-methods study, sociodemographic and clinical characteristics (including age, gender, primary language 
spoken, insurance payer, and corneal topography) were obtained retrospectively from the EMR. Surveys of patients’ 
parents were subsequently conducted to assess parental keratoconus literacy (currently and at the time of diagnosis), as 
this is not routinely elicited or documented in clinical encounters. Parents were also queried regarding their child’s eye 
rubbing behaviors, receipt of counseling from the doctor on keratoconus prevention, and household sociodemographic 
factors not available in the EMR (including highest educational attainment, income level, and reliability of transportation 
to and from clinic appointments). Surveys were conducted by telephone due to precautions imposed by the coronavirus 
disease 2019 (COVID-19) pandemic. Parents provided verbal consent. Written information about the study was available 
upon request. The telephone survey is contained in Supplement 1. Parents who reported poor keratoconus literacy were 
probed via semi-structured in-depth interview to explore barriers to their understanding. Certified institutional telephone 
interpreters were used for parents for whom English was not the preferred language. Interview prompts are shown in 
Supplement 2.

The chi-square test of independence and t-test were used to assess the impact of socioeconomic factors on 
keratoconus literacy, and the impact of both of these variables on patient eye rubbing and disease severity (defined 
using steep keratometry in diopters, D). Statistical significance was set a priori at P < 0.05. Stata software version 15.1 
(StataCorp, College Station, TX) was used for statistical analysis. Interviews were audio recorded and transcribed, then 
analyzed using thematic analysis.11

Results
Survey
Forty-eight patients met the inclusion criteria. Parents of 22 patients were reached by telephone for a survey response rate 
of 46%. The mean patient age was 15 years (range: 13–17). Most patients were male (n = 14, 64%) and insured by 
Medicaid (n = 16, 73%). More than half of parents were English proficient (n = 13, 59%), college-educated (n = 12, 
54%), and reported good or excellent transportation to and from clinic appointments (n = 19, 86%), though half endorsed 
commuting 1 hour or more (n = 11, 50%).

Most children were currently still rubbing their eyes (n = 18, 82%). Few parents reported good or excellent 
knowledge of keratoconus now (n = 7, 32%) or at the time of diagnosis (n = 4, 18%). Fifty-nine percent (n = 13) of 
parents reported that they were educated about disease prevention at the time of diagnosis. Eighty-two percent (n = 18) 
reported that they had since been counseled on prevention. Nineteen patients (86%) had keratometry data in the EMR, 
and the mean steep keratometry of our study patient cohort was 52.7 D (SD: 9.5).

In regard to the influence of socioeconomic factors on keratoconus literacy, language spoken, parental educational 
level, parental income level, insurance payer, and reliability of transportation were not correlated with parental 
knowledge of keratoconus at the time of diagnosis. However, parents with children insured by Medicaid, no college 
education, limited English proficiency, and lower incomes were less likely to report receiving education on keratoconus 
prevention at the time of diagnosis. They were also less likely to endorse “good” or “excellent” knowledge of 
keratoconus, though none of these associations were statistically significant, as shown in Table 1 and Figure 1. 
However, lower income patients and those with unreliable transportation were significantly less likely to report having 
ever received education on keratoconus prevention: χ2 (1, N = 19) = 6.67, P = 0.010, χ2 (1, N = 22) = 4.17, P = 0.041, 
respectively. See Figure 2.
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Table 1 Parental Understanding of Keratoconus, Education on Keratoconus Prevention, Eye Rubbing Behaviors, and Keratoconus Severity, Stratified by Socioeconomic Factors

Household Language Insurance Payer Highest Parental Education Annual Household Income Transportation to/from Clinic Commute to/from Clinic

English Non- 
English

P Private Medicaid P ≥College <College P ≥100k <100k P Good or 
Excellent

Fair or 
Poor

P <1 Hour ≥1 Hour P

Understanding at 
time of diagnosis

Good or excellent 2 (15%) 2 (22%) 0.68 2 (15%) 2 (22%) 0.91 1 (8%) 3 (30%) 0.19 0 (0%) 3 (20%) 0.28 3 (16%) 1 (33%) 0.46 0 (0%) 4 (36%) 0.027

Fair or poor 11 (85%) 7 (78%) 11 (85%) 7 (78%) 11 (92%) 7 (70%) 5 (100%) 12 (80%) 16 (84%) 2 (67%) 11 (100%) 7 (64%)

Educated on 
prevention at time of 
diagnosis

Yes 7 (54%) 4 (44%) 0.66 4 (67%) 2 (33%) 0.34 7 (58%) 4 (40%) 0.39 4 (80%) 6 (40%) 0.12 10 (53%) 1 (33%) 0.53 6 (55%) 5 (45%) 0.67

No 6 (46%) 5 (56%) 7 (44%) 9 (56%) 5 (42%) 6 (60%) 1 (20%) 9 (60%) 9 (47%) 2 (67%) 5 (45%) 6 (55%)

Current 
understanding

Good or excellent 6 (46%) 1 (11%) 0.083 3 (50%) 4 (25%) 0.26 4 (33%) 3 (30%) 0.87 3 (60%) 4 (27%) 0.18 7 (37%) 0 (0%) 0.2 4 (36%) 3 (27%) 0.65

Fair or poor 7 (54%) 8 (89%) 3 (50%) 12 (75%) 8 (67%) 7 (70%) 2 (40%) 11 (73%) 12 (63%) 3 (100%) 7 (64%) 8 (73%)

Educated on 
prevention

Yes 8 (61%) 4 (44%) 0.43 8 (62%) 4 (44%) 0.097 8 (67%) 4 (40%) 0.21 5 (100%) 5 (33%) 0.010 12 (63%) 0 (0%) 0.041 7 (64%) 5 (45%) 0.39

No 5 (39%) 5 (56%) 5 (38%) 5 (56%) 4 (33%) 6 (60%) 0 (0%) 10 (67%) 7 (37%) 3 (100%) 4 (36%) 6 (55%)

Current eye rubbing

Yes 11 (85%) 7 (78%) 0.68 6 (100%) 12 (75%) 0.18 11 (92%) 7 (70%) 0.19 0 (0%) 4 (27%) 0.2 4 (21%) 0 (0%) 0.38 2 (18%) 2 (18%) 1.0

No 2 (15%) 2 (22%) 0 (0%) 4 (25%) 1 (8%) 3 (30%) 5 (100%) 11 (73%) 15 (79%) 3 (100%) 9 (82%) 9 (82%)

Current eye rubbing 
pressure

Light 2 (17%) 4 (57%) 0.067 0 (0%) 6 (46%) 0.044 3 (25%) 3 (43%) 0.42 0 (0%) 5 (42%) 0.086 5 (31%) 1 (33%) 0.94 2 (18%) 4 (50%) 0.14

Medium or hard 10 (83%) 3 (43%) 6 (100%) 7 (54%) 9 (75%) 4 (57%) 5 (100%) 7 (58%) 11 (69%) 2 (67%) 9 (82%) 4 (50%)

Steep K (mean, D) 52.4 53.2 0.88 49.5 54.2 0.34 47.5 59.8 0.002 48.6 54.5 0.28 51.2 60.6 0.12 49.7 56.1 0.15

Notes: P-values were computed using the chi-square test for significance or the t-test. Bold p-values highlight significance at <0.05. 
Abbreviations: P, p-value, K, keratometry, D, diopters, 100k, 100,000.
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The prevalence of eye rubbing did not vary by socioeconomic status or keratoconus literacy. Patients who were 
privately-insured were more likely than Medicaid-insured patients to be described by their parents as medium or hard (as 
opposed to light) eye rubbers, χ2 (1, N = 19) = 4.05, p = 0.044. In regard to disease severity, patients from non-English- 
speaking, Medicaid-insured, less educated, and lower income backgrounds, as well as those with less reliable transporta-
tion and longer commute times, tended to have steeper keratometry readings, but only lower education was statistically 
significant, t(17) = −3.60, P = 0.002, as shown in Figure 3. Parental keratoconus literacy was not correlated with disease 
severity.

When probed for barriers to their understanding, respondents were able to describe the physical features of 
keratoconus and define eye rubbing as a risk factor. A few noted potential serious complications, namely corneal 
hydrops. In terms of knowledge deficits, parents expressed wanting to know the exact cause of their child’s keratoconus. 
When asked to describe their interactions with our doctors, they described receiving clear and thorough explanations. 
Non-English-speaking parents stated language was not a barrier due to the presence of language interpreters. A few 
described their ignorance of eye health in general and a need for more information, a better description of certain terms, 
and greater opportunity to ask questions. One parent described a personal responsibility for learning more, stating, 
“maybe it’s just us that we need to do more research.” Another parent suggested a more paternalistic approach, “I don’t 
ask questions, I trust the doctor.” A few described delays in reaching a specialist or difficulty affording antihistamine eye 
drops to discourage eye rubbing. Supplement 2 contains comments organized by theme.

Figure 1 Percentage of parents, stratified by socioeconomic status, endorsing good or excellent current knowledge of keratoconus. Factor levels are not paired and the 
maximum percentage for each column is 100%. For example, 60% of patients with a household income ≥$100,000 reported good or excellent knowledge compared to 27% 
of patients with a household income <$100,000.

Figure 2 Percentage of parents, stratified by socioeconomic status, who reported receiving education on keratoconus progression. Asterisks (*) indicate statistical 
significance at P < 0.05. Factor levels are not paired and the maximum percentage for each column is 100%.
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Discussion
This study examined parental keratoconus literacy, pediatric eye rubbing, and keratoconus severity from a socioeconomic 
perspective. Low socioeconomic status is associated with a higher risk of vision loss from treatable eye conditions,5 and 
this association is at least partly mediated by health literacy.7 Few studies have explored health literacy in patients with 
chronic eye diseases. In the adult population, patients receiving intravitreal treatment for chronic retinal diseases, such as 
age-related macular degeneration, have been shown to have low rates of health literacy.12 Poor health literacy has been 
associated with a higher prevalence of preventable conditions such as diabetic retinopathy and severe glaucoma,13,14 and 
lower treatment compliance.15 A recent Swiss study of patients with keratoconus identified dramatically little knowledge 
about the typical signs, risk factors, and treatment options for keratoconus, and patients with a university degree showed 
only a moderately higher knowledge level.16 Similarly, in this study, keratoconus literacy was low, with few parents 
reporting satisfactory understanding of keratoconus currently or at the time of diagnosis. Parents from socioeconomically 
marginalized backgrounds (ie, limited English proficiency, lower income, lower educational attainment, and unreliable 
transportation) endorsed poorer keratoconus literacy than parents from more privileged backgrounds. Their children also 
tended to have more severe keratoconus by steep keratometry, but this was only statistically significant for parents with 
lower educational attainment.

Socioeconomic barriers to eye care are well-demonstrated.5,17 Ethnic minority status, low educational attainment, and 
low income are associated with underutilization of preventative eye care and higher risk of vision loss from preventable 
conditions.5 Patients insured by Medicaid – a proxy for socioeconomic status – have been shown to have more severe 
keratoconus and to have a higher risk of corneal transplantation compared to commercially insured patients.6 Barriers to 
care for socioeconomically marginalized patients include economic and systems-related factors (eg, cost of care, lack of 
insurance coverage, provider inaccessibility), patient-related factors (eg, limited time for medical care, transportation 
barriers, overshadowing by comorbidities, low health literacy), and the patient-provider relationship (eg, lack of 
communication or trust, language discordance).5,18,19 Prior studies of the relation between education level and kerato-
conus incidence have been inconclusive, showing either no relation,20 an association with lower education,21 or an 
association with higher education due to a greater likelihood of seeking care.22

In this study, we interviewed parents reporting a poor understanding of keratoconus to contextualize the survey 
findings. All parents accurately described the signs of keratoconus and risk factors and denied major barriers to their 
understanding. There are a few explanations for the apparent discord between the survey and interview findings. Patients 
from marginalized backgrounds have been shown to be reluctant to express their own lack of knowledge or to suggest 
that their health experience is different because of their social status or spoken language .23 There is also evidence that 
people with low socioeconomic status tend to have less trust in doctors and confidence in their ability to understand 
health information.24,25 Thus, parents may have assumed a knowledge gap in their understanding due to lower trust in the 
health information they were given or lack of confidence in their own understanding.

Figure 3 Mean steep keratometry (in diopters) by socioeconomic status.
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There are several study limitations. The small sample size renders this study underpowered for statistical significance. 
While the survey response rate was less than 50%, this is in line with the average response rate for telephone surveys.26 

Furthermore, since more marginalized patients tend to have lower response rates on telephone surveys,26 our conclusions 
likely underrepresent the full impact of socioeconomic barriers in parental understanding of keratoconus. Parents were 
asked to recall their knowledge of keratoconus at the time of diagnosis, which is subject to recall bias, and we did not use 
a validated or objective measure of health literacy for keratoconus. Use of objective assessments may distinguish true 
knowledge gaps from those influenced by sociocultural factors, though the latter was of interest in this particular study. 
Surveys and interviews were conducted one-on-one by telephone as this study was performed during the COVID-19 
pandemic. In-person focus groups are more appropriate for needs assessments, with the interactive format and facilitated 
discussion allowing participants to offer new and collaborative ideas.27

In conclusion, this is the first study exploring keratoconus literacy from a socioeconomic perspective. We demonstrate 
poorer understanding among socioeconomically marginalized parents and a tendency toward more severe disease in their 
children. Socioeconomic status and health literacy are important drivers of pediatric health disparities. Future studies 
should explore the use of health literacy assessments and educational interventions to improve outcomes for patients 
from all backgrounds.28
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