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Purpose: Patients with advanced keratoconus (KCN) are less likely to benefit from corneal cross-linking and may require a partial or 
full thickness keratoplasty. This study aimed to determine whether racial disparities exist in the clinical presentation and initial 
treatment recommendations for patients evaluated for KCN.
Methods: A single-center retrospective review was conducted on all patients who presented to the cornea department for initial 
evaluation of KCN between 2018 and 2020. Patients who had undergone prior corneal procedures or surgeries were excluded. Baseline 
sociodemographic and clinical information was collected and stratified according to black versus non-black race. Generalized 
estimating equations were used to examine the association between black race and presenting corrected distance visual acuity 
(CDVA), presence of corneal scarring, keratometry values, Belin ABCD score, and treatment recommendations. Multivariate models 
were adjusted for patient demographics.
Results: A total of 128 patients (251 eyes) were included in this study. In fully adjusted models, black individuals presented with 
significantly worse CDVA (p < 0.0001) and worse tomographic KCN staging according to the Belin ABCD criteria (p = 0.002) 
compared to non-blacks. Blacks were also more than four times as likely to present with a thinnest pachymetry <400 µm (p < 0.0001) 
and more than three times as likely to have corneal scarring (p = 0.001). Blacks were more than seven times more likely to have 
keratoplasty recommended as treatment than conservative management such as corneal cross-linking or contact lenses (p = 0.004).
Conclusion: Compared with their non-black counterparts, blacks presented with significantly more advanced KCN, which placed 
them at risk of requiring more invasive treatment plans. Future studies should investigate reasons for such late presentations and aim to 
mitigate disparities in the presentation and management of KCN.
Keywords: corneal cross-linking, corneal transplant, racism in ophthalmology, Cornea

Introduction
Keratoconus (KCN) is a corneal ectatic disease with an annual incidence of 2.0 per 100,000 individuals and a prevalence 
of 54.5 per 100,000 individuals.1 Eye rubbing, allergies, asthma, sleep apnea, positive family history, and connective 
tissue disorders are some common risk factors known to increase KCN prevalence and affect disease severity.2,3 Patients 
who present with signs of advanced KCN, such as severe corneal thinning and scarring, are more likely to undergo 
corneal transplantation via deep anterior lamellar keratoplasty (DALK) or penetrating keratoplasty (PKP).4 However, if 
KCN is detected at an earlier stage, patients may be able to benefit from newer, less invasive therapies such as corneal 
collagen cross-linking (CXL). CXL has been shown to prevent progression of mild disease and improve patient 
outcomes,5 but it is contraindicated in patients with severe corneal thinning and/or scarring.6

Many factors can influence late presentation for treatment, including social determinants of health such as socioeconomic 
status (SES)7 and access to health insurance.8 Moreover, disparities in treatment have been shown to disproportionately affect 
those of black or African American race across many fields of medicine.9–14 In ophthalmology, blacks demonstrate 
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a disproportionately greater burden of disease for multiple eye diseases such as diabetic retinopathy,15 optic neuritis,16 and 
glaucoma.17,18 Such late presentations can lead to more invasive and riskier treatment recommendations.

In this study, we investigated whether black individuals were more likely to present with evidence of advanced KCN 
than non-blacks and whether this was related to more invasive treatment recommendations such as surgical keratoplasty 
rather than conservative management with CXL or contact lenses (CL).

Materials and Methods
This study was a single-center retrospective review of all consecutive patients who presented to the cornea department of 
a tertiary referral center for a new KCN evaluation between January 1, 2018, and December 31, 2020. Patients who had 
undergone prior corneal surgery or CXL were excluded. The Institutional Review Board of Atrium Health Wake Forest 
Baptist approved this study with a waiver of informed consent due to its retrospective nature. Data collection and 
reporting were conducted in compliance with all Health Insurance Portability and Accountability Act regulations, and 
research was conducted in accordance with the Declaration of Helsinki.

Demographic information including age, sex, race (black vs non-black), and insurance status (none vs public [Medicare, 
Medicaid, or Veteran Affairs] vs private) was collected from the electronic health record. The cornea provider, referral 
source (self-referral vs optometrist vs physician), and prior treatment with glasses or CL were also recorded.

Corrected distance visual acuity (CDVA) was converted to the logarithm of the minimum angle of resolution 
(logMAR) CDVA score for statistical analysis. Corneal scarring was noted on the initial slit-lamp examination. 
Keratometry measurements were taken using Oculus Pentacam imaging (OCULUS Optikgeräte GmbH, Wetzlar, 
Germany), which measured the keratometric steepest corneal radius (Steepest K), anterior and posterior radii of curvature 
(ARC and PRC, respectively), and thinnest pachymetry. The latter three values, combined with the CDVA score, were 
used to calculate Belin ABCD scores,19 a scoring classification used for KCN staging. A variable for the thinnest 
pachymetry measurement <400 µm vs ≥400 µm was also created because prior studies have indicated that this is the 
minimum corneal thickness required for effective CXL.20,21 Consequently, those with the thinnest pachymetry measure-
ment <400 µm are more likely to be recommended for keratoplasty.

Finally, the corneal specialist’s initial treatment plan for keratoplasty (ie, DALK and PKP) or other (scleral CL 
evaluation, glasses, CXL, etc) based on presentation was documented.

Statistical Analyses
Baseline patient-level sociodemographic and clinical variables (race, age, sex, insurance status, referral source, treating 
provider, and prior treatment) were examined using t-tests for continuous variables and chi-squared tests for categorical 
variables. Separate generalized estimating equations (GEE) with an exchangeable matrix correlation to account for the 
inter-eye correlation were constructed to describe the baseline association of race and each potentially confounding 
sociodemographic or clinical variable with presenting clinical characteristics related to KCN severity, including (1) initial 
keratometry values (ARC, PRC, steepest K, thinnest pachymetry) and ABCD score, (2) logMAR CDVA score, (3) 
thinnest pachymetry measurement <400 µm, (4) corneal scarring at presentation, and (5) initial treatment recommenda-
tion. First, unadjusted (ie, bivariate) analyses were performed, and then subsequent adjusted multivariable models were 
constructed, including all covariates (ie, black race, age, sex, insurance type, referral source, prior treatment with glasses 
or CL, and cornea provider). To determine whether the association between black race and logMAR CDVA, corneal 
scarring, and initial treatment recommendations was related to thinner corneas, having a thinnest pachymetry <400 µm 
was entered in final exploratory models as a covariate and as an interaction term. Statistical analyses were performed 
using Stata (vs 17.1, Stata Corp, College Station, TX). Statistical significance was set at p < 0.05.

Results
This study included 128 patients (251 eyes). Of these, 66 (51.6%) patients identified as white, 46 (35.9%) as black or 
African American, 13 (10.2%) identified as Hispanic or Latino, and three (2.3%) identified as other races or ethnicities. 
The remainder of patient demographics are listed in Table 1. Black patients were more likely to be female (p = 0.031).
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Black eyes presented with more advanced KCN disease by every keratometry measure including ARC, PRC, steepest K, and 
thinnest pachymetry, as well as ABCD score (all p < 0.0001). However, black race only remained significantly associated with 
thinner pachymetry (p = 0.002) and worse (higher) ABCD scores (p = 0.002) in the final multivariable models which adjusted for 
other covariates (Table 2). Black eyes were approximately four times more likely to present with a thinnest pachymetry <400 µm 

Table 1 Patient Demographic and Clinical Characteristics at Presentation Stratified by 
Black Race

Demographics Black  
(n=46 People)

Non-Black  
(n=82 people)

p-value

Mean age ± SD at presentation (years) 34.8 ± 10.5 34.2 ± 14.7 0.804

Sex, n (%)

Female 21 (45.7) 22 (26.8) 0.031*

Male 25 (54.3) 60 (73.2)

Insurance status, n (%)
Public/VA 14 (30.4) 11 (13.4) 0.061

None 3 (6.5) 5 (6.1)

Private 29 (63.0) 66 (80.5)

Referring provider, n (%)

MD 20 (43.5) 28 (34.1) 0.380
OD 20 (43.5) 36 (43.9)

Self-referral 6 (13.0) 18 (22.0)

Prior treatment, n (%)

Glasses/none 27 (58.7) 41 (50.0) 0.344

Contact lenses 19 (41.3) 41 (50.0)

Cornea provider, n (%)

Provider 1 27 (58.7) 45 (54.9) 0.676
Other provider 19 (41.3) 37 (45.1)

Notes: P-values from t-test for continuous variables and chi-square test for categorical variables. *Statistically 
significant value. 
Abbreviations: MD, physician-referred; OD, optometrist-referred; SD, standard deviation; VA, veteran affairs.

Table 2 The Association of Black Race with Keratometry Measurements at Presentation

Race ARC PRC Steepest K Thinnest Pachymetry ABCD Scorea

Mean keratometry values ± Standard Deviation (SD)

Black mean ± SD 5.90 mm ± 0.99 4.33 mm ± 0.92 58.96 D ± 11.55 403.59 µm ± 67.40 11.94 ± 3.3

Non-black mean ± SD 6.53 mm ± 0.85 4.89 mm ± 0.82 51.55 D ± 7.59 453.11 µm ± 69.50 9.33 ± 3.79

Unadjusted Beta Coefficient (95% CI), p-value

Black vs non-black −0.62 (−0.89, −0.36), 
p<0.0001*

−0.55 (−0.80, −0.30), 
p<0.0001*

7.43 (4.72, 10.1), 
p<0.0001*

−49.27 (−70.83, −27.72),  
p<0.0001*

2.61 (1.64, 3.59), 
p<0.0001*

Adjusted Beta Coefficient (95% CI), p-value

Black vs non-black −0.16 (−0.41, 0.10), 

p=0.222

−0.19 (−0.43, 0.05), 

p=0.128

1.56 (−0.65, 3.78), 

p=0.167

−24.77 (−40.13, −9.42), 

p=0.002*

1.56 (0.60, 2.53), 

p=0.002*

Notes: Bivariate unadjusted generalized estimating equations (GEE) were between race (independent variable) and keratometry values (dependent variable). Multivariable 
adjusted GEE included race, age, sex, insurance type, referring provider, treating cornea specialist, and prior treatment with glasses/contact lenses. *Statistically significant 
values. aABCD score is calculated using ARC, PRC, steepest K, and corrected distance visual acuity. A higher score indicates more progressed keratoconus disease. 
Abbreviations: ARC, Anterior Radius of Curvature; PRC, Posterior Radius of Curvature; SD, standard deviation; Steepest K, steepest corneal radius.
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in both unadjusted and fully adjusted models [adjusted odds ratio (OR) 4.40, 95% CI (2.00, 9.67), p < 0.0001] (Table 3). In 
addition, they were more than three times more likely to present with corneal scarring on examination, and this remained 
significant in adjusted analyses [OR 3.43, 95% CI (1.61, 7.31), p = 0.001] (Table 4).

Blacks were more likely to have worse (higher) logMAR CDVA scores in both unadjusted and adjusted models 
(p < 0.0001) (Supplemental Table 1). The average logMAR CDVA score for black eyes was 0.63 ± 0.52 (a Snellen 
equivalent of approximately 20/85, n = 92 eyes), while non-black eyes had a mean of 0.33 ± 0.36 (a Snellen equivalent of 
approximately 20/43, n = 159 eyes). Patients with public/veteran affairs (VA) insurance were also significantly more 
likely to have worse (higher) logMAR CDVA scores than those with private insurance [Beta coefficient 0.22, 95% CI 
(0.08, 0.36), p = 0.002]. Referral by an optometrist was associated with a better (lower) logMAR CDVA score than 
referral by a physician (beta coefficient −0.13, 95% CI [−0.25, −0.003], p = 0.045).

In terms of initial treatment recommendation, blacks were more than seven times more likely to have keratoplasty 
recommended based on initial evaluation [OR 7.75, 95% CI (1.89, 31.75), p = 0.004] (Table 5). Ten (10.9%) black eyes 
were recommended DALK or PKP compared to only three (1.9%) non-black eyes. The other treatments category 
included CXL, CL, and other interventions (ie, glasses, close follow-up). For these treatment options, 13 (14.1%) 
black eyes and 57 (35.8%) non-black eyes were recommended CXL, 57 (62.0%) black eyes and 80 (50.3%) non-black 
eyes were recommended CL, and 12 (13.0%) black eyes and 19 (11.9%) non-black eyes were recommended another non- 
surgical intervention (ie, glasses, close follow-up).

Table 3 The Association Between Race and Other Demographics and with the Odds of Having a Thinnest Pachymetry <400 µm at 
Presentation

Demographics Pachymetry 
<400 µm

Pachymetry 
≥400 µm

Odds Ratio (95% CI), p-value, 
Bivariate, Unadjusted

Odds Ratio (95% CI), p-value, 
Multivariate, Adjusted

Race, n (%)
Black 41/69 (59.4) 51/182 (28.0) 3.82 (1.91, 7.65), p<0.0001* 4.40 (2.00, 9.67), p<0.0001*

Non-black 28/69 (40.6) 131/182 (72.0) Reference group Reference group

Mean age ± SD (years) 32.0 ± 13.2 35.0 ± 13.1 0.98 (0.96, 1.01), p=0.173 0.98 (0.95, 1.02), p=0.334

Sex, n (%)
Female 24/69 (34.8) 58/182 (31.9) 1.11 (0.55, 2.25), p=0.773 0.81 (0.35, 1.83), p=0.607

Male 45/69 (65.2) 124/182 (68.1) Reference group Reference group

Insurance, n (%)

None 4/69 (5.8) 12/182 (6.6) 1.23 (0.30, 5.06), p=0.778 0.91 (0.19, 4.28), p=0.908

Public/VA 25/69 (36.2) 25/182 (13.7) 3.68 (1.68, 8.06), p=0.001* 2.51 (1.06, 5.97), p=0.037*
Private 40/69 (58.0) 145/182 (79.7) Reference group Reference group

Referral, n (%)
Self/None 18/69 (26.1) 29/182 (15.9) 2.04 (0.82, 5.06), p=0.124 2.21 (0.74, 6.54), p=0.153

OD 29/69 (42.0) 80/182 (44.0) 1.19 (0.55, 2.56), p=0.656 1.17 (0.50, 2.73), p=0.723

MD 22/69 (31.9) 73/182 (40.1) Reference group Reference group

Correction, n (%)

Contact lenses 35/69 (50.7) 82/182 (45.1) 1.25 (0.64, 2.43), p=0.518 1.57 (0.74, 3.36), p=0.242
Glasses/none 34/69 (49.3) 100/182 (54.9) Reference group Reference group

Provider, n (%)
Other Provider 36/69 (52.2) 71/182 (39.0) 1.65 (0.85, 3.23), p=0.141 1.38 (0.62, 3.10), p=0.434

Provider 1 33/69 (47.8) 111/182 (61.0) Reference group Reference group

Notes: Bivariate unadjusted generalized estimating equations (GEE) were between demographic or clinical characteristics (independent variable) and thinnest pachymetry 
<400 µm (dependent variable). Multivariable adjusted GEE included race, age, sex, insurance type, referring provider, treating cornea specialist, and prior treatment with 
glasses/contact lenses. *Statistically significant value. 
Abbreviations: MD, physician-referred; OD, optometrist-referred; SD, standard deviation; VA, veteran affairs.
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Table 4 The Association Between Race and Other Demographics with the Odds of Having Corneal Scarring at Presentation

Demographics Corneal 
Scarring

No Corneal 
Scarring

Odds Ratio (95% CI), p-value, 
Bivariate, Unadjusted

Odds Ratio (95% CI), p-value, 
Multivariate, Adjusted

Race, n (%)

Black 35/59 (59) 57/192 (30) 3.50 (1.74, 7.05), p<0.0001* 3.43 (1.61, 7.31), p=0.001*

Non-black 24/59 (41) 135/192 (70) Reference group Reference group

Mean age ± SD, years 35.1 ± 12.2 33.9 ± 13.5 1.01 (0.98, 1.03), p=0.634 1.01 (0.98, 1.04), p=0.426

Sex, n (%)

Female 18/59 (31) 64/192 (33) 0.86 (0.41, 1.79), p=0.690 0.59 (0.26, 1.35), p=0.214
Male 41/59 (69) 128/192 (67) Reference group Reference group

Insurance, n (%)
None 3/59 (5) 13/192 (7) 0.93 (0.21, 4.17), p=0.928 0.86 (0.17, 4.43), p=0.857

Public/VA 19/59 (32) 31/192 (16) 2.48 (1.14, 5.37), p=0.022* 2.55 (1.06, 6.14), p=0.037*

Private 37/59 (63) 148/192 (77) Reference group Reference group

Referral, n (%)

Self/none 11/59 (19) 36/192 (19) 0.69 (0.27, 1.77), p=0.443 0.91 (0.32, 2.60), p=0.854
OD 19/59 (32) 90/192 (47) 0.48 (0.22, 1.03), p=0.060 0.43 (0.19, 0.98), p=0.045*

MD 29/59 (49) 66/192 (34) Reference group Reference group

Correction, n (%)

Contact lenses 26/59 (44) 91/192 (47) 0.87 (0.44, 1.72), p=0.691 0.95 (0.45, 1.99), p=0.896

Glasses/none 33/59 (56) 101/192 (53) Reference group Reference group

Provider, n (%)

Other provider 24/59 (41) 83/192 (43) 0.88 (0.44, 1.76), p=0.720 0.78 (0.35, 1.75), p=0.544
Provider 1 35/59 (59) 109/192 (57) Reference group Reference group

Notes: Bivariate unadjusted generalized estimating equations (GEE) were between demographic or clinical characteristics (independent variable) and corneal scarring 
(dependent variable). Multivariable adjusted GEE included race, age, sex, insurance type, referring provider, treating cornea specialist, and prior treatment with glasses/ 
contact lenses. *Statistically significant value. 
Abbreviations: MD, physician-referred; OD, optometrist-referred; SD, standard deviation; VA, veteran affairs.

Table 5 The Association Between Race and Other Demographics with the Odds of Having Keratoplastya Recommended at 
Presentation

Demographics Keratoplasty Other Treatment Odds Ratio (95% CI), p-value, 
Bivariate, Unadjusted

Odds Ratio (95% CI), p-value, 
Multivariate, Adjusted

Race, n (%)

Non-black 3/159 (1.9) 156/159 (98.1) 6.33 (1.76, 22.73), p=0.005* 7.75 (1.89, 31.75), p=0.004*
Black 10/92 (10.9) 82/92 (89.1) Reference group Reference group

Mean Age ± SD, years 36.1 ± 9.8 34.1 ± 13.4 1.01 (0.97, 1.06), p=0.590 1.01 (0.96, 1.06), p=0.686

Sex, n (%)

Female 4/13 (31) 78/238 (33) 0.91 (0.28, 2.96), p=0.881 0.57 (0.15, 2.13), p=0.404
Male 9/13 (69) 160/238 (67) Reference group Reference group

Insurance, n (%)
None 0/13 (0) 16/238 (7) – –

Public/VA 4/13 (31) 46/238 (19) 1.70 (0.52, 5.55), p=0.381 1.91 (0.48, 7.57), p=0.358

Private 9/13 (69) 176/238 (74) Reference group Reference group

(Continued)
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Thinnest pachymetry <400 µm was significantly associated with the presence of corneal scarring (OR 23.8, 95% CI 
[11.0, 51.4]; p < 0.0001), worse logMAR CDVA score (beta coefficient 0.41, 95% CI [0.30, 0.53]; p < 0.0001), and 
a higher likelihood of being recommended keratoplasty (OR 9.95, 95% CI [2.80, 36.6]; p = 0.001). When the multi-
variable model of corneal scarring at presentation was adjusted for thinnest pachymetry <400 µm, black race was no 
longer significantly associated with higher odds of corneal scarring (p = 0.469). Similarly, the association between black 
race and recommended treatment with keratoplasty was attenuated when adjusted for pachymetry <400 µm (OR 3.65, p = 
0.082). However, if the multivariable model for logMAR CDVA score was adjusted for pachymetry <400 µm, the 
association with black race was mildly attenuated but still significantly associated with a worse logMAR CDVA score 
(p = 0.001). This suggests that the association between black race and these outcomes is related to more advanced corneal 
thinning in black eyes at presentation. When the interaction between black race and pachymetry <400 µm was tested in 
each of these three models, there was no effect modification by the thinnest pachymetry (all p > 0.05).

Discussion
This study demonstrated that black eyes presented with more advanced signs of KCN than non-black eyes, including 
a worse (higher) ABCD score, a thinnest pachymetry <400 µm, and corneal scarring. They also had worse visual acuity 
and a higher likelihood of being recommended for more invasive management with keratoplasty than CXL, CL, or other. 
These findings were independent of multiple potential confounders, most notably insurance status and referral source. To 
the best of our knowledge, this is the first study to demonstrate that blacks with KCN are more likely to require more 
invasive surgical management, such as keratoplasty.

Racial differences in corneal morphology may contribute to the risk of progression to advanced KCN. Blacks have been 
shown to have thinner central corneal thickness which progresses over time.22 Such thinner corneas are an independent risk 
factor for the development of glaucoma,23 and the higher prevalence of thin corneas among blacks may contribute to the 
higher rates of glaucomatous progression observed in black communities.24,25 Another recent study has also reported an 
association between black race and higher Kmax, thinner central corneas, and worse visual acuity compared to whites with 
KCN.26 Similarly, our study’s results suggest that thinner corneas may place black individuals at a higher predisposition for 
progression to more severe ectatic disease due to KCN. Of note, we also explored the effect of controlling for the thinnest 
pachymetry measurement <400 µm in final multivariable models and observed that black race was no longer associated with 
higher odds of corneal scarring or higher odds of keratoplasty recommendation. However, there was still a significant 
association between black race and worse logMAR CDVA score. Thus, very thin corneas may explain the relationship 

Table 5 (Continued). 

Demographics Keratoplasty Other Treatment Odds Ratio (95% CI), p-value, 
Bivariate, Unadjusted

Odds Ratio (95% CI), p-value, 
Multivariate, Adjusted

Referral, n (%)
Self/none 2/13 (15) 45/238 (19) 0.48 (0.10, 2.27), p = 0.357 1.18 (0.20, 7.0), p = 0.856

OD 3/13 (23) 106/238 (45) 0.31 (0.08, 1.15), p=0.080 0.23 (0.06, 0.98), p=0.046*

MD 8/13 (62) 87/238 (37) Reference group Reference group

Correction, n (%)

Contact Lenses 6/13 (46) 111/238 (47) 0.98 (0.33, 2.91), p=0.970 1.41 (0.42, 4.76), p=0.575
Glasses/none 7/13 (54) 127/238 (53) Reference group Reference group

Provider, n (%)
Other provider 3/13 (27) 104/238 (44) 0.39 (0.11, 1.40), p=0.146 0.28 (0.06, 1.31), p=0.106

Provider 1 10/13 (73) 134/238 (56) Reference group Reference group

Notes: Bivariate unadjusted generalized estimating equations (GEE) were between demographic or clinical characteristics (independent variable) and corneal scarring 
(dependent variable). Multivariable adjusted GEE included race, age, sex, insurance type, referring provider, treating cornea specialist, and prior treatment with glasses/ 
contact lenses. *Statistically significant value. aKeratoplasty includes deep anterior lamellar keratoplasty (DALK) and penetrating keratoplasty (PKP). 
Abbreviations: MD, physician-referred; OD, optometrist-referred; SD, standard deviation; VA, veteran affairs.
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between black race and complications from KCN such as corneal scarring and the need for more invasive surgery but may not 
fully explain why blacks had worse visual acuity.

While surgical procedures such as DALK and PKP can be effective in the management of KCN, they entail more 
risks than treatment with CXL or scleral CL, including risk of infection and graft rejection. Additionally, many patients 
who receive a corneal transplant will require a revisional operation within 10–20 years.27 Thus, transplant is often only 
a temporary solution for KCN patients, who are relatively young at diagnosis (average 34.2 ± 13.2 years in this study; 
average 28.3 years in a large population study in the Netherlands).28 Consequently, early detection of KCN and 
subsequent treatment with CXL is even more vital because it can allow patients to avoid multiple corneal transplants 
and their associated risks. It is possible that black individuals may benefit from screening for KCN at a younger age, 
particularly if there is a family history of KCN or a known history of eye rubbing, which is a known risk factor for 
KCN,29 perhaps due to atopic disease.

Differences in sex distribution between black and non-black populations may highlight other potential inequities. 
Some studies have suggested that KCN is a male-predominant disease.28,30 However, in this study, black men were less 
likely to present with KCN than non-black men. This could be explained by the theory that black men have less trust in 
the medical system than other populations, such as black women or white men,31 making them less likely to present for 
an evaluation. Of note, a recent large meta-analysis did not find a significant difference in the prevalence of KCN by male 
or female sex.2 Future studies could examine whether black males are less likely to be evaluated for KCN than non-black 
males or if there are biological sex-based differences in KCN prevalence.

Although there are also documented disparities in health insurance rates among black patients in the United States,32 

blacks had more advanced KCN, independent of insurance status. However, public or VA insurance was an independent 
risk factor for advanced KCN. These patients had higher odds of a thinnest pachymetry <400 µm, higher odds of corneal 
scarring, and a worse average logMAR CDVA score than those with private health insurance. Future studies could 
evaluate whether this difference is due to the quality of care received with public insurance or other confounding 
variables present within the population that qualifies for US public healthcare insurance.

Another observation was that patients referred by an optometrist were less likely to have corneal scarring and had lower 
(better) logMAR CDVA scores at presentation. It is possible that patients referred by optometry had more regular examina-
tions for refractive correction, enabling earlier detection of corneal thinning and ectasia on slit-lamp exam. In contrast, patients 
referred for corneal evaluation by other physicians had more advanced disease. It is possible that other ophthalmologists acted 
as intermediaries between referrals by optometry or self-referral and referral to cornea specialists, resulting in delayed 
presentation to this center’s cornea department. Additionally, primary care physicians do not regularly perform adequate 
ophthalmic examinations and, consequently, may be less likely to refer patients until they report substantial visual symptoms 
or have notable opacification due to corneal scarring.

This study has several limitations. Due to its retrospective nature, the study was limited to the data available in the 
electronic health record, and some of the associations may be related to unmeasured confounding factors or other risk 
factors. Future studies should investigate whether access to healthcare,8 historical distrust in the healthcare system,33 bias 
in referral patterns,34 differences in SES,7 and genetic variability35 are associated with delayed presentation for KCN 
evaluation. Such projects could also evaluate whether differences in known risk factors for KCN among black and non- 
black patients, such as eye rubbing, positive family history, allergies, and asthma,2,3 are related to differences in the stage 
of their disease at presentation. Additionally, this study was not powered to examine differences in the presentation of 
KCN among other minority racial or ethnic groups, but this could be done in larger studies or in other settings with 
greater access to those patient populations. Another limitation of this study was the manner in which KCN staging was 
determined and how this affected the initial treatment recommendations. Since CXL is only beneficial to patients with 
progressive KCN disease,21 before recommending a patient for CXL, the cornea specialist must determine whether 
a patient’s KCN is likely to progress or if it has halted in its current state. At times, this requires a follow-up visit with 
additional keratometry measurements. Consequently, some patients received CXL recommendations after it was deter-
mined that their disease had progressed during a later evaluation while the initial recommendation may have been to 
follow-up in 3 months. Similarly, some patients with advanced, yet non-progressive, KCN were recommended CL before 
resorting to DALK or PKP.
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Conclusion
In conclusion, black patients presented with multiple signs and symptoms of more advanced KCN than non-blacks, and 
on initial evaluation, they were more likely to be recommended for more invasive surgical management with keratoplasty 
rather than less invasive medical management (ie, glasses, CL) or CXL. We suggest that the late presentation of disease 
may have precluded the benefits of CXL. The reasons for such disparities are multifactorial and likely include genetic, 
anatomical, and sociological factors. Future studies should consider whether screening for KCN in young adult black 
populations could increase the likelihood of less invasive management recommendations, such as CXL, and ultimately 
improve anatomical and visual outcomes.
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