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Purpose: This study was to assess corneal epithelial thickness (CET) in patients with Sjogren’s disease (SjD).
Methods: A retrospective chart review was conducted of SjD patients from September 2021 to January 2022. Patient demographics, 
unanesthetized Schirmer’s test, serologic markers, and symptoms as measured by the Ocular Surface Disease Index (OSDI) were 
reviewed. Epithelial thickness from both eyes was measured using anterior segment OCT at the central 3mm and concentric 5mm, 
7mm, and 9mm zones for the superior, temporal, inferior, and nasal corneal quadrants. Associations between corneal epithelial 
thickness with patient demographics, clinical characteristics, and symptoms were evaluated using regression models.
Results: Fifteen SjD patients (100% female) were included with a mean age of 58.4 years. Patients with Sjogren’s disease had 
a significantly thinner superior corneal epithelium compared to the inferior epithelium (mean 47.7mm vs 53.1mm, p = 0.001). The 
epithelial thickness mean standard deviation (MSD) was significantly inversely correlated with the unanesthetized Schirmer test (r= 
−0.39, p = 0.005), suggesting that an overall variability of CET correlates with decreased aqueous tear production. SS-A, SS-B, ANA, 
and RF positivity were not associated with any measures of CET.
Conclusion: This pilot study suggests that there is significant superior versus inferior thinning of corneal epithelium in Sjogren’s 
patients. There was a significant correlation between variability of corneal epithelial thickness and decreased tear production in 
Sjogren’s patients. Further larger studies are needed to understand the relationship of CET with objective and subjective measurements 
of ocular surface disease.
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Introduction
Dry eye disease (DED) is a highly prevalent disease and is estimated to account for up to 25% of eye care outpatient 
visits.1 Patients with Sjogren’s disease (SjD) account for about 11% of DED patients.2 SjD is one of the most common 
systemic autoimmune diseases that targets salivary and lacrimal glands, thereby producing xerostomia and keratocon
junctivitis sicca, respectively.3

Historically, diagnosis and management of dry eye, whether it be Sjogren’s associated or not, can be challenging and 
requires the assessment of multiple objective and subjective measures. The slit-lamp exam, including the use of 
fluorescein staining of the cornea, may help clinicians evaluate the presence and severity of dry eye disease. Validated 
questionnaires such as the Ocular Surface Disease Index (OSDI) may provide information on subjective symptoms of 
affected patients.4 In addition, meibography, tear film constituent analysis, and biomarkers may be used to evaluate 
DED.5–7 However, due to the often subjective, variable, and tedious nature of these assessments, efforts have been made 
to discover new diagnostic tools that offer an objective and efficient assessment of the ocular surface.

In recent years, anterior segment optical coherence tomography (AS-OCT) has emerged as a new diagnostic tool for 
anterior segment pathology including DED. The benefits of AS-OCT include that it is a non-contact, non-invasive 
method of measuring structures of the anterior segment including corneal epithelial thickness, in an objective, repeatable, 
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and rapid manner.8 A few studies have been published exploring the utility of corneal epithelial thickness mapping in 
general DED, but most did not include SjD patients. For example, a 2014 study by Cui et al found that patients with 
symptomatic dry eye disease had a thinner superior corneal epithelial thickness compared to controls.9 However, their 
study excluded patients with SjD. A separate study by Liang et al reported that in 54 non-Sjogren’s DED patients, the 
limbal epithelium was thinner and bulbar conjunctival epithelium was thicker in DED patients when compared to non- 
DED patients.10 More recently, Edorh et al found that, similar to prior studies, the superior corneal epithelium is the first 
to be impacted by DED; however, the authors did not specify whether or not SjD patients were included in their study.11

Given the promising diagnostic utility of corneal epithelial mapping in dry eye disease, studies on SjD patients are 
needed to understand the potential clinical utility of AS-OCT in this subpopulation. Our goal was to characterize patterns 
of corneal epithelial thinning measured by AS-OCT in Sjogren’s patients and to evaluate the association of AS-OCT 
findings with patient demographics and clinical characteristics of SjD.

Methods
A retrospective chart review was conducted on SjD patients from the Penn Dry Eye & Ocular Surface Center at the 
Scheie Eye Institute from September 2021 to January 2022. This study was reviewed and approved by the University of 
Pennsylvania institutional review board (IRB). The guidelines outlined in the Declaration of Helsinki were followed. All 
patients were consented for participation in the study.

For each patient data including age, sex, race, unanesthetized Schirmer test scores, serum studies (ie, anti-Ro/SSA, 
anti-La/SSB, anti-nuclear antibody (ANA), and rheumatoid factor (RF) positivity), and symptoms as measured by the 
OSDI were extracted. Central epithelial thickness was measured in both eyes using the Optovue RTVue-XR Avanti OCT 
System (Visionix, Fremont, CA) and the central 3mm and concentric 5mm, 7mm, and 9mm zones were recorded for the 
superior (S), temporal, inferior (I), and nasal (N) quadrants.

Statistical analyses through correlation analysis and linear regression models were performed to assess the associa
tions of corneal epithelial measurements with demographics, serologic markers, unanesthetized Schirmer test score, and 
dry eye symptoms among SjD patients. The inter-eye correlation was accounted for by using generalized estimating 
equations.

In this pilot study, the correction for multiple comparisons were not made. All statistical comparisons were performed 
in SAS v9.4 (SAS Institute Inc, Cary, NC), and two-sided p < 0.05 was considered statistically significant.

Results
Fifteen patients with Sjogren’s disease were included in the study. The mean age was 58.4 years, all were female, and 
80% were Caucasian. Ten (66.6%) patients were positive in SS-A or SS-B, 11 (73.3%) were RF positive, and 9 (60%) 
were ANA positive. Five (33.3%) patients had a positive salivary gland biopsy. Eight (53.3%) patients were on 
hydroxychloroquine.

Mean corneal epithelial thickness in the central 3mm and concentric 5mm, 7mm, and 9mm zones in the superior, 
temporal, inferior, and nasal quadrants is displayed in Figure 1. The overall mean maximum epithelial thickness was 
58.2mm and the mean minimum epithelial thickness was 39.1mm. Patients with Sjogren’s disease had a significantly 
thinner superior corneal epithelium (mean 47.7mm) compared to the inferior epithelium (mean 53.1mm, p = 0.001).

Race, age, SS-A, SS-B, and RF positivity were not significantly associated with tear secretion measured by 
Schirmer’s testing or OSDI scores. ANA positivity was not significantly associated with Schirmer measurements but 
was associated with a lower OSDI score (43.1 vs 67.9, p = 0.01). (Table 1)

Pearson correlation coefficients and linear regression coefficients were calculated for all zones of corneal epithelium 
and associated measurements. The mean standard deviation (MSD) of the corneal epithelial thickness was inversely 
correlated with the aqueous tear production measured by Schirmer test (r = −0.39, p = 0.0047). All other corneal 
epithelium thickness measures were not significantly correlated with Schirmer or OSDI (Table 2). Corneal epithelial 
measurements did not differ by race and age (Table 3) and were not associated with positivity of SS-A, SS-B, ANA, and 
RF (Table 4 and Table 5).
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Discussion
In this pilot study of 15 patients with Sjogren’s disease, we found a significantly thinner superior corneal epithelium 
compared to the inferior epithelium. The corneal epithelial thickness did not correlate with serology (SS-A, SS-B, ANA, 
or RF positivity), unanesthetized Schirmer scores, or symptoms as measured by OSDI scores. However, the mean 
standard deviation of epithelial thickness was inversely correlated with Schirmer scores.

Figure 1 Mean corneal epithelial thickness in 15 Sjogren’s patients. Corneal epithelial thickness measured by anterior segment OCT, notated as mean (standard deviation).

Table 1 Associations of Patient Characteristics and Serologic Markers, with Tear Secretion Measured by 
Schirmer’s Test and Symptoms Measured by Ocular Surface Disease Index (OSDI) Scores

Schirmer Test Score OSDI Score

# of Patients Mean (SE) P-value Mean (SE) P-value

Race 0.52 0.98

White 12 11.8(2.3) 49.8(5.4)

Non-white 3 16.2(6.2) 49.5(10.7)

SS-A 0.051 0.34

Positive 10 9.4(2.5) 46.5(5.7)

Negative 5 19.1(3.0) 56.0(8.1)

SS-B 0.052 0.99

Negative 5 6.4(2.7) 49.6(8.3)

Positive 10 15.8(2.6) 49.7(5.9)

(Continued)
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Table 1 (Continued). 

Schirmer Test Score OSDI Score

# of Patients Mean (SE) P-value Mean (SE) P-value

RF 0.06 0.66

Negative 6 8.4(2.5) 52.4(6.7)

Positive 5 18.4(3.5) 56.8(7.4)

ANA 0.21 0.01

Negative 11 10.7(2.4) 43.1(0.5)

Positive 4 17.9(4.5) 67.9(7.5)

Age

Regression coefficient for per year increase (SE) 15 −0.32(0.12) 0.10 −0.60(0.42) 0.17

Abbreviations: SE, standard error; RF, rheumatoid factor; ANA, anti nuclear antibody.

Table 2 Association of Corneal Epithelial Thickness with Tear Secretion Measured by 
Schirmer’s Test, and Symptoms Measured by Ocular Surface Disease Index (OSDI) Scores

OSDI Score

Epithelium 
Measurements

Pearson  
Correlation  
Coefficient

P-value Pearson  
Correlation  
Coefficient (P)

P-value

Central 3mm −0.06 0.78 −0.08 0.82

Superior 3–5mm 0.08 0.68 0.13 0.64

Superior 5–7mm 0.28 0.14 0.07 0.68

Superior 7–9mm 0.36 0.09 0.06 0.72

Temporal 3–5mm −0.05 0.79 −0.01 0.97

Temporal 5–7mm −0.01 0.94 −0.04 0.88

Temporal 7–9mm 0.10 0.59 0.02 0.93

Inferior 3–5mm 0.04 0.84 −0.18 0.52

Inferior 5–7mm 0.06 0.25 −0.18 0.59

Inferior 7–9mm 0.17 0.35 0.11 0.68

Nasal 3–5mm −0.008 0.97 −0.02 0.95

Nasal 5–7mm 0.13 0.42 −0.18 0.55

Nasal 7–9mm 0.26 0.18 −0.02 0.95

Superior average 0.20 0.28 0.08 0.70

Inferior average 0.08 0.67 −0.18 0.61

Max −0.22 0.26 −0.15 0.61

Min 0.22 0.14 0.06 0.75

Mean standard deviation −0.39 0.0047 −0.16 0.39
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Table 3 Associations of Corneal Epithelial Thickness with Race and Age

Race Age

Epithelium Measurements White  
Mean (SE)

Non-White  
Mean (SE)

P-value Regression  
Coefficient (SE)

P-value

Central 3mm 52.5(1.4) 53.4(1.5) 0.64 0.99(0.07) 0.86

Superior 3–5mm 49.5(1.6) 51.2(1.0) 0.40 0.95(0.06) 0.37

Superior 5–7mm 45.2(1.9) 48.6(1.5) 0.28 0.90(0.08) 0.37

Superior 7–9mm 43.6(2.3) 46.4(1.7) 0.39 0.93(0.10) 0.54

Temporal 3–5mm 50.4(1.8) 52.6(1.6) 0.37 1.04(0.09) 0.63

Temporal 5–7mm 48.3(1.5) 51.8(1.0) 0.13 1.01(0.09) 0.95

Temporal 7–9mm 46.1(1.7) 52.4(1.3) 0.08 0.96(0.12) 0.80

Inferior 3–5mm 53.8(1.4) 53.4(2.4) 0.89 0.98(0.09) 0.84

Inferior 5–7mm 52.7(1.7) 51.6(2.1) 0.70 0.97(0.10) 0.76

Inferior 7–9mm 50.3(1.7) 49.6(2.1) 0.81 0.997(0.07) 0.97

Nasal 3–5mm 52.3(1.5) 52.6(1.8) 0.91 0.92(0.07) 0.16

Nasal 5–7mm 51.0(1.5) 54.6(1.6) 0.16 0.91(0.07) 0.23

Nasal 7–9mm 51.3(2.0) 56.6(0.7) 0.10 0.89(0.10) 0.37

Superior average 47.2(1.7) 49.8(0.6) 0.25 0.92(0.07) 0.33

Inferior average 53.2(1.6) 52.4(2.1) 0.77 0.97(0.09) 0.76

Max 58.1(1.9) 59.0(2.0) 0.74 0.90(0.11) 0.25

Min 38.5(2.9) 42.0(3.8) 0.52 0.96(0.18) 0.83

MSD 4.0(0.5) 2.8(0.8) 0.32 0.99(0.05) 0.81

Abbreviations: SE, standard error; MSD, mean standard deviation.

Table 4 Association of Corneal Epithelial Thickness with SS-A and SS-B Positivity

SS-A SS-B

Epithelium Measurements Positive  
Mean (SE)

Negative  
Mean (SE)

P-value Positive  
Mean (SE)

Negative  
Mean (SE)

P-value

Central 3mm 53.7(1.7) 50.6(0.4) 0.12 51.9(2.6) 53.0(1.1) 0.70

Superior 3–5mm 51.0(1.9) 47.5(0.8) 0.14 49.0(3.1) 50.2(1.3) 0.72

Superior 5–7mm 45.8(2.4) 45.6(1.7) 0.93 43.1(3.7) 47.2(1.4) 0.33

Superior 7–9mm 43.6(2.7) 45.0(2.0) 0.67 40.0(4.1) 46.2(1.6) 0.20

Temporal 3–5mm 52.3(2.1) 47.9(1.1) 0.11 50.1(3.5) 51.1(1.4) 0.79

Temporal 5–7mm 50.4(1.8) 46.0(0.7) 0.06 47.7(2.7) 49.5(1.4) 0.56

Temporal 7–9mm 48.7(2.0) 44.2(1.7) 0.13 45.8(3.1) 47.9(1.7) 0.56

Inferior 3–5mm 54.8(1.7) 51.6(0.8) 0.13 51.5(1.9) 54.9(1.5) 0.19

(Continued)
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Table 4 (Continued). 

SS-A SS-B

Epithelium Measurements Positive  
Mean (SE)

Negative  
Mean (SE)

P-value Positive  
Mean (SE)

Negative  
Mean (SE)

P-value

Inferior 5–7mm 53.6(2.1) 50.4(1.3) 0.22 49.2(1.2) 54.3(2.0) 0.07

Inferior 7–9mm 51.3(1.9) 47.9(1.8) 0.23 47.3(1.8) 51.6(1.9) 0.14

Nasal 3–5mm 53.8(1.7) 49.6(1.0) 0.08 52.1(2.6) 52.5(1.5) 0.88

Nasal 5–7mm 52.9(1.7) 49.3(1.1) 0.12 49.8(1.6) 52.6(1.7) 0.25

Nasal 7–9mm 53.2(2.4) 50.2(2.0) 0.35 49.2(3.1) 53.7(1.9) 0.35

Superior average 48.3(2.1) 46.5(1.2) 0.48 45.9(3.3) 48.6(1.3) 0.46

Inferior average 54.1(1.9) 51.1(1.1) 0.21 50.2(1.6) 54.6(1.7) 0.10

Max 60.2(2.2) 54.6(0.6) 0.0501 59.2(3.4) 57.7(1.6) 0.70

Min 39.2(3.6) 39.0(2.7) 0.97 34.7(3.7) 41.4(2.2) 0.30

MSD 4.2(0.7) 3.0(0.3) 0.14 4.8(1.1) 3.3(0.3) 0.22

Abbreviations: SE, standard error; MSD, mean standard deviation.

Table 5 Association of Corneal Epithelial Thickness with Rheumatoid Factor (RF) and Anti-Nuclear Antibody (ANA) 
Positivity

RF ANA

Epithelium Measurements Positive  
Mean (SE)

Negative  
Mean (SE)

P-value Positive  
Mean (SE)

Negative  
Mean (SE)

P-value

Central 3mm 53.5(2.1) 51.2(0.5) 0.36 52.3(1.3) 53.4(2.5) 0.71

Superior 3–5mm 51.1(2.6) 48.6(0.7) 0.38 49.4(1.5) 50.8(2.9) 0.69

Superior 5–7mm 46.1(3.3) 46.6(1.5) 0.89 45.6(2.2) 46.3(1.8) 0.81

Superior 7–9mm 43.5(3.7) 46.8(1.5) 0.43 43.6(2.6) 45.4(1.5) 0.55

Temporal 3–5mm 52.8(2.3) 49.4(1.0) 0.21 50.5(1.7) 51.5(3.3) 0.79

Temporal 5–7mm 50.7(1.3) 47.4(1.1) 0.10 49.3(1.6) 47.8(2.0) 0.56

Temporal 7–9mm 49.2(1.5) 45.7(1.8) 0.17 48.0(1.9) 45.0(2.1) 0.33

Inferior 3–5mm 53.1(1.9) 52.7(0.7) 0.85 53.9(1.6) 53.3(1.5) 0.77

Inferior 5–7mm 51.9(2.0) 51.0(1.3) 0.70 53.3(1.9) 50.5(1.4) 0.28

Inferior 7–9mm 50.9(2.6) 49.1(1.4) 0.54 50.3(1.9) 49.6(2.0) 0.79

Nasal 3–5mm 52.8(2.3) 50.6(0.7) 0.37 52.2(1.4) 52.9(2.8) 0.83

Nasal 5–7mm 52.0(1.6) 50.0(1.0) 0.30 52.4(1.7) 49.8(1.1) 0.24

Nasal 7–9mm 53.6(2.4) 51.1(1.8) 0.42 52.5(2.3) 51.4(2.2) 0.73

Superior average 48.3(2.9) 47.6(1.1) 0.81 47.3(1.8) 48.5(2.1) 0.68

Inferior average 52.4(1.9) 51.9(1.0) 0.81 53.5(1.8) 51.9(1.4) 0.48

(Continued)
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Superior corneal epithelial thinning has been implicated as the first affected area in DED patients. For example, Edorh 
et al found that superior epithelial thinning at a cutoff of less than 50 microns had 81% sensitivity and 79% specificity 
towards differentiating DED patients from healthy patients.11 In our study, 62.1% of eyes had a superior corneal 
epithelial thickness of less than 50 microns. A separate study by Cui et al noted that the superior corneal epithelium 
was significantly thinner in comparison to healthy eyes and that the superior epithelium was thinner in higher grade 
compared to lower grade DED patients.9 Similarly, in a study by Reinstein et al, the superior corneal epithelium was 5.9 
microns thinner at the 3mm radius compared to the inferior corneal epithelium.12 Similar to these studies, superior 
quadrant thickness in our study was thinner at each concentric zone and on average thinner than the inferior quadrant by 
5.4 microns. The mean superior quadrant epithelial thickness was 47.7mm, concordant with the sub-50 mm diagnostic 
cutoff proposed by Edorh et al for dry eye patients.11 The superior cornea has been suggested to be more prone to damage 
due to the frictional forces from eyelid blinking, which may be more pronounced in dry eye patients.13,14 It has also been 
proposed that it is the possible the central corneal epithelium is spared due to its distance from the limbus, and relatively 
more immune privilege.15

In patients with Sjogren’s disease, mapping the corneal epithelium offers a potential opportunity for ophthalmologists 
to closely objectively monitor the progression of disease and guide treatment decisions. Recent studies have also 
demonstrated that corneal epithelial mapping may be a useful tool to measure response to treatment.15,16 In addition 
to aiding in diagnosis and treatment, corneal epithelial mapping may also provide important insights into the underlying 
mechanisms of Sjogren’s disease. By studying the characteristics of the corneal epithelium in patients with the disease, 
researchers can gain a better understanding of the pathophysiology of dry eye syndrome and other corneal complications.

In our study, corneal epithelial thickness in each of the measured sectors did not correlate to serology, tear production 
measured by Schirmer testing, or symptoms measured by OSDI scores. However, the mean standard deviation of corneal 
epithelial thickness did negatively correlate with tear secretion as measured by Schirmer’s testing. This suggests that an 
overall variability of corneal epithelium thickness correlates with poor tear secretion, which has not been reported in the 
past. Future studies are needed to validate this finding.

Limitations of this pilot study include a small sample size and the lack of a control group. More subtle changes and 
correlations between corneal epithelial thickness and clinical parameters that require a larger sample size to detect may 
be missed. Despite these limitations, our study allows comparisons to be drawn with other DED corneal epithelial 
mapping studies that may illuminate similarities and differences of Sjogren’s disease patients compared to the DED 
population as a whole.

In conclusion, this small retrospective study demonstrated a significant correlation between decreased Schirmer 
measurements and a higher MSD of CET in SjD patients. Further, larger studies that including various subpopulations of 
DED patients are needed to better understand the relationship of CET with objective and subjective measurements of dry 
eye disease.

Table 5 (Continued). 

RF ANA

Epithelium Measurements Positive  
Mean (SE)

Negative  
Mean (SE)

P-value Positive  
Mean (SE)

Negative  
Mean (SE)

P-value

Max 58.5(2.9) 55.2(0.6) 0.29 58.1(1.7) 58.5(3.5) 0.93

Min 40.7(4.5) 40.6(2.8) 0.99 39.1(3.3) 39.0(3.1) 0.97

MSD 3.6(0.7) 2.9(0.3) 0.36 3.8(0.6) 3.9(0.7) 0.91

Abbreviations: SE, standard error; MSD, mean standard deviation.

Clinical Ophthalmology 2024:18                                                                                                   https://doi.org/10.2147/OPTH.S456621                                                                                                                                                                                                                       

DovePress                                                                                                                       
2181

Dovepress                                                                                                                                                         Nguyen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Acknowledgments
The abstract of this paper was presented at the ARVO 2023 as a poster presentation with interim findings. The poster’s 
abstract was published as a “Meeting Abstract” in Investigative Ophthalmology & Visual Science: (https://iovs.arvojour 
nals.org/article.aspx?articleid=2788103)

Funding
VB National Eye Institute, R01 EY026972; Research to Prevent Blindness. GSY National Eye Institute Grant P30 
EY01583; Research to Prevent Blindness.

Disclosure
MMG reports affiliations with Dompe, Kala, Oyster Point, Claris. VB is advisory board for Kowa. The authors report no 
other conflicts of interest in this work.

References
1. Gayton JL. Etiology, prevalence, and treatment of dry eye disease. Clin Ophthalmol. 2009;3:405–412. doi:10.2147/opth.s5555
2. Liew MSH, Zhang M, Kim E, Akpek EK. Prevalence and predictors of Sjogren’s syndrome in a prospective cohort of patients with aqueous- 

deficient dry eye. Br J Ophthalmol. 2012;96(12):1498–1503. doi:10.1136/bjophthalmol-2012-301767
3. Negrini S, Emmi G, Greco M, et al. Sjögren’s syndrome: a systemic autoimmune disease. Clin Exp Med. 2022;22(1):9–25. doi:10.1007/s10238- 

021-00728-6
4. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability and validity of the ocular surface disease index. Arch Ophthalmol. 

2000;118(5):615–621. doi:10.1001/archopht.118.5.615
5. Shimazaki J, Goto E, Ono M, Shimmura S, Tsubota K. Meibomian gland dysfunction in patients with Sjögren syndrome. Ophthalmology. 1998;105 

(8):1485–1488. doi:10.1016/S0161-6420(98)98033-2
6. Bunya VY, Fuerst NM, Pistilli M, et al. Variability of tear osmolarity in patients with dry eye. JAMA Ophthalmol. 2015;133(6):662. doi:10.1001/ 

jamaophthalmol.2015.0429
7. Stevenson W, Chauhan SK, Dana R. Dry eye disease: an immune-mediated ocular surface disorder. Arch Ophthalmol. 2012;130(1):90–100. 

doi:10.1001/archophthalmol.2011.364
8. Han SB, Liu YC, Noriega KM, Mehta JS. Applications of anterior segment optical coherence tomography in cornea and ocular surface diseases. 

J Ophthalmol. 2016;2016:4971572. doi:10.1155/2016/4971572
9. Cui X, Hong J, Wang F, et al. Assessment of corneal epithelial thickness in dry eye patients. Optom Vis Sci. 2014;91(12):1446–1454. doi:10.1097/ 

OPX.0000000000000417
10. Liang Q, Liang H, Liu H, Pan Z, Baudouin C, Labbé A. Ocular surface epithelial thickness evaluation in dry eye patients: clinical correlations. 

J Ophthalmol. 2016;2016:1628469. doi:10.1155/2016/1628469
11. Edorh NA, El Maftouhi A, Djerada Z, Arndt C, Denoyer A. New model to better diagnose dry eye disease integrating OCT corneal epithelial 

mapping. Br J Ophthalmol. 2022;106(11):1488–1495. doi:10.1136/bjophthalmol-2021-318826
12. Reinstein DZ, Archer TJ, Gobbe M, Silverman RH, Coleman DJ. Epithelial thickness in the normal cornea: three-dimensional display with Artemis 

very high-frequency digital ultrasound. J Refract Surg. 2008;24(6):571–581. doi:10.3928/1081597X-20080601-05
13. Mehtani A, Agarwal MC, Sharma S, Chaudhary S. Diagnosis of limbal stem cell deficiency based on corneal epithelial thickness measured on 

anterior segment optical coherence tomography. Indian J Ophthalmol. 2017;65(11):1120–1126. doi:10.4103/ijo.IJO_218_17
14. Francoz M, Karamoko I, Baudouin C, Labbé A. Ocular surface epithelial thickness evaluation with spectral-domain optical coherence tomography. 

Invest Ophthalmol Vis Sci. 2011;52(12):9116–9123. doi:10.1167/iovs.11-7988
15. Loureiro T, Rodrigues-Barros S, Carreira AR, et al. Corneal epithelial thickness changes after topical treatment of dry eye disease in primary 

Sjögren syndrome. Clin Ophthalmol. 2023;17:993–1005. doi:10.2147/OPTH.S375505
16. Semeraro F, Forbice E, Nascimbeni G, et al. Effect of autologous serum eye drops in patients with Sjögren syndrome-related dry eye: clinical and 

in vivo confocal microscopy evaluation of the ocular surface. Vivo. 2016;30(6):931–938. doi:10.21873/invivo.11016

Clinical Ophthalmology                                                                                                                    Dovepress 

Publish your work in this journal 
Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry; 
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care 
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

DovePress                                                                                                                               Clinical Ophthalmology 2024:18 2182

Nguyen et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://iovs.arvojournals.org/article.aspx?articleid=2788103
https://iovs.arvojournals.org/article.aspx?articleid=2788103
https://doi.org/10.2147/opth.s5555
https://doi.org/10.1136/bjophthalmol-2012-301767
https://doi.org/10.1007/s10238-021-00728-6
https://doi.org/10.1007/s10238-021-00728-6
https://doi.org/10.1001/archopht.118.5.615
https://doi.org/10.1016/S0161-6420(98)98033-2
https://doi.org/10.1001/jamaophthalmol.2015.0429
https://doi.org/10.1001/jamaophthalmol.2015.0429
https://doi.org/10.1001/archophthalmol.2011.364
https://doi.org/10.1155/2016/4971572
https://doi.org/10.1097/OPX.0000000000000417
https://doi.org/10.1097/OPX.0000000000000417
https://doi.org/10.1155/2016/1628469
https://doi.org/10.1136/bjophthalmol-2021-318826
https://doi.org/10.3928/1081597X-20080601-05
https://doi.org/10.4103/ijo.IJO_218_17
https://doi.org/10.1167/iovs.11-7988
https://doi.org/10.2147/OPTH.S375505
https://doi.org/10.21873/invivo.11016
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	Funding
	Disclosure

