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Abstract

Purpose—To identify a screening strategy for dry eye patients with a high likelihood of having 

Sjogren's syndrome (SS) through the evaluation of the association of ocular surface tests with the 

extraocular signs used for the diagnosis of SS.

Design—Multi-center cross-sectional study.
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Methods—The Sjogren's International Clinical Collaborative Alliance (SICCA) registry enrolled 

3,514 participants with SS or possible SS from 9 international academic sites. Ocular surface 

evaluation included Schirmer I testing, tear break-up time (TBUT), and staining of the cornea (0 to 

6 points) and conjunctiva (0 to 6 points). Multivariate logistic regression analysis was performed 

to identify predictive factors for: 1) histopathologic changes on labial salivary gland (LSG) 

biopsies (positive = focus score of ≥1 focus/4mm2) and 2) positive anti-SSA/B serology.

Results—The adjusted odds of having a positive LSG biopsy was significantly higher among 

those with an abnormal Schirmer I test (adjusted OR = 1.26, 95% CI 1.05 to 1.51, P=0.014), 

positive conjunctival staining (for each additional unit of staining 1.46; 95% CI 1.39 to 1.53, P < 

0.001) or corneal staining (for each additional unit of staining 1.14; 95% CI 1.08 to 1.21, P < 

0.001). The odds of having a positive serology was significantly higher among those with an 

abnormal Schirmer I test (adjusted OR=1.3; 95% CI 1.09 to 1.54 P=0.004), and conjunctival 

staining (adjusted OR=1.51; 95% CI 1.43 to 1.58, P < 0.001).

Conclusions—In addition to corneal staining which was associated with a higher likelihood of 

having a positive LSG biopsy, conjunctival staining and abnormal Schirmer I testing are of critical 

importance to include when screening dry eye patients for possible SS as they were associated 

with a higher likelihood of having a positive LSG biopsy and serology.

Introduction

Sjögren’s syndrome (SS) is the second most common autoimmune disease affecting nearly 4 

million Americans, with an estimated prevalence of 0.5–5%.1 Although common, diagnosis 

is often delayed by an average time of 6.5 years from symptom onset,2–4 and the majority of 

SS patients are undiagnosed.5 Diagnostic delays are of great clinical significance, as studies 

have consistently identified SS as an independent risk factor for non-Hodgkin’s 

lymphoma.4,6,7 Early detection of SS is important as patients who are started on biological 

agent treatment within the first 5 years of disease onset may be more likely to respond to 

treatment than those with delayed initiation of therapy.8–10

Clinically, SS is characterized by hypofunction of the salivary and lacrimal glands, which 

typically leads to dry mouth and dry eye11, although it may affect any organ system in the 

body. Because SS affects many organ systems, collaboration among multiple medical 

specialties is required and often contributes to delays in diagnosis. Currently, there are two 

sets of criteria used for the diagnosis of SS: the American-European Consensus Group 

(AECG) criteria12, and the more recent set of classification criteria developed by the SICCA 

group and provisionally endorsed by the American College of Rheumatology (ACR)13. The 

ACR criteria defines SS as requiring two out of three of the following signs: 1) positive 

serology (anti-SSA/SSB positivity or positive RF and ANA ≥ 1:320); 2) presence of focal 

lymphocytic sialadenitis (FLS) with a focus score (FS) ≥ 1/4mm2 on a labial salivary gland 

(LSG) biopsy ("positive LSG biopsy"); or 3) an ocular staining score (OSS) ≥ 3.13 Recently, 

a revised set of classification criteria (ACR/European League Against Rheumatism 

(EULAR)) has been proposed in an attempt to reconcile differences between the AECG and 

ACR/SICCA criteria (Shiboski CH, American College of Rheumatology 2015).
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Because dry eye is one of the most common symptoms of SS, patients often first seek care 

from eye care providers who can potentially play a key role in reducing time from symptom 

onset to diagnosis. Previous studies have shown that up to 10% of dry eye patients have 

SS.14 However, because of the high prevalence of dry eye disease,15,16 it is not practical or 

economically feasible for ophthalmologists to refer all dry eye patients for a SS work-up. In 

addition, screening is challenging as there is currently no universal standard regarding which 

dry eye patients should undergo a comprehensive work-up for SS (that includes a 

rheumatologic work-up with specific blood work, and a LSG biopsy).

Historically, assessment of dry eye symptoms alone has not been helpful in screening 

patients for SS, as multiple autoimmune diseases may present with dry eye symptoms 

without any known symptoms specific for SS-related dry eye.17–19 Similarly, severity of 

symptoms is not a helpful distinguishing factor as SS-related dry eye patients experience a 

wide range of symptoms ranging from asymptomatic dry eye to severe dysfunction and 

decreased quality of life. Furthermore, there is limited evidence regarding specific ocular 

signs that in isolation can reliably distinguish SS-related from non-SS related dry eye for the 

purpose of identifying SS patients.20 Thus historically, ocular symptoms and signs in 

isolation have been poorly predictive of extra-ocular objective signs required for the 

diagnosis of SS patients, in particular positive serology and a positive LSG biopsy.12,21,22 

However, while ocular signs in isolation may not be useful for diagnosing SS (in the absence 

of a systemic work-up), ocular signs may be useful for screening dry eye patients and 

deciding who should undergo a comprehensive work-up for SS.

Therefore, the goal of the present study is to explore the association of individual ocular 

surface diagnostic tests (Schirmer test I, tear break-up time, ocular surface staining of the 

cornea and conjunctiva) with extra-ocular objective diagnostic tests for SS, thus gaining 

insight about their potential role in the clinical work-up algorithm that may be used by 

ophthalmologists in screening dry eye patients for possible SS. The comprehensive data 

collected as part of the SICCA study offered a unique opportunity to explore this objective.

Methods

Study design and population

Enrollment in the SICCA cohort study occurred between 2004–2012 in nine international 

academic sites in Argentina, China, Denmark, Japan, India, United Kingdom, and the United 

States.22 Institutional Review Board approval of the study protocol was obtained from all 

centers prior to the start of the study, and informed consent was obtained from all subjects. 

The objectives of the SICCA registry, funded primarily by the National Institute of Dental 

and Craniofacial Research, were to 1) develop new classification criteria for SS, and 2) 

establish a data and biospecimen repository that would be accessible by investigators 

worldwide for future studies on the pathogenesis, phenotypic, and genotypic features of the 

disease. The data-driven consensus methodology used in the development of classification 

criteria, and the role of a panel of expert clinicians representing the three specialties involved 

in the diagnosis and management of SS, have been previously described.13 Expert panel 

members in the SICCA group agreed that the classification criteria should pertain to a target 

population of patients who may have signs and symptoms suggestive of SS, and be referred 
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to specialists involved in the diagnosis and management of SS, namely rheumatologists, 

ophthalmologists, or oral medicine specialists.11 It was agreed that no diagnostic criteria or 

labels would be used for enrollment and that all participants in the cohort would undergo the 

same set of standardized tests and evaluations including eye examination, labial salivary 

gland biopsy, and serologic testing (anti-SS A or anti-SS B antibodies or RF positivity in 

combination with elevated ANA). Thus, patients reporting dry eye symptoms or those who 

lacked dry eye symptoms but either had extra-ocular symptoms or signs that may be 

suggestive of SS were included in the study.

Specifically, to be eligible for the SICCA registry, participants had to be 21 years of age, and 

were required to have one or more of the following: a) symptoms of dry eyes or dry mouth; 

b) bilateral parotid enlargement; c) recent increase in dental caries; d) a previous suspicion 

or diagnosis of SS; e) elevated serology of antinuclear antibodies (ANA), positive 

rheumatoid factor (RF), anti-SS A or anti-SS B antibodies; f) or have diagnoses of 

rheumatoid arthritis or systemic lupus erythematosus. Eligibility criteria were intended to 

target individuals with signs or symptoms of SS, not the general population and not patients 

exclusively reporting dry eye symptoms. These represent patients who may have been 

referred to an ophthalmologist by a rheumatologist or oral medicine specialist in the absence 

of dry eye symptoms. Exclusion criteria included known diagnoses of the following: 

hepatitis C, HIV infection, sarcoidosis, amyloidosis, active tuberculosis, graft-versus-host 

disease, autoimmune connective tissue diseases other than rheumatoid arthritis or systemic 

lupus erythematosus, or past head and neck radiation treatment.

Further exclusion criteria specific to the eye included current treatment with daily eye drops 

for glaucoma, corneal surgery in the last 5 years to correct vision, cosmetic eyelid surgery in 

the last 5 years, or physical or mental condition interfering with successful participation in 

the study. Contact lens wearers were asked to discontinue use 7 days prior to SICCA 

examination. We did not exclude participants taking prescription drugs that may affect 

salivary or lacrimal secretion, but recorded their use and asked that they discontinue use one 

day prior to the SICCA exam.

Variables and Measures

SICCA Registry Ocular Examination—The sequence and details of the SICCA eye 

examination protocol have previously been described by the SICCA group,23 and are only 

briefly described here. Because ocular surface staining with the vital dyes fluorescein and 

lissamine green may disrupt tear film stability, Schirmer test I (without anesthesia) was 

performed first. Next, tear break-up time (TBUT), grading of corneal staining with 

fluorescein (0.5% drops), and grading of conjunctival staining with lissamine green (1% 

drops) were performed in that order. Ocular surface staining assessments were performed 

within a specified time frame before the dye had sufficient time to diffuse and the intensity 

of the staining could be compromised.

Outcome Variables—The outcome variables, positive serology and positive LSG biopsy, 

were defined as follows: (1) positive serology as determined by the presence of SSA or SSB 

antibodies or RF positivity and ANA titer ≥ 1:320 (2) LSG biopsy with a diagnosis of FLS 
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and a focus score of ≥1 focus/4mm2. These extra-ocular outcomes are the other objective 

tests typically used for the diagnosis of SS, in addition to the ocular surface staining. Thus, 

they are studied here since they represent the basis of SS classification criteria that was 

recently endorsed by the ACR.13

Statistical Analyses—Summary statistics (proportions for categorical variables; means 

with 95% confidence intervals for continuous variables) were used to describe the SICCA 

participant characteristics with respect to the various objective tests measured (ocular, oral, 

serological).

We used logistic regression models to quantify the marginal association between ocular 

surface diagnostic test results and each of our two outcomes (positive LSG biopsy and 

positive serology). Variables for the ocular test results were defined as follows: (1) binary 

indicator of an unanesthetized Schirmer I test score ≤ 5 mm; (2) binary indicator of a TBUT 

score < 10 seconds; (3) conjunctival component of the OSS (graded 0–6 for the conjunctival 

portion of the grading system) (4); corneal component of the OSS (graded 0–6 for the 

corneal portion of the grading system); and (5) binary indicator of an OSS score ≥ 3. P-

values of less than 0.05 were deemed statistically significant for regression results. To 

investigate the independent contribution of the ocular measures in predicting the two 

outcomes, we fitted two additional logistic models including the first four ocular variables 

defined above, as well as participant age and race.

All statistical analyses were performed using Stata 10.0 (StataCorp. 2007. Stata Statistical 

Software: Release 10. College Station, TX: StataCorp LP) and R (R Foundation for 

Statistical Computing, Vienna, Austria, v. 3.0 for MacIntosh). Participants with missing 

values were excluded from the analysis. Missing data occurred as follows: Schirmer score 

5.4%, abnormal LSG focus scores 4.8%, and all other variables had smaller fractions of 

missing data.

Results

Sample characteristics

Data from a total of 3514 participants were available from the SICCA registry (Table 1). The 

proportion of participants with an abnormal Schirmer score (defined as ≤5mm/5min) was 

32%. The majority of participants (85%) had an abnormal TBUT (defined as <10 seconds). 

The mean conjunctival OSS score was 3 points (95% CI = 2.92 to 3.06) and the mean 

corneal OSS score was 2.2 (95% CI = 2.10 to 2.22). The mean total OSS score was 5.2 (95% 

CI= 5.03 to 5.27). The cohort also had the following features: 39.1% had a focus score 

greater than or equal to 1, 38.3% had a positive SSA or SSB, and 40.9% had positive RF and 
ANA titer ≥ 1:320.

Bivariate analyses exploring the association between eye-related phenotypic features and 
positive serology and biopsy

Positive serology—In the bivariate analysis of the independent predictors (Table 2), an 

increased odds of positive serology was associated with abnormal Schirmer's test (OR= 2.37, 

95% CI= 2.04 to 2.75, P < 0.0001) and abnormal TBUT (OR= 2.48, 95% CI= 2.0 to 3.07, P 
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< 0.0001). For ocular staining scores, increased odds of positive serology was associated 

with conjunctival OSS scores (OR= 1.55, 95% CI= 1.49 to1.6, P < 0.0001), corneal OSS 

scores (OR= 1.43, 95% CI= 1.37 to 1.49, P < 0.0001), and an abnormal total OSS score 

(OR= 1.28, 95% CI= 1.26 to 1.31, P < 0.0001).

Positive LSG biopsy—Similarly, increased odds for having a positive LSG biopsy was 

associated with abnormal Schirmer's score (OR= 2.44, 95% CI= 2.1 to 2.85, P < 0.0001) and 

abnormal TBUT (OR= 2.17, 95% CI= 1.75 to 2.68, P < 0.0001). Increased odds of positive 

LSG biopsy was further associated with conjunctival OSS scores (OR= 1.57, 95% CI: 1.51 

to 1.63, P < 0.0001), corneal OSS scores (OR= 1.52, 95% CI: 1.45 to 1.58, P < 0.0001), and 

an abnormal OSS score (OR=1.31, 95% CI=1.28 to 1.34, P < 0.0001).

Multivariate analysis

We fit separate models to explore dry-eye test results as potential explanatory variables of 1) 

a positive LSG biopsy, or 2) positive anti-SSA/B serology. We included four independent 

variables in our models as follows: abnormal TBUT, abnormal Schirmer's test, corneal 

staining score, and conjunctival staining score. Unadjusted multivariate model results are 

presented in the Supplemental Table.

We then fit separate models, adjusting for age and race (Table 3). The odds of a positive 

focus score on LSG biopsy were significantly higher among those with an abnormal 

Schirmer test (adjusted OR=1.26; 95% CI 1.05 to 1.51, P = 0.014). In addition, the odds of a 

positive focus score on LSG biopsy were also significantly higher among those with positive 

conjunctival staining or corneal staining. Specifically, the adjusted odds ratio for having a 

positive focus score on LSG biopsy for each additional point of the conjunctival staining 

score was 1.46 (95% CI 1.39 to 1.53, P < 0.001) and for one unit of corneal staining score 

was 1.11 (1.05 to 1.18, P < 0.001). In contrast, the odds of a positive focus score on LSG 

biopsy were significantly lower for those with an abnormal TBUT (adjusted OR 0.76; 95% 

CI 0.58 to 0.99; P = 0.043).

The odds of a positive serology were significantly higher among those with an abnormal 

Schirmer test (adjusted OR=1.3; 95% CI 1.12 to 1.61, P = 0.002), and conjunctival staining 

(adjusted OR=1.51; 95% CI 1.43 to 1.59, P < 0.001), but not for those with corneal staining 

(adjusted OR=0.983; 95% CI 0.93 to 1.05 P = 0.586), or abnormal TBUT (adjusted OR=1.1; 

95% CI 0.83 to 1.42, P = 0.572).

Discussion

We examined the associations between individual ocular tests for dry eye in relation to 

objective tests assessing extra-ocular signs for SS in the SICCA registry. When each dry eye 

diagnostic test was assessed individually, we found that a positive LSG biopsy and positive 

anti-SSA/B serology were each significantly associated with all dry eye tests including 

Schirmer's test, TBUT, corneal staining, and conjunctival staining.

However, when all four dry eye diagnostic tests were included in a multivariate model 

adjusted for age and race, we demonstrated that the adjusted OR for a positive LSG biopsy 
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for one unit of conjunctival staining score was 1.46 and for one unit of corneal staining score 

was 1.16. In other words, the odds of having a positive LSG biopsy increased by 

approximately 50% for each unit increase in conjunctival staining and approximately 16% 

for each unit increase in corneal staining. The odds of having a positive LSG biopsy were 

also significantly higher among those with an abnormal Schirmer test. Surprisingly, we 

found the odds of having a positive LSG biopsy was lower among those with an abnormal 

TBUT, however this finding was of borderline significance. In addition, there is no known 

biologic basis for this association and further studies are needed to explore this finding.

In addition, we found that the odds of having positive serology was significantly higher in 

those with an abnormal Schirmer test or conjunctival staining, but not for those with corneal 

staining or an abnormal TBUT. Although we found independent associations for TBUT with 

extra-ocular tests, this variable did not significantly contribute to providing information 

necessary for predicting positive extra-ocular findings for SS in either of our final models.

Dry eye symptoms are one of the most common reasons patients seek care from an 

ophthalmologist, with an estimated 11 percent of dry eye patients having underlying SS.14 

The majority of SS patients first seek medical care for dry eye symptoms, but many are 

misdiagnosed as having non-autoimmune related dry eye. Because dry eye disease is highly 

prevalent in the general population and SS work-ups are costly, complex, and time-

consuming, it is not practical or economically feasible to refer all dry eye patients for SS 

work-ups 15,16. Ophthalmologists are severely hampered by the absence of evidence-based 

screening tools that reliably distinguish SS-related from non-SS related dry eye patients, 

resulting in under-referrals and increased delays in the diagnosis of SS.

The results of our study indicate that both Schirmer I testing and conjunctival staining with 

lissamine green are critical tests to include when screening dry eye patients for possible SS, 

as both of these dry eye tests were associated with predicting both a positive serology and 

positive LSG biopsy. In addition, corneal staining with fluorescein was significantly 

associated with having a positive LSG biopsy. While many ophthalmologists commonly use 

fluorescein staining of the cornea in their evaluation of dry eye patients,24,25 few routinely 

assess ocular surface staining of the conjunctiva. For example, it has been reported that only 

4.9–10% of eye care professionals routinely assess staining of the conjunctiva.24,25 This 

underutilization of conjunctival staining may contribute to the under-referral of dry eye 

patients for SS work-ups.

Our results highlight the importance of including conjunctival staining when screening dry 

eye patients, as significant positive staining is associated with two of the non-ocular 

diagnostic criteria for SS (positive LSG biopsy and serology), and therefore is highly 

suggestive of SS. This is consistent with the findings of others who have noted the 

importance of conjunctival staining for the evaluation of both SS-related and non-SS dry 

eye. For example, Caffrey and colleagues found that rose bengal staining of the temporal 

conjunctiva was the most important ocular sign in distinguishing primary SS from non-SS 

dry eye.20 In contrast, others have noted more nasal than temporal staining of the 

conjunctiva in SS patients.26 Future studies comparing SS to non-SS dry eye patients are 
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needed to further elucidate specific patterns of conjunctival staining that may distinguish 

these two groups.

Other studies have also supported the important role of the conjunctiva in the pathogenesis 

of dry eye disease. Pro-inflammatory markers such as lymphatic endothelial markers, 

increased cytokine transcripts, chemokines, adhesion molecules, and major 

histocompatibility complex (MHC) class II-positive dendritic cells are abundantly positive in 

conjunctiva of dry eye patients.27–30 In addition, Solomon and colleagues found that the 

conjunctival epithelium may be the source of increased interleukin-1 expression, likely 

leading to a cascade of pro-inflammatory events.29 Inflammation in the conjunctiva may in 

turn trigger pathological inflammatory changes in the cornea, such as through the induction 

of MHC class II expression in corneal dendritic cells which are thought to play an important 

role in autoimmune responses.31 Further studies focused on the conjunctiva of SS patients 

are needed to further elucidate these relationships and the role they play in SS-related ocular 

surface disease.

Our findings should be interpreted in light of the strengths and limitations of our study. The 

large sample size available for this analysis was a major strength for this study. With a large 

number of participants, systematic biases away from the null can be prevented and thus our 

results were less likely to overestimate associations between dependent and independent 

variables.32 Given that the registry is comprised of individuals from 9 international sites, the 

generalizability of these results may be significant across different patient populations. 

However, these results may only be generalizable to patients suspected of SS, rather than to 

all dry eye patients given the inclusion criteria used for recruitment into the SICCA cohort.13 

Our study also has additional limitations. One limitation is potential inter-grader variability, 

which is multiplied by the large number of evaluators participating in the ocular exams. 

However, it was recently reported that there was high inter-grader agreement among trained 

ophthalmologists in the SICCA study.33 Therefore, inter-grader variability was unlikely to 

have had a large effect on our results. Another limitation is that there was some overlap in 

the cohorts used to develop the OSS criteria and the SICCA/ACR classification criteria--thus 

resulting in some circularity in the analysis of the usefulness of tests. In addition, this study 

may have limited generalizability in clinical practice in that the ocular surface exam must be 

done in a specific order, utilizing the timelines provided for each test. Finally, our study did 

not examine the utility of combining ocular signs with symptoms (ocular and systemic) for 

screening for SS. Future studies would be helpful in determining if a combination of specific 

ocular signs and symptoms has an increased utility in screening dry eye patients for SS 

rather than the assessment of ocular signs alone.

In summary, we examined the associations of individual dry eye test results with extra-

ocular findings for SS. Our findings suggest that in addition to corneal staining, both 

Schirmer I testing and conjunctival staining are critical tests that should always be included 

when screening dry eye patients to determine whether a further workup for SS is warranted. 

Given the strong association between SS and lymphoproliferative disease, ophthalmologists 

serve an integral role in screening for this debilitating and potentially life-threatening 

syndrome.
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Acknowledgments

Funding/Support: The SICCA Study Group is supported by the National Institute of Health (International 
Research Registry Network for Sjögren’s syndrome contract N01-DE-32636 from the National Institute of Dental 
and Craniofacial Research, National Eye Institute, and Office of Research on Women’s Health, 2003–2013). 
Vatinee Y. Bunya is supported by the National Eye Institute (K12-EY-015398) and Research to Prevent Blindness. 
Mina Massaro-Giordano receives support from Research to Prevent Blindness.

References

1. Pillemer SR, Matteson EL, Jacobsson LT, et al. Incidence of physician-diagnosed primary Sjogren 
syndrome in residents of Olmsted County, Minnesota. Mayo Clin Proc. 2001; 76(6):593–599. 
[PubMed: 11393497] 

2. Kruszka P, O'Brian RJ. Diagnosis and management of Sjogren syndrome. Am Fam Physician. 2009; 
79(6):465–470. [PubMed: 19323359] 

3. Fox PC, Bowman SJ, Segal B, et al. Oral involvement in primary Sjogren syndrome. J Am Dent 
Assoc. 2008; 139(12):1592–1601. [PubMed: 19047665] 

4. Baldini C, Pepe P, Luciano N, et al. A clinical prediction rule for lymphoma development in primary 
Sjogren's syndrome. J Rheumatol. 2012; 39(4):804–808. [PubMed: 22337248] 

5. Helmick CG, Felson DT, Lawrence RC, et al. Estimates of the prevalence of arthritis and other 
rheumatic conditions in the United States. Part I. Arthritis Rheum. 2008; 58(1):15–25. [PubMed: 
18163481] 

6. Voulgarelis M, Skopouli FN. Clinical, immunologic, and molecular factors predicting lymphoma 
development in Sjogren's syndrome patients. Clin Rev Allergy Immunol. 2007; 32(3):265–274. 
[PubMed: 17992593] 

7. Zintzaras E, Voulgarelis M, Moutsopoulos HM. The risk of lymphoma development in autoimmune 
diseases: a meta-analysis. Arch Intern Med. 2005; 165(20):2337–2344. [PubMed: 16287762] 

8. Meiners PM, Vissink A, Kroese FG, et al. Abatacept treatment reduces disease activity in early 
primary Sjogren's syndrome (open-label proof of concept ASAP study). Ann Rheum Dis. 2014; 
73(7):1393–1396. [PubMed: 24473674] 

9. Meijer JM, Meiners PM, Vissink A, et al. Effectiveness of rituximab treatment in primary Sjogren's 
syndrome: a randomized, double-blind, placebo-controlled trial. Arthritis Rheum. 2010; 62(4):960–
968. [PubMed: 20131246] 

10. Pijpe J, van Imhoff GW, Spijkervet FK, et al. Rituximab treatment in patients with primary 
Sjogren's syndrome: an open-label phase II study. Arthritis Rheum. 2005; 52(9):2740–2750. 
[PubMed: 16142737] 

11. Theander E, Vasaitis L, Baecklund E, et al. Lymphoid organisation in labial salivary gland biopsies 
is a possible predictor for the development of malignant lymphoma in primary Sjogren's 
syndrome. Ann Rheum Dis. 2011; 70(8):1363–1368. [PubMed: 21715359] 

12. Vitali C, Bombardieri S, Jonsson R, et al. Classification criteria for Sjogren's syndrome: a revised 
version of the European criteria proposed by the American-European Consensus Group. Annals 
Rheum Dis. 2002; 61(6):554–558.

13. Shiboski SC, Shiboski CH, Criswell L, et al. American College of Rheumatology classification 
criteria for Sjogren's syndrome: a data-driven, expert consensus approach in the Sjogren's 
International Collaborative Clinical Alliance cohort. Arthritis Care Res. 2012; 64(4):475–487.

14. Liew MS, 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. [PubMed: 23001257] 

15. Pflugfelder SC. Prevalence, burden, and pharmacoeconomics of dry eye disease. Am J Manag 
Care. 2008; 14(3 Suppl):S102–S106. [PubMed: 18452369] 

Bunya et al. Page 9

Am J Ophthalmol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Moss SE, Klein R, Klein BE. Prevalence of and risk factors for dry eye syndrome. Arch 
Ophthalmol. 2000; 118(9):1264–1268. [PubMed: 10980773] 

17. Methodologies to diagnose and monitor dry eye disease: report of the Diagnostic Methodology 
Subcommittee of the International Dry Eye WorkShop (2007). Ocul Surf. 2007; 5(2):108–152. 
[PubMed: 17508118] 

18. Gupta A, Sadeghi PB, Akpek EK. Occult thyroid eye disease in patients presenting with dry eye 
symptoms. Am J Ophthalmol. 2009; 147(5):919–923. [PubMed: 19211095] 

19. Henrich CF, Ramulu PY, Akpek EK. Association of dry eye and inflammatory systemic diseases in 
a tertiary care-based sample. Cornea. 2014; 33(8):819–825. [PubMed: 24977987] 

20. Caffery B, Simpson T, Wang S, et al. Rose bengal staining of the temporal conjunctiva 
differentiates Sjogren's syndrome from keratoconjunctivitis sicca. Invest Ophthalmol Vis Sci. 
2010; 51(5):2381–2387. [PubMed: 20107179] 

21. Vitali C, Bombardieri S, Moutsopoulos HM, et al. Preliminary criteria for the classification of 
Sjogren's syndrome. Results of a prospective concerted action supported by the European 
Community. Arthritis Rheum. 1993; 36(3):340–347. [PubMed: 8452579] 

22. Daniels TE, Criswell LA, Shiboski C, et al. An early view of the international Sjogren's syndrome 
registry. Arthritis Rheum. 2009; 61(5):711–714. [PubMed: 19405009] 

23. Whitcher JP, Shiboski CH, Shiboski SC, et al. A simplified quantitative method for assessing 
keratoconjunctivitis sicca from the Sjogren's Syndrome International Registry. Am J Ophthalmol. 
2010; 149(3):405–415. [PubMed: 20035924] 

24. Nichols KK, Nichols JJ, Zadnik K. Frequency of dry eye diagnostic test procedures used in various 
modes of ophthalmic practice. Cornea. 2000; 19(4):477–482. [PubMed: 10928762] 

25. Korb DR. Survey of preferred tests for diagnosis of the tear film and dry eye. Cornea. 2000; 19(4):
483–486. [PubMed: 10928763] 

26. Begley CG, Chalmers RL, Abetz L, et al. The relationship between habitual patient-reported 
symptoms and clinical signs among patients with dry eye of varying severity. Invest Ophthalmol 
Vis Sci. 2003; 44(11):4753–4761. [PubMed: 14578396] 

27. Stevenson W, Chauhan SK, Dana R. Dry eye disease: an immune-mediated ocular surface disorder. 
Arch Ophthalmol. 2012; 130(1):90–100. [PubMed: 22232476] 

28. Chen L, Cursiefen C, Barabino S, Zhang Q, Dana MR. Novel expression and characterization of 
lymphatic vessel endothelial hyaluronate receptor 1 (LYVE-1) by conjunctival cells. Invest 
Ophthalmol Vis Sci. 2005; 46(12):4536–4540. [PubMed: 16303945] 

29. Solomon A, Dursun D, Liu Z, Xie Y, Macri A, Pflugfelder SC. Pro- and anti-inflammatory forms 
of interleukin-1 in the tear fluid and conjunctiva of patients with dry-eye disease. Invest 
Ophthalmol Vis Sci. 2001; 42(10):2283–2292. [PubMed: 11527941] 

30. Yoon KC, De Paiva CS, Qi H, et al. Expression of Th-1 chemokines and chemokine receptors on 
the ocular surface of C57BL/6 mice: effects of desiccating stress. Invest Ophthalmol Vis Sci. 2007; 
48(6):2561–2569. [PubMed: 17525185] 

31. Hamrah P, Liu Y, Zhang Q, Dana MR. The corneal stroma is endowed with a significant number of 
resident dendritic cells. Invest Ophthalmol Vis Sci. 2003; 44(2):581–589. [PubMed: 12556386] 

32. Nemes S, Jonasson JM, Genell A, Steineck G. Bias in odds ratios by logistic regression modelling 
and sample size. BMC Med Res Methodol. 2009; 9:56. [PubMed: 19635144] 

33. Rose-Nussbaumer J, Lietman TM, Shiboski CH, et al. Inter-grader Agreement of the Ocular 
Staining Score in the Sjogren's International Clinical Collaborative Alliance (SICCA) Registry. 
Am J Ophthalmol. 2015; 160(6):1150–1153. e1153. [PubMed: 26302236] 

Bunya et al. Page 10

Am J Ophthalmol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bunya et al. Page 11

Table 1

SS-related characteristics in the Sjogren's International Collaborative Clinical Alliance (SICCA) registry (N = 

3514)a

Diagnostic Tests N (%)

Ocular eye tests

  Schirmer I test

    Schirmer I test ≤ 5 mm 1026 (31.7)

    Schirmer I test > 5 mm 2213 (67.7)

  Tear break-up time

    TBUT < 10 seconds 2868 (84.5)

    TBUT ≥ 10 seconds 528 (15.5)

  Ocular Staining Score (mean) b

    Conjunctival Score 2.99 (2.92 to 3.06).

    Corneal Score 2.16 (2.10 to 2.22)

    Total OSS score 5.15 (5.03 to 5.27)

Salivary Gland Biopsy

    Focus Score ≥ 1 1305 (39.1)

    Focus Score < 1 2032 (60.9)

Positive Serology

  SSA or SSB antibodies

    Present 1296 (38.3)

    Not present 2086 (61.7)

  RF and ANA titer ≥ 1:320

    Present 1382 (40.9)

    Not present 2000 (59.1)

a
Due to missing data, some of the denominators used to compute the proportions above may differ from 3514.

b
Confidence intervals are provided here; this was included as a continuous variable in the regression.
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Table 2

Unadjusted association of ocular surface tests in relation to positive serology or positive LSG biopsy in the 

Sjogren's International Collaborative Clinical Alliance (SICCA) Registry (N = 3514)a

Diagnostic Tests

Unadjusted Odds
Ratio: Positive
serology (95% CI)

P-
value

Unadjusted Odds Ratio:
Positive LSG biopsy (95%
CI)

P-
value

Ocular eye tests

  Schirmer test I ≤ 5 mm/minb 2.37 (2.04 to 2.75) <0.001 2.44 (2.1 to 2.85) <0.001

  TBUT < 10 secondsb 2.48 (2 to 3.07) <0.001 2.17 (1.75 to 2.68) <0.001

Ocular Staining Score

  Conjunctival OSS scoreb 1.55 (1.49 to 1.6) <0.001 1.57 (1.51 to 1.63) <0.001

  Corneal OSS Scoreb 1.43 (1.27 to 1.49) <0.001 1.52 (1.45 to 1.58) <0.001

  Abnormal OSS Scoreb 1.28 (1.26 to 1.31) <0.001 1.31 (1.28 to 1.34) <0.001

a
Due to missing data, some of the denominators used to compute the calculations above may differ from 3514.

b
Statistically significant result
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Table 3

Logistic regression models fit to explore dry-eye test results as potential explanatory variables of positive 

labial salivary gland (LSG) biopsy and positive serology among participants in the Sjogren's International 

Collaborative Clinical Alliance (SICCA) registry

Adjusted Odds Ratio (95% CI)a P-value

LSG BIOPSY (N=3153)

TBUT < 10 seconds 0.76 (0.58 to 0.99) 0.043

Schirmer I test ≤ 5 mm/5min 1.26 (1.05 to 1.51) 0.014b

Conjunctival component of OSS 1.46(1.39 to 1.53) <0.001b

Corneal component of OSS 1.11 (1.05 to 1.18) <0.001b

SEROLOGY (N=3232)

TBUT < 10 seconds 1.1 (0.83 to 1.42) 0.572

Schirmer I test ≤ 5 mm/5min 1.3 (1.12 to 1.61) 0.002b

Conjunctival component of OSS 1.51 (1.43 to 1.59) <0.001b

Corneal component of OSS 0.98 (0.93 to 1.05) 0.586

a
Adjusted for age and race.

b
Statistically significant.
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