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Purpose: To investigate the association and application value of rheumatoid factor (RF) in diagnosis of dry eye among patients with
common autoimmune diseases.

Patients and Methods: A retrospective case-control study was conducted from Jan 1st 2019 to Dec 31st 2020, and 117 patients with
common autoimmune diseases were enrolled. The concentrations of serum RF were detected. The receiver operating characteristics
(ROC) curve was plotted to evaluate the values of RF in diagnosis.

Results: Compared with no dry eye patients, patients with dry eye (n = 59, 50.43%) had higher levels of RF (P < 0.001). Moreover,
Pearson’s correlation analysis showed that RF levels were negatively correlated with Schirmer-I tear test (P = 0.004) and invasive tear
film break-up time (P = 0.002), respectively. The statistically significant threshold value (cut-off points) of the RF levels for dry eye
was 21.4 (IU/mL), and the areas under the curve (AUC) of RF was 0.73 (95% confidence interval [CI]: 0.639-0.821; P < 0.001)
(sensitivity = 78%; specificity = 58.6%) for dry eye among patients with common autoimmune diseases.

Conclusion: Serum levels of RF may be an independent factor for dry eye among patients with common autoimmune diseases, and
they may have a high significant value and clinical application value.
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Introduction
Autoimmune disorder is a series of chronic immune imbalance and an autoimmunity-mediated disease. Generally,
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE) and primary Sjogren’s syndrome (pSS) are common
autoimmune diseases which can involve multiple systems and organs of the body, including joint, skin, lacrimal gland
and ocular.' Dry eye is thought to be one of the most common ocular disorders in patients of common autoimmune
diseases. For example, the pooled prevalence of dry eye disease (DED) was 16% in patients of SLE, and its symptoms as
well as abnormal Schirmer’s test were found in 26% and 24% of patients with SLE, respectively.* Furthermore, the
proportions of dry eye in other autoimmune diseases, such as RA and pSS, are 71.4%,* and 35%, respectively. Thus, dry
eye is one of the most common types of complications for autoimmune disease. Regarding symptoms and signs of
autoimmune diseases, patients with dry eye have a more complex condition than cases without dry eye. Clinically,
diagnosis of dry eye needs ophthalmic examinations such as Schirmer-I tear test and invasive tear film break-up time,
which are difficult for physician to perform. Herein, this makes the early detection of dry eye among autoimmune
disorders challenging, whereas there are few studies have explored the indicator of dry eye in autoimmune disorders.
The aim of this case-control study was to investigate the indicator for dry eye among clinical biochemical parameters
administered concurrently for common autoimmune disorders using long-term clinical data and to suggest the detection

edge for the diagnosis of dry eye in the real world.
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Methods

Subjects

This retrospective case-control study was conducted at the Department of Rheumatology and Immunology of the First Affiliated
Hospital of China Medical University between Jan 1st 2019 to Dec 31st 2020, following the tenets of the Declaration of Helsinki.
The study was approved by the Ethics Committee of the First Affiliated Hospital of China Medical University (NO. 2019.216).
Written informed consent was also obtained from each subject before study enrollment. Consecutive patients with dry eye who
were combined with SLE, RA, or pSS were recruited for the current study. Age- and sex-matched controls with SLE, RA, or pSS
but without any ocular surface disorder in the past 2 months were included as controls. Subjects who were less than 18-year old,
wore contact lenses, had a meibomian gland dysfunction (MGD), any active ocular disease, or a history of ocular surgery were
excluded. Subjects with systemic diseases involving ocular surface abnormalities including diabetes mellitus, and thyroid disease
were also excluded from the study. SLE was diagnosed according to the 2012 Systemic Lupus International Collaborating Clinics
(SLICC) classification criteria. RA was diagnosed according to the 2010 American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) classification criteria. In addition, pSS was diagnosed according to the 2002 American
and European Consensus Group (AECG) criteria.’

Dry Eye Symptoms
Participants were asked to describe any symptom regarding dry eye, such as burning, photophobia, blurred vision, and
eye discomfort or pain.’

Schirmer’s | Test (STT-I)

A Schirmer strip of 5 mm X 30 mm (Jinming New Technological Development Co. Ltd., Tianjin, China) was inserted in
the lower lid margin of each participant. Then the participants were instructed to close their eyes. The length of the
wetting strip was recorded after five minutes.

Tear Film Break-Up Time (TBUT)

TBUT values were measured using fluorescein paper strips (Jinming New Technological Development Co. Ltd., Tianjin, China).
Approximately a drop (20 uL) 0.9% sterile saline was instilled to the trip, and then the strip was touched with the inferior
temporal bulbar conjunctiva. Participants were asked to blink naturally three times and then to cease blinking. The time between
the last complete palpebral blink and the first dry spot on the tear film was observed with cobalt-blue light under a slit lamp.

Corneal Fluorescein Staining
After TBUT test, corneal fluorescein staining measurement was conducted using the same fluorescein staining strip under
a yellow filter using the Oxford scale. A test score over 0 was regarded as positive.®

Diagnosis of Dry Eye

Dry eye was diagnosed according to previously reported criteria as following: (i) dry eye-related symptoms; (ii) positive
corneal staining with fluorescein; and (iii) a Schirmer's I test result less than 5 mm or TBUT less than 5 seconds.’
Patients who met these three criteria listed above were diagnosed as dry eye.

Data Extraction

The demographic (age and gender) and clinicopathological data (pathological type, biochemical, and immunologic
laboratory tests) were retrieved from medical records. Blood routine tests including white blood cell (WBC), neutrophil
(NE), lymphocyte (LY), hemoglobin (Hb), and platelet (PLT) counts were obtained. Laboratory biochemical tests were
performed to examine the status of patients’ liver and renal function, including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), albumin (ALB), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT) and creatinine
(CR-S) levels. Then, immunity and inflammation indicators including erythrocyte sedimentation rate (ESR), C-reactive
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protein (CRP), immunoglobulin A (IgA), immunoglobulin M (IgM), immunoglobulin G (IgG), C3, and C4 were also
tested. Moreover, the levels of rheumatoid factor (RF) were measured by standard laboratory techniques.

Statistical Analysis

Statistical analysis was performed with SPSS software (version 25.0, IBM SPSS, IBM Corp, USA). The quantitative data
were presented as the mean + standard deviations (SD). Kolmogorov—Smirnov method was applied to perform normality
test. The unpaired two-tailed Student’s test was used to analyze data with normal distribution. Mann—Whitney U-test was
adopted to compare the nonparametric variables between individuals with or without dry eye. Pearson correlation
coefficient was used to analyze the correlations between two variables. The receiver operating characteristic (ROC)
curve was plotted, and the area under the curve (AUC) was calculated to assess the accuracy of the indicator. A P-value
less than 0.05 was considered as statistically significant.

Results

Finally, 19 patients with SLE, 72 patients with RA, and 26 patients with pSS were included. There were 59 participants with
dry eye and 58 participants without dry eye. The demographic, clinicopathologic and ophthalmological data of the dry eye
and without dry eye groups are summarized in Table 1. Compared with no dry eye patients, individuals with dry eye had

Table 1 Demographic and Clinical Characteristics of the Common Autoimmune Diseases Patients

Variables Overall With Dry Eye Without Dry Eye P
(n=117) (n=59) (n =58)

Disease (n, %) 0.199

RA 72 (61.54) 39 (54.17) 33 (45.83)

SLE 19 (16.24) 6 (31.58) 13 (68.42)

pSS 26 (22.22) 14 (53.85) 12 (46.15)
Age (years) 53.19 £ 1291 54.68 + 12.23 51.67 £ 13.49 0.209
Gender (female, %) 111 (94.87) 57 (51.35) 54 (48.65) 0.390
Duration of the disease (years) 481 + 5.64 4.69 + 4.75 493 + 646 0.820
STT-l (mm) 6.55 + 5.97 349 + 4.02 10.66 + 6.0l <0.001
TBUT (second) 479 +£3.29 273 + 141 10.9 + 3.34 <0.001
Ocular staining score NA. 425 = 2.15 NA. NA.
WBC (x10%L) 5.64 + 3.16 5.04 £ 2.29 6.25 + 3.78 0.13
NE (x10°/L) 3.84 + 26l 344 + 225 3.64 £ 243 0.375
LY (x10%/L) 1.63 £ 1.23 1.53 £0.71 1.73 £ 1.59 0.382
Hb (g/L) 11837 + 16.24 116.64 + 16.23 120.12 £ 16.21 0.249
PLT (x10°/L) 225.35 + 92.85 22281 + 92.64 227.95 + 93.81 0.766
CR-S (mmol/L) 53.63 + 19.28 51.44 + 10.79 55.86 + 25.07 0.216
AST (IU/L) 28.72 + 39.47 2461 + 14.84 32.9 + 53.95 0.795
ALT (IU/L) 29.32 + 58.04 22,61 £ 19.24 36.16 £ 79.9 0.208
ALP (IU/L) 7871 + 4225 83.02 £ 51.2 74.33 + 30.42 0.967
GGT (IU/L) 29.67 + 20.45 4349 + 61.48 36.64 + 46.3 0.627
ALB (g/L) 36.66 + 471 36.37 £ 5.02 36.95 + 439 0.502
1gG (g/L) 18.22 + 8.54 19.12 £ 8.18 17.31 + 8.86 0.252
IgA (g/L) 3.33+£225 3.87 +2.55 2.78 + 1.75 0.008
1gM (g/L) 1.58 + 2.53 1.96 * 3.47 .21 £ 0.67 0.109
C3 (g/L) 0.899 +0.25 0.89 + 0.25 091 £ 0.25 0.541
C4 (g/L) 0.18 + 0.09 0.17 £ 0.1 0.18 + 0.08 0.474
RF (IU/mL) 93.84 + 225.57 156.83 + 304.59 29.75 + 29.28 <0.001
CRP (mg/L) 1427 + 24.14 16.16 + 25.24 1523 + 24.62 0.680
ESR (mm/h) 33.95 + 2347 37.1 £ 2401 30.74 + 22.66 0.144

Abbreviations: RA, Rheumatoid arthritis; SLE, Systemic lupus erythematosus; pSS, primary Sjogren’s syndrome; CRP, C-reactive protein; RF, rheumatoid factor; WBC,
white blood cell; Hb, hemoglobin; ESR, erythrocyte sedimentation rate; IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; C3, complement 3; C4,
complement 4; NE, neutrophil; LY, lymphocyte; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; ALP, alkaline phosphatase; GGT, gamma
glutamyl transferase; CR-S, creatinine; STT-I, Schirmer-| tear test; TBUT, Invasive tear film break-up time; NA., not applicable.
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higher levels of RF (P <0.001), but lower levels of STT-I tests (P <0.001) and TBUT (P < 0.001). No statistically significant
differences were found in the demographic and other clinicopathologic distributions between two groups.

Table 2 shows outcomes by Pearson’s correlation analysis, which indicated a significant negative correlation
between RF levels and STT-I tests (r = —0.26, P = 0.004), and similar association was found between RF levels
and TBUT (r = —0.289, P = 0.002).

Moreover, the threshold value (cut-off points) of the RF levels for predicting dry eye was 21.4 (IU/mL) and the area
under the curve (AUC) for the levels of RF detecting dry eye with common autoimmune diseases was 0.73 (95% confidence
interval [CI]: 0.639-0.821, P < 0.001) with its sensitivity and specificity being 78% and 58.6%, respectively (Figure 1).

Discussion

Generally, SLE, RA, and pSS are common rheumatic disorders with the involvement of the immune system.'® They are
different in prevalence, pathology, and clinical manifestations, but they all may evolve in a condition of chronicity, often
causing a disability for exocrinopathy in lacrimal glands and inducing ocular surface discomfort. There is a well-known
association of dry eye with rheumatic disease severity like pSS, RA, and SLE."" Dry eye results in a significant increase
in costs which falls on individual medication and health service and marks adverse financial consequences for
economy.'? Likewise, dry eye has a devastating effect upon patients’ quality of life."* Furthermore, dry eye in patients
with underlying systemic autoimmune disease causes high risk of depression and anxiety.'* Herein, prompt detection of
dry eye has a key role to perform the appropriate intervention that could increase quality of life most patients.

Currently, our single-center retrospective case-control study of autoimmune disease patients with or without dry eye
demonstrated significant correlations between serum RF levels and STT-I tests as well as TBUT. Furthermore, RF also
exhibited a good performance in predicting dry eye. To the best of our knowledge, this is the first study to investigate the
potential predictive power of elevated RF levels for dry eye in patients with common autoimmune diseases. Notably, in
current study, patients with elevated RF already developed dry eye, so these findings mostly showed correlation, but it
remains to be determined for the predictive value of RF for future development of dry eye.

Contrary to our results, RF did not have significant correlation with Schirmer test, TBUT, and ocular staining score (OSS) in
some cases. However, the duration of RA was significantly positively correlated with Schirmer's test and OSS. That is to say,
longstanding RA patients were more susceptible to develop dry eye.> Moreover, Fujita et al concluded there was a correlation
between RA activity, which was evaluated by Lansbury index LI, and Schirmer test in RA patients with pSS.'> Combined with
our results, we believe that autoimmune disease patients with elevated RF levels can partially reveal a higher risk with eye
dryness. Nevertheless, these findings have implications for rheumatologists in determining whether a patient has dry eye. For
ophthalmologists, as RF is a very non-specific factor, it is very important to diagnose dry eye with ophthalmic examinations;
therefore, use of RF as predictor can be interesting, but the value of RF for diagnosis would be limited in ophthalmology area.

We acknowledge the possibility that bacterial liposaccharides, viruses’ antigens, and immune complexes could have
triggered RF production laying the stimulation of the immune system.'® RF can also change as an indicator in patients
with RA and other rheumatic disorders, such as SLE and pSS,'”'® yet, it may emerge in healthy subjects as well. The RF
constitutes a class of IgM or IgA, rarely IgG antibodies. In the present study, we evaluated the commonly mentioned RF,
IgM RFE." A recent report has showed an association between RF and prognostic marker in pSS patients. However, no
significant beneficial effects of RF in diagnosis of pSS basically depended on no association between RF and serum

Table 2 The Correlation Between RA and Dry Eye Index in
Common Autoimmune Diseases Patients

RF
R P
STT-l (mm) —0.263 0.004
TBUT (second) —0.289 0.002

Abbreviations: STT-I, Schirmer-| tear test; TBUT, Invasive tear film break-up time; RF,
rheumatoid factor.
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Figure | The ROC curve of the rheumatoid factor levels for dry eye with common autoimmune diseases. The AUC of the ROC curve for rheumatoid factor was estimated
to be 0.73 (95% confidence interval [CI]: 0.639-0.821, P < 0.001).
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

concentrations of B-cell activation factor (BAFF), a proliferation-inducing ligand (APRIL), CRP, C3, and C4.% In our
study, we diagnosed dry eye depending on symptoms and its common parameters and analyzed the correlation between
RF levels and independent parameters of dry eye. It is noteworthy that the mechanisms of RF in diagnosis of dry eye still
limited; thus, further basic science studies are needed.

Notably, there were several limitations in this study, including this inherent to a single center case-control study, and relative
small sample size to estimate the cause-effects. The correlation whether RF can serve as predictor for dry eye needs to be validated
by longitudinal studies. Furthermore, laboratory data such as anti-Ro/SSA, anti-La/SSB, antinuclear antibodies, anti-
mitochondrial antibodies, anti-centromere antibodies, and anti-CCP are insufficient. Combination of laboratory results may
improve the accuracy of our findings. Further study is needed to determine whether combinations of these indexes are related to
the identification of dry eye among autoimmunity diseases. Due to the limited technical test or machine, we did not divide the
subtype of dry eye into aqueous tear deficient or evaporative in the current study. Last but not least, serum RF levels may be
affected by various factors, such as anti-immunity or anti-inflammation medication use. Unfortunately, this study failed to
consider these factors.

Conclusion
Serum RF level was negatively associated with STT-I, and TBUT outcomes, and that may be associated with the onset of
dry eye, which had potentially relevant clinical implications in patients with common autoimmune diseases.

Data Sharing Statement

Datasets are available from the corresponding author on reasonable request.
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