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Abstract 

Background/Objectives: The objectives of this study were to investigate the association 
between tear matrix metalloproteinase-9 (MMP-9) grade and thyroid eye disease (TED) 
activity and to evaluate its discriminatory performance for active TED. Methods: This ret-
rospective cross-sectional study included 322 patients with TED, including 188 with inac-
tive disease and 134 with active disease. Tear MMP-9 reaction intensity was graded from 
0 to 3 using InflammaDry, and active TED was defined as a Clinical Activity Score (CAS) 
of ≥3. Receiver operating characteristic analysis was used to assess discriminatory perfor-
mance. Multivariable logistic regression was used to evaluate the independent association 
between a grade 3 result and active TED, adjusting for age, sex, and serum thyroid-stim-
ulating hormone receptor antibody level. The main outcome measures were the associa-
tion of tear MMP-9 grade with CAS, area under the receiver operating characteristic curve, 
adjusted odds ratio, and diagnostic performance for active TED. Results: Tear MMP-9 
grade was significantly higher in active than in inactive TED and correlated positively 
with disease activity (Spearman’s ρ = 0.253, p < 0.001). Its overall discriminatory perfor-
mance for active TED was modest (area under the curve, 0.619; 95% confidence interval, 
0.552–0.682). A grade 3 result was independently associated with active TED (adjusted 
odds ratio, 8.65; 95% confidence interval, 2.86–26.17; p < 0.001) and demonstrated high 
specificity (97.9%) but low sensitivity (19.4%), with a positive predictive value of 86.7% 
and a positive likelihood ratio of 9.12. Conclusions: Tear MMP-9 grade was associated 
with TED activity and may provide clinically relevant information regarding ocular sur-
face inflammation in TED. 

Keywords: thyroid eye disease; matrix metalloproteinase-9; InflammaDry;  
clinical activity score; ocular surface inflammation 
 

1. Introduction 
Thyroid eye disease (TED) is an autoimmune inflammatory disorder of the orbital 

soft tissues that can present with a broad spectrum of ocular manifestations, ranging from 
mild discomfort to vision-threatening complications. Because anti-inflammatory and im-
munomodulatory treatments are primarily indicated during the active phase, accurate 
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assessment of disease activity is essential for treatment selection and optimal timing of 
intervention [1,2]. 

The Clinical Activity Score (CAS) is the most widely used clinical tool for assessing 
inflammatory activity in TED. It comprises seven inflammatory signs, and a score of ≥3 is 
commonly used to define active disease [1,3]. However, because CAS is based on clinical 
findings, its reproducibility may be affected by interobserver variability, and patients with 
similar scores may have different levels of underlying inflammatory activity [4]. These 
limitations have prompted interest in objective biomarkers that could complement con-
ventional clinical assessment. 

Ocular surface disease is common in TED and may result from both anatomical ex-
posure and inflammatory alterations of the ocular surface [5,6]. Matrix metalloproteinase-
9 (MMP-9) is a pro-inflammatory enzyme involved in extracellular matrix remodeling and 
ocular surface inflammation and is elevated in several inflammatory ocular surface disor-
ders [7,8]. Tear MMP-9 positivity has been associated with active TED, suggesting that 
inflammatory tear biomarkers may provide additional objective information on disease 
activity [9]. To characterize tear MMP-9 expression beyond a dichotomous result, semi-
quantitative grading based on the intensity of the InflammaDry test line has been evalu-
ated in dry eye disease [10–12]. 

Although tear MMP-9 grading has been investigated in ocular surface disease, its 
association with TED activity has not been fully established. Accordingly, we investigated 
the association between tear MMP-9 grade and TED activity and evaluated its ability to 
identify active TED. 

2. Materials and Methods 
2.1. Study Design and Patients 

This retrospective study was conducted at the Department of Ophthalmology, Pusan 
National University Yangsan Hospital, Yangsan, Republic of Korea, between January 2018 
and March 2026. The study was approved by the Institutional Review Board of Pusan 
National University Yangsan Hospital (IRB No. 55-2026-133; approval date: 13 August 
2026) and was conducted in accordance with the tenets of the Declaration of Helsinki. The 
requirement for informed consent was waived by the Institutional Review Board because 
of the retrospective nature of the study. Patients diagnosed with TED who underwent 
CAS assessment and tear MMP-9 immunoassay during their initial visit were included. 
Patients with previous ocular surgery or ocular trauma, those with active ocular infection 
or non-TED-related ocular inflammation, those wearing contact lenses, those with Sjögren 
syndrome or other systemic diseases associated with ocular surface disease, those receiv-
ing topical corticosteroids or other topical anti-inflammatory medications, and pregnant 
or lactating women were excluded. 

2.2. Assessment of TED Activity 

TED activity was assessed using the 7-point CAS recommended by the European 
Group on Graves’ Orbitopathy [1,3]. The CAS consists of seven items, each scored as pre-
sent or absent: spontaneous retrobulbar pain, pain on attempted upward or downward 
gaze, eyelid redness, conjunctival redness, eyelid swelling, inflammation of the caruncle 
and/or plica, and conjunctival edema. The total score was calculated as the sum of the 
seven items, with a maximum score of 7, and active TED was defined as a CAS of ≥3. CAS 
was assessed at the patient level rather than separately for each eye. A clinical sign present 
in at least one eye was counted as one point. Before Glandy CAS was introduced in 2025, 
the seven-item CAS was consistently assessed by one examiner (J.H.A.) in 255 patients; 
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thereafter, the total seven-item CAS was calculated using Glandy CAS in 67 patients 
[13,14]. 

2.3. Tear MMP-9 Immunoassay and Ocular Surface Evaluation 

Tear MMP-9 was evaluated using a point-of-care immunoassay (InflammaDry; 
Quidel Corporation, San Diego, CA, USA) according to the established sampling proce-
dure [15,16]. During routine testing, tear samples were collected without topical anesthe-
sia by gently contacting the sample collector with several areas of the lower palpebral 
conjunctiva. The collector was then attached to the test cassette, and the absorbent tip was 
placed in the buffer solution after 5 s. To standardize the assessment of test-line intensity, 
the InflammaDry result was photographed 20 min after test initiation using a slit-lamp 
biomicroscope equipped with a digital single-lens reflex camera (D200; Nikon, Melville, 
NY, USA). Tear MMP-9 grading was performed by one examiner (J.E.L.). Each reagent 
band was graded at the time of testing using representative reference images: grade 0, 
negative; grade 1, weak positive; grade 2, moderate positive; and grade 3, strong positive 
(Figure 1) [10–12]. Subjective symptoms were assessed using the Ocular Surface Disease 
Index (OSDI), which ranges from 0 to 100, with higher scores indicating greater symptom-
related disability [17]. Tear break-up time (TBUT) and corneal fluorescein staining (CFS) 
were evaluated by slit-lamp examination. TBUT was measured as the interval between 
the last complete blink and the first appearance of a dry spot after fluorescein instillation. 
CFS was graded using the Oxford grading scheme [18]. The Schirmer I test was performed 
without topical anesthesia using sterile Schirmer strips (Eagle Vision, Memphis, TN, 
USA). The strips were placed in the lateral third of the lower conjunctival fornix for 5 min, 
and the wetted length was measured in millimeters. Lipid layer thickness (LLT) and 
meiboscore were assessed using the LipiView ocular surface interferometer (TearScience 
Inc., Morrisville, NC, USA). Meiboscore was graded separately for the upper and lower 
eyelids as follows: grade 0, no meibomian gland loss; grade 1, loss of less than one-third 
of the total gland area; grade 2, loss of one-third to two-thirds; and grade 3, loss of more 
than two-thirds [19]. Except for tear MMP-9 testing, all ocular surface examinations were 
performed by a single examiner. The upper- and lower-eyelid meiboscores were summed 
for analysis. Clinical data from the right eye of each participant were used for analysis. 

 

Figure 1. Representative InflammaDry immunoassay results according to tear matrix metallopro-
teinase-9 grade. (a) Grade 0, (b) grade 1, (c) grade 2, and (d) grade 3. 

2.4. Statistical Analysis 

Differences between the inactive and active TED groups were analyzed using the 
Mann–Whitney U test and Pearson’s chi-square test. Spearman’s rank correlation 
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coefficient was used to assess the correlation between tear MMP-9 grade and CAS. Re-
ceiver operating characteristic (ROC) curve analysis was used to evaluate the discrimina-
tory performance of ocular surface parameters, and areas under the curve (AUCs) were 
compared using the DeLong method [20]. Multivariable logistic regression analysis ad-
justed for age, sex, and serum TSH receptor antibody (TSHR-Ab) level was performed to 
assess the association between tear MMP-9 grade and active TED. Sensitivity, specificity, 
positive predictive value, negative predictive value, and positive and negative likelihood 
ratios were calculated for the tear MMP-9 cutoffs. Statistical analyses were performed us-
ing IBM SPSS Statistics for Windows (version 28.0; IBM Corp., Armonk, NY, USA). A two-
sided p value < 0.05 was considered statistically significant. 

3. Results 
This retrospective study included 322 patients with TED, including 188 patients 

(58.4%) with inactive TED and 134 patients (41.6%) with active TED according to CAS. 
During the study period, 338 patients with TED underwent routine tear MMP-9 testing at 
their initial visit. A total of 16 patients were excluded because of previous ocular surgery 
(n = 11), contact lens wear (n = 1), Sjögren syndrome (n = 2), or topical corticosteroid use 
(n = 2), leaving 322 patients in the final analysis. No significant differences were observed 
in age or sex between the inactive and active TED groups. Corticosteroid treatment and 
orbital radiotherapy during subsequent follow-up were significantly more common in pa-
tients with active TED than in those with inactive TED. Serum TSH receptor antibody 
(TSHR-Ab) levels were also significantly higher in patients with active TED (Table 1). 

Table 1. Baseline Characteristics According to Thyroid Eye Disease Activity. 

Parameter Inactive TED 
(n = 188) 

Active TED 
(n = 134) 

p Value 

Age (years) 49.87 ± 14.84 51.84 ± 12.55 0.527 
Sex (male/female) 58/130 50/84 0.275 

Corticosteroid treatment  
during subsequent follow-up (%) 100 (53.2) 113 (84.3) <0.001 * 

Orbital radiotherapy  
during subsequent follow-up (%) 10 (5.3) 32 (23.9) <0.001 * 

TSHR-Ab (IU/L) 7.83 ± 11.25 9.39 ± 11.44 0.036 * 
Values are presented as mean ± standard deviation or number (percentage). TED = thyroid eye dis-
ease; TSHR-Ab = thyroid-stimulating hormone receptor antibody. * p < 0.05. 

Tear MMP-9 grades were significantly higher in patients with active TED than in 
those with inactive TED. No significant differences were observed in OSDI score, Schirmer 
I test results, meiboscore, or LLT between the two groups, whereas TBUT was shorter and 
CFS score was higher in patients with active TED; both differences were statistically sig-
nificant (Table 2). 

Table 2. Ocular Surface Parameters According to Thyroid Eye Disease Activity. 

Parameter Inactive TED 
(n = 188) 

Active TED 
(n = 134) 

p Value 

MMP-9 grade 1.26 ± 0.68; 1.5 (1.0–1.5) 1.64 ± 0.98; 1.5 (1.0–2.5) <0.001 * 
OSDI 33.45 ± 23.98 35.94 ± 18.27 0.282 

Schirmer test (mm) 11.70 ± 7.77 12.78 ± 8.08 0.163 
TBUT (s) 7.86 ± 3.32 6.71 ± 3.03 0.019 * 
CFS score 1.26 ± 0.86; 1.0 (1.0–2.0) 1.69 ± 1.11; 2.0 (1.0–3.0) <0.001 * 

Meiboscore 1.17 ± 0.78; 1.0 (1.0–2.0) 1.19 ± 0.65; 1.0 (1.0–1.0) 0.797 
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LLT (nm) 75.41 ± 23.26 74.96 ± 23.66 0.888 
Values are presented as mean ± standard deviation; for MMP-9 grade, CFS score, and meiboscore, 
median (interquartile range) is additionally provided. TED = thyroid eye disease; MMP-9 = matrix 
metalloproteinase-9; OSDI = Ocular Surface Disease Index; TBUT = tear break-up time; CFS = corneal 
fluorescein staining; LLT = lipid layer thickness. * p < 0.05. 

The median CAS was 2 (interquartile range [IQR], 1–3) for tear MMP-9 grades 0 and 
1; 3 (IQR, 1–4) for grade 2; and 4 (IQR, 3–5) for grade 3. Tear MMP-9 grade was positively 
correlated with CAS (Spearman’s ρ = 0.253, p < 0.001) (Figure 2). 

 

Figure 2. Distribution of Clinical Activity Score according to tear matrix metalloproteinase-9 grade. 
The boxes represent the interquartile range (IQR), the horizontal lines indicate the median, and the 
whiskers extend to the most extreme values within 1.5 × IQR. Clinical Activity Score increased with 
increasing tear matrix metalloproteinase-9 grade (Spearman’s ρ = 0.253; p < 0.001). 

The AUCs for identifying active TED were 0.619 (95% confidence interval [CI], 0.552–
0.682) for tear MMP-9 grade, 0.611 (95% CI, 0.544–0.676) for CFS, 0.605 (95% CI, 0.537–
0.669) for TBUT, 0.508 (95% CI, 0.440–0.575) for meiboscore, 0.507 (95% CI, 0.439–0.574) 
for LLT, and 0.453 (95% CI, 0.384–0.521) for the Schirmer I test. The AUC of tear MMP-9 
grade was significantly greater than those of the Schirmer I test, meiboscore, and LLT, 
whereas no significant difference was observed between tear MMP-9 grade and TBUT 
(Figure 3). 
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Figure 3. Receiver operating characteristic curve of tear matrix metalloproteinase-9 grade for iden-
tifying active thyroid eye disease. 

Active TED was present in 63.2% of patients with tear MMP-9 grades 2–3 and in 
32.6% of those with grades 0–1. Compared with grades 0–1, grades 2–3 were significantly 
associated with active TED after adjustment for age, sex, and serum TSHR-Ab level (ad-
justed odds ratio [OR], 3.42; 95% CI, 1.99–5.89; p < 0.001). Among patients with grade 3 
tear MMP-9, 86.7% had active TED, compared with 37.0% of those with grades 0–2. Grade 
3 tear MMP-9 remained independently associated with active TED after adjustment for 
age, sex, and serum TSHR-Ab level (adjusted OR, 8.65; 95% CI, 2.86–26.17; p < 0.001) (Table 
3). Grade 3 tear MMP-9 demonstrated high specificity (97.9%) and a positive predictive 
value of 86.7%, with a positive likelihood ratio of 9.12. The grades 2–3 cutoff showed 
greater sensitivity than the grade 3 cutoff (44.8% vs. 19.4%) but lower specificity (81.4% 
vs. 97.9%) (Table 4). 

Table 3. Association of Tear MMP-9 Cutoffs with Active Thyroid Eye Disease. 

Tear MMP-9 Grade Inactive TED, n Active TED, n Total, n Active TED  
Proportion, % 

Adjusted OR  
(95% CI) 

p Value 

Grades 0–1 153 74 227 32.6 1.00 <0.001 

Grades 2–3 35 60 95 63.2 3.42  
(1.99–5.89) 

<0.001 

Grades 0–2 184 108 292 37.0 1.00 <0.001 

Grades 3 4 26 30 86.7 
8.65  

(2.86–26.17) <0.001 

Values are presented as numbers, percentages, or adjusted odds ratios (ORs) with 95% confidence 
intervals (CIs), as appropriate. MMP-9 = matrix metalloproteinase-9; TED = thyroid eye disease; 
TSHR-Ab = thyroid-stimulating hormone receptor antibody. Models were adjusted for age, sex, and 
serum TSHR-Ab level. 

  



J. Clin. Med. 2026, 15, 7671 7 of 10 
 

https://doi.org/10.3390/jcm15197671 

Table 4. Diagnostic Performance of Tear MMP-9 Cutoffs for Identifying Active Thyroid Eye Disease. 

Measure 
Sensitivity, % 

(95% CI) 
Specificity, % 

(95% CI) 
PPV, % 

(95% CI) 
NPV, % 
(95% CI) 

LR+ 
(95% CI) 

LR− 
(95% CI) 

Grade 3 tear 
MMP-9 

19.4% 
(13.6–26.9) 

97.9% 
(94.7–99.2) 

86.7% 
(70.3–94.7) 

63.0% 
(57.3–68.3) 

9.12 
(3.26–25.52) 

0.82 
(0.76–0.90) 

Grades 2–3 tear 
MMP-9 

44.8%  
(36.6–53.2) 

81.4%  
(75.2–86.3) 

63.2%  
(53.1–72.2) 

67.4%  
(61.1–73.2) 

2.41  
(1.69–3.42) 

0.68  
(0.57–0.80) 

Values are presented as percentages, likelihood ratios, or 95% confidence intervals (CIs). For the 
grade 3 cutoff, a grade 3 result is positive and grades 0–2 are negative. For the grades 2–3 cutoff, 
grades 2–3 are positive and grades 0–1 are negative. MMP-9 = matrix metalloproteinase-9; TED = 
thyroid eye disease; PPV = positive predictive value; NPV = negative predictive value; LR+ = positive 
likelihood ratio; LR− = negative likelihood ratio. 

4. Discussion 
In this study, semiquantitatively assessed tear MMP-9 grade was significantly asso-

ciated with TED activity, and CAS increased progressively with higher tear MMP-9 
grades. Grade 3 showed the strongest association with active TED. Whereas previous 
studies either interpreted tear MMP-9 results dichotomously or evaluated tear MMP-9 
reaction intensity in patients with dry eye disease, our findings indicate that graded inter-
pretation of InflammaDry may provide additional clinical information on ocular surface 
status accompanying active TED [10–12,21–23]. 

In the present study, higher TSHR-Ab levels were observed in the active TED group, 
consistent with previous reports demonstrating an association between TSHR-Ab levels 
and Graves’ orbitopathy activity [24]. Systemic corticosteroid treatment and orbital radi-
otherapy during subsequent follow-up were more common in the initially active group, 
likely because these treatments are more commonly administered to patients with greater 
disease activity. 

Ocular surface disease in TED arises from increased exposure and tear film instability 
related to eyelid retraction, proptosis, and incomplete blinking [5,6,25]. These changes can 
promote tear hyperosmolarity and activate inflammatory signaling pathways, including 
mitogen-activated protein kinase and nuclear factor-κB pathways, thereby increasing the 
expression of MMP-9 and other inflammatory mediators [7,26,27]. Increased MMP-9 can 
disrupt the epithelial barrier and further aggravate tear film instability and epithelial in-
flammation, thereby contributing to a self-perpetuating ocular surface inflammatory cycle 
[8,27,28]. Accordingly, the higher tear MMP-9 grade, shorter TBUT, and greater CFS ob-
served in this study among patients with active TED may represent interrelated manifes-
tations of the same ocular surface inflammatory process rather than independent findings. 
Unlike tear MMP-9 grade and TBUT, OSDI, Schirmer I test, and meiboscore do not pri-
marily reflect the current inflammatory status of the ocular surface. Subjective symptoms 
often show limited agreement with objective ocular surface signs, the Schirmer I test has 
considerable measurement variability, and meiboscore primarily reflects chronic struc-
tural meibomian gland loss rather than active inflammation [19,29–31]. These characteris-
tics may explain their weaker associations with TED activity. 

Tear MMP-9 grade showed a significant positive correlation with CAS, although the 
magnitude of the correlation was modest. This positive correlation may reflect partial over-
lap between the two measures. CAS includes several externally visible inflammatory signs, 
such as conjunctival redness and chemosis, whereas tear MMP-9 more specifically reflects 
inflammation at the ocular surface. Accordingly, both measures would be expected to in-
crease in active TED. However, tear MMP-9 may also be influenced by the degree of prop-
tosis, eyelid retraction, incomplete blinking, and tear film instability, all of which vary 
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among patients [5,6,9,25]. These persistent anatomical changes may also account for low-
grade MMP-9 positivity in some patients with inactive TED despite minimal orbital inflam-
matory activity. Consequently, tear MMP-9 grade and CAS are expected to be related but 
not fully concordant. Moreover, tear MMP-9 is not specific to TED and cannot distinguish 
TED-associated ocular surface inflammation from primary dry eye disease. 

The relationship between tear MMP-9 grade and active TED became more evident 
when grade 3 was used as the cutoff value. Grade 3 was markedly more frequent in active 
TED and remained significantly associated with active TED after adjustment for age, sex, 
and TSHR-Ab level. Although the overall discriminatory performance of tear MMP-9 
grade for active TED was modest, grade 3 showed very high specificity together with a 
high positive predictive value and positive likelihood ratio. This pattern may be explained 
by the fact that tear MMP-9 reflects ocular surface inflammation secondary to orbital in-
flammation and anatomical exposure. A grade 3 reaction may require sufficient exposure-
related stress and tear film instability to produce substantial ocular surface inflammation 
and epithelial damage, making such a strong response uncommon in inactive TED and 
thereby contributing to its high specificity [7,8,27,28]. Conversely, because the extent of 
proptosis, eyelid retraction, incomplete blinking, and tear film instability varies among 
patients, not all patients with active TED develop a grade 3 reaction [5,6,25]. This likely 
contributed to the relatively low sensitivity of grade 3 for identifying active TED. Thus, 
considering reaction intensity rather than interpreting InflammaDry solely as positive or 
negative may provide additional information when assessing TED activity, particularly 
when a strong reaction is present. 

This study has several limitations. First, because of the retrospective cross-sectional 
design, our findings demonstrate an association but cannot establish a causal relationship 
between tear MMP-9 grade and TED activity. Second, tear MMP-9 was measured at a 
single time point, preventing evaluation of longitudinal changes during the disease course 
or in response to treatment. Third, semiquantitative grading was based on visual inter-
pretation and may therefore be subject to interobserver variation, although previous work 
has reported favorable reliability for standardized grading [11]. Fourth, exposure-related 
ocular factors, including proptosis, eyelid retraction, incomplete blinking, and tear film 
instability were not comprehensively evaluated in this retrospective study. Thus, poten-
tial confounding by these factors could not be excluded. In addition, a fixed right-eye 
measurement may not fully correspond to the patient-level CAS in asymmetric TED. Fi-
nally, because only 30 patients had a grade 3 result and no independent validation cohort 
was available, the observed high specificity may be sample-dependent. 

5. Conclusions 
Despite these limitations, our findings demonstrate a graded association between In-

flammaDry reaction intensity and TED activity, extending previous studies that primarily 
interpreted InflammaDry dichotomously or evaluated reaction intensity in dry eye dis-
ease [10–12,21–23]. Tear MMP-9 is unlikely to replace CAS but may serve as a comple-
mentary biomarker to objectively assess ocular surface inflammation. Prospective longi-
tudinal studies incorporating standardized quantitative assessment are warranted to fur-
ther establish the clinical utility of tear MMP-9 grading. 

Author Contributions: D.H.J.: Conceptualization, Investigation, Formal Analysis, and Writing—
Original Draft. J.H.P.: Investigation and Formal Analysis. J.H.A.: Investigation. J.E.L.: Conceptual-
ization, Methodology, Supervision, Project Administration, Funding Acquisition, and Writing—Re-
view and Editing. All authors have read and agreed to the published version of the manuscript. 



J. Clin. Med. 2026, 15, 7671 9 of 10 
 

https://doi.org/10.3390/jcm15197671 

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant 
funded by the Korean government (Ministry of Science and ICT) (RS-2026-25489972). The sponsor 
or funding organization had no role in the design or conduct of this research. 

Institutional Review Board Statement: The Institutional Review Board of Pusan National Univer-
sity Yangsan Hospital determined the study to be exempt (IRB No. 55-2026-133; exemption date: 13 
August 2026) and the study was conducted in accordance with the tenets of the Declaration of Hel-
sinki. 

Informed Consent Statement: The requirement for informed consent was waived by the Institu-
tional Review Board because of the retrospective nature of the study. 

Data Availability Statement: The data generated or analyzed during this study are available from 
the corresponding author upon reasonable request. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Bartalena, L.; Kahaly, G.J.; Baldeschi, L.; Dayan, C.M.; Eckstein, A.; Marcocci, C.; Marino, M.; Vaidya, B.; Wiersinga, W.M. The 

2021 European Group on Graves’ orbitopathy (EUGOGO) clinical practice guidelines for the medical management of Graves’ 
orbitopathy. Eur. J. Endocrinol. 2021, 185, G43–G67. 

2. Burch, H.B.; Perros, P.; Bednarczuk, T.; Cooper, D.S.; Dolman, P.J.; Leung, A.M.; Mombaerts, I.; Salvi, M.; Stan, M.N. Manage-
ment of thyroid eye disease: A consensus statement by the American Thyroid Association and the European Thyroid Associa-
tion. Thyroid 2022, 32, 1439–1470. 

3. Mourits, M.P.; Koornneef, L.; Wiersinga, W.M.; Prummel, M.F.; Berghout, A.; van der Gaag, R. Clinical criteria for the assess-
ment of disease activity in Graves’ ophthalmopathy: A novel approach. Br. J. Ophthalmol. 1989, 73, 639–644. 

4. Perros, P.; Žarković, M.; Pearce, S.H.; Razvi, S.; Kolli, H.; Dickinson, A.J. Inter-observer variability of Clinical Activity Score 
assessments in patients with thyroid eye disease. Am. J. Ophthalmol. 2023, 252, 94–100. 

5. Rana, H.S.; Akella, S.S.; Clabeaux, C.E.; Skurski, Z.P.; Aakalu, V.K. Ocular surface disease in thyroid eye disease: A narrative 
review. Ocul. Surf. 2022, 24, 67–73. 

6. Allam, I.Y.; Lazreg, S.; Shafik Shaheen, M.; Doheim, M.F.; Mohammed, M.A. Ocular surface changes in patients with thyroid 
eye disease: An observational clinical study. Clin. Ophthalmol. 2021, 15, 2481–2488. 

7. Bron, A.J.; de Paiva, C.S.; Chauhan, S.K.; Bonini, S.; Gabison, E.E.; Jain, S.; Knop, E.; Markoulli, M.; Ogawa, Y.; Perez, V.; et al. 
TFOS DEWS II pathophysiology report. Ocul. Surf. 2017, 15, 438–510. 

8. Chotikavanich, S.; de Paiva, C.S.; Li, D.Q.; Chen, J.J.; Bian, F.; Farley, W.J.; Pflugfelder, S.C. Production and activity of matrix 
metalloproteinase-9 on the ocular surface increase in dysfunctional tear syndrome. Investig. Ophthalmol. Vis. Sci. 2009, 50, 3203–
3209. 

9. Riguetto, C.M.; Barbosa, E.B.; Atihe, C.C.; Reis, F.; Alves, M.; Zantut-Wittmann, D.E. Ocular surface disease related to the in-
flammatory and non-inflammatory phases of thyroid eye disease. Clin. Ophthalmol. 2023, 17, 3465–3475. 

10. Lee, Y.H.; Bang, S.P.; Shim, K.Y.; Son, M.J.; Kim, H.; Jun, J.H. Association of tear matrix metalloproteinase 9 immunoassay with 
signs and symptoms of dry eye disease: A cross-sectional study using qualitative, semiquantitative, and quantitative strategies. 
PLoS ONE 2021, 16, e0258203. 

11. Kim, M.; Oh, J.Y.; Bae, S.H.; Lee, S.H.; Lee, W.J.; Chun, Y.S.; Kim, K.W. Assessment of reliability and validity of the 5-scale 
grading system of the point-of-care immunoassay for tear matrix metalloproteinase-9. Sci. Rep. 2021, 11, 12394. 

12. Oh, J.Y.; Chun, Y.S.; Kim, K.W. Dichotomous versus 5-scale grading system for the interpretation of the point-of-care immuno-
assay for tear matrix metalloproteinase-9 in dry eye. Sci. Rep. 2023, 13, 6085. 

13. Moon, J.H.; Shin, K.; Lee, G.M.; Park, J.; Lee, M.J.; Choung, H.; Kim, N. Machine learning-assisted system using digital facial 
images to predict the clinical activity score in thyroid-associated orbitopathy. Sci. Rep. 2022, 12, 22085. 

14. Shin, K.; Yoon, J.S.; Kim, J.; Park, J.; Park, H.Y.; Kim, N.; Lee, M.J.; Choung, H.-K.; Ko, J.; Moon, J.H. AI-based assessment of 
Clinical Activity Score and detection of active thyroid eye disease using facial images: Validation of Glandy CAS. BMJ Open 
Ophthalmol. 2025, 10, e002264. 



J. Clin. Med. 2026, 15, 7671 10 of 10 
 

https://doi.org/10.3390/jcm15197671 

15. Sambursky, R.; Davitt, W.F.; Latkany, R.; Tauber, S.; Starr, C.; Friedberg, M.; Dirks, M.S.; McDonald, M. Sensitivity and speci-
ficity of a point-of-care matrix metalloproteinase 9 immunoassay for diagnosing inflammation related to dry eye. JAMA Oph-
thalmol. 2013, 131, 24–28. 

16. Messmer, E.M.; von Lindenfels, V.; Garbe, A.; Kampik, A. Matrix metalloproteinase 9 testing in dry eye disease using a com-
mercially available point-of-care immunoassay. Ophthalmology 2016, 123, 2300–2308. 

17. Schiffman, R.M.; Christianson, M.D.; Jacobsen, G.; Hirsch, J.D.; Reis, B.L. Reliability and validity of the Ocular Surface Disease 
Index. Arch. Ophthalmol. 2000, 118, 615–621. 

18. Bron, A.J.; Evans, V.E.; Smith, J.A. Grading of corneal and conjunctival staining in the context of other dry eye tests. Cornea 2003, 
22, 640–650. 

19. Arita, R.; Itoh, K.; Inoue, K.; Amano, S. Noncontact infrared meibography to document age-related changes of the meibomian 
glands in a normal population. Ophthalmology 2008, 115, 911–915. 

20. DeLong, E.R.; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the areas under two or more correlated receiver operating char-
acteristic curves: A nonparametric approach. Biometrics 1988, 44, 837–845. 

21. Park, J.Y.; Kim, B.G.; Kim, J.S.; Hwang, J.H. Matrix metalloproteinase 9 point-of-care immunoassay result predicts response to 
topical cyclosporine treatment in dry eye disease. Transl. Vis. Sci. Technol. 2018, 7, 31. 

22. Bang, S.P.; Son, M.J.; Kim, H.; Lee, Y.H.; Jun, J.H. In vitro validation of the tear matrix metalloproteinase 9 in-situ immunoassay. 
Sci. Rep. 2020, 10, 15126. 

23. Lanza, N.L.; McClellan, A.L.; Batawi, H.; Felix, E.R.; Sarantopoulos, K.D.; Levitt, R.C.; Galor, A. Dry eye profiles in patients with 
a positive elevated surface matrix metalloproteinase 9 point-of-care test versus negative patients. Ocul. Surf. 2016, 14, 216–223. 

24. Jang, S.Y.; Shin, D.Y.; Lee, E.J.; Choi, Y.J.; Lee, S.Y.; Yoon, J.S. Correlation between TSH receptor antibody assays and clinical 
manifestations of Graves’ orbitopathy. Yonsei Med. J. 2013, 54, 1033–1039. 

25. Gürdal, C.; Saraç, O.; Genç, I.; Kırımlıoğlu, H.; Takmaz, T.; Can, I. Ocular surface and dry eye in Graves’ disease. Curr. Eye Res. 
2011, 36, 8–13. 

26. Li, D.Q.; Luo, L.; Chen, Z.; Kim, H.S.; Song, X.J.; Pflugfelder, S.C. JNK and ERK MAP kinases mediate induction of IL-1β, TNF-
α and IL-8 following hyperosmolar stress in human limbal epithelial cells. Exp. Eye Res. 2006, 82, 588–596. 

27. Corrales, R.M.; Stern, M.E.; de Paiva, C.S.; Welch, J.; Li, D.Q.; Pflugfelder, S.C. Desiccating stress stimulates expression of matrix 
metalloproteinases by the corneal epithelium. Investig. Ophthalmol. Vis. Sci. 2006, 47, 3293–3302. 

28. Pflugfelder, S.C.; Farley, W.; Luo, L.; Chen, L.Z.; de Paiva, C.S.; Olmos, L.C.; Li, D.-Q.; Fini, M.E. Matrix metalloproteinase-9 
knockout confers resistance to corneal epithelial barrier disruption in experimental dry eye. Am. J. Pathol. 2005, 166, 61–71. 

29. Wolffsohn, J.S.; Arita, R.; Chalmers, R.; Djalilian, A.; Dogru, M.; Dumbleton, K.; Gupta, P.K.; Karpecki, P.; Lazreg, S.; Pult, H.; 
et al. TFOS DEWS II diagnostic methodology report. Ocul. Surf. 2017, 15, 539–574. 

30. Nichols, K.K.; Nichols, J.J.; Mitchell, G.L. The lack of association between signs and symptoms in patients with dry eye disease. 
Cornea 2004, 23, 762–770. 

31. Bartlett, J.D.; Keith, M.S.; Sudharshan, L.; Snedecor, S.J. Associations between signs and symptoms of dry eye disease: A sys-
tematic review. Clin. Ophthalmol. 2015, 9, 1719–1730. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


