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Objective: Dry eye disease (DED) has been described in axial spondyloarthritis
(axSpA), but patterns of tear fluid and ocular surface involvement remain
incompletely characterized. This study aims to evaluate tear film instability and
tear production in axSpA and explore the heterogeneity of DED manifestations.
Methods: Axial spondyloarthritis patients and healthy controls underwent non-
invasive tear break-up time (niTBUT), Schirmer test, and Ocular Surface Disease
Index (OSDI)- 6 evaluation. Group differences were assessed using niTBUT
thresholds (<10 s and <5s).

Results: Mean niTBUT was significantly lower in axSpA patients than controls
(785 £ 563 vs. 10.61 £ 527 s; p < 0.001); niTBUT <5 s, but not <10 s,
differentiated groups (p = 0.003 and p = 0.105, respectively). ROC analysis
identified an optimal niTBUT cut-off of 5.15 s. Schirmer values also discriminated
axSpA patients from controls, with an optimal threshold of 4.5 mm. Agreement
between niTBUT and Schirmer classification was weak (Cohen k = 0.18). OSDI-6
scores were not significantly associated with pathological niTBUT. The niTBUT
values were significantly associated with patients’ age, but the diagnosis of
axSpA accounted for the main determinant of niTBUT <5 s (likelihood ratio test,
p = 0.026).

Conclusion: Within the present cohort, a niTBUT <5 s showed greater
discriminative performance than the conventional 10-s cut-off and may identify
a subgroup of axSpA patients with more severe tear film instability. Aging
contributes to tear film instability, but axSpA independently contributes to severe
niTBUT impairment. Tear film instability and reduced tear secretion are both
involved in DED affecting axSpA patients.

KEYWORDS

dry eye disease (DED), Schirmer test, spondyloarthritis, tear break-up time (TBUT), tear
film instability, tear production

time (niTBUT) has emerged as a key parameter for evaluating tear
film stability and identifying clinically relevant alterations of the
ocular surface (4, 5).

Dry eye disease (DED) is a multifactorial disorder of the
ocular surface characterized by disruption of tear film homeostasis,
tear film instability, and variable degrees of inflammation and
neurosensory dysfunction (1-3). The Tear Film & Ocular Surface
Society (TFOS) Dry Eye Workshop (DEWS) III report has
recently refined the diagnostic framework of DED, emphasizing
the central role of objective measures of tear film instability and
advocating for severity-based stratification rather than reliance
on traditional, potentially arbitrary cut-off values (4). Within this
updated conceptual framework, non-invasive tear film break-up
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Axial spondyloarthritis (axSpA) is a chronic immune-mediated
inflammatory disease characterized by axial skeletal involvement
and a well-recognized spectrum of extra-articular manifestations
(6, 7). Ocular involvement in axSpA is classically represented by
acute anterior uveitis, which is strongly associated with human
leukocyte antigen (HLA)-B27 (8-10). However, ocular surface
alterations such as dry eye disease have received considerably
less attention despite increasing evidence suggesting that tear
film dysfunction may also occur in this population (11-13).
From a pathophysiological perspective, dry eye may arise from
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reduced aqueous tear production, instability of the tear film, or
the coexistence of both mechanisms (14, 15). In patients with
axSpA, it remains unclear whether ocular surface dysfunction
predominantly reflects immune-mediated alterations related to
systemic inflammation, or whether it represents the cumulative
effect of age-related changes, chronic inflammatory burden, and
treatment exposure (12, 13). Clarifying these mechanisms is
important for understanding the clinical significance of ocular
surface involvement in axSpA.

In our previous study, we reported an increased prevalence
of dry eye features in patients with axSpA compared with healthy
controls, suggesting that ocular surface dysfunction may represent
an additional component of the axSpA spectrum (13). The previous
study primarily focused on establishing the association between
axSpA and dry eye disease through symptom assessment, tear
production tests, tear film stability measurements, and ocular
surface staining. In contrast, the present analysis specifically re-
examines tear film instability according to the recently published
TFOS DEWS III framework, with particular emphasis on niTBUT
thresholds, their discriminative performance, and the determinants
of severe tear film instability. However, that analysis was conducted
according to earlier diagnostic frameworks and did not specifically
address how different thresholds for tear film instability might
influence disease classification or the interpretation of associated
clinical determinants. Considering the evolving classification of
DED introduced by TFOS DEWS I1I, reassessing tear film stability
using both conventional and updated severity-oriented criteria may
provide a more accurate characterization of DED manifestations in
axSpA (4).

Accordingly, the present study re-evaluates tear film instability
in a well-characterized cohort of patients with axSpA using niTBUT
measurements. The discriminatory performance of conventional
and severity-oriented niTBUT thresholds is compared, and the
independent contribution of demographic and disease-related
factors to niTBUT impairment is assessed.

Methods

Study design and population

This prospective study accounts for a secondary analysis
of a previously described cohort of patients with axSpA and
healthy controls included to assess DED in such a disease (13).
Both the ophthalmologists and the operator conducting the
statistical analysis were blinded to the participants” clinical status.
The original study design, inclusion and exclusion criteria, and
demographic data collection have been reported elsewhere (13).

A total of 71 patients fulfilling the Assessment of
SpondyloArthritis International Society (ASAS) classification
criteria for axSpA (6) were included in the study. Demographic
and clinical information was obtained from the international
AutoInflammatory Disease Alliance (AIDA) Network registry
dedicated to spondyloarthritis' (16). In parallel, 19 healthy
controls without systemic inflammatory or ocular surface diseases

1 https://aidanetwork.org/en/register/spondyloarthritis
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were included as a comparator group. Exclusion criteria for all
participants included active ocular infection, ocular surgery within
the previous 6 months, contact lens use, and systemic conditions
known to independently affect tear film homeostasis.

The participants enrolled were not using topical ophthalmic
medications at the time of the ocular examination or during
the month preceding the assessment. Both patients and controls
underwent a complete ophthalmologic evaluation, including
assessment of the tear film and ocular surface. Data were collected
from the right eye of each enrolled participant.

All patients and healthy controls provided signed informed
consent for the study, which was conducted according to the
Declaration of Helsinki. The study was approved by the Ethics
Committee of the Azienda Ospedaliero-Universitaria Senese, Siena,
Italy in June 2019 (Ref. N. 14951).

Ophthalmologic assessment

All participants underwent a standardized ophthalmologic
evaluation, including assessment of tear film stability and tear
production. In the present analysis, tear film stability was evaluated
using a non-invasive, device-based TBUT measurement system
based on automated optical detection of tear film disruption,
without fluorescein instillation (Keratograph 5M, Oculus, Wetzlar,
Germany). Measurements were recorded in seconds. To avoid
inter-eye correlation bias, only the right eye was considered for
statistical analysis. NiTBUT was analyzed both as a continuous
variable and as a categorical variable using different diagnostic
thresholds. In addition to the conventional cut-off of 10 s (4), a
more stringent threshold of 5 s was applied to reflect a severity-
oriented classification.

Tear production was assessed using the Schirmer test without
topical anesthesia, which is adopted in the assessment of DED in
systemic rheumatic diseases to evaluate both basal and reflex tear
secretion (17).

A standardized Schirmer strip (I-DEW tearstrips; Tottenham
Lane, London, UK) was placed over the lower eyelid margin,
positioned at the junction between the middle and lateral third, for
a duration of 5 min. Participants were instructed to keep their eyes
closed during the procedure.

Dry eye disease was defined based on the presence of abnormal
tear production, indicated by a Schirmer test value <6 mm and
<10 mm after 5 min, or impaired tear film stability as assessed by
niTBUT (<5 and <10s) (4, 18).

The Ocular Surface Disease Index-6 (OSDI-6), a validated
6-item questionnaire designed to provide a rapid assessment of
ocular surface symptoms, was administered to all participants to
assess dry eye-related symptoms (19, 20).

Clinical and demographic variables

Demographic and clinical data considered for analysis included
sex; age at the time of ocular assessment; age at the start of
ocular symptoms; age at the onset of articular manifestations
(in axSpA patients); age at the time of diagnosis of axSpA;
age at the start of the treatment for axSpA; axSpA disease
duration; presence of psoriasis, anterior uveitis, inflammatory
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bowel diseases, HLA-B27 positivity; and use of medications
that may influence ocular dryness, such as selective serotonin
reuptake inhibitors (SSRI) or serotonin-norepinephrine reuptake
inhibitors (SNRI).

Statistical analysis

Continuous variables were expressed as mean and
standard deviation (SD) or median and interquartile range
(IQR), according to data distribution assessed through the
Shapiro-Wilk test, while categorical variables were reported as
absolute frequencies and percentages. Differences in continuous
niTBUT values between axSpA patients and healthy controls
were assessed using parametric or non-parametric tests as
appropriate. Differences in the prevalence of pathological niTBUT
according to different thresholds were evaluated using chi-
square or Fisher’s exact test, according to frequency counts and
expected frequencies.

Receiver operating characteristic (ROC) curve analysis was
performed to evaluate the ability of continuous niTBUT and
Schirmer test values to discriminate between axSpA patients and
healthy controls. Optimal cut-off values were identified from
ROC curves using the Youden index, defined as the maximum
value of sensitivity plus specificity minus one. The area under
the ROC curve (AUC) with corresponding 95% confidence
intervals (95% CI) was calculated to assess the discriminative
performance of each test.

To investigate determinants of tear film instability, logistic
regression models were constructed using pathological niTBUT
defined according to both the 10-s and 5-s thresholds as dependent
variables. Odds ratios (OR) with corresponding 95% CI were
calculated. Within the axSpA cohort, regression analyses were
conducted to explore associations between demographic and
clinical variables and pathological niTBUT.

To evaluate the independent contribution of axSpA status,
pooled analyses including both patients and controls were
performed. Logistic regression models were fitted with pathological
niTBUT as the dependent variable and disease status included

together with relevant demographic and clinical factors. Nested

10.3389/fmed.2026.1851512

models were compared using likelihood ratio tests based on
differences in residual deviance to determine whether inclusion of
disease status significantly improved model fit.

Additional logistic regression models were performed to
explore the relationship between subjective symptoms and
objective tear film instability. Pathological niTBUT was used as the
dependent variable, while OSDI-6 score was included either as a
continuous variable. These analyses were performed both in the
pooled dataset including patients and controls and in the subgroup
of axSpA patients.

Linear regression analysis was performed using niTBUT
as a continuous dependent variable in axSpA patients to
identify factors film
stability. Regression coefficients (B) with corresponding 95%

independently associated with tear
CI were reported.

Agreement between objective diagnostic tests for dry eye,
specifically Schirmer test and niTBUT classification, was assessed
using Cohen’s kappa coefficient.

All statistical analyses were performed using R software. A two-

sided P-value <0.05 was considered statistically significant.

Results

The present study represents a secondary analysis of a
previously described axSpA cohort. A total of 71 patients
with axSpA and 19 healthy controls were included; baseline
demographic and clinical characteristics have been reported in
detail in the original publication (13). DED symptoms were
reported in 46 (64.8%) patients and 3 (15.8%) healthy controls
(p = 0.0004).

Mean niTBUT was significantly lower in patients with axSpA
compared with healthy controls (7.85 & SD 5.63 s and 10.61 &= SD
5.27 s, respectively; p < 0.001). The distribution of niTBUT values
is illustrated in Figures 1, 2.

When the conventional diagnostic threshold of niTBUT <10 s
was applied, pathological niTBUT was observed in 47 of 71 (66.2%)
axSpA patients and in 9 of 19 (47.4%) healthy controls (p = 0.105).

Healthy controls

Number of eyes

10
TBUT (s)

15

FIGURE 1

patient population.

Distribution of tear break-up time (niTBUT) values in axial spondyloarthritis patients and healthy controls. Distribution of non-invasive tear break-up
time (niTBUT) values in patients with axial spondyloarthritis (axSpA) and healthy controls. The figure illustrates the shift toward lower break-up times
in the axSpA group, highlighting the greater burden of tear film instability compared with controls and the broader dispersion of values within the

Axial-SpA

10
TBUT (s)

15
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Density
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FIGURE 2

represent individual measurements.

Tear Film Stability Distribution

0 5 10
Non-invasive Tear Break-Up Time (s)

Distribution of non-invasive tear break-up time (niTBUT) in patients with axial spondyloarthritis (axSpA) and healthy controls. Kernel density curves
show a leftward shift in axial spondyloarthritis (axSpA) patients, indicating reduced tear film stability compared to controls. Rug plots along the x-axis

71 Healthy Controls
[ Axial-SpA

15 20 25

When a threshold of niTBUT <5 s was applied, pathological
niTBUT was observed in 32 of 71 (45.1%) axSpA patients and in
2 of 19 (10.5%) healthy controls (p = 0.003). Similarly, logistic
regression analysis adjusted for age at examination showed a
statistically significant association between axSpA diagnosis and
severe tear film instability with niTBUT <5 s (OR: 7.56, 95% CI
1.97-50, p = 0.01), whereas statistical significance was lost for
niTBUT <10 s (OR: 2.49, 95% CI 0.89-7.15, p = 0.08). Comparison
of different nested logistic regression models demonstrated that
inclusion of axSpA status significantly improved model fit
compared with age alone to predict niTBUT <5 s (likelihood ratio
test p = 0.026).

ROC curve analysis was performed to evaluate the
discriminative performance of niTBUT in distinguishing
axSpA patients from healthy controls. The AUC was 0.6335
(95% CI 0.508-0.759). The optimal cut-off value identified by
the Youden index was 5.15 s, corresponding to a sensitivity
of 48.5% and a specificity of 89.5%. ROC curve analysis based
on Schirmer test values yieldled an AUC of 0.77 (95% CI
0.59-0.81). The optimal cut-off value identified by the Youden
index was 4.5 mm, corresponding to a sensitivity of 36.2%
and a specificity of 100%. Both ROC curves are shown in
Figure 3.

The comparative diagnostic performance of niTBUT and the
Schirmer test is illustrated by combined ROC curves in Figure 4.

Within the axSpA cohort, logistic regression analysis was
performed to investigate factors associated with pathological
niTBUT defined as <10 s. Age at examination along with age
at ocular symptoms onset, age at articular symptoms onset,
age at axSpA diagnosis, and age at the start of treatment,
and HLA-B27 positivity were associated with niTBUT <10 s.
Results from univariate logistic regression models are presented in
Table 1. When severe tear film instability was defined using the
<5-s threshold, age remained independently associated with the
outcome, while HLA-B27 positivity lost significance, as reported in
Table 2.

To further characterize tear film stability as a continuous
functional parameter, linear regression analysis was conducted
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using niTBUT (seconds) as the dependent variable in axSpA
patients. Age at examination was associated with niTBUT values
(B = —0.17234 s per year; p = 0.0022). No statistically significant
independent associations were observed for sex, HLA-B27 status,
or psoriasis in the adjusted model. These findings are summarized
in Table 3.

When assessing the agreement between the Schirmer test and
niTBUT in identifying DED in patients with axSpA, the agreement
was weak and not statistically significant (Cohen k = 0.18, p = 0.15).

In the overall cohort, OSDI-6 score analyzed as a continuous
variable was not associated neither with niTBUT <10 s
(OR 1.28 per 1-point increase, 95% CI 0.3-4.8, p = 0.72),
nor with niTBUT <5 s (OR 1.61, 95% CI 0.48-5.69,
p=044).

Discussion

In this secondary analysis of a previously characterized cohort
of patients with axSpA, ocular surface involvement was examined
through objective assessments of both tear film stability and tear
production (13). The present findings provide further insight into
the spectrum of DED manifestations in this population considering
the recent TFOS DEWS III report on the diagnosis of DED (4).

Tear film instability appeared to be more pronounced in
patients with axSpA compared with healthy controls. Indeed,
niTBUT values were significantly lower in patients than in
controls. When attempting to identify a cut-off capable of
discriminating between the two groups, the conventional 10-s
threshold, commonly used to identify patients with DED (1, 5),
proved inadequate for distinguishing axSpA patients from controls.
In contrast, a 5-s cut-off appeared to be more appropriate.
Supporting this observation, ROC curve analysis identified an
optimal niTBUT threshold of 5.15 s for discriminating axSpA
patients from controls. Although this threshold was associated
with a relatively low sensitivity, its high specificity suggests that
more severe tear film instability may represent the ocular surface
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a) ROC curve TBUT
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FIGURE 3

values are indicated in each panel.

Receiver operating characteristic (ROC) curves of tear break-up time (niTBUT) and Schirmer test for discrimination between axial spondyloarthritis
patients and healthy controls. Receiver operating characteristic (ROC) curves evaluating the ability of tear break-up time (niTBUT) and Schirmer test
to discriminate between patients with axial spondyloarthritis (axSpA) and healthy controls. The curves illustrate the trade-off between sensitivity and
specificity across different thresholds and identify the severity-oriented cut-off corresponding to the maximum Youden index, supporting the use of
a more stringent threshold for optimal discrimination. In particular, the figure includes: (a) ROC curve for NITBUT, with an optimal cut-off value of
5.15s; (b) ROC curve for the Schirmer test, with an optimal cut-off value of 4.5 mm. The Youden index points corresponding to the optimal cut-off

b) ROC curve Schirmer test
1.0

0.8 1

Sensitivity
o
o

©
>
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ROC Curve Comparison

TABLE 1 Univariable logistic regression analysis of factors associated
with pathological tear break-up time (niTBUT) <10 s in axial
spondyloarthritis patients.

1.0
Variables assessed OR 95% ClI P-value
0.8 ] r 1
Sex 0.44 0.12-1.55 0.19
06 Age at the ocular 1.06 1.02-1.10 0.00366*
é examination
%
<
Boa Age at articular symptoms 1.07 1.03-1.12 0.00168*
onset
02 Age at ocular symptoms 1.0503607 1.01-1.09 0.0176*
—— niTBUT (AUC = 0.64) onset
== Schirmer (AUC = 0.77)
00 Age at axSpA diagnosis 1.066495 1.03-1.12 0.00248*
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specifici
pecificity Age at the start of treatment | 1.0687341 1.027-1.121 | 0.00225%
FIGURE 4 of axSpA
Receiver operating characteristic (ROC) curve analysis comparing . .
. . . . ; AxSpA d durat; 0.9829528 0.93-1.03 0.4788
non-invasive tear break-up time (niTBUT) and Schirmer test for the pA disease duration
identification of ocular involvement in patients with axial Treatment duration 0.973304 0.90-1.04 0.41663
spondyloarthritis. The non-invasive tear break-up time (niTBUT)
(solid green line) showed a moderate discriminative ability [area Presence of psoriasis 2.812500 0.79-13.31 0.1383
under the Receiver operating characteristic (ROC) curve . .
. . P. f ant t: 0.4146341 0.08-1.93 0.24900
(AUC) = 0.64], whereas the Schirmer test (dashed orange line) resence of anterior uveitis
demonstrated a higher diagnostic performance (AUC = 0.77). Presence of intestinal 0.2965116 0.05-1.47 0.1361
Shaded areas represent confidence intervals. The diagonal dotted involvement
line indicates no discriminative ability.
Presence of HLA-B27 0.1470588 0.01-0.86 0.040941*
SSRI/SSNT use 0.9722222 0.23-4.97 0.97025
alteration most strongly associated with axSpA, while reducing fre‘?ous :Oplcal ocular 1.223529 0-38-4.34 07398
reatment

the likelihood of misclassifying subjects with borderline or age-
related tear film changes. This finding is noteworthy, as it closely
approximates the commonly used 5-s threshold for severe tear film
instability. The convergence between the ROC-derived value and
this lower threshold suggests that marked reductions in niTBUT
may represent the most clinically relevant alteration of tear film
stability in this population, consistent with the TFOS DEWS
framework, which also includes cut-off values consistent with more
severe disease in terms of tear film instability (1, 4, 5, 21).

Frontiers in Medicine

Results of univariable logistic regression analysis evaluating demographic and clinical
variables associated with tear break-up time niTBUT <10 s. Odds ratios (OR), 95%
confidence intervals (95% CI), and P-values are provided. axSpA, axial spondyloarthritis;
HLA, human leukocyte antigen; SSNI, serotonin-norepinephrine reuptake inhibitors; SSRI,
selective serotonin reuptake inhibitors. *Statistical significance.

Alterations of the ocular surface in axSpA did not appear to
be limited to tear film instability alone. When tear production
was evaluated using the Schirmer test, ROC analysis demonstrated
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TABLE 2 Univariable logistic regression analysis of factors associated
with severe tear film instability (tear break-up time <5 s) in axial
spondyloarthritis patients.

Variables assessed ‘ (0] ‘ 95% ClI ‘P-value ‘

10.3389/fmed.2026.1851512

TABLE 3 Univariable linear regression analysis of determinants
associated with tear break-up time (niTBUT) values in axial
spondyloarthritis patients.

Variables assessed ‘ B ‘ 95% ClI ‘P-value ‘

Sex 1.4000000 0.41-4.87 0.587 Sex 1.4266 —2.28to 0.446
5.14
Age at the ocular 1.05107798 1.01-1.09 0.00731*
examination Age at the ocular -0.17234 —0.24 to 0.00022%
. examination —0.066
Age at articular symptoms 1.0425785 1.009-1.080 0.0153*
onset Age at articular symptoms —0.12654 —0.21to 0.00511*
onset —0.039
Age at ocular symptoms 1.0483742 1.01-1.09 0.0183*
onset Age at ocular symptoms —0.12544 —0.21to 0.00864*
. . onset —0.033
Age at axSpA diagnosis 1.048261 1.01-1.090 0.0125*
Age at axSpA diagnosis —0.14740 —0.243 to 0.00244*
Age at the start of treatment 1.06095857 1.02-1.11 0.00584* 0,054
of axSpA .
i i Age at the start of treatment —0.15895 —0.24 to 0.000483*
AxSpA disease duration 1.0049150 0.95-1.05 0.833
of axSpA —0.073
Treatment duration 0.9839026 0.90-1.05 0.647 i i
AxSpA disease duration —0.03270 —0.17 to 0.644
Presence of psoriasis 3.0000000 0.99-9.86 0.0571 0.11
Presence of anterior uveitis 0.6888889 0.13-3.07 0.631 Treatment duration 0.05183 —0.14 to 0.599
0.25
Presence of intestinal 0.8571429 0.15-4.21 0.848
involvement Presence of psoriasis —2.6218 —5.88to 0.113
0.64
Presence of HLA-B27 0.5476190 0.07-3.11 0.511
Presence of anterior uveitis 0.8621 —3.68 to 0.706
SSRI/SSNT use 0.3809524 0.07-1.53 0.195 541
Previous topical ocular 1.1739130 0.39-3.49 0.771 i K
Presence of intestinal 3.3736 —1.37 to 0.1604
treatment ;
involvement 8.12
Logistic regression model assessing determinants of severe tear break-up time (niTBUT) P
impairment. Odds ratios (OR), 95% confidence intervals (95% CI), and P-values are Presence of HLA-B27 27227 —244t0 0295
provided. axSpA, axial spondyloarthritis; HLA, human leukocyte antigen; SSNI, serotonin- 7.89
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitors. *Statistical SSRI/SSNI use 1.9939 _2.10to 0.334
significance. ' 6.0'9 .
Previous topical ocular —0.4684 —3.79 to 0.7793
a moderate ability to discriminate axSpA patients from healthy treatment 2.85

controls, with an optimal threshold of 4.5 mm. This finding is
consistent with previous evidence indicating that aqueous-deficient
and evaporative mechanisms frequently coexist in dry eye disease
(11, 14, 15, 22). In support of this interpretation, no significant
agreement was observed between the Schirmer test and niTBUT
according to Cohen’s kappa coeflicient. This lack of concordance
suggests the presence of different DED subtypes, which may be
captured by distinct diagnostic methods assessing different aspects
of the disease. Therefore, in this patient population, the combined
assessment of the Schirmer test and niTBUT may be useful to
better characterize both tear film instability and aqueous tear
secretion impairment in line with different types of ocular surface
involvement and a multifactorial nature of DED (11).

It should also be noted that the Schirmer test without use of
topical anesthesia may retain relevance in rheumatologic settings,
as both basal and reflex tear secretion may be assessed in Sjogren’s
disease and other immune-mediated rheumatic diseases, including
axSpA, where evaluation of tear production may provide additional
insight into ocular surface involvement (11).

This may also explain the lack of association between
subjective symptoms, as assessed by the OSDI-6, and objective
measures of tear film instability. This finding is consistent
with  the
and clinical signs frequently reported in dry eye disease.

well-recognized dissociation between symptoms

Several mechanisms, including ocular surface inflammation,
neurosensory alterations, and interindividual variability in

Frontiers in Medicine

Linear regression model evaluating demographic and clinical variables associated with
tear break-up time (niTBUT) as a continuous measure of tear film stability. Regression
coefficients (B), 95% confidence intervals (95% CI), and P-values are provided. axSpA, axial
spondyloarthritis; HLA, human leukocyte antigen; SSNI, serotonin-norepinephrine reuptake
inhibitors; SSRI, selective serotonin reuptake inhibitors. *Statistical significance.

symptom perception, may contribute to this discrepancy (5,
23-25).

Consistent with the well-documented decline in tear film
stability observed with physiological aging, likely reflecting
structural and functional changes of the lacrimal functional unit
and ocular surface homeostasis, age emerged as an important
determinant of tear film stability in the present analysis (14,
26). For this reason, age at ocular assessment was included
as a covariate in regression models. Despite this adjustment,
the association between disease status and niTBUT remained
significant. Furthermore, comparing two regression models for
niTBUT, one including age alone as a predictor and the other
adding disease status, it was observed that inclusion of the diagnosis
significantly improved the predictive performance of the model.
This confirms that, independently of age, having a diagnosis
of axSpA significantly identifies patients with niTBUT <5 s.
These findings suggest that systemic disease may contribute to
ocular surface alterations beyond the effects of physiological aging
(12, 13).
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Overall, the findings from the present study highlight the
importance of a comprehensive ophthalmologic assessment in
patients with axSpA. A multidimensional evaluation of the ocular
surface may be necessary, as different diagnostic tests capture
distinct components of tear film dysfunction (5).

Several limitations should be acknowledged. The relatively
small sample size may limit the detection of more subtle
associations. NiTBUT and Schirmer test were assessed in a
single eye to avoid inter-eye correlation bias, which may not
fully capture bilateral variability. The relatively small number of
healthy controls may have affected the precision of ROC-derived
estimates and regression analyses. Therefore, the identified niTBUT
threshold should be considered exploratory and requires validation
in larger independent cohorts before any potential clinical
application. In addition, information regarding systemic therapies
was incomplete for a substantial proportion of patients, preventing
a reliable treatment-stratified analysis. Therefore, we could not
assess whether conventional immunosuppressive agents, biologic
therapies, or Janus kinase inhibitors may have influenced the
observed ocular surface findings. Nevertheless, systemic therapies
may potentially influence ocular surface inflammation and tear film
stability through modulation of inflammatory pathways involved in
dry eye disease (22). Finally, the cross-sectional design precludes
conclusions regarding temporal relationships between systemic
disease activity and ocular surface alterations.

In conclusion, ocular surface involvement in axSpA
encompasses both tear film instability and reduced tear production.
This underscores the need for a comprehensive assessment of
ocular surface function in such patients, which should not only
include the evaluation of tear film instability and ocular surface

damage, but also tear production.
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