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Abstract

Purpose To characterize the clinical findings in dry eye disease (DED) patients with thyroid disorders and explore
their associations with DED symptoms and signs.

Methods In this retrospective cross-sectional chart review study, 99 patients who were diagnosed as DED and sub-
jected to thyroid function screening were included. Corneal fluorescein staining (CFS), Schirmer 1 test (S1T), tear
meniscus height (TMH), the first noninvasive breakup time (NIBUT-first), the average noninvasive breakup time
(NIBUT-avg), and meibomian gland (MG) dropout ratio were tested and their correlations with thyroid function were
analyzed.

Results Overall, the average age and gender distribution of DED patients with or without thyroid disorders were
similar (p=0.391 and 0.804). DED patients with thyroid disorders had shorter NIBUT-first(p < 0.001) and NIBUT-avg(
p=0.0042), and higher MG dropout ratio (p=0.001). Among thyroid function assessments, elevated levels of anti-thy-
roid peroxidase antibody (Anti-TPO) and anti-thyroglobulin antibody (Anti-Tg) had significant correlation with reduced
NIBUT and increased MG dropout ratio. When either NIBUT-first or MG dropout ratio was used as a predicting factor
for thyroid disorders, ROC curve demonstrated a cut-off value of 5.255(NIBUT-first AUC 0.770, sensitivity 85.7%, speci-
ficity 58.8%, p<0.001) and 0.229 (MG dropout ratio AUC 0.784, sensitivity 70.6%, specificity 79.6%, p <0.001). When
combining them together, an AUC area of 0.841(sensitivity 88.2%, specificity 66.2%, p <0.001) was reached.

Conclusion Shorter NIBUT and higher MG dropout ratio correlated with abnormally elevated levels of Anti-TPO
and Anti-Tg in DED patients. A combination of NIBUT and MG dropout assessment may have diagnostic potential
as a predictive biomarker of possible thyroid disorders.
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Introduction

Dry eye disease (DED) is a multifactorial ocular surface
disorder marked by disrupted tear film homeostasis [1].
Globally, DED prevalence ranges from 5 to 50% [2], with
rates escalating due to aging populations and perva-
sive digital screen exposure [3]. The disease profoundly
impacts quality of life through chronic symptoms while
imposing significant economic burdens [4], therefore
highlighting the imperative to elucidate DED’s etiological
mechanisms.

Thyroid dysfunction, a prevalent global health issue
affecting millions of patients worldwide, is strongly
linked to ophthalmic complications [5], with thyroid eye
disease (TED) being one of the most frequent and debili-
tating manifestations [6]. In TED patients, autoimmune-
mediated lymphocytic infiltration and inflammation
damage the lacrimal glands, impairing their secretory
function [7]. Concurrently, widened palpebral fissures
and incomplete eyelid closure resulted from proptosis
exacerbate tear film evaporation due to increased ocular
surface exposure [8]. These combined mechanisms result
in significantly reduced Schirmer test values and short-
ened tear breakup time [9]. Consequently, the disruption
of tear film homeostasis predisposes TED patients to a
high prevalence of DED [9].

While the association between TED and DED is well-
documented, emerging evidence suggests that thyroid
dysfunction itself—even in the absence of overt TED—
may contribute to DED pathogenesis [8]. Notably, studies
report an elevated DED prevalence in patients with hypo-
thyroidism and hyperthyroidism compared to euthyroid

Data of 2306 patients who visited the dry
eye clinical center from Sep 152021 to
Aug 315 2022were screened
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individuals [10, 11]. Although the underlying mecha-
nisms linking thyroid dysfunction to DED remain poorly
understood, early recognition of thyroid dysfunction and
potential thyroid disorders in DED patients is critical for
timely intervention [12]. This highlights the necessity
for ophthalmologists to screen thyroid function in DED
patients with clinical features suggestive of thyroid dis-
orders [13]. Therefore, we performed this cross-sectional
study to characterize ocular signs and symptoms in DED
patients with thyroid disorders, and evaluate the poten-
tial of DED parameters in screening and diagnosis of pos-
sible thyroid disorders.

Methods
Study population
This is a retrospective cross-sectional chart review study
where all data were obtained from electronically docu-
mented medical records. The records of 2306 patients
who visited the dry eye clinic of Eye, Ear, Nose & Throat
Hospital of Fudan University from September 1st, 2021 to
August 31st, 2022 were reviewed. 1642 patients met the
diagnostic criteria [14] of DED. Among them, 162(9.9%)
were recommended to have thyroid function examina-
tion based on clinical suspicion of thyroid disorders
according to the advice of a professional ophthalmologist.
Of these, 99 patients who had complete medical records
(including all required ophthalmic and thyroid function
tests) and met the inclusion criteria were enrolled in the
final analysis (Fig. 1).

Patients aged between 18 to 85 years old were enrolled.
The diagnostic criteria are in alignment with previous

Patients without dry eye were

excluded
1642 patients
Patients without thyroid function
tests were excluded
162 patients

| 63 patients met exclusion criteria

99 DED patients with thyroid function
testing were included in the final analysis

and were excluded

Fig. 1 Flowchart of patient enrollment. Flowchart detailing patient selection process for inclusion in the study on thyroid function and dry eye

disease
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literature [14]: Patients who were diagnosed as DED
should present at least one dry eye symptom such as
dryness, gritty eyes and burning sensation. Meanwhile,
at least two of the following criteria should be reached:
1) Schirmer 1 test (S1T)<10 mm/5 min. 2) Fluores-
cein breakup time (FBUT)<10 s. 3) corneal fluorescein
staining(CFS) score > 1.

Patients who suffered from 1) diagnosed thyroid eye
disease (TED) or occult TED according to the diagnostic
criteria put forward by Bartley [15]; 2) history of thyroid
dysfunction such as hyperthyroidism; 3) history of eye
disease, including keratitis, blepharitis, ocular allergic
disease, glaucoma and uveitis; 4) previous ocular surgery,
trauma and treatment; 5) wearing the contact lenses were
excluded.

Clinical evaluation

Ophthalmologic examination

Ophthalmic examinations were performed in all patients
in the following strictly standardized order according to
the hospital’s clinical protocol: visual acuity, a slit-lamp
examination including corneal fluorescein staining (CES),
Keratograph 5 M (K5M) (Oculus, Wetzlar, Germany) and
Schirmer 1 test (S1T). CFS was evaluated using cobalt
blue illumination after applying fluorescein sodium strip
to the conjunctival sac. Following established meth-
odology [16], the corneal surface was divided into five
segments (central, superior, inferior, nasal, and tempo-
ral), with each segment scored from 0 to 3, resulting in
a total possible score of 15. K5M was performed in the
order of tear meniscus height (TMH), first and average

DED patient with thyroid disorders
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noninvasive breakup time (NIBUT-first and NIBUT-avg),
and non-contact meibography, as previously reported
[17]. The TMH and NIBUT values were provided by the
customized software, while meibography images were
further analyzed using Image] to calculate the meibo-
mian gland (MG) dropout ratio, as shown in Fig. 2. The
method to quantify MG dropout was reported previously
[18]. Specifically, intensity threshold segmentation was
applied to delineate the areas of gland loss, which were
then calculated automatically and expressed as a percent-
age of the total gland area. S1T was performed in the
absence of topical anesthesia by gently placing a Schirmer
test strip over the patients’ lower eyelids without disturb-
ing the ocular surface to avoid the bias of tearing due to
irritation. The wetting length of strip was measured after
5 min. The data from the eye that met diagnostic criteria
was included for analysis in unilateral DED patients. For
those bilateral DED patients, the right eye was enrolled.

Thyroid function assessment

Blood samples were obtained and serum levels of thy-
roid stimulating hormone (TSH), total triiodothyro-
nine (TT3), total thyroxine (TT4), free triiodothyronine
(FT3), free thyroxine (FT4), anti-thyroid peroxidase
antibody (Anti-TPO) and anti-thyroglobulin antibody
(Anti-Tg) were tested. The reference range is: TSH:
0.350~4.940 mIU/L; TT3: 0.54~296 nmol/L; TT4:
62.68 ~150.84 nmol/L; FT3: 2.43~6.01 pmol/L; FT4:
9.01~19.05 pmol/L; Anti-TPO: 0~5.61 IU/ml; Anti-
Tg: 0~4.11 IU/ml. Subjects with all indexes within the

e - - N

DED patient without thyroid disorders

Fig. 2 Comparative imagery of meibomian gland structures in DED patients with or without thyroid disorders. Yellow outlines emphasize

the overall shape and intricacies of the gland structures. MG Dropout ratio is calculated by dividing the area of the missing or dysfunctional
meibomian glands(bottom) by the total gland area(top). The left panels represent a DED patient with thyroid disorders, showcasing

both the general gland structure (top) and detailed gland morphology (bottom). The right panels depict a DED patient without thyroid disorders

for comparison
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reference range were defined as euthyroidism, otherwise
as patients with thyroid disorders.

Statistical analysis

SPSS software (version 21; SPSS Inc, Chicago, IL) was
used for statistical analysis. Shapiro—Wilk test was per-
formed to evaluate the normality of age distribution.
Data was presented as mean+SD and analyzed using
student t-test for normally distributed continuous vari-
ables. Non-normally distributed data were presented as
median, 25th percentile (Q1), and 75th percentile (Q3),
and Wilcoxon signed-rank test were conducted to com-
pare the DED patients with or without thyroid disorders.
Spearman correlation coefficient and Logistic regres-
sion analysis were performed to explore the independent
variables associated with the thyroid disorders. Receiver
operating characteristic (ROC) was analyzed and area
under the curve (AUC) was calculated to evaluate the
diagnostic accuracy. Two-sided P values<0.05 were con-
sidered statistically significant.

Results

Demographic and clinical characteristics

Among 99 DED patients with thyroid function tests, 79
were female (79.8%) and 20 were male (20.2%). The aver-
age age was 45(32, 55) years old. 47 patients (47.5%) had
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thyroid disorders, while the other 52 patients (52.5%)
were euthyroidism. Both age (P=0.391) and gender
distribution(”=0.804) were similar between two groups
(Table 1). The proportion of patients with systemic auto-
immune disease was higher in patients with thyroid dis-
orders, but did not reach statistical significance (46.8% vs
30.8%, P=0.101).

Compared to DED patients with normal thyroid func-
tion, those with thyroid disorders had shorter NIBUT-
first[4.59 s (3.25 s, 6.12 s) vs 7.33 s (547 s, 9.13 s),
p<0.001] and NIBUT-avg[8.13+4.03 s vs 9.78+3.89 s,
p=0.042]. MG dropout ratio was also significantly higher
in DED patients with thyroid disorders [32.99% (21.08%,
55.39%) vs 17.2% (11.2%, 27.1%), p=0.001]. Notably, DED
patients with thyroid disorders had shorter and thinner
meibomian glands and larger intervals, indicating higher
degree of gland atrophy (Fig. 2). TMH, S1T and CES did
not have significant differences between two groups. It is
notable that the levels of Anti-TPO and Anti-Tg were sig-
nificantly higher in DED patients with thyroid disorders
(Anti-TPO: 8.65 IU/ml vs 0.99 IU/ml, Anti-Tg: 1.94 IU/
ml vs 0.82 IU/ml, both P<0.001). (Table 1).

Association between thyroid function and DED parameters
Table 2 showed the correlation between DED param-
eters and thyroid function parameters. It was found

Table 1 Demographic and Clinical Characteristics of DED Patients with or without Thyroid Disorders

With thyroid disorders With euthyroidism Pvalue
(n=47,47.5%) (n=52,52.5%)
Age (years old) 43.68+1335 46+13.38 0.391
Gender (male, %) 9(19.1%) 11 (21.2%) 0.804
With hyperlipemia (n, %) 1(2.1%) 4(7.7%) 0.207
With autoimmune diseases (n, %) 22 (46.8%) 16 (30.8%) 0.101
TMH (mm) 0.19(0.16,0.23) 0.22(0.18,0.25) 0.192
NIBUT-first (s) 4.59(3.25,6.12) 733(547,9.13) <0.001*
NIBUT-avg (s) 8.13+4.03 9.78+3.89 0.042*
S1T (mm/5 min) 4.00 (1.25,5.75) 5.00 (2.00, 8.00) 0.154
CFS (0,15) 9(7,11) 9(811) 0.241
MG dropout ratio (%) 32.99% 17.2% 0.001*
(21.08%, 55.39%) (11.2%, 27.1%)
TSH level (mIU/L) 1.67(1.12,2.37) 1.67(1.23,2.11) 0.664
T3 level (nmol/L) 1.39(1.23,1.49) 1.38(1.28,1.49) 0.731
T4 level (nmol/L) 97.58+17.94 98.33+1547 0.824
FT3 level (pomol/L) 4.16 (3.85,4.40) 4.20(3.95,4.39) 0.814
FT4 level (pmol/L) 12.93+1.95 1290+1.20 0.928
Anti-TPO level (IU/ml) 8.65 (5.63,20.27) 0.99 (0.54, 2.45) <0.001*
Anti-Tg level (IU/ml) 1.94 (0.89,26.15) 0.82(0.52,1.18) <0.001*

Data presented includes median values with interquartile ranges or means + standard deviations as appropriate. P values indicate statistical significance between the

two groups

Abbreviations: TMH Tear meniscus height, NIBUT-first the first noninvasive breakup time, NIBUT-avg the average noninvasive breakup time, S1T Schirmer 1 test, CFS

Corneal fluorescein staining, MG Meibomian gland, Anti-TPO Anti-thyroid peroxidase antibody, Anti-Tg Anti-thyroglobulin antibody
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Table 2 Correlation Analysis on DED parameters and thyroid
function in DED patients

Anti-TPO level Anti-Tg level

P P P P
NIBUT-first -0.371 <0.001 -0.279 0.006
NIBUT-avg -0.197 0.053 -0.114 0.268
MG dropout ratio 0.325 0.001 0318 0.002

Abbreviations: NIBUT-first the first noninvasive breakup time, NIBUT-avg the
average noninvasive breakup time, MG Meibomian gland

that the level of Anti-TPO and Anti-Tg negatively cor-
related with NIBUT-first (» <0.001 and p=0.006, respec-
tively), and positively correlated with MG dropout ratio
(p=0.001 and 0.002, respectively). NIBUT-avg did not
have correlation with thyroid function parameters.
Logistic regression analysis showed that patients with
either shorter NIBUT-first or larger MG dropout had a
higher incidence of thyroid disorders (NIBUT-first: OR
0.643(0.492 ~ 0.840), P=0.001; MG dropout: OR 1.076
(1.036 ~1.118), P<0.001).

ROC analysis was then performed to identify the
diagnostic potential of NIBUT-first and MG dropout
for thyroid disorders in DED patients. Table 3 showed
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the sensitivity and specificity of using either NIBUT-
first alone or MG dropout alone and their cut-off values
to predict thyroid disorders. The combination of both
parameters had the highest AUC-ROCs (Fig. 3) with the
sensitivity of 88.2% and specificity of 66.2%.

Discussion

This study highlights a significant association between
thyroid disorders and DED parameters, particularly
emphasizing the role of autoimmune thyroid dysfunction
in exacerbating ocular surface pathology. The key find-
ings demonstrate that nearly half (47.5%) of DED patients
exhibited thyroid disorders, specifically characterized
by impaired meibomian gland structure and accelerated
tear film breakup compared to euthyroid DED patients,
whereas other DED parameters showed no significant
association. Although our study is based on a specialized
population, this prevalence underscores the widespread
relevance of thyroid disorders in DED pathogenesis.
These findings align with previous reports linking thyroid
autoimmunity and DED severity [19].

The differences in DED parameters between patients
with thyroid disorders and euthyroid individuals pri-
marily manifested in NIBUT and MG dropout ratios.
While some studies suggest reduced tear secretion in

Table 3 Area under the curve(AUC) and predictive performance of DED parameters

Predictors AUC Pvalue Cut-off value Sensitivity Specifity
NIBUT-first 0.770 <0.001 5.255 85.7% 58.8%
MG-dropout ratio 0.784 <0.001 0.229 70.6% 79.6%
NIBUT-MG dropout ratio 0.841 <0.001 0.365 88.2% 66.2%

NIBUT-MG dropout ratio: a combined diagnostic index derived from a linear combination of the two diagnostic indicators, calculated as follows: Combined Diagnostic

Score=-0.370—0.207*(NIBUT-first) + 0.061*(MG-dropout ratio)
Abbreviations: NIBUT-first the first noninvasive breakup time, MG Meibomian gland

A NIBUT-first B MG dropout ratio NIBUT-MG dropout ratio
i ROC curve // - ROC curve s ROC curve ;
" // . ) ;
P
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100%-Specificity %
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Fig. 3 Receiver operating characteristic (ROC) curve analysis. ROC curve analysis for three DED parameters: NIBUT-first, MG dropout ratio,

and NIBUT-MG dropout ratio
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TED patients [20, 21], others indicate that TED does not
impair tear production [22, 23]. Our findings revealed no
significant differences in S1T or TMH between groups,
implying that reduced tear secretion is not the sole
mechanism driving DED in thyroid dysfunction. Instead,
the marked disparities in NIBUT and MG dropout ratios
highlight the potential role of evaporative dry eye mecha-
nisms in thyroid-related DED pathogenesis. These obser-
vations suggest that thyroid disorders may preferentially
disrupt MG integrity prior to clinically apparent lacrimal
gland dysfunction.

The relationship between MG and TED has been
widely investigated: Park et al. reported greater struc-
tural loss of upper eyelid MG in TED patients compared
to DED patients with similar dryness severity [8]; Liao
et al. identified severe lower eyelid MG dysfunction as a
key contributor to tear film instability in TED [22]; Wang
et al. observed significantly worse MG dropout in active
versus inactive TED [24]. Similarly, our study demon-
strated increased MG dropout ratios in DED patients
with thyroid disorders, suggesting MG atrophy as a hall-
mark of thyroid-related DED. Notably, we further identi-
fied a significant correlation between elevated Anti-TPO
and Anti-Tg antibody levels with increased MG dropout
ratios, further supporting the potential role of autoim-
mune inflammation in MG destruction.

Mechanistically, TSH receptors (TSHR) expressed
in the lacrimal gland have been identified as targets for
pathogenic autoantibodies that drive inflammatory
processes within the gland [25]. A similar pathogenic
mechanism might exist in meibomian glands. Although
no direct evidence currently confirms TSHR expression
in the MG tissues, thyroid hormone responsive spot 14
(THRSP)—a protein that physically and functionally
interacts with thyroid hormone receptors [26]—has been
detected in human MG tissues [27]. THRSP expression
correlates with TSH levels and modulates fatty acid syn-
thesis, a critical process for meibomian lipid secretion
[28, 29]. In patients with thyroid disorders, Anti-TPO
and Anti-Tg autoantibodies may directly or indirectly
interact with THRSP, potentially disrupting its regulatory
role and thereby impairing meibomian gland function
and structure. Additionally, given the inflammatory state
of the ocular surface in patients with thyroid dysfunction
[23], MG dysfunction could also arise as a nonspecific
consequence of localized inflammation. However, these
proposed mechanisms require further experimental vali-
dation to establish their causal roles in MG pathology.

Emerging evidence underscores the importance of
identifying thyroid disorders in DED patients, as undi-
agnosed thyroid disorders may exacerbate ocular sur-
face damage and confound treatment outcomes [23, 30].
While current guidelines recommend thyroid screening
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in DED patients when clinically suspected, the lack of
objective criteria often leads to either over testing in
low-risk populations or missed diagnoses in asympto-
matic cases [13]. In this study, we addressed this gap by
developing a novel combined diagnostic model integrat-
ing NIBUT-first and MG dropout ratio. This approach
achieved an AUC-ROC of 0.84, with 88.2% sensitivity and
66.2% specificity, outperforming individual parameters
alone. The model provides clinicians with a reproducible,
quantitative framework to prioritize thyroid testing in
high-risk DED patients.

This study has several limitations that should be
acknowledged. First, the modest sample size may limit
statistical power and introduce potential bias, reduc-
ing the generalizability of the findings. Additionally, as
a retrospective chart review, the study is inherently con-
strained by the availability and completeness of medical
records, which may influence data accuracy. Future stud-
ies should prioritize larger and more diverse cohorts to
enhance external validity. Furthermore, the observed
associations between thyroid disorders and DED param-
eters, as well as the proposed diagnostic utility of NIBUT
and MG dropout ratios as predictive biomarkers, require
rigorous validation through multicenter clinical trials
or prospective studies. Such efforts are essential to con-
firm their reliability and applicability in routine clinical
practice.

Conclusion

This study reveals that DED patients with shorter NIBUT
and higher MG dropout ratios exhibit significant asso-
ciations with elevated Anti-TPO and Anti-Tg antibody
levels. The integration of NIBUT and MG dropout
assessments demonstrates promising diagnostic potential
as a predictive biomarker for thyroid disorders in DED
populations, underscoring the value of ocular surface
evaluation in detecting systemic autoimmune disorders.
Further research is warranted to validate these findings
and refine their clinical utility.

Abbreviations

Anti-Tg Anti-thyroglobulin antibody
Anti-TPO Anti-thyroid peroxidase antibody
AUC Area under the curve

CFS Corneal fluorescein staining

DED Dry eye disease

FBUT Fluorescein breakup time

FT3 Free triiodothyronine

FT4 Free thyroxine

K5M Keratograph 5 M

MG Meibomian gland

NIBUT-avg  Average noninvasive breakup time
NIBUT-first  First noninvasive breakup time
ROC Receiver operating characteristic
S1T Schirmer 1 test

TED Thyroid eye disease

THRSP Thyroid hormone responsive spot 14
TMH Tear meniscus height
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TSH Thyroid stimulating hormone

TSHR Thyroid stimulating hormone receptor
TT3 Total triiodothyronine

TT4 Total thyroxine
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