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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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OCULAR SURFACE AND TEAR FILM CHANGES IN GRAVES’ DISEASE ACCORDING TO
THYROID EYE DISEASE STATUS
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Abstract.

Background: Thyroid eye disease (TED) is one of the main
extrathyroidal manifestations of Graves’ disease, occurring in
approximately 30% of cases. About 10% of affected patients
develop severe forms associated with a risk of vision loss and
disability.

Objective: To evaluate ocular symptoms and tear film
parameters, including tear film break-up time and Schirmer
test results, and to examine their associations with clinical
characteristics in patients with Graves’ disease and inactive
thyroid eye disease.

Methods: This observational cross-sectional study included
53 patients: 21 with TED and 32 without ocular involvement.
Clinical assessment was based on a standardized examination.
All patients were evaluated for TED according to the EUGOGO
criteria and underwent laboratory testing. TED activity at the
time of examination was assessed using the Clinical Activity
Score (CAS). Linear generalized estimating equation (GEE)
models with a normal distribution and identity link function
were applied to continuous outcomes, whereas logistic GEE
models were used for binary outcomes.

Results: Patients with TED more frequently reported excessive
tearing (61.9% vs. 12.4%) and a sensation of ocular pressure
(38.1% vs. 3.1%). They also demonstrated more pronounced
proptosis (B = 4.853, 95% CI 3.061-6.645; P < 0.0001) and a
shorter tear film break-up time (B = -1.298, 95% CI -2.482 to
-0.113; P = 0.032). No significant between-group differences
were observed in Schirmer test values. Greater proptosis was
associated with reduced tear film stability (B = -0.184, 95% CI
-0.320 to -0.048; P =0.008).

Conclusion: The associations of shorter TBUT with greater
proptosis and higher TRADb levels in patients with TED suggest
a combined influence of mechanical and autoimmune factors on
the ocular surface condition.

Key words. Graves’ disease, thyroid eye disease, Graves’
orbitopathy, ocular surface abnormalities, tear film dysfunction.

Introduction.

Thyroid eye disease (TED) is a relatively uncommon but
clinically significant autoimmune disorder, with an estimated
prevalence of 90-300 cases per 100,000 individuals. It is
characterized by upper eyelid retraction, and inflammatory
changes affecting the orbital tissues [1]. In addition to these
classical clinical manifestations, increasing attention has been
directed toward ocular surface abnormalities, as they represent
one of the leading causes of chronic ocular discomfort and
impaired quality of life in patients with TED [2-4].
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Ocular surface involvement in TED may present with both
subjective symptoms, including dryness, excessive tearing,
photophobia, and foreign body sensation, and objective signs,
such as reduced tear film stability, abnormal Schirmer test
result, corneal and conjunctival staining, and other indicators of
ocular surface damage [5,6]. Notably, the severity of subjective
symptoms does not always correlate with objective clinical
findings, highlighting the importance of a comprehensive
assessment that incorporates both patient-reported outcomes
and objective ocular surface parameters [7].

Most contemporary studies investigating ocular surface
changes in TED have focused on patients with active
inflammatory disease, typically defined by a Clinical Activity
Score (CAS) >3. These studies have consistently demonstrated
more pronounced ocular surface impairment in patients with
active TED, including reduced tear film stability, shorter tear
break-up time, abnormal Schirmer test results, increased ocular
surface staining, and greater severity of ocular discomfort
symptoms [8,9]. In contrast, data regarding ocular surface
status in patients with inactive or minimally active TED remain
inconsistent. Although several studies have included patients
with mild or inactive TED, the contribution of autoimmune and
structural-mechanical mechanisms to the development of ocular
surface abnormalities in the setting of low disease activity has
not been fully elucidated [10,11].

Therefore, the objective of the present study was to evaluate
ocular symptoms and tear film parameters, including tear film
break-up time and Schirmer test results, and to examine their
associations with clinical characteristics in patients with Graves’
disease and inactive thyroid eye disease.

Methods.

We conducted a cross-sectional study at City Outpatient
Clinic No. 5 and City Multidisciplinary Hospital No. 3 in
Astana, Kazakhstan, between September and December 2025.
Using a consecutive sampling approach, all patients registered
with a diagnosis of Graves’ disease at the participating
institutions were invited to participate. Eligible participants
were adults (>18 years of age) with a confirmed diagnosis of
Graves’ disease. Exclusion criteria included ocular surgery
or ocular trauma within the preceding 6 months; contact lens
wear within the previous 3 months; acute ocular infections
(including conjunctivitis, keratitis, and uveitis); active allergic
conjunctivitis; cicatrizing ocular surface disorders (including
ocular cicatricial pemphigoid, Stevens-Johnson syndrome,
and sequelae of chemical burns); systemic diseases associated
with secondary dry eye disease (including Sjogren’s disease,
rheumatoid arthritis, systemic lupus erythematosus, and other
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connective tissue diseases); use of systemic medications known
to affect tear production or ocular surface homeostasis (e.g.,
anticholinergics, antidepressants, antihistamines, isotretinoin);
use of topical ophthalmic medications, with the exception of
artificial tears; which were discontinued at least 24 hours before
the examination; and receipt of specific treatments for ocular
surface disease within the preceding 3 months, including topical
immunomodulatory therapy, punctal occlusion, or device-based
treatment for meibomian gland dysfunction. The presence of
clinical manifestations of TED, including eyelid retraction,
lagophthalmos, meibomian gland dysfunction, signs of dry
eye disease (DED), and other ocular surface abnormalities,
was not considered an exclusion criterion, as these features
constituted the primary outcomes of the study. Graves’ disease
was diagnosed on the basis of clinical findings together with
laboratory confirmation of thyroid hyperfunction and positivity
for thyroid-stimulating hormone receptor antibodies (TRADb), as
well as characteristic thyroid ultrasonographic findings.

All participants underwent a standardized assessment that
included the collection of demographic and clinical data,
including age, sex, age at the onset of Graves’ disease, disease
duration, and smoking status, given its established role as a risk
factor for the development and progression of TED. Thyroid
function was assessed by measuring serum thyroid-stimulating
hormone (TSH), free triiodothyronine (FT3), free thyroxine
(FT4), and TRAD levels.

Patient-reported ocular symptoms, including dryness, excessive
tearing, photophobia, and a sensation of ocular pressure, were
analyzed at the patient level. In contrast, each eye was evaluated
independently for objective ophthalmic parameters, as the
severity of ocular surface involvement in Graves’ disease may
differ between the right and left eyes of the same individual.
Objective ophthalmic assessment included exophthalmometry
for the measurement of proptosis, the Schirmer test to evaluate
aqueous tear production, and TBUT measurement to assess tear
film stability.

All participants were evaluated for the presence of TED
according to the European Group of Graves’ Orbitopathy
(EUGOGO) diagnostic criteria. Disease activity at the time of
examination was assessed using the CAS score. Based on these
assessments, participants were stratified into two groups. The
TED group comprised patients with thyroid eye disease of any
severity (n=21), whereas patients with Graves’ disease who
did not meet the EUGOGO diagnostic criteria for TED were
assigned to the non-TED group (n=32).

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 26.0 (IBM Corp., Armonk, NY, USA). Data
visualization and graphical presentation were generated using R
version 4.5.2 (R Foundation for Statistical Computing, Vienna,
Austria). Continuous variables are presented as the median and
interquartile range (IQR), whereas categorical variables are
expressed as frequencies and percentages. Comparisons between
patients with and without TED were performed using the Mann-
Whitney U test for continuous variables and the chi-square
(x2) test or Fisher’s exact test, as appropriate, for categorical
variables. For ophthalmic parameters, each eye was analyzed as
a separate observational unit. Tear film break-up time, Schirmer
test results, and exophthalmometry measurements were
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evaluated on an eye-specific basis. Analyses of patient-reported
symptoms were performed at the patient level. Generalized
estimating equations (GEE) were used to evaluate associations
involving eye-level data (e.g., TBUT), accounting for the
within-subject correlation between fellow eyes. For continuous
outcomes, linear GEE models with a Gaussian distribution
and an identity link function were fitted. For binary outcomes,
logistic GEE models were applied. Interaction terms were
included to assess whether the associations differed between
patients with and without TED. A two-sided p value < 0.05 was
considered statistically significant.

Ethics approval and consent to participate:

This study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the local Ethic
Committee of the ART Science Innovation Center (Protocol No.
9-2024, dated October 10, 2024).

Data availability statement:

The dataset generated and analyzed during the current study are
not publicly available but are available from the corresponding
author on reasonable request.

Financial support and sponsorship:

This research was funded by the Committee of Science of the
Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP26100297).

Results.

The demographic and clinical characteristics of the study
participants are summarized in Table 1. Notably, patients in
the TED group exhibited asymmetric orbital involvement. No
significant differences were observed between TED and non-
TED groups with respect to age, sex, age at disease onset, or
smoking status.

Comparative analysis of ocular manifestations between the
study groups demonstrated statistically significant differences
in the prevalence of excessive tearing (61.9% vs. 12.4%) and
the sensation of ocular pressure (38.1% vs. 3.1%), both of
which were more frequently reported by patients with TED
(Figure 1A). In contrast, no statistically significant differences
were observed between the groups in serum levels of pituitary-
thyroid axis hormones, including TSH, FT3, FT4, or in TRAb
levels (Figure 1B).

Using generalized estimating equation to account for inter-eye
correlation, patients with TED were found to have significantly
greater proptosis, as measured by exophthalmometry, than those
without TED (B = 4.853, 95% CI 3.061-6.645, P < 0.0001).
Median exophthalmometry values in the TED group were 23
mm (IQR, 20.0-25.5) in both the right (OD) and left (OS) eyes,
compared with 17.5 mm (IQR, 16.0-19.0) in the right eye and
18.0 mm (IQR, 16.0-20.0) in the left eye in the non-TED group
(Figure 2A). GEE analyses of TBUT demonstrated significantly
reduced tear film stability in patients with TED compared with
those without TED (B = -1.298, 95% CI -2.482 to -0.113, P =
0.032). The median TBUT in the TED group was 7 s (IQR,
5.5-10.0) in the right eye and 8 s (IQR, 5.5-10.0) in the left
eye, whereas the corresponding values in the non-TED group
were 8 s (IQR, 7.5-10.0) and 9 s (IQR, 8.0-10.0), respectively
(Figure 2B). In contrast, GEE analysis accounting for inter-eye



Table 1. Demographic and Clinical Characteristics of the Study Participants.

. TED group Non-TED group (control)
Variable Me IQR Me IQR P value
Age, years 45.5 37.5-56.2 48 39-57 0.884
Sex Male 4 19% 7 21.9% 10
Female 17 81% 25 78.1% ’
Age at disease onset, years 34 31.7-42.5 41.5 29.5-50.2 0.266
Disease duration, years 5 2-15.7 4 2-15 0.199
Smoking 10 23.8% 11 17.5% 0.426
. Mild 12 57.1%
Severity of TED Moderate 9 42.9%
Activity Inactive 21 100%
CAS, points 0 0-1
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Figure 1. Comparison of (4) Prevalence of Ocular Symptoms, and (B) Thyroid Function Test and TRAb Levels Between TED and non-TED groups.
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Figure 2. Comparison of (A) Exophthalmometry, (B) TBUT, and (C) Schirmer Test Values Between Patients with TED and Controls.
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Figure 3. Stratified Associations Between TBUT and Clinical Variables in TED and non-TED groups. (A) Relationship Between TRAb Levels and
TBUT. (B) Relationship Between Age at Disease Onset and TBUT.
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correlation showed no significant association between TED
status and Schirmer test values (B = -0.269, 95% CI -4.611
to 4.073, P = 0.903). Median Schirmer test values in the TED
group were 10 mm (IQR, 3.0-20.0) in the right eye and 8§ mm
(IQR, 3.0-15.5) in the left eye, compared with 10 mm (IQR,
5.0-14.75) and 12 mm (IQR, 5.0-18.0), respectively, in the non-
TED group (Figure 2C).

We next explored factors associated with tear film instability by
performing additional generalized estimating equation analyses,
with tear film break-up time specified as the dependent variable
and selected demographic, clinical, and laboratory variables
entered as independent predictors.

Significant interactions were identified between study group
and TRAD levels (P = 0.030), as well as between study group
and age at Graves’ disease onset (P =0.011), indicating that the
associations of these variables with TBUT differed between
patients with and without TED. Consequently, stratified GEE
analyses were performed separately for the TED and non-TED
groups. In the stratified GEE analyses, higher TRAb levels were
significantly associated with shorter TBUT among patients with
TED (B =-0.095, 95% CI -0.150 to -0.040, P = 0.001), whereas
no such association was observed in the non-TED group (P =
0.828) (Figure 3A). Similarly, among patients with TED, age at
Graves’ disease onset was significantly associated with TBUT
(B = -6.108, 95% CI -9.832 to -2.384, P = 0.001), no such
association was observed in the non-TED group (P = 0.998)
(Figure 3B).

We also found that greater exophthalmos was independently
associated with reduced tear film stability. In the GEE model,
each 1-mm increase in exophthalmos was associated with a
0.184-second decrease in TBUT (B = -0.184, 95% CI -0.320 to
-0.048, P =0.008).

Discussion.

Our findings demonstrated significantly reduced TBUT
in patients with inactive TED compared with patients with
Graves’ disease without ocular involvement. These findings
are generally consistent with previous studies demonstrating
ocular surface dysfunction and impaired tear film stability
in patients with TED. Importantly, most published evidence
has been derived from cohort of patients with active TED,
a disease stage characterized by more pronounced ocular
surface inflammation. In these patients, previous studies have
consistently demonstrated reduced TBUT, increased tear film
osmolarity, a higher prevalence of dry eye symptoms, and
elevated Ocular Surface Disease Index (OSDI) scores. Previous
studies have suggested that these alterations are driven by the
combined effects of local orbital inflammation and structural
remodeling of the orbital tissues during the active phase of TED
[11,12].

In contrast, studies focusing on inactive TED remain relatively
limited and have yielded less consistent findings. Several
investigations have demonstrated that, despite resolution of
active inflammation, patients continue to experience ocular
discomfort, while tear film stability remains impaired compared
with healthy individuals. Consistent with our findings, Wang
et al., Bui et al. and Allam et al. reported that patients with
both active and inactive TED exhibited greater ocular surface
impairment than healthy controls [8,10,13]. However, the
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severity of ocular surface abnormalities was consistently greater
in patients with active disease, supporting the contribution of
active orbital inflammation to ocular surface dysfunction.

In contrast, Rana et al. emphasized the substantial contribution
of mechanical factors to ocular surface dysfunction in TED [14].
Increased proptosis, eyelid retraction, and lagophthalmos may
promote excessive tear evaporation, impair tear film distribution
across the corneal surface, and reduce TBUT, irrespective of
inflammatory disease activity. These observations are consistent
with our findings, which demonstrated significantly lower
TBUT values and greater proptosis in patients with inactive
TED compared with patients with Graves’ disease without TED.
Furthermore, the absence of significant differences in Schirmer
test results, together with the independent association between
exophthalmos and TBUT observed in our GEE analysis, supports
the hypothesis that mechanical factors play a predominant role
in tear film instability in patients with inactive TED.

Of particular interest, although TRAb levels did not differ
significantly between the study groups, an inverse association
between TRAD levels and TBUT was observed exclusively
among patients with TED. This finding suggests that the
clinical relevance of TRAb may depend less on their absolute
circulating levels than on the presence of orbital involvement,
where these autoantibodies may exert their pathogenic effects.
The absence of a similar association in patients with Graves’
disease without TED further supports the concept that orbital
tissue susceptibility is required for TRAb-mediated ocular
surface dysfunction. This finding is consistent with current
understanding role of TRAb in the pathogenesis of TED.
Expression of thyroid-stimulating hormone receptors on orbital
fibroblasts and other periocular cells promotes activation of
inflammatory and tissue-remodeling pathways that contribute
to the development of TED. Accordingly, the observed inverse
association between TRAbD levels and TBUT may reflect the
contribution of autoimmune mechanisms to ocular surface
dysfunction in patients with TED.

An unexpected finding of our study was association between
age at Graves’ disease onset and TBUT, which was observed
exclusively among patients with TED. To date, evidence
regarding the influence of age at disease onset on ocular surface
status in Graves’ disease remains limited. It is possible that age
at onset reflects differences in disease phenotype, cumulative
exposure to autoimmune mechanisms, or age-related alterations
in ocular surface tissues. However, this association should be
interpreted with caution, as it was identified in an exploratory
analysis and has not been consistently reported in previous
studies. Accordingly, our findings should be considered
preliminary and require confirmation in larger, independent
cohorts.

A notable strength of the present study is that the majority
of patients with TED had inactive disease and low CAS
values. Despite the absence of clinically active inflammation,
these patients exhibited significantly reduced TBUT, a higher
prevalence of ocular symptoms, and greater proptosis than
patients with Graves’ disease without TED. These findings
suggest that ocular surface dysfunction may persist beyond the
active inflammatory phase of TED and support the concept that
mechanisms other than active inflammation, including structural



and mechanical changes, contribute to tear film instability
in inactive disease. Taken together, our findings support the
concept that ocular surface dysfunction in TED is multifactorial,
resulting from the combined effects of immune-mediated
inflammation and structural alterations of the orbit and eyelid.
These results also highlight the importance of disease activity,
as clinically meaningful tear film dysfunction may persist even
during the inactive phase of the disease.

Limitations.

This study has several limitations. First, it was conducted at a
single center and included a relatively small sample size, which may
limit the generalizability of the findings to the broader population
of patients with Graves’ disease. Second, the cross-sectional design
precludes causal inference regarding the relationships between
clinical characteristics of Graves’ disease and ocular surface
parameters. In addition, the exploratory associations identified
in this study, particularly those involving age at disease onset
and TRAD levels, should be interpreted with caution and require
validation in larger, prospective, multicenter studies.

It should also be considered that ocular surface assessment
was based primarily on patient-reported symptoms, TBUT,
and the Schirmer test. Other established diagnostic modalities,
including corneal and conjunctival staining with fluorescein or
lissamine green, tear film osmolarity measurement, quantitative
assessment of meibomian gland function, and validated dry
eye symptom questionnaires, were not incorporated into the
study protocol. Consequently, the present findings should be
interpreted as reflecting selected features of ocular surface
dysfunction and tear film instability rather than a comprehensive
of dry eye disease according to contemporary diagnostic criteria.

Conclusion.

Patients with Graves’ disease and inactive TED demonstrated
shorter tear film break-up time, more pronounced exophthalmos,
and a higher frequency of ocular symptoms than patients without
ocular involvement. The absence of a significant between-group
difference in Schirmer test results suggests that these changes
may be related primarily to increased tear evaporation and
impaired tear film distribution associated with structural and
anatomical changes in the orbit and eyelids, rather than reduced
tear production.

The independent negative association between the degree of
exophthalmos and TBUT, together with the association between
higher TRAb levels and shorter TBUT observed exclusively
in patients with TED, suggests that both mechanical and
autoimmune factors may contribute to reduced selected tear film
parameters, particularly TBUT, in these patients. The association
between TBUT and age at Graves’ disease onset should be
considered a preliminary finding requiring confirmation in
larger prospective studies. These findings support the need for
comprehensive ocular surface assessment in patients with TED,
irrespective of disease activity.
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HN3meHeHNsI MOBEPXHOCTH IUIa3a M CJIE3HOH IUVIEHKH NPH
0one3nu I'peiiBca B 3aBHCHMOCTH OT CTaTyca IHJAOKPHHHOI
opouTONATUH

AKTyanbHOCTB:  OJHAoKpuHHas  opouromatus  (DOII)
SIBIIICTCSI OAHUM M3 OCHOBHBIX BHEUIUTOBUAHBIX MPOSBICHHUH
6one3nu I'peiiBca, BcTpeyascs npumepHo B 30% cirydaes, npu
sToM 10% ManmueHTOB UMEIOT TSKEIbIE (POPMBI, CONPSKEHHBIE
C PUCKOM IOTEPH 3pCHUS M HHBAIHUIU3AIINN.

Hean: OneHnuTs Ia3HbIE CUMOTOMBI U IapaMeTpsl CIE3HOM
IJIEHKH, BKJIFOYast BpeMs paciaia ClIe3HOM IVIEHKU U PE3YIIbTaThl
tecra [llupmepa, a Takke U3ydUTh UX CBS3b C KIMHHYECKUMHU
XapakTepUCTUKaMH y TanueHToB c Oomne3Hbio IpeifBca ¢
HEaKTUBHOM TUPEOUIHON OTaIbMONATUEH.

Metonbsl: B 310  00CepBalOHHOE  OJHOMOMEHTHOE
IIOTIepeYHOe HCCIIEA0BaHNE OBIIM BKIIIOUEHBI 53 marueHTa:
21 ¢ tupeonnHoU odpTamsMonatueit U 32 6e3 mopakeHHs TJ1as3.
Knunanueckast orieHka Obli1a 0CHOBaHA HA CTAHAAPTU3NPOBAHHOM
oOClieJOBaHWM, BCEM Ial[IEHTaM OLIEHHBAJIOCh HAINYHE
TUPEOUTHON odraneMonaruu COTJIaCHO KPUTEPHSIM



EUGOGO wu naGoparopHble IOKa3aTeiad, akTUBHOCTE TED
Ha MOMEHT oOcMoTpa oueHuBaiach no mkane CAS. s
HENPEPHIBHBIX PE3yJIbTaTOB MPUMEHSIINCH JTHHEHHBIE MOJENU
GEE ¢ HopManbHBIM pacnpenelieHHeM W (yHKIMEH CBS3U
UAEHTHYHOCTH. J[1s1 OMHApHBIX PE3yNIbTaTOB HCIIOIb30BAIICH
noructuueckue mogenu GEE.

Pesyabrarpl: Y manueHToB ¢ odTaimbMonaTrHeil darie
oTMeuanuck ciiezoreuenue (61,9% mpotus 12,4%) u onryrueHue
nasienus B miazax (38,1% nporus 3,1%), Habnroganuce Ooiee
BEIpa)KeHHasi MPOTpPy3Hsl miasHoro sionmoka (B = 4,853, 95%
A1 3,061-6,645, p<0,001) u cHIKEHHE BpPEMEHH pa3phbiBa
ciesnoit menku (TBUT) (B = -1,298, 95% U ot -2,482 no
0,113, p=0,032). 3naunmMbIx paznuuunid 1o tecty Llpumepa He
BBISIBJIEHO. BrIpaskeHHOCTH 9K30(TaibMa Oblila acCOIMMPOBaHA
CO CHIDKEHHEM CTaOWIBHOCTH cie3Hoi mieHku (f = -0,184,
95% U ot -0,320 no -0,048, p = 0,008).

BriBoa: CBsizu MeXy BRIpOXEHHOCTBIO dK30(TabMa, Oosee
xopotkuM TBUT u yposamu antuten k peuentopam TTI y
nanueHToB ¢ JOII cBUAETENbCTBYIOT O COUETAaHHOM BIUSIHUU
MEXaHWYECKMX M ayTOMMMYHHBIX ()aKTOpOB Ha COCTOSHHE
Ia3HOM MOBEPXHOCTH.

KaroueBbie cioBa: ©Oone3np IpeiiBca, dHIOKpHHHAs
opOuromarusi, THUpeouaHas OQPTaIbMONATHS, HapyIICHHUE
IJIa3HOW TIOBEPXHOCTH, TUCQYHKINS CIE3HON IICHKH.

369030l 553500l EOHML M35¢ol BYI30MOLS S
3699bsgbo gowdol 33wowgdgdo gbomimobywo
™mO30EHM35000b LEGMLOL Jobgz0m

69bomdy:  96M3MmObMo  MOBOGHM3s0s  3Mgoz0L
0553500900 9O -9OH0 FM535M0 BoMOLYOMO KOO 3IZOl
39090 25930069055, HGMIgeros 33H3qds 90mb393500
asbemgdom 30% - do, bom 3530963 gd0L 10% - U
5J3l 9d0dg B}MMIYo0, OMIWIIOE  ©939380MYIM0S
dH300390MdOL 35MA30LS s 0635¢OEMBOL BHOLIMNSG.

00Bobo:  Fgoxzolge m3zseol  Lod3GmIgdo s
3699bsgbo  gowdol  3s6o89GHMgdo, doo  dmMol
3699bsgbo gowdol sdwol O™ s JoMIgMHol
AIbGHOL  99gaq00 s dgolfisgamgo  domo 3933060

209

30603996  Fsbslosmgdgdmsb 35309637080 aMgogzol
Q55350900  BoOOLYIOO  KOMIZOL 565 EHOMMO
MBNOWTMI35MD000).

3900mgd0: gl 15333060390 M K35M)0bO 33935
0mo393s 53 353096@L: 21 TED-om s 32 omgserol
Bo®3memdol ds69dq. 300060360 90351909 9531dbgdMs
UEObIOGHOBIIM  2odm33eg39L.  Y39gws 35309630
d9obs  TED-obogolb  EUGOGO  360@g6m0w99d0L
90bg30m 5 J905MS BBMMOGHMOOMO  BHILEGHOMYDS.
TED 59&03mds 450m33c930L codml 99x35b0s 36006039960
09BHogmdol  Jmeol (CAS) as3mygbgdom. w@obymwyemo
396965w0BgdMmo  Fgxslgdol  aobGmwgdol  (GEE)
0m©ggd0 bmMdoser®mo gsbsfowgdols s 0abEmdol
3938060b B16j3000 39900949690™m©s fig39(H 9©0IIBVY
bem @myobBozn®o GEE 0mgergdo godmoygbgdmeos
006560 89092900Lm30L.

090092900:  mgBmowdm3smools  IJmbg  35309b3OL
MROHM HIoMms©  509bodbgdmsm  3Mmgdergbs (61.9%
12.4%- ob §obosmdgy) s m35¢qddo §bg30lL Tgamabads
(38.1% 3.1%-0b {0bssdga), M350l 3530l MGO™
23959mbs@meo 3OHmEOHWbos (B =-4.853, 95% CI -3.061-0056
-6.645-0009, p<0.001) s 3699¢lsgbo gowrdol H®39g30L
@OHmob dgd3oMgds (TBUT) (B = -1.298, 95% CI-95% 2.482-
0.113, p=0.032). dModgHoL FGHgbBHIo b0dzbywMzs60
2496Lb30390900 96 ymgows. gABMBmIErdmbiols Loddody
SbmEoMEads ML gbo Bowrdol  LEHdOYYOHMOOL
9993060905 sb (B = -0.184, 95% CI: -0.320 - sb -0.048, p
=0.008).

©ob336s: TED-o0 0993500939 353309539080
Meeem dnzwwg TBUT-ob sbmEosgogdo Mudm oo
30M3Gmbom ©s TRAb-ol vg®Om  Jowseo  ©mboom
000mgdL 894960399600 s 5EBHMOTMBMOO GG MMdOL

3MAdoboMgdmE  2o3wgbsHg  mzseol  Bga3do®mol
000 MToMmgMdBY.
153356dM Lo@yggdo: 3M9030L 553500900,

9560360060 MOHBIOGHM35m05, BoMOLYIIMO K0M3IZWOl
MBNOTM35005, MI5ol HBgEs30Mol, 3MYIbowgbo
30dol Eobgmbysos.
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