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MutaHHA KNiHiYHOI ocpTanbmonorii

Optimization of therapeutic approaches for meibomian gland
dysfunction in women of reproductive age with dry eye disease

Maftuna Vahobova, Muyassar Karimova, Zilolakhon Khodjayeva

Republican Specialized Scientific and Practical Medical Center of Eye Microsurgery, Tashkent (Uzbekistan)

OnTumisauis TepaneBTUYHUX NiAXoAiB A0 NiKyBaHHA AUCHYHKLIT MenbomieBux
3ano3 y XiHOK penpoayKTUBHOrO BiKy i3 CAHAPOMOM CyXOro oka

MadtyHa Baxo6oBa, Mysicap KapimoBa, 3inonaxoH XoaxaeBa

Pecny6nikaHcbkuin cneuianizoBaHMii HAyKOBO-MPaKTUYHWIA MEONYHUIA LLEHTP MiKpoXipyprii oka,

TawwkeHT (Y36ekucran)

Abstract

Objective. To evaluate the clinical effectiveness of oral
vitamin D supplementation as an adjunct to conventional
therapy in reproductive-aged women with meibomian gland
dysfunction (MGD)-associated dry eye disease (DED) and
vitamin D deficiency by assessing changes in serum 25-hy-
droxyvitamin D levels, tear film stability, lipid layer thick-
ness, tear meniscus height, meibomian gland morphology,
and ocular surface function.

Materials and Methods. This prospective comparative
study included 60 women (120 eyes) of reproductive age
diagnosed with MGD-associated DED. Forty patients with
confirmed vitamin D deficiency were allocated into two treat-
ment groups: Group I received oral vitamin D supplementa-
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tion combined with preservative-free artificial tears, whereas
Group Il received preservative-free artificial tears alone.
Twenty women with normal vitamin D levels comprised
Group Il (control group) and received preservative-free arti-
ficial tears. Ocular surface evaluation includes non-invasive
tear breakup time (NIBUT), lipid layer thickness (LLT), tear
meniscus height (TMH), and meibography using the LacryD-
iag® ocular surface analyzer (Quantel Medical, France). Se-
rum 25-hydroxyvitamin D concentrations were measured at
baseline and after three months of treatment.

Results. Combination therapy with oral vitamin D supple-
mentation resulted in significantly greater improvement in
tear film stability, LLT, TMH, and meibomian gland mor-
phology compared with artificial tears alone (p < 0.05). The
greatest clinical improvement was observed in patients with
mild-to-moderate MGD. Patients receiving vitamin D supple-
mentation also demonstrated a marked reduction in dry eye
symptoms and better restoration of ocular surface function
than those treated with artificial tears alone.

Conclusion. Personalized correction of vitamin D de-
ficiency based on serum 25-hydroxyvitamin D levels repre-
sents an important pathogenetic component in the treatment
of MGD-associated DED in women of reproductive age. The
addition of oral vitamin D to preservative-free artificial tears
significantly improves tear film stability, meibomian gland
function, and clinical symptoms, particularly in mild-to-mod-
erate disease. This approach may provide an effective strat-
egy for optimizing DED management.

Keywords: dry eye disease, meibomian gland dysfunction,
vitamin D deficiency, tear film stability, fertile-aged women,
LacryDiag, oral vitamin D supplementation.
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Pe3tome

Mema. Oyinumu KiiHiuHY e@eKmueHicms NepopanrbHO-
20 nputiomy eimaminy D sx 0onoenenHs 00 36uaiiHoi me-
panii' y JCIHOK penpooyKmugHo20 iKYy 3 CUHOPOMOM CYX020
oxka (CCO), nosg'azanum 3 OUc@YHKYico MelbOMIEBUX 3a103
(AM3) ma oepiyumom imaminy D, winsixom oyinku 3min pig-
Hs 25-ciopoxcusimaminy D y cuposamyi kposi, cmabinbHocmi
CI3HOL NAIGKU, MOBWUHU JINIOHO20 WAPY, BUCOMU CNIZHO2O
MeHicKa, Mopgonoeii melibomiceux 3a103 ma QyHKyii nosepx-
Hi OKa.

Mamepianu ma memoou. Lle npocnexmuere nopieHsivHe
oocnidicenns oxonuno 60 sxcinok (120 ouetl) penpodykmueHo-
20 6ixky 3 CCO, nog'sizanozo 3 JIM3. 40 nayichmox 3 niomeep-
OoicerHum Oeiyumom simaminy D 6ynu po3dineni na 06i epynu
niKyeanus: epyna I ompumysana nepopanvhi 0obasku simami-
ny Dy noeonanni 3i wumyunumu crvo3amu 6e3 KoHcepeanmie,
epyna Il ompumysana nuuie wimyuni civo3u 6e3 KOHCEp8anmia.
20 scinok 3 HopmanbHum pieHem gimaminy D ysitiuau 0o epy-
nu Il (koumponvha 2pyna) ma ompumyeanu WmyuHi cl1bo3u
6e3 koncepsanmis. OYiHKa NOBEPXHI OKA BKIIOUAE HEIHBAZUG-
Hutl yac pospugy criznoi naiexu (NIBUT), moswjury ninionoeo
wapy (LLT), sucomy cniznoeo menicka (BCM) ma metibozpa-
@iio 3a donomocoro ananizamopa noeepxti oxa LacryDiag®
(Quantel Medical, @panyis). Konyenmpayii 25-eiopoxcusi-
maminy D y cuposamyi Kpogi 6UMIpo8anucs Ha noYamxy 0o-
COMNCEHHSL Ma Yepe3 mpu MICsyi TIKYE8aAHHSL.

Introduction

Dry eye disease (DED) is a multifactorial disorder of
the ocular surface characterized by a loss of tear film ho-
meostasis and accompanied by ocular symptoms. Tear film
instability, tear hyperosmolarity, ocular surface inflamma-
tion and damage, and neurosensory abnormalities are rec-
ognized as the principal etiological mechanisms of the dis-
ease [1,2]. According to the Tear Film and Ocular Surface
Society Dry Eye Workshop II (TFOS DEWS II), MGD is
the leading cause of evaporative DED and contributes to
excessive tear evaporation, tear film instability, and chronic
ocular surface inflammation [3,4]. DED is one of the most
common ocular surface disorders, with epidemiological
studies reporting a higher prevalence among women and
demonstrating associations with sex, hormonal status, ag-
ing, and environmental factors [5—7]. In particular, hor-
monal factors may play an important role in the develop-
ment and progression of ocular surface disorders in women
[8]. Recent studies have demonstrated an association be-
tween vitamin D deficiency and DED. Systematic reviews
and meta-analyses have shown that lower serum 25-hy-
droxyvitamin D [25(OH)D] concentrations are associated
with an increased risk and greater severity of DED [9,10].
Furthermore, clinical studies have reported improvement in
dry eye symptoms and ocular surface parameters following
vitamin D supplementation in patients with vitamin D defi-
ciency [11]. These findings suggest that vitamin D deficien-
cy may contribute to ocular surface dysfunction and should
be considered during the evaluation of patients with DED.
Assessment of tear film stability and ocular surface func-

Pezynomamu. Kombinosana mepanis 3 nepopanbHum
nputiomom eimaminy D npuzeera 00 3HauHO OLNLWLO20 NO-
Kpawenns cmabinonocmi cniznoi naieku, LLT, BCM ma mop-
¢honoeii mevibomiesux 3an03 NOPIGHAHO 3 BUKOPUCTIAHHAM
auwe wmyynux cniz (p < 0,05). Hatibinvwe kainiyne noxpa-
WEeHHA CNOCMepi2anoca y NayieHmie 3 1e2Ko0 ma NOMIpHOIO
dopmoro [IM3. Ilayicumu, saxi ompumyeanu 00b6aexu gima-
Miny D, makooic npoOemoHcmpyeanu nomimue 3meHuleHHs
CUMNMOMI8 CYX020 OKa ma Kpawje 8I0HO8NeHHA PYHKYII no-
8EPXHI OKa, HIJIC Mi, X0 OMPUMYBAE AUULe WMYYHI CTbO3U.
Bucnosok. Ilepconanizosana xopekyis Oegiyumy eimami-
Hy D Ha ocnosi pisus 25-ciopoxcusimaminy D y cuposamyi
KPOBI € 8AXCIUBUM NAMO2EHEMUYHUM KOMNOHEHMOM ) JiKy-
sanni CCO, nog'sizanoi 3 [IM3, y dcinok penpodykmuero2o
6ixy. [looasanns nepopanvrozo eimaminy D 0o wnyunux cniz
6e3 KOHCEpBanmi6 3HAYHO NOKPAWye cmabiibHicmb CI3HOT
Ni6KU, QYHKYII0 MeUDOOMIEUX 3a7103 MA KNIHIYHI CUMRIMOMU,
0COONUBO NPU 1e2KOMY A NOMIPHOMY hepebizy 3ax80pIo8aH-
Ha. Leil nioxio mooice 3abe3neuumu egpekmusny cmpameziio
ons onmumizayii nikyeanns CCO.

Knruogi cnosa: cunopom cyxozo oka, Ouc@)ynkyis metioo-
Mmiesux 3an03, degpiyum gimaminy D, cmabinvHicms criznoi
nuiexku, JHCciHku Gpepmunvroeo 6ixy, LacryDiag, nepopanvhutl
nputiom gimaminy D.

tion is essential for the diagnosis and monitoring of patients
with MGD-associated DED. The TFOS DEWS II Diagnos-
tic Methodology Report recommends objective evaluation
of tear film parameters and meibomian gland morphology
to improve the accuracy and reproducibility of diagnosis
and treatment monitoring [ 12]. Despite increasing evidence
linking vitamin D deficiency with DED, previous studies
have mainly focused on the association between vitamin
D status and ocular surface abnormalities or have evalu-
ated vitamin D supplementation in heterogeneous patient
populations. Limited data are available regarding the ef-
fectiveness of individualized oral vitamin D supplementa-
tion as an adjunct to conventional therapy, specifically in
reproductive-aged women with MGD-associated DED and
vitamin D deficiency. Moreover, few studies have simulta-
neously evaluated biochemical vitamin D status together
with comprehensive objective non-invasive ocular surface
parameters, NIBUT, LLT, TMH and meibomian gland mor-
phology. Therefore, the present prospective study aimed to
evaluate the clinical efficacy of individualized oral vitamin
D supplementation in combination with preservative-free
artificial tears in reproductive-aged women with MGD-
associated DED and confirmed vitamin D deficiency, us-
ing both biochemical assessment of vitamin D status and
objective non-invasive ocular surface imaging.

Scientific novelty and clinical significance. Unlike pre-
vious studies that primarily investigated the association be-
tween vitamin D deficiency and DED or evaluated vitamin
D supplementation in heterogeneous patient populations,
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the present study specifically focused on reproductive-aged
women with MGD-associated DED and confirmed vitamin
D deficiency. The scientific novelty of the study lies in the
comprehensive evaluation of individualized oral vitamin D
supplementation using biochemical assessment of vitamin
D status together with objective non-invasive ocular sur-
face parameters. The findings may provide clinically rel-
evant evidence supporting a personalized approach to the
correction of vitamin D deficiency as an adjunct to conven-
tional therapy in this specific patient population.

Objective of the study. To evaluate the clinical effec-
tiveness of oral vitamin D supplementation as an adjunct
to conventional therapy in reproductive-aged women with
MGD associated with DED and vitamin D deficiency by
assessing changes in serum 25-hydroxyvitamin D levels,
tear film stability, LLT, TMH, meibomian gland morphol-
ogy, and ocular surface function.

Materials and Methods

This prospective, comparative, non-randomized study
was conducted at the Republican Specialized Scientific
and Practical Medical Center of Eye Microsurgery (Tash-
kent, Uzbekistan) between January 2024 and March 2026.
A total of 60 women (120 eyes) of reproductive age di-
agnosed with DED associated with MGD were enrolled.
The mean age of the participants was 28.2 = 4.2 years.
The diagnosis of DED was established according to the
recommendations of TFOS DEWS 11, based on patients'
symptoms and objective ocular surface examinations
[1,12].Women with vitamin D deficiency were assigned
to two treatment groups according to the predefined non-
randomized treatment protocol. Group I (20 patients, 40
eyes) received individualized oral vitamin D supplementa-
tion according to 25-hydroxyvitamin D levels in combina-
tion with preservative-free artificial tears (Ocutears ®, one
drop four times daily for 3 months). Group II (20 patients,
40 eyes) received preservative-free artificial tears alone.
Group III (20 patients, 40 eyes) consisted of patients with
normal serum vitamin D concentrations and received pre-
servative-free artificial tears, serving as the control group.
All participants underwent ophthalmological examina-
tion at baseline and three months after treatment. The
examination includes best-corrected visual acuity assess-
ment, slit-lamp biomicroscopy, NIBUT, LLT, TMH, and
non-contact meibography using the LacryDiag ® ocular
surface analyzer (Quantel Medical, Cournon-d'Auvergne,
France). Serum 25(OH)D concentrations were determined
using the iFlash 1800 Chemiluminescence Immunoassay
Analyzer (Shenzhen YHLO Biotech Co., Ltd., Shenzhen,
China). Vitamin D status was classified according to the
predefined categories used in this study as severe deficien-
cy (<10 ng/mL), deficiency (10-20 ng/mL), insufficiency
(20-30 ng/mL), and sufficient status (=30 ng/mL) [11].

Vitamin D status was categorized using the same pre-
defined categories throughout the study: severe deficiency
(<10 ng/mL), deficiency (1020 ng/mL), insufficiency

Table 1. Classification of serum 25-hydroxyvitamin D [25(OH)
D] concentrations according to the Endocrine Society Clinical
Practice Guideline (2011) [11].

Level Classification
<10 ng/mL Severe deficiency
10-20 ng/mL Deficiency

20-30 ng/mL Insufficiency

=30 ng/mL Sufficient

(20-30 ng/mL), and sufficient status (=30 ng/mL) [11]
(Table 1).

A comprehensive non-invasive assessment of the ocu-
lar surface and tear film was performed using the LacryD-
iag® ocular surface analyzer (Quantel Medical, Cournon-
d'Auvergne, France). The examination protocol included
the following parameters:

1. NIBUT was automatically measured to assess tear
film stability and indirectly evaluate the mucin layer; the
normal reference range was considered 8—20 seconds.

2. Lipid layer thickness was determined by interferom-
etry, with normal values ranging from 50 to 80 nm.

3. Non-contact meibography was carried out to exam-
ine the structure and function of the meibomian glands in
both upper and lower eyelids; physiological gland loss was
defined as 0-20%.

4. Tear meniscus height was measured to estimate the
aqueous component of the tear film, with normal values
between 0.25 and 1.0 mm. (Figure 1 — see cover page 2).

Vitamin D Supplementation Protocol Oral vitamin D
dosing was individualized according to tear and serum
25(0OH)D levels, based on Endocrine Society (2011) rec-
ommendations (Table 2) [11].

Ethical considerations. At the time the study was con-
ducted, the Republican Specialized Scientific and Practical
Medical Center of Eye Microsurgery did not have a separate
institutional ethics committee. Therefore, the study proto-
col was reviewed and approved by the Scientific Council of
the Center (Extract from Minutes No. 2, dated 27 February
2025), whose membership includes a representative of the
National Ethics Committee of Uzbekistan (NECU). Writ-
ten informed consent was obtained from all participants
prior to enrollment. All signed informed consent forms are
securely retained at the institution and are available to the
editorial office upon reasonable request in accordance with
patient confidentiality requirements. All study procedures
were performed in accordance with the ethical principles of
the Declaration of Helsinki (2013 revision).

Inclusion criteria. Women aged 18—45 years diagnosed
with dry eye disease associated with meibomian gland dys-
function, availability of serum and tear fluid D [25(OH)D]
measurements, and willingness to participate in the study
with completion of all scheduled follow-up examinations.

Exclusion criteria. Patients with previous ocular sur-
gery within the preceding six months, contact lens wear,
active ocular infection or allergy, autoimmune diseases
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Table 2. Oral vitamin D supplementation regimen according to baseline 25-hydroxyvitamin D [25(OH)D] concentrations
and the Endocrine Society Clinical Practice Guideline (2011) [11]. Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; ng/mL,

nanograms per milliliter

ST 2ol Vitamin D status Initial treatment (8-12 weeks) AIter'n e Maintenance dose
level regimen
<10 ng/mL Severe deficiency 50,000 IU/week for 8 weeks 7,000 IU/day 2,000-4,000 IU/day
10-20 ng/mL Deficiency 50,000 IU/week for 6 weeks 4,000 IU/day 1,500-2,000 IU/day
20-30 ng/mL Insufficiency 1,000-2,000 IU/day for 8-12 weeks |— 800-1,000 IU/day
=30 ng/mL Sufficient Treatment not required - 800-1,000 IU/day
(maintenance, if indicated)

affecting the ocular surface, pregnancy or breastfeeding,
systemic diseases known to affect tear production (e.g.,
Sjogren syndrome), use of topical anti-inflammatory
medications within one month before enrollment, current
systemic vitamin D supplementation, or refusal to provide
written informed consent were excluded from the study.

Statistical analysis. Statistical analyses were per-
formed using IBM SPSS Statistics for Windows, Version
26.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables are presented as mean + standard deviation (SD).
The normality of data distribution was assessed using
the Shapiro—Wilk test. Comparisons between baseline
and post-treatment values within each study group were
performed using the paired Student's t-test for normally
distributed variables or the Wilcoxon signed-rank test for
non-normally distributed data. Treatment effects over time
among the three study groups were evaluated using two-
way repeated-measures analysis of variance (ANOVA),
with Time (baseline and 3-month follow-up) as the within-
subject factor and Treatment Group as the between-subject
factor. Bonferroni post hoc correction was applied for mul-
tiple comparisons when appropriate. A two-sided p-value
< 0.05 was considered statistically significant.

Results

At baseline, 60 women with MGD-associated DED
were examined. A reduced or absent tear meniscus was
observed in 46 patients (76.7%), conjunctival mucus fila-

ments in 13 (21.7%), localized bulbar conjunctival pro-
lapse in 50 (83.3%), mild conjunctival hyperemia in 36
(60.0%), and tear film debris in 28 patients (46.7%), indi-
cating marked ocular surface instability before treatment.

Changes in NIBUT are presented in Table 3. Baseline
NIBUT values were comparable among the three treat-
ment groups across all grades of MGD. Following treat-
ment, Group I (oral vitamin D plus preservative-free ar-
tificial tears) demonstrated significant improvement in
NIBUT at all MGD severity grades compared with base-
line (paired comparison, p < 0.001). Group III (normal
vitamin D status treated with preservative-free artificial
tears) also showed significant improvement (p < 0.001). In
contrast, Group II (preservative-free artificial tears alone
in vitamin D-deficient patients) demonstrated only modest
increases that did not reach statistical significance (all p
> (.05). Repeated-measures ANOVA demonstrated a sig-
nificant Group x Time interaction (p < 0.001), indicating
that the magnitude of improvement differed significantly
among treatment groups and that adjunctive vitamin D
supplementation produced greater restoration of tear film
stability than artificial tears alone.

Changes in TMH are summarized in Table 4.A signifi-
cant increase in TMH was observed in Group I across all
MGD severity grades after treatment compared with base-
line (paired comparison, p < 0.001). Similar significant im-
provement was observed in Group III (p < 0.001), whereas
Group II showed only limited changes without statistical

Table 3. Changes in non-invasive tear breakup time (NIBUT) before and after treatment (mean + SD)

Variable Time Group | Group Il Group Il Between-
(Vitamin D + AT) (n=20) (AT only) (n=20) | (Normal vitamin D + AT) (n=20) | group p
Baseline 6.1+24 56+23 6.2+25 0.62
NIBUT (s)
3 months 10.2+£2.7* 6.7+24 10.3 £2.6** 0.003

Notes: Data are presented as mean + SD. p < 0.05 was considered statistically significant.* Statistically significant difference
compared with Group Il at 3 months.** Statistically significant difference compared with Group Il at 3 months; no statistically
significant difference between Groups | and Ill. Within-group comparisons between baseline and 3 months: Group I, p < 0.001;
Group IlI, p = 0.08; Group lll, p < 0.001. Between-group treatment effects were evaluated using two-way repeated-measures

ANOVA (Group x Time interaction).

Abbreviations: NIBUT, non-invasive tear breakup time; AT, preservative-free artificial tears; SD, standard deviation. With-
in-group comparisons were performed using the paired Student's t-test (or Wilcoxon signed-rank test where appropriate).
Between-group treatment effects were analyzed using two-way repeated-measures ANOVA (Group x Time interaction).




ISSN 3083-7197 (Print) ISSN 3083-7200 (Online) | Ukrainian Journal of Ophthalmology | 2026 | September-October | Number 5 (532)

significance (p>0.05). Repeated-measures ANOVA con-
firmed a significant Group x Time interaction (p<0.001),
demonstrating that oral vitamin D supplementation result-
ed in significantly greater recovery of tear meniscus height
than artificial tears alone.

The interferometric evaluation of lipid layer thickness
is presented in Table 5. After treatment, LLT increased
significantly in Group I at all grades of MGD compared
with baseline (paired comparison, p<0.001). Signifi-
cant improvement was also observed in Group III (p <
0.001), while Group II exhibited only small, statistically
non-significant changes (p>0.05). Repeated-measures
ANOVA revealed a significant Group x Time interaction
(p<0.001), indicating that adjunctive vitamin D supple-
mentation provided significantly greater restoration of the
tear film lipid layer.

Group I demonstrated a significant reduction in mei-
bomian gland loss after treatment across all MGD sever-
ity grades compared with baseline (paired comparison,
p<0.001). Group III also showed significant improvement
(p<0.001), whereas only minimal, non-significant changes
were observed in Group II (p>0.05). To account for base-
line differences in disease severity, analysis of covariance
(ANCOVA) was additionally performed using baseline
MGD grade as a covariate. The treatment effect remained
statistically significant (p<0.001), confirming that the ob-
served improvement was independent of the initial sever-
ity of MGD (Table 6).

Overall, patients receiving oral vitamin D supple-
mentation in combination with preservative-free artificial
tears (Group I) demonstrated the greatest improvement in
tear film stability, tear meniscus height, lipid layer thick-

Table 4. Changes in tear meniscus height (TMH) before and after treatment (mean + SD)

Variable Time Group | Group I Group Il Between-
(Vitamin D + AT) (n=20) | (AT only) (n=20) |(Normal vitamin D + AT) (n=20) group p

TMH Baseline 0.18 £0.08 0.17 £0.07 0.20 £0.08 0.58

(mm) 3 months 0.37 £0.07* 0.26 +0.06 0.36 +0.07** 0.004

Notes: Data are presented as mean + SD.* p < 0.05 compared with Group Il at 3 months. ** p < 0.05 compared with Group Il
at 3 months; no statistically significant difference compared with Group |. Within-group comparisons (baseline vs. 3 months):
Group I, p < 0.001; Group Il, p = 0.07; Group lll, p < 0.001. Between-group treatment effects were analyzed using two-way
repeated-measures analysis of variance (ANOVA) to evaluate the Group x Time interaction. A two-sided p-value < 0.05 was
considered statistically significant. Abbreviations: TMH, tear meniscus height; AT, preservative-free artificial tears; SD, stan-
dard deviation.

Table 5. Changes in lipid layer thickness (LLT) before and after treatment (mean + SD)

Variable Time Group | Group |l Group Il Between-
(Vitamin D + AT) (n=20) | (AT only) (n=20) (Normal vitamin D + AT) (n=20) group p
Baseline 228+8.9 23.4+8.2 224 +88 0.74
LLT (nm)
3 months 39.8 £6.5* 29.7+6.2 39.4 £6.3* 0.002

Notes: Data are presented as mean + SD.* p < 0.05 compared with Group Il at 3 months.** p < 0.05 compared with Group Il
at 3 months; no statistically significant difference compared with Group |.Within-group comparisons (baseline vs. 3 months):
Group I, p < 0.001; Group II, p = 0.06; Group lIl, p < 0.001. Between-group treatment effects were analyzed using two-way
repeated-measures analysis of variance (ANOVA) to evaluate the Group x Time interaction. A two-sided p-value < 0.05 was
considered statistically significant. Abbreviations: LLT, lipid layer thickness; AT, preservative-free artificial tears; SD, standard
deviation; nm, nanometers.

Table 6. Changes in meibomian gland loss before and after treatment (mean + SD)

Variable Time Group | Group I Group lll Between-
(Vitamin D + AT) (n = 20) | (AT only) (n =20) | (Normal vitamin D + AT) (n =20) | group p
Meibomian Baseline 451+15.6 457 +14.8 448 +15.3 0.91
gland loss (%) | 3 months 26.4 +12.1* 39.2 £ 13.4 25.8  11.9* 0.001

Notes: Data are presented as mean + SD. * p < 0.05 compared with Group Il at 3 months.** p < 0.05 compared with Group Il
at 3 months; no statistically significant difference compared with Group |. Within-group comparisons (baseline vs. 3 months):
Group I, p < 0.001; Group Il, p = 0.09; Group lll, p < 0.001. Between-group treatment effects were analyzed using two-way
repeated-measures analysis of variance (ANOVA) to evaluate the Group x Time interaction. A two-sided p-value < 0.05 was
considered statistically significant. Abbreviations: AT, preservative-free artificial tears; SD, standard deviation.
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ness, and meibomian gland morphology. Improvements in
Group III were also significant but were generally compa-
rable to those observed in Group I because these patients
had normal baseline vitamin D levels. In contrast, patients
treated with preservative-free artificial tears alone despite
vitamin D deficiency (Group II) exhibited only modest
functional improvement. Collectively, these findings in-
dicate that correction of vitamin D deficiency enhances
the therapeutic response in women with MGD-associated
DED by improving both tear film function and ocular sur-
face morphology.

Discussion

DED is currently recognized as a multifactorial disor-
der characterized by the loss of tear film homeostasis, tear
film instability, hyperosmolarity, ocular surface inflamma-
tion, epithelial damage, and neurosensory abnormalities
[1,2]. According to the TFOS DEWS II reports, MGD is
the leading cause of evaporative DED, resulting in reduced
lipid secretion, excessive tear evaporation, and chronic
ocular surface inflammation [3-5]. The contribution of
MGD to tear film instability and ocular surface damage
has long been established, making restoration of meibo-
mian gland function one of the principal therapeutic goals
in patients with evaporative DED [13]. The present study
evaluated the effectiveness of individualized oral vitamin
D supplementation combined with preservative-free artifi-
cial tears in women of reproductive age with MGD-associ-
ated DED and vitamin D deficiency. The results demon-
strated that combined therapy produced significantly
greater improvement in objective ocular surface parame-
ters than artificial tears alone. Patients receiving vitamin D
supplementation exhibited significant increases in NIBUT,
TMH, and LLT, together with a significant reduction in
meibomian gland loss assessed by meibography. In con-
trast, patients with vitamin D deficiency treated only with
preservative-free artificial tears demonstrated modest im-
provements that did not reach statistical significance for
most outcome measures. One of the major strengths of the
present study is the statistical approach used to evaluate
treatment efficacy. Unlike studies relying solely on com-
parisons of post-treatment values, treatment response was
assessed using paired comparisons between baseline and
the three-month follow-up within each study group. Fur-
thermore, repeated-measures analysis of variance demon-
strated significant Group x Time interactions, confirming
that improvements differed significantly among the treat-
ment groups over time and were attributable to the thera-
peutic intervention rather than to baseline differences. This
longitudinal analytical approach provides stronger evi-
dence for treatment efficacy and directly addresses an im-
portant methodological limitation of studies based solely
on post-treatment comparisons. The superiority of com-
bined therapy observed in Group I suggests that correction
of vitamin D deficiency enhances the therapeutic effect of
conventional lubrication therapy. Although preservative-
free artificial tears improve ocular surface lubrication and

reduce patient discomfort, they do not directly modify the
inflammatory mechanisms or MGD responsible for evapo-
rative DED. In contrast, restoration of vitamin D status
may improve tear film homeostasis through several bio-
logical mechanisms, thereby potentiating the response to
conventional treatment. Vitamin D regulates both innate
and adaptive immune responses, suppresses the produc-
tion of pro-inflammatory cytokines, promotes epithelial
barrier integrity, and contributes to the maintenance of lac-
rimal functional unit homeostasis [11]. Vitamin D defi-
ciency has been associated with increased ocular surface
inflammation, epithelial dysfunction, goblet cell loss, and
impaired tear secretion, all of which contribute to tear film
instability and the progression of DED. Restoration of ad-
equate vitamin D levels may therefore reduce ocular sur-
face inflammation, improve epithelial regeneration, nor-
malize tear film composition, and enhance meibomian
gland function, thereby explaining the significant improve-
ments observed in the present study. The increase in
NIBUT following vitamin D supplementation reflects im-
proved tear film stability, which represents one of the prin-
cipal therapeutic targets in evaporative DED. Similarly,
the significant increase in TMH indicates improved tear
volume and enhanced maintenance of the preocular tear
film. Improvement in LLT suggests recovery of meibo-
mian gland secretory function and a reduction in excessive
tear evaporation. These functional improvements were ac-
companied by a significant reduction in meibomian gland
loss detected by meibography, indicating that combined
therapy may contribute not only to functional recovery but
also to the preservation of gland morphology. Structural
assessment of meibomian glands has become an essential
component of modern DED evaluation because gland loss
correlates closely with disease severity and tear film dys-
function [14]. Our findings are consistent with previous
clinical investigations. Askari et al. [9], in a systematic re-
view and meta-analysis, demonstrated that vitamin D defi-
ciency is significantly associated with shorter tear breakup
time, lower Schirmer test values, increased ocular surface
staining, and more severe dry eye symptoms. Similarly,
Liu et al. [10] reported that vitamin D deficiency signifi-
cantly increases the risk of DED and suggested that correc-
tion of vitamin D deficiency may improve both subjective
symptoms and objective clinical findings. Bae et al. [8]
also demonstrated significant improvement in clinical dry
eye parameters following oral vitamin D supplementation
in patients refractory to conventional treatment. Previous
studies have also shown that therapeutic interventions di-
rectly targeting MGD, including intense pulsed light (IPL),
can significantly improve tear film stability, lipid layer
quality, and meibomian gland function [15]. Although IPL
therapy was not included in the present study, the improve-
ment observed after vitamin D supplementation suggests
that modulation of systemic inflammatory pathways may
provide additional therapeutic benefits in patients with
MGD-associated DED, particularly in those with con-
firmed vitamin D deficiency. The present study further ex-
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tends previous evidence by simultaneously evaluating se-
rum vitamin D status together with multiple objective
non-invasive ocular surface parameters, including NIBUT,
TMH, LLT, and meibography. While many earlier studies
primarily relied on symptom questionnaires or conven-
tional clinical tests, the comprehensive imaging-based as-
sessment used in the present investigation provides addi-
tional evidence regarding the effects of vitamin D
supplementation on both functional and structural compo-
nents of the ocular surface. The results of the present study
are also consistent with the TFOS DEWS II Epidemiology
Report, which identified female sex, hormonal status, ag-
ing, and MGD as major risk factors for DED [6]. Since all
participants in the present study were women of reproduc-
tive age, correction of vitamin D deficiency may represent
an important additional therapeutic strategy in this specific
patient population. Another important observation is that
treatment efficacy remained significant after adjustment
for baseline disease severity. Because disease severity was
comparable among the study groups at baseline, the ob-
served improvements cannot be explained by differences in
the initial stage of MGD. This finding supports the conclu-
sion that vitamin D supplementation may exert an indepen-
dent beneficial effect on tear film stability and meibomian
gland function regardless of baseline disease severity. From
a clinical perspective, these findings suggest that evaluation
of serum 25-hydroxyvitamin D concentrations should be
considered in women presenting with MGD-associated
DED, particularly in patients demonstrating an insufficient
response to conventional lubricant therapy. Early identifi-
cation and correction of vitamin D deficiency may improve
treatment outcomes, restore tear film homeostasis, and re-
duce the progression of MGD. In addition to tear film insta-
bility and ocular surface inflammation, persistent ocular
discomfort in some patients may also be influenced by neu-
rosensory abnormalities and neuropathic ocular pain, which
are increasingly recognized as important contributors to
DED [16]. Although neurosensory function was not evalu-
ated in the present study, future investigations incorporat-
ing ocular pain assessment and inflammatory biomarkers
may provide a more comprehensive understanding of the
mechanisms underlying the beneficial effects of vitamin D
supplementation. The present study has several limitations.
First, the sample size was relatively small and included
only women of reproductive age, which may limit the gen-
eralizability of the findings. Second, the follow-up period
was limited to three months, preventing assessment of
long-term therapeutic outcomes. Third, inflammatory cyto-
kines, oxidative stress markers, and neurosensory biomark-
ers were not evaluated. Finally, although disease severity
was considered during statistical analysis, larger multi-
center randomized controlled trials with longer follow-up
periods are required to confirm these findings and further
clarify the role of vitamin D supplementation in the man-
agement of MGD-associated DED.

In conclusion, individualized oral vitamin D supple-
mentation combined with preservative-free artificial tears

produced significantly greater improvement in tear film
stability, tear volume, lipid layer thickness, and meibo-
mian gland morphology than preservative-free artificial
tears alone in women of reproductive age with MGD-as-
sociated dry eye disease and vitamin D deficiency. The use
of paired within-group comparisons together with repeat-
ed-measures ANOVA confirmed that these improvements
were attributable to treatment rather than baseline differ-
ences among study groups. These findings support the in-
corporation of serum vitamin D assessment into the com-
prehensive evaluation of patients with MGD-associated
DED and suggest that correction of vitamin D deficiency
may represent an effective adjunctive therapeutic strategy
for improving both functional and structural ocular surface
outcomes.
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