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Abstract
Aim: The human meibomian gland contains several overexpressed genes that are related to lipid dynamics and glandular structure.
Meibomian gland dysfunction (MGD) was found to be associated with significant changes in these genes. The aim of this study was to
compare the changes in meibomian glands in patients with polycystic ovary syndrome (PCOS) and healthy young women by noncontact meibography for the first time.
Methods: A total of 58 right eyes belonging to 28 patients with PCOS and 30 healthy women in the control group were included in this
case-control study. The ocular surface and eyelid margins were evaluated with slit lamp examinations. Participants were asked about dry
eye symptoms. Schirmer and tear film break time (TBUT) tests were performed consecutively. The morphology of the meibomian
glands was observed with non-contact meibography and scored with the meiboscore.
Results: Dry eye symptoms were more prevalent and average TBUT was shorter in PCOS patients (P=0.001, P=0.02, respectively).
However, Schirmer test results did not differ among the PCOS and control groups (P=0.47). The meiboscores for upper eyelids and total
eyelids were significantly higher in the PCOS group (P=0.001 and P=0.004, respectively), suggesting that PCOS is accompanied by
meibomian gland dropout.
Conclusion: In this study, we found that the morphological status of the meibomian gland and the ocular surface were in worse
condition in PCOS patients than in the normal controls, and we successfully observed the loss of meibomian gland in PCOS patients
through non-contact meibography.
Keywords: Dry eye, Meibography, Meibomian gland dysfunction, Polycystic ovarian syndrome
Öz
Amaç: İnsan meibomian bezi lipid dinamikleri ve glandüler yapı ile bağlantılı, aşırı eksprese edilmiş birkaç gen içerir; ve meibomian
bez disfonksiyonunun (MBD) bu genlerdeki önemli değişikliklerle ilişkili olduğu bulunmuştur. Bu çalışmanın amacı, ilk kez temassız
meibografi ile polikistik over sendromlu (PKOS) hastalarda ve sağlıklı genç kadınlarda meibomian bezlerindeki değişiklikleri
karşılaştırmaktır.
Yöntemler: Bu olgu-kontrol çalışmasına PKOS'lu 28 hasta ve kontrol grubundaki 30 sağlıklı kadının toplam 58 sağ gözü dahil edildi.
Oküler yüzey ve göz kapağı kenarları yarık lamba incelemeleri ile yapıldı. Katılımcılara kuru göz semptomları hakkında sorular soruldu.
Schirmer ve gözyaşı kırılma zamanı (GKZ) testleri sırasıyla tamamlanmıştır. Meibomian bezlerinin morfolojisi temassız meibografi ile
gözlendi ve meiboscore kullanılarak skorlandı.
Bulgular: PKOS'da kuru göz semptomları daha sık görülmüştür (P=0,001). PKOS'da ortalama GKZ daha kısaydı (P=0,02). Bununla
birlikte Schirmer test sonuçları PKOS ve kontrol grubu arasında farklı değildi (P=0,47). Ek olarak, PKOS'un meibomian bez kaybı ile
birlikte olduğunu düşündürecek şekilde, üst göz kapakları ve toplam göz kapakları için meibomian bez skorları, PKOS'da kontrol
grubundan anlamlı olarak daha yüksekti (sırasıyla, P=0,001 ve P=0,004).
Sonuç: Bu çalışmada, PKOS'lu hastalarda meibomian bezinin morfolojik durumunun ve oküler yüzey durumunun normal kontrollerden
daha kötü olduğunu ve PKOS'lu hastalarda temassız meibografi ile meibomian bezinin kaybını başarıyla gözlemledik.
Anahtar kelimeler: Kuru göz, Meibografi, Meibomian bezi disfonksiyonu, Polikistik over sendromu
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Introduction
Sex hormones have been proven to influence tear
production and function [1,2]. Hormone studies have shown that
the effect of sex hormones on tear production and goblet cell
density and on meibomian gland functions and structures may
cause dry eyes [3]. Supporting this hypothesis, androgen
receptors have been identified on the surface of the meibomian
glands [4]. Lipid, produced by the meibomian glands, is an
essential component of the tear film and prevents evaporation of
the aqueous layer while reducing surface tension of the tear film,
and ensuring stability of the lacrimal layer [5].
Although previous studies have shown a correlation
between meibomian gland dysfunction (MGD) and polycystic
ovarian syndrome (PCOS), little is known regarding the
meibomian gland morphology in this syndrome. The recent
development of noninvasive meibography and scoring systems
for meibomian glands has provided important insight into
meibomian gland structure and function. The objective of this
study was to evaluate, for the first time, the meibomian glands of
PCOS patients with meibography and to compare the results of
meibography analysis in normal subjects and patients with
PCOS.

Materials and methods
Ethics committee approval (Kafkas university faculty of
medicine, 2015/80576354-050-99/120) was obtained prior to the
study. We included all patients over 18 years of age who were
treated for PCOS between November 2015 and December 2016.
All subjects were given informed consent forms to participate in
this case-control study.
Participants
Twenty-eight female patients monitored for PCOS at
Kafkas University Medical Faculty Obstetrics and Gynecology
clinic were selected as the study group, while 30 healthy women
volunteers examined by the eye clinic were included as the
control group (nTotal=58). Patients who were referred to Kafkas
University Medical Faculty Obstetrics and Gynecology clinic
were diagnosed with PCOS in accordance with the Rotterdam
2003 criteria, in which at least two of the following criteria were
needed: oligo-amenorrhea (more than 45 days between menses
or eight or fewer menses per year), presence of
hyperandrogenism clinical hirsutism (hirsutism, acne, acanthosis
nigricans, androgenic alopecia) or elevated androgens in
laboratory tests (increased levels of serum total and free
testosterone), and ultrasonographic polycystic ovarian
appearance (2-9 mm diameter, 12 or more follicles and/or
increased ovarian volume (>10 ml) [6].
All patients had their luteinizing hormone (LH)/follicle
stimulating hormone (FSH) ratio, prolactin levels, thyroid
functions,
dehydroepiandrosterone
sulfate,
17
hydroxyprogesterone and total testosterone levels analyzed and
patients with hyperprolactinemia, congenital adrenal hyperplasia,
thyroid disease, Cushing syndrome, and those who used
hormonal medications, glucocorticoids, ovulation inducing
agents, and antiandrogens in the past six months were excluded
from the study. Additionally, patients who used contact lenses,
diuretics, steroids or antidepressants for systemic or ocular
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treatment, those with systemic diseases such as diabetes mellitus
or thyroid disease, history of ocular or refractive surgery,
blockage of the nasolacrimal channel or ocular surface problems
were excluded from the study.
Study protocol
In addition to the study group, a detailed
ophthalmologic examination was meticulously performed to the
control group subjects by a masked observer (HC) between the
third and fifth day of the menstrual cycle, which included the
following: Assessment of lid margin abnormalities, the Schirmer
1 test, tear film break-up time (TBUT), and grading of
meibomian gland status. Each participant completed an ocular
surface disease index (OSDI) questionnaire with 12 questions to
evaluate ocular surface symptoms. An interval of at least 10
minutes was assured between TBUT and the Schirmer test. The
MGD was characterized based on the existence of anterior or
posterior displacement relative to the mucocutaneous junction,
irregular lid margin, vascular engorgement and obstruction of the
meibomian gland orifices [7]. Meibomian glands were evaluated
by a noncontact meibography system (Sirius Scheimpflug
Camera, Schwind, Germany), and images were captured by
noncontact meibography system after inverting both upper and
lower of eyelids. Partial or complete loss of the meibomian
glands for each eyelid were graded with meiboscores as
previously reported: Grade 0 (no loss of meibomian glands),
grade 1 (loss of 1/3 of the total area of meibomian glands), grade
2 (meibomian glands loss between 1/3 and 2/3), and grade 3
(meibomian glands loss ≥2/3). Meiboscores for the upper and
lower eyelids were summed up to make up a total of 0 to 6 scores
[8].
Statistical analysis
The statistical analysis was performed with the
Statistical Package for Social Sciences (SPSS) program version
10.0 (SPSS Inc., Chicago, IL, USA). Independent samples t-test
and Chi-square tests were used for statistical analysis. Pearson’s
correlation test was used for correlation between parameters. Pvalue <0.05 was considered statistically significant.

Results
A total of 58 right eyes belonging to 28 PCOS patients
and 30 control group subjects were included in this study. The
average age of patients in the PCOS group was 25.0 years
(minimum 19, maximum 41), while the average age of
individuals in the control group was 26.4 years (minimum 19,
maximum 31). There was no statistically significant difference
between PCOS group and control group in terms of age
(P=0.32). The demographic and metabolic parameters in the
groups are given in Table 1.
The OSDI scores between PCOS patients and normal
individuals was found significantly different (P=0.001). The
incidence of MGD was 22.6% in the PCOS group and 10% in
the control group (P=0.04). The Schirmer test was measured as
20.1 mm in the study group and 17.7 mm in the control group.
The average Schirmer measurements were similar in both groups
(P=0.47). TBUT was 12.1s in the PCOS group and 14.6 in the
control group, the difference was statistically significant
(P=0.02). The average meiboscore of the upper lids, the lower
lids and total (upper eyelid plus lower eyelid) lids in PCOS were
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1.3 (range, 0–3), 0.6 (range, 0–2), and 1.1 (range, 0–2.5),
respectively. The average meiboscore of the upper lids, the lower
lids and total (upper eyelid plus lower eyelid) lids in healthy
subjects were 0.5 (range, 0–1), 0.4 (range, 0–2), and 0.4 (range,
0–1.5), respectively. The meiboscores for upper eyelids and total
eyelids were significantly higher in patients with PCOS
(P=0.001 and P=0.004, respectively) (Table 2). The degree of
each image is noted at the upper left. Representative images of
meibomian glands in the upper and lower eyelids are seen in
patients obtained by no-contact meibography from PCOS (Figure
1A, 1B) and control group (Figure 1C, 1D). Dropout, distortion,
and shortening of meibomian gland ducts are apparent in the
upper and lower eyelids in patients from with PCOS.
Table 1: Demographic and metabolic parameters
Variable
Age, years
BMI, kg/m2
VA (Snellen)
SE (diopter)
Plasma glucose (mg/dl)
FSH (IU/L)
LH (IU/L)
E2 (pmol/L)
DHEAS (μmol/L)
Total testosterone (ng/mL)

PCOS Group
(n=28)
26.4 (5.8)
25.4 (7.3)
1,0
0.9 (1.1)
89.7 (11.6)
6.0 (1.4)
10.9 (8.0)
58.8 (47.2)
218 (113)
55.6 (2.4)

Control Group
(n=30)
25.0 (4.2)
23.5 (2.6)
1,0
1.1 (0.9)
87.1 (5.7)
6.4 (1.8)
4.9 (2.1)
58.5 (20.1)
209 (104)
28.1 (1.2)

P-value
0.32
0.21
0.49
0.46
0.56
0.33
0.001*
0.17
0.65
0.001*

PCOS: Polycystic Ovary Syndrome, BMI: Body Mass Index, VA: Visual Acuity, SE: Spherical Equivalent,
DHEAS: Dehydroepiandrosterone sulfate, E2: Estradiol, FSH: Follicle-Stimulating Hormone, LH:
Luteinizing Hormone, *P<0.05 was considered statistically significant

Table 2: Ocular surface and meibomian gland clinical test results
Variable
OSDI
Schirmer test score (mm)
TBUT (s)
The incidence of MGD (%)
Meiboscore (Upper eyelid)
Meiboscore (Lower eyelid)
Meiboscore (Total)

Control Group
(n=30)
10.5 (9.4)
17.7 (3.4)
14.6 (3.2)
10.0
0.5 (0.5)
0.4 (0.6)
0.4 (0.5)

PCOS Group
(n=28)
28.1 (18.5)
20.1 (7.4)
12.1 (3.5)
22.6
1.3 (1.1)
0.6 (0.6)
1.1 (0.6)

P-value
0.001*
0.47
0.02*
0.04*
0.001*
0.33
0.004*

PCOS: Polycystic Ovary Syndrome, MGD: Meibomian Gland Dysfunction, OSDI: Ocular Surface Disease
Index, TBUT: Tear Break-up Time, *P<0.05 was considered statistically significant

Figure 1: Representative images of meibomian glands in the upper and lower eyelids in
patients from PCOS (A, B) and control group (C, D) obtained by non-contact meibography.

Discussion
Dry eye disease, a multifactorial disease with the
potential to cause injury to the ocular surface, is characterized by
visual impairment, feeling of discomfort and variability of the
tear film according to the DEWS classification reported in 2007
[9]. The meibomian glands are vertically placed large sebaceous
glands within the rim of the upper and lower lids and dysfunction
of these glands is present in nearly 2/3 of all dry eye cases.
Increased viscosity of meibum secretions and increased

keratinization of ductal epithelium causes MGD [10].
Meibography allows observation of meibomian gland
morphology in silhouette through illumination of the eyelids
from the skin side, thereby identifying morphological
abnormalities. This procedure shows narrowing or blockage of
the gland orifice, distention of the glands, dilatation of the
channels or loss of the gland structures in MGD [11]. Previous
studies have shown correlations between contact lens use,
phlyctenular keratitis, rosacea, diabetes and chronic smoking
with variations in meibomian gland morphology [11-14]. To the
best our knowledge, this is the first study to appraise the lid
margin and meibomian glands, particularly through the use of a
noncontact meibography technique in PCOS patients.
It is well-known that hormonal regulation has a
significant effect on meibomian gland biology [10]. Previous
studies identified expression of androgen receptors, estrogen
receptors, and progesterone receptors in human meibomian gland
epithelial cells [15]. Androgens primarily act on acinar epithelial
cells in sebaceous glands, which contain both androgen receptor
mRNA and protein in their nuclei. Acinar cells respond to
androgens by increasing the transcription of multiple genes and
synthesizing proteins that enhance the secretion of lipids [16].
Additionally, insulin, essential for the desired sebaceous gland
activity, is known to induce glandular cell proliferation and lipid
secretion [12]. Although changes in the meibomian glands have
been shown with dry eye tests in PCOS patients, to the best of
our knowledge, the meibomian gland morphology in PCOS has
not been investigated with meibography [17,18]. However, a
recent study has showed that the human meibomian gland
comprises many highly expressed genes associated with lipid
dynamics and glandular structure, and MGD was found to be
associated with significant alterations in these genes [19].
PCOS, characterized by hyperandrogenic chronic
anovulation, is a complex metabolic and endocrine disorder. The
U.S. Department of Health and Human Services anticipated that
between 1 in 10 and 1 in 20 women of childbearing age suffer
from PCOS [20]. Laboratory investigation of patients yielded
hyperandrogenemia characterized by increases in ovarian and
adrenal sourced androgenic hormones in addition to increased
LH levels and LH/FSH ratio. Nearly 25-60% of cases have
hyperinsulinemia and insulin resistance, and 15-20% of PCOS
patients may have mildly elevated prolactin levels without
functional prolactinoma [21,22]. Clinically, PCOS is generally
diagnosed after cosmetic complaints such as hirsutism, or
menstrual dysfunction and infertility. Dry eye symptoms are
triggered by hormonal imbalance encountered at considerable
rates [23]. Although meibomian gland function is shown to be
significantly disrupted in PCOS patients, the full underlying
mechanism is still unknown [17,18].
Previous studies reported controversial results. Bonini et
al. [23] showed that TBUT was significantly reduced in PCOS
patients, with a contrary increase in the density of conjunctival
goblet cells. They proposed that the itchy-dry eye symptoms
encountered in PCOS were a separate clinical entity sharing
many characteristics of dry eye and ocular allergy diseases. A
series by Yavaş et al. [17] found TBUT significantly reduced,
with no significant difference in terms of Shirmer test results,
goblet cell count and rose Bengal score between the control and
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PCOS patient groups. Baser et al. [18] showed that TBUT was
significantly low in PCOS, while the incidence of pathologic
TBUT values (<10s) was similar among PCOS and control
groups. The differences in these results may be related to
personal differences between patients like age and insulin
resistance, and/or differences in androgen and estradiol levels. In
this study, by using noncontact meibography, the morphology of
the meibomian glands were compared in eyelids between
patients with PCOS and healthy young adults. We found that
PCOS is accompanied by significant loss of meibomian gland
tissue, defined by reduced meibomian gland area and increased
meibomian gland distortion.
Postmortem studies have shown differentiation of
meibocytes and reduced cell cycles in aging meibomian glands,
with a clear correlation between meibomian gland atrophy and
age [24,25]. However, when males and females with similar
advanced age are assessed, the incidence of abnormal eyelid and
gland dropout is found higher in males compared to females. The
proposed cause is hormonal differences [26]. A study by
Mizoguchi et al. [27] assessed the morphology and function of
meibomian glands in 15-year old middle school students and
found that significant sex differences were apparent in the
meiboscore (males:3.3, females:2.4). Machalińska et al. [25]
proved that postmenopausal hormone treatment was among the
independent predictors of meibomian gland loss in the healthy
population.
In this study, MGD and OSDI scores were significantly
higher and TBUT was significantly lower in PCOS patients than
in the control women. When the morphology of meibomian
glands was examined with the noncontact meibography system,
it was found that changes to the meibomian gland morphology
were significantly higher in patients with PCOS. These results
indicate that MGD and tear lipid layer deficiency associated with
structural changes may be one of the mechanisms underlying the
chronic itchy-dry eye associated with PCOS.
Limitations
We believe that there are some limitations in our study.
The most important of these is the limited number of cases and
another one is the lack of long-term follow-up. It would be useful
to extend and follow-up the study with more patients.
Conclusion
This study showed that ocular surface condition in
PCOS patients was worse than those in normal controls and
remarkable loss of meibomian gland was objectively indicated
with meibography. In light of these results, we conclude that
MGD and the loss of meibomian gland evaluation is important in
female patients with advanced and persistent dry eyes and PCOS
should be considered. The severity and mechanisms of chronic
tear film dysfunction can vary between different diseases and
conditions such as diabetes, rosacea, age or smoking. These
differences should be kept in mind during patient management.
Further prospective research is needed to prove the provocative
impact of PCOS on the meibomian gland morphology.
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