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ABSTRACT
Objectives: To investigate whether central corneal thickness (CCT) and tear function test differ from healthy
controls in the ones suffering meibomian gland dysfunction (MGD). 
Methods: This prospective study was carried out with 99 individuals in total (50 patients MGD, 49 healthy
individuals). Schirmer-1, tear break-up time (TBUT), the Ocular Surface Disease Index (OSDI) questionnaire
and CCT measurmentwas administered to all patients. 
Results: The average Schirmer 1 measurements were 16.6 ± 3.3 mm for right eyes, 16.4 ± 3.6 mm for left
eyes in the MGD group and 17.1 ± 3.7 mm for right eyes, 17.0 ± 4.4 mm for left eyes in the control group. The
mean TBUT values were 10.1 ± 3.6 seconds for right eyes, 10.2 ± 3.4 seconds for left eyes in the MGD group
and 14.7±3.7 seconds for right eyes, 15.8 ± 4.1 seconds for left eyes in the control group (p = 0.001). The
mean OSDI score values were 40.3 ± 23.7 in the MGD group and 19.4 ± 8.7 in the control group (p = 0.001).
The average CCT in the MGD group was 539.4 ± 30.0 µm and 539.7 ± 33.0 µm (right and left, respectively).
The average CCT in the control group was 551.6 ± 32.8 µm and 550.7 ± 32.2 µm (right and left, respectively).
The mean CCT measurements in the MGD group were not statistically significant compared to the healthy
control group (p = 0.059, and p = 0.097, right and left, respectively). 
Conclusions: The Schirmer test and CCT measurements are not significantly different in patients with MGD
compared to healthy control subjects.
Keywords: Meibomian gland dysfunction, Schirmer-1 test, tear break-up time, ocular surface disease index,
central corneal thickness

eibomian glands are known as a kind of mod-
ified sebaceous glands which are positioned in

parallel rows inside the tarsi of the eyelids, amounting
30-40 nodes in the upper lid and 20-30 nodes in the
lower lid [1], and help forming the lipid layer of the
tear film to decrease aqueous tear evaporation by dis-
charging lipids to the surface of the eye [2]. Meibo-
mian gland dysfunction (MGD) is a chronic, common
anomaly of the meibomian glands, described by ter-
minal duct obstruction and/or qualitative/quantitative

alterations in the glandular secretion. It may result in
change of the tear film, indications of eye irritation,
clinically significant inflammation, and ocular surface
disease. The role of inflammation in the etiology of
MGD is controversial and uncertain [3]. 
      This leads to a decreased distribution of meibo-
mian lipid to the lid margin and is connected with a
changing level of lid inflammation [4]. MGD is a
widespread eyelid disorder with a broad frequency of
39-50% in the US population, incidentally increasing

M

e-ISSN: 2149-3189

The European Research Journal 2020;6(6):609-614

DOI: 10.18621/eurj.558779

Original Article

Ophthalmology

Address for correspondence: Kuddusi Teberik, MD., Associate Professor, Düzce University School of Medicine, Department of Ophthalmology,
Orrhangazi Mah., Konuralp 500. Cad., No:125/7, 81100, Düzce, Turkey. E-mail: kuddusiteberik@yahoo.com, Fax: +90 380 5421387

©Copyright 2020 by The Association of Health Research & Strategy
Available at http://dergipark.org.tr/eurj

Received: April 29, 2019; Accepted: February 6, 2020; Published Online: February 27, 2020

How to cite this article: Teberik K, İritaş İ. Evaluation of tear function tests and corneal thickness in patients with meibomian gland dysfunction. Eur
Res J 2020;6(6):609-614. DOI: 10.18621/eurj.558779

The European Research Journal   Volume 6   Issue 6   November 2020 609

http://orcid.org/0000-0003-1789-4787
http://orcid.org/0000-0003-3141-0531


Eur Res J 2020;6(6):609-614 Meibomian gland dysfunction and cornea

with age [5]. 
      MGD is usually clinically categorized with poste-
rior Blepharitis; however, the terms posterior blephar-
itis and MGD can not be used interchangeably [3],
since posterior blepharitis, as a definiton, involves sig-
nificant inflammation and no significant inflammation
is seen in all variations of obstructive MGD [6]. 
      Meibomian glands, through holes located just in
front of the mucocutaneous junction as a clear liquid,
terminologically meibomian oil or meibum [7], syn-
thesize and secrete a mixture of lipid. This makes the
release and spread of meibum to the tear film lipid
layer easier while the blink strokes upwards over the
aqueous subphase. The role of tear film lipid layer is
crucial in retarding the evaporation of tear fluid from
the preocular tear film, so as to preventing dryness. At
the same time, it helps tear film stability to improve
by lowering outer tension and avoiding tear film from
being contaminated by sebum [8]. Tear film instability
and evaporative dry eye problems may occur due to
the disorders in meibomian gland function which af-
fect meibomian quality and quantity [9]. 
      Chronic irritation of the ocular surface as a result
of dryness is followed by immune activation and re-
sults in a decrease in film thickness, which is normally
ranging from 3 to 40 µm [10, 11]. 
      Assessment of central corneal thickness (CCT) in-
forms about corneal health. CCT assessment has a
clinical and practical precaution in practices such as
refractive surgery, contact lens use and ocular diseases
such as glaucoma and keratoconus [12, 13]. Karadayi
et al. [14] suggested using CCT assessment as a diag-
nosis and follow-up criteria in dry eye patients. The
Meibomian gland dysfunction is one of the most com-
mon factor that cause increase of tear film evapora-
tion. Mathers [15] demonstrated that the loss of
meibomian glands decreases production of tear, and
increases tear evaporation rate and tear osmolarity. It
has been reported that removal of lipid layer of the tear
film increases 4-fold of the evaporation of the aqueous
tear [16]. In normal conditions, the aqueous tear layer
film is isotonic or mildly hypotonic. Increase of tear
film osmolarity and inflammation of the ocular surface
are likely to be the cause of thinning of the corneal
thickness [17]. Hence, in all types of dry eye, includ-
ing tear deficiency and incresed evaporation, may be
associated with a decreased corneal thickness. 
      Given the incidence of dry eye together with MGD

and the possible effect of dry eye on corneal thickness
measurements, we conducted a study to determine if
CCT and tear function tests differed in the ones suf-
fering from MGD compared to the ones in healthy
controls.

METHODS

      The prospective study groups consisted of 198
eyes:100 eyes of 50 patients diagnosed with MGD
aged between 18 and 65 years and 98 eyes of 49
healthy individuals (control group) aged between 18
and 60 years without any ophthalmic or systemic
pathology following their application to our outpatient
for routine examination. Written consent was obtained
from all patients before the study, conducted according
to ethical committee guidelines and accordingly to the
principals of the Helsinki Declaration. 
      Patients with a history of ophthalmological or
systemic pathology or who used topical medication
during the study were excluded from the study. For
each participant, a full ophthalmological examination
including refraction, external eye examination,
slitlamp examination and evaluation of posterior
segments was performed. 
      In addition to subjective complaints in the
diagnosis of MGD, biomicroscopic examination
depended on the existence of all of the following:
frothy tear accumulation on lower eyelid edge;
shortening of tear break up time; redness in tarsal and
bulbar conjunctiva; papillary reaction on the tarsus;
irregularity at the eyelid margin; telangiectatic vessel
formation; and inclusion in the mouth of the
meibomian glands (plugging) [9]. 
      Along with the common check-up, first tear break-
up time, then Schirmer-1 was measured. The tear
break-up time (TBUT) was evaluated by applying one
drop of 2% sodium fluorescein dye into the eye
without anesthesia. After the patient had been blinded
three to four times, the tear film was observed using a
biomicroscope with a broad light blue cobalt filter. The
time to the first break in the tear film complex after
the last blink was measured. The Schirmer 1 test was
detected by putting aSchirmer strip into the temporal
inferior fornices. Topical anesthesia was not preferred.
The outcomes were obtained as the number of
millimeters of wetting at five minutes. 
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      The Ocular Surface Disease Index (OSDI)
questionnaire was administered to all patients. The
OSDI questionnaire, consisting of 12 questions, aims
to question the patient's complaints about the dry eye
in the last two weeks, and scales the severity of the
disease by scoring the effects of these complaints on
daily activities, environmental causes, duration of the
complaints and the severity, along with the complaints
of the patient [18]. 
      Finally, the CCT was measured using an ultrasonic
pachymetry (Echoscan US 500 Nidek Co. Ltd, Aichi,
Japan). Topical proparaine hydrochloride was used as
anesthesia in the cornea. Measurements were taken as
the point of the probe was targeted to the center of the
pupil and was vertical to the cornea while the subject
was looking at a planned spot. Three consecutive
measurements were taken at the center of the cornea
of each eye and the average value was measured. A
20-minute period was applied between all
measurements. 

Statistical Analysis 
      The measurements were described as the mean
and standard deviation. The normality of the data was
assessed using the Shapiro-Wilk test and the difference

between the two groups using Student t-tests. Pearson
correlation test was performed for the correlation
between variables. A value of p < 0.05 was considered
statistically significant. 

RESULTS

      While mean age was 42.0 ± 13.8 years in the
MGD group, mean age level was found as 41.2 ± 11.2
years among the controls (p = 0.642). The best
corrected visual acuity of all patients in both groups
was 1.00 according to LogMAR. While the female to
male ratio was 1.7/1 in the MGD group, the ratio was
found as 2.5/1 the controls. There was no statistically
significant difference between groups with respect to
sex comparison (p = 0.429).  The mean Schirmer 1
values were 16.6 ± 3.3 mm for right eyes, 16.4 ± 3.6
mm for left eyes in the MGD group and 17.1 ± 3.7 mm
for right eyes, 17.0 ± 4.4 mm for left eyes in the
control group (p = 0.894, and p = 0.365, right and left,
respectively). The mean TBUT values were 10.1 ± 3.6
seconds for right eyes, 10.2 ± 3.4 second for left eyes
in the MGD group and 14.7 ± 3.7 seconds for right
eyes, 15.8 ± 4.1 seconds for left eyes in the control
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group (p = 0.001). The mean OSDI score values were
40.3 ± 23.7 in the MGD group and 19.4 ± 8.7 in the
control group (p = 0.001). 
      The average CCT in the MGD group was 539.4 ±
30.0 µm and 539.7 ± 33.0 µm (right and left,
respectively). The average CCT in the control group
was 551.6 ± 32.8 µm and 550.7 ± 32.2 µm (right and
left, respectively). The mean CCT measurements in
the MGD group were not statistically significant
compared to the healthy control group (p = 0.059, and
p = 0.097, right and left, respectively) (Table 1). 
There was no statistically significant correlation
between CCT, Schirmer 1, TBUT and OSDI tests in
the eyes MGD (p > 0.05) (Table 2). 

DISCUSSION

      MGD is one of the most frequently encountered
disorders in ophthalmic practice. Bron and Tiffany [4]
reported that 38.9% of the patients admitted to the
routine ophthalmic examination suffer from MGD.
Meibomian gland dysfunction is a chronic disease that
results in decreased lipid secretion to the ocular
surface due to occlusion of the meibomius gland.
People with MGD usually suffer from notable
obstacles, such as burning, itching, irritation, and
photophobia. They might have a cloudy vision, contact
lens intolerance, ocular surface damage and ocular
infection. The use of contact lenses can aggravate
symptoms of MGD even if the contact lens intolerance
does not ocur [19, 20]. 
      This study shows that the mean CCT and Schirmer
1 test was not significantly different from normal eyes
in patients with MGD with dry eyes. However,
according to the control group, it was found that there
was thinning of the central corneal thickness more
than 10 microns. There was a statistically significant
difference between the control group and the MGD
group in terms of the mean values of TBUT and OSDI
scores. 
      Akyol-Salman et al. [21] assessed CCT values in
patients with MGD and in healthy individuals. They
also did not find significant differences between the
groups [21]. Ultrasonic pachymeter (UP) devices are
still accepted as the gold standard technique and
commonly used because of the easiness of its
handling, portability and rapid measurement time [22].

In our study, an ultrasonic pachymeter was used for
CCT measurement like Akyol-Salman et al. [21].
Yuksel et al. [23] found a statistically significant
decline in CCT as a result of MGD in the 6-month
treatment of patients treated with systemic isotretinoin
for acne vulgaris. Meibomian glands discharge lipids
into the tear film and create a superficial lipid layer
stabilizing it. MGD is identified by terminal duct
blockage or glandular secretion changes and
immediately afterwards, tear evaporates, tear
osmolarity increases, aqueous tear volume declines,
and inflammation cycle begins [4, 24]. Additionally,
apoptosis in the ocular surface tissues, including the
central and peripheral corneal epithelial, was shown
in an experimental dry-eye study in mice[10]. Sanchis-
Gimeno et al. [25] and Liu and Pflugfelder [27] found
a statistically significant decrease in corneal thickness
values in dry eyes. Pole and Batzer [11] observed in
their studies that there was a reduced corneal thickness
in dry eyes, yet dry and normal eyes did not
significantly differ from each other. Likewise, Van
Bijsterveld and Baardman [27] obtained compared
mean CCT values in patients with keratoconjunctivitis
sicca and healthy control subjects. We can say that the
differences between the CCT measurement values in
the studies in which the dry eye and the CCT
relationship in the literature are studied are derived
from the measurement methods. However, we believe
that these measurements should be repeated in a wider
population with newdevices developed to measure
CCT. 
      In our study, all patients with MGD had various
symptoms and specific lid changes. Despite TBUT
shortening due to dry eye as a result of excessive
evaporation, the Schirmer test results were normal due
to the absence of aqueous insufficiency. Demircan et
al. [28] found that Schirmer test results were similar
to healthy subjects and that TBUT was significantly
shorter in the study of patients with chronic
blepharitis. Sayman Muslubaş et al. [29] showed
increased score in OSDI questionnaire and shortening
in TBUT without any decrease in the Schirmer test
measurements in their studies comparing healthy
individuals with MGD patients. Taşkıran Cömez et al.
[18] found, in a study comparing 40 patients with dry
eye syndrome and 39 healthy subjects, that the OSDI
score average was statistically significantly higher in
the patients with dry eye syndrome. Similarly, in our
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study, OSDI score was found to be higher in the MGD
group which caused dry eyes due to evaporation
increase. We also examined whether there was a
correlation between CCT and Schirmer 1, TBUT,
OSDI score in our study, but no significant correlation
was found between these parameters. 
      The weakness of our study is not being able to
measure tear osmolarities and apply non-contact
meibography. The strength of our study is that more
patients are included in the study than the number of
patients in the literature. In addition, the correlation
between CCT and Schirmer 1, TBUT and OSDI score,
which had not been observed before, has been
examined in our study.

CONCLUSION

      As a result, dry eye syndrome may occur
depending on the MGD, as is the cause of the MGD.
High score in OSDI questionnaire, the fact that
Schirmer test measurements are not different from
healthy individuals and shortening of TBUT in MGD
support the diagnosis. For this reason, using TBUT
and OSDI questionnaires will be appropriate to
determine the presence of a dry eye in such cases. In
addition, the CCT analyzes are not significantly
different between patients with MGD and healthy
control subjects. 
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