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Purpose: To characterize meibomian glands (MGs) features in
patients with Graves ophthalmopathy (GO) by in vivo confocal
microscopy (IVCM) and to further investigate possible correlations
with ocular surface characteristics.

Methods: Consecutive patients with GO and controls were enrolled.
The following ocular surface parameters were measured: tear break-up
time, Schirmer test, and corneal fluorescein staining (Oxford score)
were performed on each subject. IVCM of MGs was performed, and
the scans were analyzed with ImageJ software for the calculation of
the following: acinar unit density, total gland area, total lumen area
(TLA), acinar longest diameter, and acinar shortest diameter. A
nonparametric Mann–Whitney U test was used to compare variables
between patients with GO and controls. The Spearman correlation
analysis was used to evaluate the correlations between ocular surface
and IVCM parameters.

Results: Twenty-one patients with GO and 24 sex- and age-
matched healthy controls were included. Acinar unit density was
significantly lower in patients with GO compared with controls (24.5
6 8.1 vs. 34.2 6 7.5 U/mm2; P , 0.001). In addition, patients with
GO showed significantly higher values of TLA, acinar longest
diameter, and acinar shortest diameter compared with controls
(respectively, 3104.7 6 1713.3 vs. 1393.8 6 448.0 mm2, 94.4 6
21.2 vs. 64.3 6 10.1 mm and 56.6 6 15.3 vs. 42.2 6 12.3 mm;
always P , 0.05). In patients with GO, TLA showed a significant
inverse correlation with Schirmer test (Rs = 20.467; P = 0.038).

Conclusions: IVCM allowed to detect distinctive features of MGs
in patients with GO and could represent a surrogate tool for the
assessment of MG status in these patients.
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Graves–Basedow disease is an autoimmune thyroid disor-
der in which activating thyrotropin–receptor antibodies

induce thyroid hormone overproduction, resulting in hyper-
thyroidism and goiter.1 Graves ophthalmopathy (GO) is the
most frequent extrathyroidal expression, affecting about half of
overall patients.2 GO consists of an immune-mediated inflam-
mation, affecting orbital adipose, connective tissues, extraocular
muscles, and lacrimal gland. The most common clinical features
include upper eyelid retraction, periorbital edema, conjunctival
chemosis, proptosis, lagophthalmos, restrictive myopathy, com-
pressive optic neuropathy, and dry eye disease (DED).3 The
origin of DED in patients with GO is multifactorial, and
different factors among T-cell–mediated inflammation of the
lacrimal gland, proptosis, and lid fissure widening may con-
tribute, to various extents, to its onset and progression.4–7 Pre-
vious studies characterized ocular surface parameters in patients
with GO, reporting the alterations of Schirmer test, corneal
staining, corneal sensitivity, and goblet cell density.4–7 Fur-
thermore, Kocabeyoglu et al8 showed the presence of inflam-
matory signs at the ocular surface even in newly diagnosed
Graves patients without any evidence of active GO.

Meibomian gland dysfunction (MGD) has been pro-
posed as an additional causing factor of DED in patients with
GO.4,9–12 Therefore, a comprehensive assessment of mor-
phology and function of meibomian glands (MGs) based on
slit-lamp examination of lid margin, evaluation of meibum
quality and expressibility, tear break-up time (TBUT), lipid
layer thickness (LLT), and noncontact meibography has been
included in the diagnostic workup of patients with GO.4,10–12

In vivo confocal microscopy (IVCM) represents a further
tool for the high-resolution assessment at a cellular level of
various ocular surface structures, including MGs.13,14 To
date, IVCM has been mainly used in patients with GO to
evaluate the features of corneal and conjunctival epithelia and
corneal subbasal nerve plexus.15,16 The aim of the present
study was to investigate MGs features in patients with GO by
means of IVCM and to further correlate IVCM findings with
ocular surface parameters.
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PATIENT METHODS

Study Design and Participants
This cross-sectional observational study was conducted

between January and September 2018 at the University Eye
Clinic of Genoa, Policlinico San Martino, Department of
Neuroscience, Rehabilitation, Ophthalmology, Genetics,
Maternal and Child Health (DiNOGMI), Genoa, Italy. The
study was performed in accordance with the principles of the
tenets of the Declaration of Helsinki and received approval
from the institutional review board. Consecutive patients with
GO who presented at the ocular surface office for routine
evaluation were included. Healthy sex- and age-matched
subjects undergoing routine eye examination acted as con-
trols. The exclusion criteria for both groups included previous
ocular surgery, glaucoma, ocular surface disease other than
GO, and any usage of eye drops within 1 month before the
study initiation.

Ophthalmological Examination
Slit-lamp examination with ocular surface staining was

performed after the administration of 2 mL of 2% fluorescein
dye using the blue cobalt filter and a 7503 Boston yellow
filter kit to enhance staining details. Corneal staining was
graded according to the Oxford scale: from 0 = none to 5 =
extended areas of confluent stain.17 Schirmer test type I and
TBUT measurements were performed according to the Dry
Eye Workshop II guidelines.18 The activity of GO was
assessed by using the Clinical Activity Score (CAS) that is
based on typical signs and symptoms of inflammation as
follows: spontaneous pain, pain when moving the eye,
swelling of eyelids, redness of eyelids, conjunctival injection,
chemosis, swelling of plica/caruncle, increase in proptosis,
and decrease in eye movement or in visual acuity. For each
item, 1 point is given, for a maximum score of 10.19

In Vivo Confocal Microscopy
All participants underwent laser IVCM using a Heidel-

berg Retina Tomograph 3 with the Rostock Cornea Module
(Heidelberg Engineering, Heidelberg, Germany). An experi-
enced operator (A.V.) masked to the patients’ characteristics
performed all the IVCM examinations. Two-dimensional
images, covering a 400 · 400 mm area, were obtained. When
the first superficial conjunctival cells were visualized, the
pachymetry was set at zero and the focal plane was moved to
reach the subconjunctival tissue where the MGs acini could
be visualized, usually at a depth of 20 to 70 mm below the
epithelial surface. MGs were scanned moving horizontally
from the nasal to temporal eyelid section. Digital images were
recorded with the sequence mode at a rate of 3 frames per
second, including 100 images per sequence. A total of 6 to 8
sequence scans of nonoverlapping areas were recorded
focusing on MGs. Three nonoverlapping, high-quality digital
images of the nasal, middle, and temporal lower eyelid (total
of 9 images per eyelid) were selected by 2 masked examiners
(C.D.N., R.S.) and used for the analysis.

Digital Image Analysis
The images were analyzed using the public domain

software ImageJ 1.51 s (National Institutes of Health,
Bethesda, MD, available: http://rsb.info.nih.gov/ij/) using
a modified technique that was previously described.20 Briefly,
each 400 · 400-mm frame was opened in ImageJ, and the
multipoint tool was used to evaluate the number of clearly
visible acinar unit per image, then the acinar unit density
(AUD) per mm2 was calculated. Subsequently, the polygon
tool was used to trace and measure MGs acinar unit area and
lumen area, then the total gland area and the total lumen area
(TLA) per mm2 were calculated. Finally, the straight-line
selection tool was used to trace and measure the acinar
longest diameter (ALD) and the acinar shortest diameter
(ASD). The mean value of each parameter was used for the
analysis. Representative IVCM images of a healthy subject
analyzed with ImageJ software is shown in Figures 1A, B.

Statistical Analysis
Statistical analysis was conducted with SPSS statistical

software (SPSS Inc, Chicago, IL). Values are expressed as mean
6 SD. The nonparametric Mann–Whitney U test was used to
compare variables between the GO group and the control group.
The Spearman correlation analysis was used to evaluate the
correlations between ocular surface and IVCM parameters.
P value ,0.05 was considered statistically significant.

RESULTS
A total of 21 patients with GO (mean CAS 3.1 6 2.1)

and 24 healthy controls were enrolled. The demographic and

FIGURE 1. Representative in vivo confocal microscopy (IVCM)
image of meibomian glands (MGs) in a healthy subject ana-
lyzed with different ImageJ tools. Mean acinar unit densities,
areas, and diameters were calculated from a total of 9 IVCM
images obtained from the lower lid of the subject. A, The
multipoint tool was used to evaluate the number of clearly
visible acinar unit. The mean AUD was 83.4 6 8.3 U/mm2. B,
The polygon tool was used to trace and measure MGs acinar
unit area (top left) and lumen area (bottom left). The total
gland area and the TLA were 4325.2 6 2942.2 mm2 and
1452.2 6 672.3 mm2, respectively. The straight-line selection
tool was used to trace and measure the acinar longest and
shortest diameters (bottom center). The mean longest and
shortest acinar unit diameters were 42.5 6 12.3 mm and 22.4
6 6.2 mm, respectively.
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clinical characteristics of subjects included in the study are
reported in Table 1. No significant differences in age and sex
distribution between patients with GO and control subjects
were observed (always P . 0.05). Patients with GO showed
significantly lower values of Schirmer test, TBUT, and higher
value of Oxford score compared with control subjects (always
P , 0.05).

Table 2 shows MGs parameters calculated with IVCM
in patients with GO and control subjects. The AUD was
significantly lower in patients with GO compared with
controls (P , 0.001). Patients with GO showed a signifi-
cantly higher values of TLA, ALD, and ASD compared with
controls (always P , 0.05). Representative IVCM images
collected from a healthy subject and a GO patient are shown
in Figures 2A, B.

In patients with GO, TLA showed a significant
correlation with Schirmer test (Rs = 20.467; P = 0.038),
whereas ASD showed a significant correlation with TBUT
(Rs = 0.600; P = 0.005). No significant correlations between
CAS score and IVCM parameters were found (always
P . 0.05).

DISCUSSION
In the present study, we evaluated MGs microstructure

in patients with GO using IVCM. Interestingly, patients with
GO showed a significant lower AUD compared with control
subjects. In addition, patients with GO exhibited bigger
MGs, as demonstrated by the higher values of TLA, ALD,
and ASD.

The presence of bigger and enlarged glands may be
explained, as suggested by the International Workshop on
MGD, by the high prevalence of obstructed MGs.21

In patients with GO, the incomplete blinking second-
ary to lid fissure widening and proptosis might decrease the
excretion rate of the meibum. A previous report showed that
patients with lagophthalmos and lid retraction secondary to
facial peripheral nerve palsy present a decreased excretion of
the MGs with a worsening of MGD.22 It can be assumed that
the same pathogenetic mechanism may also occur in patients
with GO. The stasis of meibum inside the gland results in
a cascade of events such as obstruction, increased pressure,
dilation, and acinar atrophy, which in turn causes low
meibum secretion. This phenomenon may explain also the
higher MGs loss affecting the upper eyelids that are more

likely affected by blinking compared with the lower ones as
demonstrated by Park and Baek4 using meibography exam-
ination. In fact, the upper eyelids are characterized by
a larger area with a higher exposure to the inflammatory
mediators present on the ocular surface. In addition, because
the upper eyelids perform wider movements, particularly in
patients with GO with lid fissure widening and proptosis,
they are exposed to a greater mechanical stress during the
blinking cycle.4

In addition to obstruction, inflammation process itself
can directly affect MGs, contributing to glandular impair-
ment, as suggested by Park and Baek, who found a signif-
icant correlation between meiboscore and CAS.4,11 Knop
et al21 suggested that inflammatory mediators could spread
and lead to glandular dropout and acinar atrophy by the way
of the conjunctiva, through the tarsus and toward the MGs.
Although the mechanism underlying MGs inflammation is
still unclear, it has been speculated that the increased
intraglandular pressure secondary to obstruction might stress
ductal and acinar epithelium. This occurrence might trigger
proinflammatory protein activity that results in inflammatory
response.21

As expected, all patients with GO were affected by
DED as confirmed by the pathological values of Schirmer

TABLE 1. Demographic and Clinical Parameters of Patients
With GO and Control Subjects

Parameter
GO

Group
Control
Group P

Age (yr) 44.2 6 9.9 39.8 6 10.7 0.157

Sex (M/F) 3/18 4/20 0.826

Schirmer test (mm/59) 4.1 6 1.0 22.3 6 3.9 ,0.001

TBUT (s) 4.3 6 1.1 12.0 6 2.7 ,0.001

Corneal fluorescein staining (Oxford) 1.4 6 0.6 0.3 6 0.5 ,0.001

Significant P values (,0.05) are in bold.
M, male; F, female.

TABLE 2. In Vivo Confocal Microscopy Analysis of Meibomian
Glands in Patients With GO and Control Subjects

Parameter GO Group Control Group P

AUD (U/mm2) 24.5 6 8.1 34.2 6 7.5 ,0.001

Total gland area (mm2) 5075.5 6 2894.7 3395.8 6 952.4 0.256

TLA (mm2) 3104.7 6 1713.3 1393.8 6 448.0 0.001

ALD (mm) 94.4 6 21.2 64.3 6 10.1 ,0.001

ASD (mm) 56.6 6 15.3 42.2 6 12.3 0.001

Significant P values (,0.05) are in bold.

FIGURE 2. Representative IVCM images of MGs in a healthy
subject and in a patient with GO (respectively, A and B). A, The
mean AUD was 31.3 6 7.2 U/mm2. The total gland area and
the TLA were, respectively, 5643.5 6 923.2 mm2 and 2865.3
6 1546 mm2. The mean longest and shortest acinar unit di-
ameters were 69.5 6 15.1 mm and 40.4 6 15.2 mm, respec-
tively. B, The mean AUD was 23.6 6 9.4 U/mm2. The total
gland area and the TLA were, respectively, 5265 6 876.4 mm2

and 3872.1 6 1432.1 mm2. The mean longest and shortest
acinar unit diameters were 92.6 6 32.3 mm and 58.3 6
13.2. mm, respectively.
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tests and TBUT that were significantly lower compared
with controls.

DED is a multifactorial ocular surface disease resulting
from damaged tear film homeostasis, in which tear hyper-
osmolarity, ocular surface inflammation, and neurosensory
abnormalities play a pathogenetic role.23 DED is one of the
main conditions occurring in the setting of GO, and recently,
MGD has been proposed as a pivotal mechanism of its onset.24

Under normal conditions, MGs secrete lipids to stabilize
the tear film and prevent tear evaporation. Blinking applies
a shearing force that lowers the viscosity, making the lipids
easier to eject from the gland’s orifices.25

Interestingly, a recent study conducted on patients with
GO reported a thicker LLT in those with severe forms of
MGD.10 The increased value of LLT could depend on both
compensatory and stimulatory effects: residual MGs increase
lipid production to overcome gland loss; in addition, patients
with GO blink more forcefully because of the lid fissure
widening, thus making it easier for the lipids to be squeezed
out. The aforementioned processes could in turn lead to
a vicious stress circle leading to the further impairment of
the glands.

Previous reports have investigated IVCM features of
MGs in the setting of either primary DED and secondary
DED owing to systemic disorders, such as Sjogren syn-
drome and graft-versus-host disease.26–28 These studies
showed that specific MGs features are exhibited according
to each condition, suggesting that the MGs microstructure
reflects the underlying pathogenetic process.26–28

To the best of our knowledge, this is the first study that
describes the MGs microstructure using IVCM.

Our results are consistent with the MGs dropout that was
detected in previous reports using both slit-lamp examination
and infrared meibography.4,9–11 The latter technique tradition-
ally assesses in a noninvasive fashion MGs status based on
to the percentage of gland dropout. In particular, infrared
meibography conventionally explores gland loss because it
does not examine the gland itself, but the presence of
meibum.29 Recently, specific algorithms have been applied to
meibography examination to provide novel quantitative and
qualitative MGs parameters, such as length, width, irregularity,
and quality.12,30–35 However, in previous studies about GO,
gland loss was the only parameter evaluated. Thus, the
obstructive nature of MGD in this setting was only speculated,
based on clinical observations, particularly on the increased
palpebral fissure height.4 Unlike meibography, IVCM allows
a microscopic, histology-like visualization of glands with
a better resolution and is therefore able to detect also
periglandular inflammation along with epithelial hyperkerati-
nization and basal epithelial density.36–39 In addition, IVCM
allows to directly measure MGs structures, providing a repro-
ducible and precise image evaluation. In GO, glands enlarge-
ment detected by IVCM support the hypothesis that obstructive
process plays a major role in development of MGD.

Furthermore, as suggested by Randon et al, IVCM
allows us to distinguish among different MGD subtypes,
namely obstructive, inflammatory, or fibrotic. This, in turn,
can help for the choice of the proper treatment for each stage or
subtype of the disease.40 In obstructive MGD, unlike meibog-

raphy that detected often a mild extent of gland loss, IVCM is
the only tool able to detect early histological changes related to
the obstruction.40

In conclusion, IVCM analysis showed a distinctive
pattern of MGs alterations in the setting of GO. Given the
meaningful role of MGs in the pathogenesis of DED owing to
GO, IVCM can represent a surrogate tool that is able to
characterize MGs features at a cellular level.
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