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Abstract
Meibomian gland dysfunction (MGD) is a common disease in ophthalmic clinic. This study aimed to explore ocular Demodex
infestation on the microstructure changes of the meibomian glands (MGs) in patients with MGD by in vivo confocal microscopy
(IVCM).
We retrospectively reviewed 103 eyes of 52 patients with MGD and 62 eyes of 31 non-MGD patients. All enrolled patients

underwent IVCM examination. The following IVCM parameters were recorded: the MG acinar density (MAD), MG acinar longest
diameter (MALD), MG acinar shortest diameter (MASD), MG orifice area (MOA), severity of MG fibrosis (MF), MG acinar irregularity
(MAI), meibum secretion reflectivity (MSR), inhomogeneous appearance of walls of acinar units (AWI) and periglandular interstices of
acinar units (API), and the number of Demodex.
The positive rate of Demodex infestation in MGDs was 89.32%, and statistically higher than control group (controls; P< .001). All

parameters showed statistically significant differences between MGDs and controls (P< .001), and Demodex-negative group and
Demodex-positive group (P< .05) in both MGDs and controls, except MAD (P= .826) in controls. The number of Demodex was
positively correlated with MALD, MASD, MF, MAI, MSR, AWI, and API in MGDs and controls (P< .05), and negatively correlated with
MAD and MOA in MGDs (P< .05). MOA showed a strong significant correlation with the number of Demodex in controls (P< .001),
whereas there was no significant difference between the number of Demodex and the MAD in controls (P= .448).
Demodex can cause microstructural changes of MGs, which can cause or aggravate MGD, and the more the number of Demodex

infestation, the more serious the structural damage.

Abbreviations: API= inhomogeneous appearance of periglandular interstices of acinar units, AWI= inhomogeneous appearance
of walls of acinar units, controls = control group, IVCM = in vivo confocal microscopy, MAD = MG acinar density, MAI = MG acinar
irregularity, MALD = MG acinar longest diameter, MASD = MG acinar shortest diameter, MF = severity of MG fibrosis, MG =
meibomian gland, MGD = meibomian gland dysfunction, MOA = MG orifice area, MSR = meibum secretion reflectivity.
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1. Introduction

Meibomian gland dysfunction (MGD) represents a common
clinical eye disease and is the most common cause of dry eyes.
Epidemiological studies showed that about 20% of Europeans
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and 60% of Asians have MGD.[1] The incidence of MGD
increased with age, and the prevalence of MGD stood at 33% in
people younger than 30 years and 71.7% in those aged 60 years
or older.[2,3] The etiology and pathogenesis of MGD remain
unclear. Demodex has been found to be the most common
ectoparasite in human skin.[4] The infestation rate ofDemodex is
84% in 60 years old and 100% in people older than 70 years.[5]

Previous clinical studies have revealed a correlation between
ocular Demodex infestation and MGD.[6–10] The results
indicated that Demodex infestation is one of the important
contributors to the development of MGD, but the specific
pathogenesis of Demodex infestation is still poorly understood.
Previous studies on the microstructural changes of meibomian
glands (MGs) caused by Demodex infestation were scanty and
their relationship has not been quantitatively examined.
As a noninvasive and pain-free diagnostic technique for

ophthalmic examination, in vivo confocal microscopy (IVCM) is
also characterized by high magnification and resolution, in-vivo,
real-time, and dynamic imaging, among others. The characteris-
tic morphology of Demodex can be clearly seen during
microscopic observation. A number of studies have shown that
the detection rate of ocularDemodex by IVCM is higher than the
traditional eyelash microscopy.[11–13] Moreover, IVCM allows
accurate observation at the cellular level, making it possible to
examine the microstructural changes of MGs in vivo. Especially
at the early stage of MGD, IVCM can more accurately show the
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size andmorphology of the acinus ofMGs, their openings and the
degree of adjacent fibrosis, thereby permitting a quantitative
study of their association. In this study, IVCM was employed to
observe the infestation of Demodex in eyelash follicles and the
microstructural changes of MGs, with an attempt to better
understand their relationship.
2. Method

2.1. Subjects

This study was approved by the Ethics Committee of Union
Hospital affiliated to Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China, and
was conducted in strict accordance with theHelsinki Declaration.
All participants provided written informed consent.
This case-control study retrospectively reviewed the medical

records of 83 consecutive patients (including 165 eyes) who had
been seen between September to November 2017 in the
Department of Ophthalmology of Union Hospital. Among them,
52 consecutive patients with MGD (involving 103 eyes) were
selected. Another 31 non-MGD patients (including 62 eyes),
matched for age and sex, were included as control group
(controls), among whom 131 eyes were positive for Demodex
infestation and 34 eyes were negative for Demodex infestation.
After taking a routine history, all patients underwent a complete
eye examination and photographic documentation of the entire
ocular surface, including microstructural ofMGs and the number
of Demodex infestation by IVCM. MGD was diagnosed
according to the criteria previously summarized by Tomlinson
et al.[14] Exclusion criteria included eye or body suffering from
acute inflammation; being on local (e.g., eye drops or eye
ointment) or systemic medication; having ocular trauma, ocular
deformity scar, exophthalmos, eyelid insufficiency, ocular surface
diseases, and other inflammatory eye diseases; having undergone
eye surgery within 3 months; having diabetes mellitus, rheuma-
tism, immune diseases, and other serious systemic diseases;
wearing corneal contact lens on the day of examination; and
patients younger than 18 years.
2.2. Image acquisition of in vivo confocal microscopy

IVCM was performed on all subjects with the Rostock Corneal
Module Heidelberg Retina Tomograph III (HRTIII Cornea
Module; Heidelberg Engineering GmbH, Dossenheim,
Germany). The detection magnification was 800 times and
the axial resolution was 1mm. Oxybuprocaine hydrochloride
eye drops (Santen Pharmaceutical Co, Ltd, Japan) were instilled
into the conjunctival sac before examination. After adjusting
the instrument and setting the parameters, a fixed light rendered
the patient’s eyeballs turn downward, which prevents the
rotation of the patient’s eyeballs during image collection. The
upper eyelid was flipped, to fully expose the eyelash root,
palpebral margin, and MG. The lens was pushed to make the
upper eyelid margin of the patient in contact with the sterile
cap. Then the focus plane and depth were adjusted. Scanning
started from the root of the eyelash to the palpebral margin and
the MG. At the same time, parallel scanning was performed
from the nasal lateral side to the temporal side. The root of 3
eyelashes and their follicles were scanned along the nasal side,
the center, and the temporal side in turn, with 9 eyelashes were
taken in total.
2

2.3. Image analysis of in vivo confocal microscopy

In this study, the parameters of MGs and Demodex in eyelash
follicles of upper eyelid were determined and were subjected to
statistical analysis. The MG acinus, orifice of excretory duct, and
the infestation of Demodex in the hair follicles of the root of
eyelashes were examined, and the corresponding images were
collected and stored. Three nonoverlapping, high-quality IVCM
images of MGs were randomly selected from the nasal, central,
and temporal sides of the upper eyelid (a total of 9 images per
eyelid). The following variables were quantitatively determined:
MG acinar density (MAD) (the acinus manually marked inside
each 400�400mm frame and the density was automatically
calculated using HRT3 cell counting system), MG acinar longest
diameter (MALD), MG acinar shortest diameter (MASD), MG
orifice area (MOA) (the area was calculated automatically by
ImageJ software, developed by Wayne Rasband, National
Institutes of Health, Bethesda, MD), severity of MG fibrosis
(MF), MG acinar irregularity (MAI), meibum secretion reflec-
tivity (MSR), inhomogeneous appearance of walls (AWI), and
periglandular interstices of acinar units (API). TheMFwas scored
on a 3-point scale, with no fibrosis listed as 0, fibrosis in less than
half of the lower eyelid as 1 and fibrosis in more than half of the
lower eyelid as 2.[15] The MSR was evaluated on a 4-point scale,
as reported in a previous study from Villani et al,[16] with black
color of secretion listed as 0, dark gray color as 1, light gray color
as 2, and white color as 3. The inhomogeneity of interstices or
walls of acinar units was rated on a 4-point scale, with absence of
punctate reflecting elements listed as 0, minimal presence of
punctuate reflecting elements as 1, moderate presence as 2, and
heavy presence as 3. The MAI was assessed on a 4-point scale,
with virtually round or elliptical shape as 0, minimal presence of
lobulated-shaped acinar units as 1, moderate presence as 2, and
heavy presence as 3.[16,17] The total number of Demodex
infestation at the root of 9 eyelashes was calculated. The result
was taken as negative when the number was <3 and as positive
the when the number was ≥3.
2.4. Statistical analysis

All statistical analyses were performed by using SPSS software
package (Version 23.0, SPSS Inc, Chicago, IL). The binocular data
were included in the statistical analysis (one MGD patient was 1-
eyed and the only 1 eye was included). The data of the test results
were expressed in x± s. For comparison ofMAD,MALD,MASD,
and MOA, the number of Demodex and age matching,
independent sample t test was employed. For comparison of
positive rate of Demodex between 2 groups, sex matching, Chi-
square test was used. For comparison of scores between 2 groups,
such as scores of MF, MAI, MSR, AWI, and API, Mann-Whitney
test was used. Pearson and Spearman correlation analysis was used
for theanalysis of the relationshipbetween thenumberofDemodex
andmicrostructural parameters.All confidence intervalswere set at
95%, and a P < .05 was considered to be statistically significant.
3. Results

3.1. General analysis of patients

In this retrospective study, 83 patients (involving 165 eyes) were
enrolled. Of them, 52 patients (involving 103 eyes) clinically
diagnosed with MGD (28 woman, 24 men) were aged 23 to 85
years (average age 52.15±16.20 years). Correspondingly, 31
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sex- and age-matched controls (62 eyes) (15 woman, 16 men)
were 18 to 73 years old (average age 45.64±14.75 years). There
existed no differences in sex and age between patients with MGD
and controls (P= .071 and .630, respectively).
3.2. Comparison of positive rate of Demodex infestation

IVCM scan can show the structure of eyelash follicles and the
number of Demodex in the follicles (Fig. 1). In MGD group, 92
eyes were positive for Demodex and 11 eyes were negative for
Demodex, with a positive rate of 89.32%. Thirty-nine eyes were
positive forDemodex and 23 eyes were negative forDemodex in
62 eyes of controls, the positive rate being 43.55%. The positive
rates of Demodex infestation in both groups were significantly
different (P< .001). The mean number of Demodex per eyelid
infestation was also statistically significant (P< .001) (Fig. 2).

3.3. Comparison of microstructure of meibomian glands

The acinus of MGs in controls was of round, ellipsoid, or other
regular shape, and arranged regularly and neatly. There was
Figure 1. Observation of Demodex infestation in mascara follicles using in vivo con
was morphologically uniform and had low reflectance, and the hair follicle is structu
the head of the hair follicle having slight fibrosis and a large amount of grease secret
hair follicle was located next to the gland, and there are 3 short rod-like Demodex in
fibrosis and a small amount of grease-like secretion were attached to the end of the
and 1 short fusiform Demodex. A large number of piecemeal secretions were foun
destruction of various degrees. (images: 400�400mm; magnification: �800 tim
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homogeneous connective tissue between the acinus, and the
average scores of MAI, MSR, API, AWI, and MF narrowly
ranged between 0 and 1, and a few between 1 and 2. The orifices
of the excretory ducts were round, and their inner wall was
smooth, presenting low reflection, with no obvious fibrosis
around it. Accordingly, the MG acinus was dilated, fused, and
atrophied, with decreased density in MGDs. The average scores
of MAI, MSR, API, AWI, andMF ranged between 2 and 3, and a
few between 1 and 2. The orifice of the excretory duct was
irregular, and the inner wall was not smooth. The area of orifice
became smaller, and most of them were obstructed by
moderated- and high-reflectance substances, with fibrosis
developing in adjacent tissue. The mean values of the MAD
and MOA in MGDs were significantly lower than in the controls
(P< .001). The mean values of the MALD, MASD, MF, MAI,
MSR, API, and AWI in MGDs were significantly higher than in
controls (P< .001) (Table 1).
IVCM can well show the differences of microstructure of

MGs between the Demodex-negative groups (DNs) and
Demodex-positive groups (DPs) (Fig. 3). All parameters showed
statistically significant differences between DNs and DPs
focal microscopy (IVCM). A, The hair follicle of uninfected with Demodex mites
rally intact. B, Two fusiform Demodexmites can be seen in the hair follicle, with
ion being attached to the root of the eyelash at the end of the hair follicle. C, The
it. The tissues in the head of the hair follicle and the adjacent glands had obvious
cilia. D, The hair follicles were evidently dilated, containing 5 long columnar mites
d in the head of the hair follicles, with hair follicles having obvious fibrosis and
es).
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Figure 2. Comparison of the number of Demodex in meibomian gland dysfunctions (MGDs) and controls. The mean number of Demodex per eyelid infestation in
MGDs (6.50±5.01) was significantly higher than in controls (2.82±2.91), and the difference was statistically significant (P< .001).
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(P< .05) in both MGDs and controls, except MAD (P> .05) in
controls (Table 2).

3.4. Correlation between the number of Demodex and the
morphological parameters of meibomian glands

The number of Demodex was negatively correlated with MAD
and MOA (P< .05), and positively correlated with MALD,
MASD, MF, MAI, MSR, AWI, and API (P< .05) in MGDs.
Similarly, the number of Demodex was negatively correlated
with MOA (P< .05), but not MAD (P> .05), and positively
correlated with MALD, MASD, MF, MAI, MSR, AWI, and API
(P< .05) in controls (Fig. 4).
Table 1

Comparison of microstructure of meibomian glands between
meibomian gland dysfunction group and control group.

Parameters MGDs Controls P

MAD, glands/mm2 (mean±SD) 92.74±34.80 115.66±37.14 <.001
MOA, mm2 (mean±SD) 1287.63±790.19 4041.79±1088.36 <.001
MALD, mm (mean±SD) 153.50±36.26 58.36±20.62 <.001
MASD, mm (mean±SD) 56.94±23.15 27.48±10.23 <.001
MAI (mean±SD) 2.20±0.80 1.23±0.71 <.001
MSR (mean±SD) 2.21±0.65 1.26±0.70 <.001
API (mean±SD) 2.43±0.69 1.52±0.70 <.001
AWI (mean±SD) 2.12±0.88 0.97±0.75 <.001
MF (mean±SD) 1.23±0.51 0.37±0.55 <.001

API= inhomogeneous appearance of periglandular interstices of acinar units, AWI= inhomogeneous
appearance of walls of acinar units, controls= control group, MAD=MG acinar density, MAI=MG
acinar irregularity, MALD=MG acinar longest diameter, MASD=MG acinar shortest diameter, MF=
severity of MG fibrosis, MGDs=Meibomian gland dysfunction group, MOA=MG orifice area, MSR=
meibum secretion reflectivity.
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4. Discussion

Demodex was one of the most common parasites in the human
body. In the eye, Demodex infestation was believed to be one of
the factors responsible for chronic blepharitis, conjunctivitis,
and MGD.[18] Mechanistically, Demodex infestation caused
MGD may via 4 mechanisms: mechanical stimulation of
Demodex resulted in obstruction of hair follicles and sebaceous
glands, thereby causing epithelial hyperplasia, hyperkeratosis,
and hair follicle dilatation; Demodex was a carrier of bacteria,
such as streptococcus, staphylococcus, cholera bacilli, and can
also spread viruses and fungi; bacterial antigens on the surface
of Demodex mite can induce inflammatory reaction in host,
while bacteria in parasite-infected intestine can stimulate the
proliferation of monocytes in peripheral blood of infected
patients; the metabolites ofDemodex, the cytoskeleton of mites,
and its cleavage can cause damage to host tissues.[5,19–23]

Although there were many kinds of Demodex, but only
Demodex folliculorum and Demodex brevis were found in
the human body. AdultD folliculorummeasures 279 to 294mm
long and the arrowhead eggs was 104mm�41mm in size. D
folliculorum was mainly found in the eyelash follicles, mostly in
clusters, principally causing anterior blepharitis. D brevis was
smaller (165–208mm in length) and their eggs are of fusiform
shape (60�34mm). D brevis was usually found deep in the MG
duct and the sebaceous glands of the lash, mostly living alone,
and mainly resulting in posterior blepharitis. The current
detection techniques were not accurate enough for the detection
of Demodex in the MG duct and IVCM was unable to
distinguish the 2 species of Demodex. Therefore, in this study
we only examined the infestation of Demodex in eyelash hair
follicles.



Figure 3. Microstructural morphology of the acinus and the orifice of excretory duct in meibomian glands (MGs) by in vivo confocal microscopy. A, E: Controls with
DNs. It can be seen that the acinus was oval, with the MAI and MSR being rated 0, the AWI and API 1, and were arranged neatly, with connective tissues being
evenly distributed in the acinus. The MAD was about 120glands/mm2, the MALD was 82.57mm, and the MASD was 38.08mm. The orifice of the excretory duct
was round, and the interior was uniform and presented low reflection, with an area of about 5026mm2. B, F: Controls with DPs: The acinus was relatively irregular,
and slightly dilated and fused, with the MAI, MSR, AWI and API being rated 1. The MAD was about 90glands/mm2, the MALD was 114.04mm, and the MASD was
44.05mm. The orifice of the excretory duct was vertically oval, with its interior density being uneven, surrounding tissues developing fibrosis, its area measuring
about 2617mm2. C, G: MGDs with DNs. The acinus was obviously dilated and disorderly arranged, with their internal and external density being uneven. The MAI,
MSR, AWI, and API was rated 2. The MAD was about 61glands/mm2, the MALD was 142.56mm and the MASD was 89.45mm. The orifice of the excretory duct
was irregular in shape, with obvious blockage by high-reflection materials and partial fibrosis around it, with an area of about 4729mm2. D, H: MGDs with DPs. The
shape of the acinus was extremely irregular, some of the acinar structure disappeared, and the MAI, MSR, AWI, and API was graded 3. The MAD was about 39
glands/mm2, the MALD was 202.36mm, and the MASD was 97.01mm. The orifice of the excretory ducts was petal-like and shrank, with an area of about 1093m
m2. API= inhomogeneous appearance of periglandular interstices of acinar units, AWI= inhomogeneous appearance of walls of acinar units, controls=control
group, DNs=Demodex-negative group, DPs=Demodex-positive group, MAD=MG acinar density, MAI=MG acinar irregularity, MALD=MG acinar longest
diameter, MASD=MGacinar shortest diameter, MF=severity of MG fibrosis, MGDs=meibomian gland dysfunction group, MOA=MGorifice area, MSR=meibum
secretion reflectivity. (images: 400�400mm; magnification: �800 times).
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Traditional method for the detection of Demodex in mascara
follicles mainly depends on the extraction of mascara samples,
which were observed directly under optical microscope. It was
difficult to detect Demodex in MG and deep hair follicles by
eyelash extraction, and counting deviation may result. Moreover,
the eyelash extraction, to a certain extent, caused discomfort or
Table 2

Comparison of microstructure of meibomian glands between Demod

MGDs (n=103), mean±SD

Parameters DNs (n=11) DPs (n=92)

MAD, glands/mm2 116.55±40.34 89.89±33.19
MOA, mm2 2056.27±577.25 1195.73±763.75
MALD, mm 120.83±22.66 157.41±35.68
MASD, mm 33.82±9.82 59.71±22.75
MAI 1.64±0.81 2.27±0.77
MSR 1.45±0.69 2.30±0.59
API 1.27±0.47 2.57±0.58
AWI 1.09±0.54 2.24±0.83
MF 0.91±0.54 1.27±0.49

API= inhomogeneous appearance of periglandular interstices of acinar units, AWI= inhomogeneous ap
Demodex-positive group, MAD=MG acinar density, MAI=MG acinar irregularity, MALD=MG acinar long
gland dysfunction group, MOA=MG orifice area, MSR=meibum secretion reflectivity.

5

pain to patients and tended to reduce the compliance of patients.
Multiple studies employed IVCM for the detection of Demodex
hair follicles. The detection rate and reliability of Demodex hair
follicle were shown to be higher than those of traditional
methods.[11–13,24] This study, using IVCM to detect Demodex in
mascara follicles, also yielded similar results. Many studies had
ex-negative group and Demodex-positive group.

Controls (n=62), mean±SD

P DNs (n=35) DPs (n=27) P

.016 114.74±37.80 116.85±36.96 .826
<.001 4397.83±934.01 3580.26±1116.44 .003
<.001 46.07±15.77 74.29±14.34 <.001
<.001 22.84±7.57 33.49±10.19 <.001
.014 1.03±0.57 1.48±0.80 .018

<.001 0.89±0.53 1.74±0.59 <.001
<.001 1.20±0.58 1.93±0.62 <.001
<.001 0.74±0.61 1.26±0.81 .010
.036 0.06±0.24 0.78±0.58 <.001

pearance of walls of acinar units, controls= control group, DNs=Demodex-negative group, DPs=
est diameter, MASD=MG acinar shortest diameter, MF= severity of MG fibrosis, MGDs=meibomian

http://www.md-journal.com


Figure 4. The correlation analysis between the number of Demodex and the microstructural parameters of MGs in MGDs and controls. The number of Demodex
was negatively correlated with MAD and MOA (P< .05), and positively correlated with MALD, MASD, MF, MAI, MSR, AWI, and API in MGDs. The number of
Demodex was negatively correlated with MOA (P < .05), rather than MAD (P> .05), and positively correlated with MALD, MASD, MF, MAI, MSR, AWI, and API
(P< .05) in controls (P< .05). API= inhomogeneous appearance of periglandular interstices of acinar units, AWI= inhomogeneous appearance of walls of acinar
units, MAD=MG acinar density, MAI=MG acinar irregularity, MALD=MG acinar longest diameter, MASD=MG acinar shortest diameter, MF=severity of MG
fibrosis, MOA=MG orifice area, MSR=meibum secretion reflectivity.
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shown that the infestation rate ofDemodex in normal population
was 20% to 80%, and the average density of Demodex in skin
was� 5/cm2.[25,26] However, there was no international standard
or consensus on the clinical diagnosis of ocular Demodex
infestation, whether by eyelash extraction or IVCM. The
Demodex-positive diagnostic criteria used in this study were
based on the consensus of Chinese experts, which was mentioned
on the first Chinese Ocular Surface and Tear Film Diseases
Congress and the third Chinese Dry Eye Congress in Changsha,
Hunan, China. In our series, the positive rate of Demodex
infestation in hair follicles, as detected by IVCM, was 89.32%,
which was significantly higher than that of controls (43.55%).
The number of Demodex per eyelid in MGDs was significantly
higher than that in controls, suggesting that the infestation of
Demodex in hair follicles was closely related to the development
of MGD.
6

Previous studies using IVCMtoobserve themorphologyofMGs
showed that the MG acinus and the MG orifice of excretory duct
were abnormal in patients with MGD, with accompanying acinar
inflammatory cell infiltration, fibrosis, and other changes.[27–29]

Randon et al, on the basis of IVCM findings, proposed a new
classification for MGD in terms of the microstructural changes of
MGs in patients with dry eye. The classification can serve as
guidelines for the clinical diagnosis and treatment.[30] In this study,
we found that the mean values of the MAD and MOA were
significantly lower inMGDs than in the controls (P< .001), and the
meanvaluesof theMALD,MASD,MF,MAI,MSR,API, andAWI
were significantly higher in MGDs than in controls (P< .001),
which suggests that the aforementioned parameters could be used
as quantitative measures for the diagnosis of MGD. Ibrahim et al
found that the sensitivity and specificity of MALD, MASD and
MAD were 90% and 81%, 86% and 96%, 81% and 81%,
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respectively.[31] This study, however, did not examine the
specificity and sensitivity of the diagnostic measures, which are
the targets of our future studies. We also found that there existed
statistically significant differences in all parameters between DNs
and DPs inMGDs. Our study suggested thatDemodex infestation
can enlarge MALD and MASD, reduce MAD, and the number of
MGs per unit area, resulting in decreased lipid secretion by the
MGs. At the same time, the movement ofDemodex in and out of
the excretory duct and its activities in the glandular duct can cause
mechanical damage to the acinus and the orifice of the excretory
duct. Repeated inflammatory stimulation and injury repair can
result in epithelium keratosis, fibrosis, and even scar formation of
the orifice. As a consequence, the orifice area of the excretory duct
was decreased and the lipid excretion from the gland was also
reduced. Fibrosis and keratosis in the opening of the gland also
aggravated due to Demodex-induced inflammatory stimulation,
which leading to a decreased tenacity of the gland, and thus
reducing its lipid transportation ability.When the tenacitydropped
to a point where it cannot overcome the resistance of lipid
transport, the lipid cannot be excreted from the gland, resulting in
functional disorder, evenobstructionof the excretoryduct. Further
development of the condition would cause dilation and shrinkage
of the MG acinus, thereby further reducing the acinar density and
aggravating the MAI, MSR, AWI, and API. Furthermore, the
function of MGs might be impaired or lost altogether, thereby
leading to a vicious circle and eventually the development ofMGD.
Our study showed that the number of Demodex infestation in
MGDs was negatively correlated with MAD and MOA, and was
positively correlated withMALD,MASD,MF, MAI, MSR, AWI,
and API. The results suggested that the degree of damage to the
microstructure of MGs was positively correlated with the number
ofDemodex infestation, and themore thenumberofDemodex, the
more serious the damage, indicating that the accumulation of
Demodex was also an important factor responsible for the
difference in the degree of ultrastructural damage of MGs.
Moreover, we also found that the mean values ofMOA in the DPs
were significantly lower than in the DNs, and the mean values of
the MALD, MASD, MF, MAI, MSR, API, and AWI in DPs were
significantly higher than in DNs of controls, and there was a
significant correlation between the number ofDemodexmites and
the aforementioned parameters, which further demonstrated that
Demodexmight cause structural damage to the MGs. There was,
however, no significant difference in MAD between the DNs and
DPsof controls, and the correlationbetweenMADand thenumber
of Demodex in controls not statistically significant either. But the
number ofDemodex infestation inMGDswas significantly higher
than that in controls. Therefore, we are led to speculate that
Demodex infestationmayneed to reacha certainnumber to effect a
reduction in the acinar density, which belongs to the early stage of
disease development.
To sum up, our study demonstrated that the microstructure of

MGs and the status of Demodex infestation in mascara follicles
can be observed by IVCM,which can help us to better understand
the role of Demodex in the pathogenesis of MGD, which is
essential for further etiological study and treatment of MGD.
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