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Abstract

e AIM: To evaluate the diagnostic utility of meibomian gland
uneven atrophy (UA) in identifying Demodex infestation
among patients with meibomian gland dysfunction (MGD)
and to compare its diagnostic performance with that of
cylindrical dandruff (CD).

e METHODS: Patients with MGD were prospectively
enrolled and stratified into four groups (n=25/group) based
on the presence/absence of CD and UA. Comparative
analyses and multivariate adjustments were performed
using Demodex detection confirmed by in vivo confocal
microscopy and light microscopy. Diagnostic performance
was evaluated using receiver operating characteristic (ROC)
curve analysis.

e RESULTS: A total of 100 patients were recruited.
The median age was 31.0y (range: 21.0-45.0y; Q1, Q3:
27.0-37.0y), including 29 males and 71 females. Demodex
counts per eyelash and positivity rates were highest in the
CD*UA" group, followed by CD'UA", and CD UA", and then
CD UA". UA was associated with a 5.521-fold increased
likelihood of Demodex positivity [95% confidence interval
(Cl): 2.098-14.531, P=0.001]; CD conferred a 6.460-
fold increased risk (95%Cl: 2.454-17.002, P<0.001).
Incorporating UA status significantly improved model fit
(Ax2=14.096, P<0.001). The areas under the ROC curve
(AUC) for CD (in UA"), UA (in CD"), and CD+UA (CD"UA" and
CD'UA") were 0.776, 0.762, and 0.865, respectively. CD
and UA demonstrated comparable sensitivity (CD: 87.5%,
UA: 86.7%) and specificity (CD: 65.6%, UA: 65.7%), which

improved to 90.9% and 82.1%, respectively, when both
were combined.

e CONCLUSION: UA is a significant predictor of Demodex
infestation, with diagnostic performance comparable to CD.
Combined assessment of CD and UA offers high sensitivity
and good specificity, providing a novel and practical tool and
substantially reducing misdiagnosis.

o KEYWORDS: meibomian gland dysfunction; Demodex;
ocular demodicosis; cylindrical dandruff; confocal
microscopy; eyelid diseases
DOI:10.18240/ijo.2026.10.07

Citation: Fu YN, LiY, Zhang F, Wu SQ, Liang L, Yu XX, Zhang ZH,
Chen XY, Dai Q. Comparative diagnostic value of cylindrical dandruff
and meibomian gland uneven atrophy for Demodex infestation in
meibomian gland dysfunction. Int J Ophthalmol 2026;19(10):1939-1947

INTRODUCTION

emodex mites are the most prevalent ectoparasites
D inhabiting the human ocular surface, comprising two
species: Demodex folliculorum (D.folliculorum) and Demodex
brevis (D.brevis). The former predominantly colonizes
eyelash follicles in clusters, whereas the latter resides deeper
within sebaceous glands and meibomian glands (MG)".
Pathogenicity arises when mite density exceeds physiological
thresholds. Ocular demodicosis exhibits a global prevalence
of 14%-89.3%"!, with chronic infestation contributing to
progressive MG atrophy and dysfunction™, dry eye disease
(DED), anterior blepharitis, and blepharokeratoconjunctiv
itis™”!. These findings underscore the substantial symptom
burden, financial burden, and psychosocial consequences
of Demodex blepharitis (DB), underscoring the need for
effective diagnosis and treatment. The diagnosis of ocular
demodicosis typically requires sequential clinical assessment
of cylindrical dandruff (CD)—solidified excretions around the
base of the eyelash follicles, and direct visualization of mites
by light microscopy (LM) or in vivo confocal microscopy
(IVCM)™™. However, ocular demodicosis is frequently
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misdiagnosed or underdiagnosed, particularly in primary care
settings. Recently, a multicenter study by seven researchers
across six ophthalmology clinics revealed that 44.0% of
patients with CD had never been diagnosed with DB"”. These
diagnostic challenges can primarily be attributed to the overlap
of symptoms with other ocular surface diseases"", the lack
of microscopic equipment in clinics for mite identification,
non-compliance during sampling procedures in pediatric
populations, and insufficient clinical experience in identifying
CD, particularly atypical or sporadic CD". Failure to diagnose
DB can exacerbate disease progression, potentially resulting
in severe MG atrophy, refractory DED, chalazion, or corneal
inflammation.

With the increasing clinical adoption of meibography, we
aimed to identify a more convenient, effective, and simple
diagnostic indicator of Demodex infestation to alert clinicians
and optometrists to the possibility of ocular demodicosis,
thereby mitigating diagnostic oversight. Our previous studies
used SimCLR neural networks and convolutional neural
networks to classify MG images and revealed that uneven
dropout patterns of the MG were associated with a higher
prevalence of CD positivity and Demodex infestation"*"?.
Although the specific pathological mechanism underlying
uneven atrophy (UA) induced by Demodex mites remains
unclear, these findings suggest that UA may function as an
adjunctive diagnostic indicator for Demodex infestation'"*),
The present study was designed to assess the diagnostic utility
of UA in detecting Demodex infestation and to compare its
efficacy with that of CD.

PARTICIPANTS AND METHODS

Ethical Approval This prospective, cross-sectional study was
conducted at the Eye Hospital Wenzhou Medical University
and received approval from the ethics institutional review
board (the approval number: H2023-010-K-07). The study was
conducted following the tenets of the Declaration of Helsinki.
All patients provided written informed consent. The study was
registered in the Chinese Clinical Trial Registry (ChiCTR:
www.chictr.org.cn) under identifier: ChiCTR20400081303.
Participants and Subgroups From April 2023 to January
2024, four groups of patients with meibomian gland
dysfunction (MGD), visiting the Dry Eye Center of Wenzhou
Eye Hospital for the first time (treatment-naive), were
continuously recruited. Three participants who were unable
to complete examinations were excluded from analysis. A
total of 100 people across the four groups were included in
the final analysis. Group allocation (Figure 1A) was based
on the presence or absence of UA of the MG in any eyelid of
either eye (Figure 1B—1E) and CD at the eyelash base (Figure
1G). Referring to previous research data”, UA was defined
within the central three-quarters of the MG region as follows:
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Figure 1 Group assignment by UA and CD status A: Participants

were enrolled based on the presence or absence of CD and UA as
follows: CD", the eyelashes on both upper and lower eyelids are
free from debris and CD; visual representation of meibomian gland
atrophy; B: Uniform atrophy; C, D, E: UA; F: In the central three-
quarters area of the meibomian gland, the height of the shorter
gland (marked by the red line, 41.97 pixels) was less than two-thirds
the height of the adjacent longer gland (marked by the yellow line,
135.21 pixels). Measurements were performed using Image) [http://
imagej.nih.gov/ij, Java 1.8.0_112 (64-bit)]. This condition is defined
as UA of the meibomian glands; G: Visual representation of CD (red
arrows, 25x). CD": CD in the eyelashes of at least one upper or lower
eyelid; UA™: The meibomian gland in the upper eyelid of at least one
eye exhibits uniform atrophy or is non-atrophic; UA": The meibomian
gland in the upper eyelid of at least one eye exhibits UA. UA: Uneven
atrophy; CD: Cylindrical dandruff.

glandular atrophy was considered uneven when shorter glands
measured less than two-thirds the height of adjacent longer
glands (Figure 1F). Gland height was defined as the linear
distance between the two terminal points of the gland, which

typically corresponds to its anatomical length"”’

. The presence
of UA and CD was determined by two senior ophthalmologists
(Fu YN and Dai Q), with any disagreements resolved through
consensus with a third specialist (Wu SQ). The exclusion
criteria were as follows: patients aged >45y or <18y; those
who underwent prior eyelid margin cleaning and Demodex
treatment with intense pulsed light or terpinen-4-ol therapy
before enrolment; those with a history of ocular surgery,
trauma, or chemical burns within the past 3mo; those with
systemic or local infectious diseases or autoimmune diseases
affecting MG function, like rosacea, diabetes, Sjogren’s
syndrome, or individuals using immunosuppressants; and
those with MG atrophy exceeding two-thirds of the total gland
area in both eyes.
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Ocular Surface Parameters Ocular surface assessments
were performed sequentially as follows: Ocular Surface
Disease Index (OSDI) questionnaire (score range: 0—100"°,
non-invasive tear film breakup time (NIBUT), tear meniscus
height (TMH), corneal fluorescein staining (CFS; score
range: 0-12)!""), lid margin abnormality (LMA; score range:
0-5)"" MG expressibility (MGE), meibum quality (MQ),
and meibography. LMA, including margin thickening,
irregularity of the lid margin, plugging of the gland orifice,
vascular engorgement/telangiectasia, and anterior or posterior
replacement of the mucocutaneous junction, were scored 0-5.
MG expressibility was assessed by applying pressure to five
central glands of the lower eyelid and scored on a scale of
0-3"". MQ was graded on a scale of 0-3 as follows: grade 0,
clear; grade 1, cloudy; grade 2, cloudy with granular debris;
and grade 3, thick like toothpaste''”’. The scores from eight
MG in the lower eyelid were summed to obtain a total score.
NIBUT, TMH, and images of the upper and lower MGs were
captured using Keratograph 5SM (K5M; Oculus, Wetzlar,
Germany). The meiboscore was determined on a scale of 0-3
for each eyelid, and the combined score (range, 0—6) was used
for analysis™".

Demodex Examination Each patient underwent Demodex
evaluation using both IVCM and LM. The upper eyelid of
each eye was scanned using the Heidelberg Retina Tomograph
3 Rostock Cornea Module (Heidelberg Engineering GmbH,
Heidelberg, Germany), as previously described, targeting 10
eyelashes and their follicles”*”. The images were masked
and independently reviewed by two observers (Fu YN and Dai
Q). The average number of mites per eyelash was calculated
by summing the total number of mites (the average number
given by the observers) across the 10 scanned eyelashes.
Following IVCM, three eyelashes were epilated from each of
the four eyelids exhibiting CD and examined under LM™. The
total number of Demodex mites at all developmental stages
across the 12 lashes was recorded. LM-based detection and
quantification were performed by a blinded technician. Both
IVCM and LM observers were masked to group assignments.
Demodex positivity was defined as the presence of >1 mite per
eyelash in any eyelid.

Statistical Analysis Sample size estimation was conducted
using PASS 15 (NCSS, Kaysville, UT, USA), based on
preliminary IVCM-derived data for average Demodex mite
count per eyelash. Assuming equal group allocation, a-value
of 0.05 (two-sided), and statistical power of 0.8—0.9, the
minimum required sample size was 18 participants per group
(total n=72). To accommodate an anticipated attrition rate of
20%, the final enrolment target was adjusted to 23 participants
per group, yielding a total sample size of 92.

All statistical analyses were conducted using SPSS for

Windows (version 19.0; SPSS Inc., Chicago, IL, USA).
Continuous variables are presented as mean+standard deviation
(for normally distributed data) or median (interquartile range:
Q1, Q3; for non-normally distributed data). Categorical
variables are reported as numbers (percentages).

Group comparisons were performed using one-way analysis
of variance or the Kruskal-Wallis test for multiple independent
groups, the Mann-Whitney U test for two independent groups,
and the Wilcoxon signed-rank test for paired samples, as
appropriate. Categorical variables were compared using
Pearson’s Chi-square test or McNemar’s test. Stratified Chi-
square tests were performed to evaluate the incremental
predictive value of CD beyond UA, and vice versa. Logistic
regression models with likelihood ratio tests were employed
to quantify the additional diagnostic value contributed by each
predictor. Assessment of inter-rater agreement was performed
using Cohen’s kappa coefficient (x) for categorical variables
and Kendall’s tau-b (z,) correlation coefficient for non-
normally distributed ordinal variables.

The diagnostic performance of CD and UA for detecting
Demodex infestation was assessed using receiver operating
characteristic (ROC) curve analysis. Statistical significance
was defined as P<0.05 (or adjusted P<0.05 when pairwise
comparisons were corrected with Bonferroni method).
RESULTS

Study Participants A total of 100 patients (25 in each group)
were enrolled in this study. The median age was 31.0y (range:
21.0-45.0; Q1, Q3: 27.0-37.0). The cohort comprised 29
male and 71 female participants. No significant differences
were observed among the four groups in terms of age, sex
ratio, OSDI score, NIBUT, CFS, TMH, MGE, or MQ (Table 1).
However, the severity of MG atrophy in the groups with UA
(here onwards referred to as UA"; CD'UA" and CD'UA")
was significantly higher than that in the groups without UA
(here onwards referred to as UA"; CD UA and CD'UA; all
adjusted P<0.05; Table 2), whereas no significant differences
were identified within the UA" groups (CD UA" vs CD'UA",
adjusted P=0.999) or within the UA™ groups (CD UA"
vs CD'UA", adjusted P=0.999). Additionally, LMA were
significantly more prevalent in the CD'UA" group than in the
CD UA (adjusted P=0.004) and CD UA" groups (adjusted
P=0.003); no significant differences were observed among the
remaining groups (Table 2).

Comparison of Demodex Infestation in Groups Defined
by CD and/or UA Across all 100 patients, the average mite
count/lash of both eyes measured by IVCM tended to be
higher than that derived from LM [IVCM: 0.86 (Q1, Q3: 0.50—
1.54) vs LM: 0.08 (Q1, Q3: 0.00-0.31); P<0.001, Wilcoxon
test]. A similar trend was observed in Demodex positivity rates
(IVCM: 49/100 vs LM: 22/100; P<0.001, McNemar test).
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Table 1 Descriptive demographic data and clinical features of study participants

n (%), meanzSD, or median (Q1, Q3)

Group (overall n=100)

Parameters — — — — F/H/X P
CD"UA" group (n=25) CD UA" group (n=25) CD'UA" group (n=25) CD'UA" group (n=25)

Age (y) 30.7245.10 33.3616.22 31.56+6.90 32.48+6.38 0.851 0.469°
Female 18 (72) 17 (68) 18 (72) 18 (72) 0.146 0.986°
OSDI (scores) 35.48+19.86 34.46+15.89 33.51+19.78 31.87+13.75 0.189 0.904°
NIBUT (s) 4.83 (3.94, 8.08) 5.78 (4.13, 8.82) 4.69 (3.87,7.79) 5.45 (3.69, 6.69) 3.642 0.303°
CFS (scores) 0 (0, 1.50) 0(0, 1.88) 0 (0, 0.25) 0 (0, 1.50) 0.897 0.826°
TMH (mm) 0.260.08 0.22+0.08 0.22+0.06 0.25+0.08 2.233 0.089°
LMA (scores) 2.00 (0.50, 2.00) 1.00 (1.00, 2.00) 2.00 (1.00, 3.00) 3.00 (2.00, 4.00) 16.603 0.001°
MGE (scores) 1.00 (0, 1.50) 1.00 (0.25, 2.00) 1.00 (0, 1.38) 1.00(1.00,1.75) 1.736 0.629°
MQ (scores) 15.62+8.08 18.28+7.23 16.52+8.42 18.98+7.11 1.002 0.395°
Meiboscore (scores) 1.00 (0.50, 2.00) 3.50(2.50, 4.00) 1.50(1.00, 2.25) 2.50(2.00, 3.75) 36.174  <0.001°

*ANOVA test; °Kruskal-Wallis test; “Pearson’s Chi-square test. OSDI: Ocular Surface Disease Index; NIBUT: Non-invasive tear film breakup time;

CFS: Corneal fluorescein staining; LMA: Lid margin abnormalities; TMH: Tear meniscus height; MGE: Meibomian gland expressibility; MQ:
Meibum quality; SD: Standard deviation; Q1: The first quartile; Q3: The third quartile; ANOVA: Analysis of variance.

Table 2 Paired comparison of LMA scores and meiboscore

paired groups LMA scores Meiboscore
z P Adjusted P z P Adjusted P

CD'UA vs CD'UA" 0.920 0.908 0.999 -42.100 <0.001 <0.001
CD'UA vs CD'UA -14.320 0.072 0.429 -10.780 0.185 0.999
CD'UA vs CD'UA’ -26.920 0.001 0.004 -35.600 <0.001 <0.001
CD'UA" vs CD'UA -15.240 0.055 0.331 31.320 <0.001 0.001
CD'UA" vs CD'UA" -27.840 <0.001 0.003 6.500 0.425 0.999
CD'UA vs CD'UA’ -12.600 0.113 0.677 -24.820 0.002 0.014

Pairwise comparisons using Mann-Whitney U test with Bonferroni correction; statistical significance was defined as adjusted P<0.05. Negative

Z values reflect directional ranking differences. LMA and Meiboscore are non-parametric variables. LMA, including margin thickening,

irregularity of the lid margin, plugging of the gland orifice, vascular engorgement/telangiectasia, and anterior or posterior replacement of the

mucocutaneous junction, were scored from 0-5. The meiboscore was determined on a scale from 0-3 for each eyelid, and the combined score

(range, 0-6) was used for analysis. LMA: Lid margin abnormalities; UA: Uneven atrophy; CD: Cylindrical dandruff.

Table 3 presents Demodex infestation data across the four
groups based on LM and IVCM. LM-based analysis revealed
no significant differences in average mite count per eyelash or
Demodex positivity rate among the four groups. Similarly, no
significant differences were observed in either measure when
comparing UA" and UA™ participants (average mite count/
lash: P=0.139, Mann-Whitney U test; Demodex positivity rate:
P=0.629, Pearson’s Chi-square test). However, CD" individuals
had a significantly higher average mite count/lash than CD~
individuals [CD": 0.17 (Q1, Q3: 0.00-0.33) vs CD : 0.08 (QI,
Q3: 0.00-0.19); P=0.024, Mann-Whitney U test], whereas the
Demodex positivity rate did not differ significantly between the
two groups (P=0.053, Pearson’s Chi-square test).

Interestingly, IVCM results showed that both the average
mite count/lash and the Demodex positivity rate differed
significantly among the four groups, with the highest in the
CD'UA" group, followed by the CD'UA", CD UA", and then
CD UA™ groups (Table 3). The CD UA ™ group had both the

minimal average mite count/lash (all adjusted P<0.05) and the
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lowest Demodex positivity rate (all adjusted P<0.05; Table
4). However, no significant differences were found in either
average mite count/lash or Demodex positivity rate among the
CD'UA", CD'UA", and CD UA" groups (Table 4).

Difference of Demodex Infestation After Adjustment
for CD or UA Among all 100 participants, differences in
Demodex infestation measured by IVCM, after adjusting
for CD or UA, are summarized in Table 5. After adjusting
for CD status, we found that the UA" group had higher
average mite counts per lash than the UA™ group in both CD
(P<0.001) and CD" subcategories (P=0.041). A similar trend
was obtained for Demodex positivity rates. UA" participants
had a 5.521-fold higher risk of Demodex positivity than UA"
participants [adjusted odds ratio (OR)=5.521, 95% confidence
interval (CI): 2.098-14.531, P=0.001]. The Breslow-Day
test for homogeneity of OR (y*=1.752, P=0.186) suggested
no significant variation in the Demodex detection across CD
strata. Stratified analyses (adjusted for CD status) revealed

a stronger association between UA and Demodex infestation
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Table 3 Demodex mite evaluation by LM and IVCM

n (%) or median (Q1, Q3)

Group (overall n=100)

Parameters — — — — H/x P
CD™UA™ (n=25) CD"UA* (n=25) CD'UA™ (n=25) CD*UA" (n=25)
LM
Positive rate 3(12) 4 (16) 7 (28) 8(32) 3.963 0.266°
OU upper and lower lid
Mite count/lash 0(0,0.13) 0.08 (0, 0.25) 0.08 (0, 0.33) 0.17 (0.08, 0.38) 7.295 0.063°
IVCM
Positive rate 2 (8) 13 (52) 14 (56) 20 (80) 27.011 <0.001°
OU upper lid
Mite count/lash 0.45 (0.18, 0.78) 0.95 (0.55, 1.63) 1.10(0.45, 1.68) 1.40 (0.83, 1.90) 28.730 <0.001°

Demodex positivity status: =1 mite per lash in any eyelid; °Kruskal-Wallis test; “Pearson’s Chi-square test. LM: Light microscope; IVCM: In vivo

confocal microscopy; UA: Uneven atrophy; CD: Cylindrical dandruff; OU: Oculus uterque; Q1: The first quartile; Q3: The third quartile.

Table 4 Paired comparison of mean mites or positivity rate measured by IVCM

Mean mites per lash Positivity rate
Paired groups -
Z P Adjusted P? X P Adjusted P

CDUA vs CD'UA" -29.460 <0.001 0.002 11.524 0.001 0.006
CD UA vs CD'UA” -26.180 0.002 0.008 13.235 <0.001 0.002
CD UA vs CD'UA" -43.240 <0.001 <0.001 26.299 <0.001 <0.001
CD UA" vs CD'UA” 3.280 0.680 0.999 0.081 0.777 0.999
CD UA" vs CD'UA" -13.780 0.092 0.558 4.367 0.037 0.222
CD'UA  vs CD'UA" -17.060 0.036 0.225 3.309 0.069 0.414

*Pairwise comparisons using Mann-Whitney U test with Bonferroni correction, statistical significance was defined as adjusted P<0.05. °Post hoc

pairwise Chi-square tests with Bonferroni correction, statistical significance was defined as adjusted P<0.05. IVCM: In vivo confocal microscopy;

UA: Uneven atrophy; CD: Cylindrical dandruff.

in the CD~ group (OR=12.458, 95%CI: 2.407-64.495) than
in the CD* group (OR=3.143, 95%CI: 0.893—11.064). In the
UA-adjusted analysis, CD" individuals had higher average
mite count/lash than CD™ individuals in both UA~ (P=0.001)
and UA" categories (P=0.053). Additionally, CD" individuals
had a 6.460 times higher risk of Demodex positivity than
CD individuals (adjusted OR=6.460, 95%CI: 2.454—17.002,
P<0.001). The Breslow-Day test for homogeneity of OR
(x’=1.750, P=0.186) demonstrated consistency in the
association between CD and Demodex detection across UA
strata. Stratified analysis (adjusted for UA) also indicated that
the association between CD and Demodex infestation was
stronger in the UA™ group (OR=14.636, 95%CI: 2.820-75.954)
than in the UA" group (OR=3.692, 95%CI: 1.052-12.957,
Table 5). These findings indicate that both UA and CD are
independently associated with Demodex infestation, regardless
of the presence of the other.

Univariate logistic regression analysis revealed that both CD
(likelihood ratio y*=122.773; P<0.001) and UA (likelihood
ratio y*>=126.790; P=0.001) were significantly associated with
increased Demodex positivity. Incorporating UA status into the
CD-based model significantly improved model fit [likelihood
ratio test: Ay’=14.096, degree of freedom (df)=1, P<0.001],
demonstrating that UA provides independent explanatory

value for mite detection and contributes more substantially
than CD alone. Similarly, adding CD to the UA-based model
also enhanced model fit (likelihood ratio test: Ay’=17.114,
df=1; P<0.001). These findings indicate that CD and UA
enhance each other’s ability to predict the risk of Demodex
infestation.

Diagnostic Performance of UA or CD Characteristics
The low detection rate and absence of intergroup differences
demonstrated the inadequate sensitivity of LM for Demodex
detection, supporting the use of IVCM as a superior diagnostic
standard. Therefore, we evaluated the diagnostic validity
of CD, UA, and the combination of CD+UA in screening
Demodex infestation based on the Demodex positivity results
from IVCM. To eliminate the mutual interference between
CD and UA, we constructed ROC curves separately: CD
was assessed in UA~ groups (CD"UA~ and CD'UA"), UA
was assessed in the CD~ groups (CD"UA~ and CD UA"),
and CD+UA were assessed in the CD"UA~ and CD'UA"
groups. The AUC values for UA, CD, and CD+UA were 0.762
(95%CI: 0.621-0.903, P=0.004), 0.776 (95%CI: 0.639-0.912,
P=0.002), and 0.865 (95%CI: 0.756-0.975, P<0.001),
respectively (Figure 2). The sensitivity values of CD, UA, and
CD+UA were 87.5%, 86.7%, and 90.9%, respectively, whereas
the specificities were 65.6%, 65.7%, and 82.1%, respectively.
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Table 5 Comparison of Demodex infestation after adjustment for CD/UA based on IVCM results

Mean mite count/lash®

Demodex positivity rate”

Study participants  Subgroups Median (QL, Q3) U B (%) 7 P00 OR (95%C1)

Total UA~ 0.55(0.29, 1.16) 668.500 <0.001 16 (32) 11.565 0.001 4.125 (1.792-9.697)°
UA* 1.25 (0.70, 1.76) 33 (66)

CcD UA~ 0.45 (0.18, 0.78) 118.000 <0.001 2 (8) 11.524 0.001 12.458 (2.407-64.495)
UA* 0.95 (0.55,1.63) 13 (52)

cD’ UA- 1.10 (0.45, 1.68) 207.000 0.041 14 (56) 11.565 0.069 3.143 (0.893-11.064)
UA* 1.40 (0.83, 1.90) 20 (80)

Total CD- 0.65 (0.38, 1.04) 750.500 0.001 15 (30) 14.446  <0.001  4.958(2.124-11.576)"
cD* 1.23(0.62, 1.76) 34 (68)

UA CD- 0.45 (0.18,0.78) 147.000 0.001 2(8) 13.235 <0.001 14.636 (2.820-75.954)
cD* 1.10(0.45,1.68) 14 (56)

UA' CD- 0.95 (0.55,1.63) 213.000 0.053 13 (52) 4.367 0.037 3.692 (1.052-12.957)
cD* 1.40 (0.83,1.90) 20 (80)

*Mann-Whitney U test; ®Cochran-Mantel-Haenszel test; ‘Breslow-Day test: x°=1.752, P=0.186; Mantel-Haenszel test: y’=11.734, P=0.001;
adjusted OR (95%Cl)=5.521 (2.098-14.531), P=0.001; “Breslow-Day test: x’=1.750, P=0.186; Mantel-Haenszel test: ¥’=14.367, P<0.001; adjusted
OR (95%Cl)=6.460 (2.454-17.002), P<0.001. UA: Uneven atrophy; CD: Cylindrical dandruff; Q1: The first quartile; Q3: The third quartile; Cl:

Confidence interval; OR: Odds ratio; IVCM: In vivo confocal microscopy.
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Figure 2 ROC curves of UA, CD, and their combined effect either
in the specific population UA: Uneven atrophy; CD: Cylindrical
dandruff; ROC: Receiver operating characteristic curve; AUC: Areas

under the ROC curve; Cl: Confidence interval.

The Youden’s index values were calculated as 0.55, 0.53, and
0.63, respectively.

Evaluation of Inter-Rater Agreement The presence of
UA and CD was determined by two assessors, who were
blind to both each other’s evaluation and group assignments.
Agreement of the two assessors was substantial for UA
(Cohen’s k=0.82, P<0.001) and almost perfect for CD
(Cohen’s k=0.90, P<0.001). Detection images were masked
and independently reviewed by two observers as well.
Also, excellent interobserver agreement was demonstrated
for IVCM quantification of Demodex mites in both eyes
(Kendall’s 7,=0.91, P<0.001), indicating high diagnostic

consistency.
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DISCUSSION

Herein, we evaluated the diagnostic utility of UA of the MGs
for identifying Demodex infestation in MGD, compared
its performance with the conventional indicator CD, and
determined whether a combined CD and UA approach
improves diagnostic accuracy. Our key findings demonstrated
that UA was an independent predictor of Demodex infestation,
with diagnostic performance comparable to that of CD.
The combination of CD and UA further elevated diagnostic
sensitivity and specificity, providing a practical supplementary
approach to reduce underdiagnosis of Demodex-related MGD
in clinical settings.

Demodex mites are common ectoparasites closely associated
with MGD and chronic blepharitis. Previous studies have
reported significantly higher Demodex infestation rates in
patients with MGD (57.14%-89.32%) than healthy controls
(1.4%-34%)"**" Mite colonization leads to persistent
inflammation, MG duct obstruction, hyperkeratinization,
and progressive structural damage, all of which contribute
to the development and exacerbation of MGD™. CD,
characterized by cuff-like debris at the base of eyelashes, has
long been recognized as a classic clinical sign of Demodex

139 However, reliance on CD alone leads to

infestation
frequent underdiagnosis, especially in patients without obvious
CD but with substantial mite load. In our cohort, 15 of 50
CD-negative patients were confirmed Demodex-positive
by IVCM, highlighting the risk of missed diagnosis. In this
study, we identified that UA, easily observed during routine
meibography, serves as a reliable supplementary indicator for

Demodex infestation.
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ROC analysis demonstrated that both CD and UA exhibited
comparably high sensitivity (CD: 87.5%; UA: 86.7%), yet
relatively low specificity (CD: 65.6%; UA: 65.7%). When
combined, CD and UA yielded excellent sensitivity (90.9%)
and improved specificity (82.1%). The combined diagnostic
model achieved an AUC of 0.865, substantially higher than
that of CD (AUC: 0.776) or UA (AUC: 0.762) alone. UA
demonstrated equivalent diagnostic value to CD and should be
considered accordingly in clinical practice.

Importantly, CD and UA differ in their clinical implications
for Demodex evaluation. Due to the progressive deterioration
of MG caused by Demodex mites, CD generally manifests in
the early stages of infestation. Specifically, CD exclusively
reflects the current activity of Demodex mites within eyelash
follicles, without capturing mite activity in MGs. In contrast,
UA may represent cumulative glandular damage resulting from
ongoing or past infestations of D.folliculorum and D.brevis.
This impairment usually requires long time to become
apparent. Previous studies have confirmed that Demodex
mites induce MG UA through multiple pathological pathways.
First, Demodex brevis resides in MG ducts and causes direct
mechanical obstruction, leading to focal meibum stasis,

B34 Second,

ductal dilation, and localized acinar atrophy
mites trigger chronic inflammatory and immune responses,
releasing proinflammatory cytokines” that aggravate focal
gland injury. Third, Demodex infestation promotes ductal
hyperkeratinization, increased meibum viscosity, and recurrent

chalazion formation™

, all contributing to uneven, focal MG
damage. Moreover, the gregarious distribution of Demodex
mites results in inconsistent parasitic load across the tarsus,
directly accounting for the spatially heterogeneous pattern of
MG atrophy. Collectively, these pathological changes produce
the typical UA pattern, which serves as a directly observable
morphological sign for identifying suspected Demodex
infestation during routine meibography. The observed UA
likely stems from asymmetric parasitic load distribution—
where variations in mite population density across different
eyelash follicles or MG create focal atrophic changes.
Comparative quantification of mite infestation density across
MG regions exhibiting varying degrees of atrophy may serve
as a valuable strategy for further hypothesis validation.

Although Demodex infestation contributes to the development
of MGD and blepharitis, Demodex mites can also colonize
healthy individuals as subclinical infestation””. The specific
pathogenic mechanism of Demodex mites may be related
to mite load, as healthy individuals typically exhibit low
parasitic density without obvious glandular damage, whereas
symptomatic patients often present with significantly elevated
mite counts. Epidemiological studies have reported Demodex
prevalence of 12.0% in healthy children™ and 13.3% in the

general adult population””, with D.folliculorum accounting
for the majority of cases. In addition, Demodex species may
be another key factor underlying the distinct pathogenicity
observed. The two species differ in colonization sites:
D.folliculorum inhabits eyelash follicles, whereas D.brevis
resides in MG leading to lower detectability by conventional
methods. Notably, our study did not differentiate between these
two Demodex species, as IVCM has high sensitivity but cannot
reliably distinguish between species, while LM allows species
identification but exhibits low detection sensitivity, making
reliable species-specific stratification unfeasible. Recent
research has begun exploring the genomic characteristics
of D.folliculorum and D.brevis from a genetic perspective.
These studies have identified variations in 30 genes related to
metabolic processes, motility, detoxification, stress response,
and allergic reactions””. Such genetic divergence may underlie
the distinct pathogenic mechanisms observed between the two
mite species. These findings offer promising insights for mite
detection and pathological research. In the future, integrating
optimized mite detection methods, biochemical signatures, and
morphological characteristics of MG atrophy could enhance
clinicians’ understanding of pathogenic mechanisms and
therapeutic strategies.

No universally accepted criteria exist for defining Demodex
positivity, primarily due to methodological variability. [IVCM
and LM are internationally recognized modalities for ocular
Demodex detection. Given that Demodex mites may be present
in asymptomatic individuals"”, Demodex positive in this study
was defined as >1 mite per eyelash detected by IVCM or >3
mites across 3 lashes in any eyelid examined by LMP"*>*,
IVCM demonstrated significantly greater sensitivity than LM
for detecting Demodex mites across all subjects, consistent
with prior research®™'**. IVCM identified significantly higher
positivity rates and mite counts in individuals with UA or
CD fragments than non-carriers (both P<0.05), whereas LM
showed no significant differences (P=0.629). Therefore, [IVCM
results were adopted as the definitive diagnostic standard for
Demodex infestation. These findings highlight the importance
of standardizing diagnostic methodology. However, in China
and many other developing regions, LM remains the primary
diagnostic tool due to limited access to IVCM. This presents
a diagnostic challenge for ocular demodicosis. UA may serve
as a valuable adjunctive marker to reduce missed diagnoses in
settings lacking advanced imaging equipment.

To the best of our knowledge, this is the first study to compare
the diagnostic value of UA and CD for Demodex infestation.
However, this study has several limitations. First, the study
population exclusively comprised MGD patients with no
healthy controls. The absence of healthy controls limits
the evaluation of UA specificity in the general population.
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Second, UA is a qualitative indicator proposed by our previous
research based on the total variation principle!"”, which
suggested a cutoff of approximately one-third reduction in the
height of adjacent MGs for distinguishing DB from MGD.
Meanwhile, analyzing Demodex density and UA correlation
necessitates a robust quantitative framework. Our prior studies
developed multiple MG atrophy indices, total variation-based
unevenness, energy curves, cross-entropy, average deviation,

[13,43-44], yet all

shape matching, and entropy-based tortuosity
exhibit inherent constraints: segmentation artifacts impair
total variation metrics; gland density biases energy/entropy
measures; curve extraction accuracy dictates shape/tortuosity
assessments; crucially, no existing parameter holistically
captures Demodex-driven atrophy complexity. Thus, the
definition of UA requires further refinement through large-
scale studies to optimize its diagnostic performance. Third, all
data were derived from the Han Chinese population in China,
raising questions about whether UA and its combination with
CD will perform similarly in other ethnic groups or geographic
regions. Future work should include multiethnic cohorts to
validate these findings.

In conclusion, UA is a robust, easily observable marker that
can be readily assessed during routine meibography, expanding
diagnostic options to improve detection of Demodex-associated
disease.
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