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Purpose: To investigate the morphological characteristics of the meibomian glands (MGs) in children with allergic conjunctivitis 
(AC)-related dry eye (DE).
Methods: Children with a clinical diagnosis of seasonal allergic conjunctivitis (SAC) and perennial allergic conjunctivitis (PAC) were 
recruited. Age- and sex-matched children without a history of allergy or dry eye were recruited as controls. All participants completed 
the 5-item Dry Eye Questionnaire (DEQ-5) and ocular surface examination, including assessment of the tear meniscus height (TMH), 
noninvasive tear breakup time (NIBUT), and morphology of the upper lower MGs by noncontact infrared meibography (Oculus 
Keratograph 5M). Receiver operating characteristic (ROC) curve analysis was performed to determine the predictive value of the 
morphological characteristics of the MGs for AC-related DE.
Results: Sixty-two children with AC (31 with DE and 31 without DE) and 33 healthy children were enrolled in the study. The mean 
age was 7.67 (ranging from 5–13.5) years. More morphological changes were observed in the upper eyelids of AC children with DE 
than in healthy children. No morphological feature difference was found between AC children without DE and healthy children. ROC 
curve analysis showed that the morphological characteristics with good predictive value for DE were shortened upper eyelid MGs 
(AUC=0.72, P<0.001) and hooked upper eyelid MGs (AUC=0.71, P<0.001).
Conclusion: The grading of MG morphology according to the DREAM Study may be a valuable predictor for AC-related DE in 
children.
Keywords: allergic conjunctivitis, dry eye, children, meibomian glands, morphology

Introduction
Allergic conjunctivitis (AC) is a critical disease entity that significantly impacts the quality of life of children.1 Seasonal 
allergic conjunctivitis (SAC) and perennial allergic conjunctivitis (PAC) are the most common forms of AC. The main 
pathological mechanism of the two types is a type I hypersensitivity reaction, affecting at least 15–20% of the 
population.2,3 Our previous study showed that the incidence of dry eye based on breakup time (BUT) was up to 
97.5% in young children with SAC and PAC.4 AC has been reported as a potential risk factor for dry eye (DE) by the 
TFOS DEWS II study.5 Early studies found that AC-related DE was associated with increased tear stability4 and 
variation in the tear film lipid layer.6,7 The TFOS DEWS II classified DE into two primary categories, aqueous deficient 
DE and evaporative DE.8 In clinical studies, evaporative DE is more common than aqueous deficient DE and is 
associated with tear instability and an abnormal tear film lipid layer.

Meibomian glands (MGs) are large sebaceous glands located in the tarsal plates of the eyelids. Their function is to 
synthesize and secrete lipids, which distribute to the ocular surface and constitute the main lipid component of the 
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outer layer of the tear film, maintaining the stability and reducing the evaporation of the tear film.9 Meibomian gland 
dysfunction (MGD) is a leading cause of dry eye, especially evaporative dry eye.10 AC-related morphological changes 
in the MGs have been gradually confirmed. Liu et al11 found that the rate of MG distortion and dropout in patients with 
SAC was dramatically higher than that in normal controls. Arita et al12 reported that PAC was associated with 
increased meibomian gland duct distortion. MG alterations and dysfunction have been found in atopic keratoconjunc
tivitis (AKC) and vernal keratoconjunctivitis (VKC) patients.13,14 Therefore, MGD is recognized as a long-term 
complication of AC.5

The MG morphology is a sensitive indicator of the function of MGs.15 With the application of noninvasive and 
infrared imaging technology, MG morphology has become an important means of clinically evaluating MG function. The 
grading of the MG morphology has gradually improved from grades 0−316 and grades 0−417 based on the area of MG 
atrophy/loss to the grading standard for 13 specific features recommended by the Dry Eye Assessment and Management 
(DREAM) study.18 Although there is no uniform international grading standard, increasingly detailed MG morphology 
grading in clinical studies has made grading analysis for MG morphology a potential tool for predicting DE.

Recently, Ahrentschildt et al19 analysed the characteristics of the MGs based on the DREAM study and found some 
marginally predictive morphology metrics in contact lens wearers with dry eye diseases (DED). Although some studies 
have confirmed the morphological changes of the MGs of AC patients, the predictive value of the metrics of these 
characteristics for AC-related DE remain unclear. Studies on MG morphology in children with AC are rare. The purpose 
of this study was to grade the morphologic characteristics of the MGs based on the DREAM study morphology metrics 
and assess the predictive value of these morphologic characteristics in AC-related DE in children.

Materials and Methods
Subjects and Study Protocol
This prospective, case-control study was carried out at the Outpatient Department of Ophthalmology in the Children’s 
Hospital of Chongqing Medical University from 1 May 2022 to 30 December 2022 in Southwest China. This study was 
approved by the Ethics Committee of the Children’s Hospital of Chongqing Medical University, Chongqing, China 
(NO.2022–529). Informed consent was obtained from the parents or guardians of the children. All procedures were 
conducted in accordance with the principles of the Declaration of Helsinki.

SAC and PAC were clinically diagnosed based on the criteria of Chinese expert consensus, including subjective 
symptoms (ocular itching, lacrimation, hyperaemia, and foreign body sensation) and clinical signs (conjunctival 
hyperaemia, conjunctival oedema, and conjunctival follicles) assessed by slit lamp examination.20 The age range of 
the participants recruited was 5 to 14 years. This age bracket was selected because allergic conjunctivitis (AC) is 
especially prevalent in pediatric populations, and this specific range enabled us to focus on a group where the condition is 
most frequently observed in clinical settings. Additionally, children within this age range generally demonstrated 
sufficient compliance during clinical examinations, which ensured the reliability and accuracy of the data collected. 
The control group comprised 33 age- and sex-matched children undergoing physical examination without a history and 
any symptoms of allergies or ocular surface abnormalities. Patients were excluded from the study if they had any of the 
following: (1) systemic administration of anti-allergy drugs, glucocorticoids, immunosuppressants or topical ocular 
medication within 3 months; (2) a history of ocular trauma or ocular surgery; (3) active ocular infection; (4) diabetes, 
kidney disease or immune system diseases with the potential to confound the results of the study; and (5) poor 
cooperation with everting the lids, resulting in low-quality MG images. For participants enrolled in the study, data 
collection and eye examination were performed as shown in Supplemental Figure 1.

Questionnaire on Dry Eye
The 5-item Dry Eye Questionnaire (DEQ-5) was used to evaluate the symptoms and intensity of dry eye in the past 
month and is currently available and reliable for use in children.21 Each subject was asked to complete a DEQ-5 for 
assessment of the severity of dry eye symptoms.
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Ocular Surface Examination
Patients sat in front of the device (Keratograph 5M, OCULUS, Germany), and the chin was rested on a chin strap. The 
lower TMH was measured in tear meniscus mode. The mean of three measurements was recorded. The NITBUT was also 
measured using the Keratograph 5M. The average NIBUT (NIBUT-avg) was calculated automatically by the software. 
DE was diagnosed if the child had a TMH of <0.2 mm or NITBUT of <10 seconds in the worst eye19 and a DEQ-5 
score >6.

Infrared Meibography and Morphological Characteristic Grading
Infrared photography of the upper and lower MGs was performed using the Keratograph 5M. The morphologic 
characteristics were analysed according to the grading standard of the DREAM study,18 including distorted, tortuous, 
hooked, shortened, thickened, thinned, overlapping, ghost, and tadpoling MGs and MGs with abnormal gaps, fluffy areas, 
dropout, and no extension to the lid margin (Table 1).

Quality Control
Two readers received training in the assessment of the 13 morphological characteristics of MGs for 1 month. After the 
training, the readers were required to analyse the features of 20 images. Two weeks later, readers were required to grade 
the same 20 images to measure the interreader and grade-regrade consistency test. During the study, if the two readers 
were inconsistent in describing the features of the images, a third person (the study quality controller) joined in the 
evaluation and discussion. When two of them reached a consensus, the grading data were included in the final analysis.

Statistical Analysis
All the subjects received examinations of both eyes and the right eye was selected for analysis. Data were analysed by 
using SPSS version 22.0 software (SPSS, Inc., Chicago, IL). The interreader and intrareader consistency were evaluated 
using test-retest reliability. The intraclass correlation coefficient (ICC) was used to evaluate continuous variables. 

Table 1 Illustrations and Descriptions of Meibomian Gland Morphologic Characteristics Based on the DREAM Study

Morphological 
Characteristic

Definition

Distorted Distorted glands show mostly the parallel orientation of normal glands but are a little curvy instead of straight.18

Tortuous Tortuous glands faintly reminiscent of a switchback.18

Hooked Hooked glands curl back at the distal end, resembling a fishhook.18

Overlapping Neighboring glands cross over/under each other. Individual crossings are counted.18

Thinned Attenuated glands have a width that is [overall] less than half the width of a normal gland.18

Thickened Thickened glands have a width that is equal to or more than twice the width of a normal gland.18

Ghost Seemingly proceeding from the distal end, glands start to lose their normal structure.18

Shortened The gland does not extend to its full normal length.18

Dropout/Atrophy An empty space where a gland should have been observed.18

Abnormal gaps Abnormal gaps are areas without glands. They often occur as a result of two adjacent tortuous/distorted glands.18

Fluffy Areas Bright white confluent areas where the structure of the individual gland is no longer visible.18

Tadpoling Glands are thick at the eyelid margin but taper and thin out distally.18

No extension to lid margin Glands are interrupted short of the lid margin. Although traces of glandular tissue can still be found on the lid 
margin.18

Journal of Asthma and Allergy 2025:18                                                                                            https://doi.org/10.2147/JAA.S535595                                                                                                                                                                                                                                                                                                                                                                                                   1271

Tang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Cohen’s Kappa coefficient was used to evaluate the categorical variables. Values for continuous variables are given as the 
means and standard deviations (SD). Continuous data between the groups were compared using Student’s t test. The 
categorical variables were compared with the chi-square test. One-way ANOVA was used for comparisons among the 
three groups. Receiver operating characteristic (ROC) curve analysis was used to analyse the predictive value of the MG 
morphological characteristics for DE. The area under the curve (AUC) with 95% confidence interval (CI) was calculated 
for each morphological feature. P values less than 0.05 were considered statistically significant.

Results
A total of 62 children with AC and 33 healthy children were enrolled in the study. The mean age was 7.67±2.12 (ranging 
from 5–13.5) years. There were no significant differences in age or sex among the three groups (P>0.05). The clinical 
characteristics of the patients are shown in Table 2. The duration of AC with DE (Group A) was significantly longer than 
that of AC without DE (Group B) (6.77±1.03 vs 3.39±0.69 months, P<0.01). The DEQ-5 score of Group A was 
significantly higher than that of Group B (P<0.0001). The TMH and NIBUT were statistically different among the 
three groups (F=13.66, P<0.001 and F=3.11, P=0.049, respectively). Intrareader and interreader consistency assessment 
showed that the MG morphological features had good consistency (Supplemental Tables 1–3).

Table 3 shows the morphological characteristics of MG between AC children with and without DE. Among AC 
children, distorted lower eyelid MGs, hooked upper eyelid MGs, hooked mean upper plus lower eyelid MGs, overlapping 
lower eyelid MGs, abnormal gap in upper eyelid and in upper plus lower eyelid were more common in DE children than 
in non-DE children.

Table 4 shows the morphological characteristics of MG between AC with DE and healthy children. Compared with the 
control group, the AC-related DE group more significantly demonstrated distorted upper eyelid MGs, distorted lower eyelid 
MGs, distorted mean upper plus lower eyelid MGs, tortuous upper eyelid MGs, tortuous mean upper plus lower eyelid 
MGs, hooked upper eyelid MGs, hooked mean upper plus lower eyelid MGs, overlapping lower eyelid MGs, overlapping 
mean upper plus lower eyelid MGs, thinned upper eyelid MGs, thinned mean upper plus lower eyelid MGs, shortened 
upper eyelid MGs and shortened mean upper plus lower eyelid MGs. Among categorical variables, morphological 
characteristics with significant differences among the groups included abnormal gap in upper eyelid and in upper plus 
lower eyelid, fluffy area in lower eyelid and in upper plus lower eyelid, tadpoling MGs in upper eyelid and in upper plus 
lower eyelid, and no extension to lid margin in upper eyelid and in upper plus lower eyelid.

As shown in Table 5, no MG morphological characteristics in the upper or lower eyelid were found to be significantly 
different between the children with AC without DE and healthy children. The mean values of the morphological 
characteristics of the upper and lower eyelids were also not statistically significant compared with those of the control 
group.

Table 2 Clinical Characteristics of the Subjects

AC-DE Group (n=31) AC Group (n=31) Control Group (n=33) t/F P

Sex (M: F) 19:12 21:10 18:15 1.746 0.18

Age(y) 8.36±2.31 8.01±1.88 7.76±2.16 0.64 0.53

Course(m) 6.77±1.03 3.39±0.69 0 2.74 0.0082**

DEQ-5 8.52±0.35 2.81±0.28 1.11±0.24 12.75 <0.0001**

TMH 0.14±0.30† 0.16±0.04† 0.19±0.04 13.66 <0.001§

NIBUT 8.35±3.74‡ 9.48±4.12 10.98±4.74 3.11 0.049

Notes: **P<0.05 by Student’s t test; §P<0.01 by one-way ANOVA test among the three groups; † Compared with the control group, 
P<0.01; ‡Compared with the control group, P<0.05. 
Abbreviations: DEQ, Dry Eye Questionnaire; TMH, tear meniscus height; NIBUT, noninvasive tear breakup time; AC-DE, allergic 
conjunctivitis-related dry eye; AC, allergic conjunctivitis without dry eye.
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Table 3 Comparison of Morphological Characteristics of the Meibomian Glands Between Children 
in Allergic Conjunctivitis with and Without Dry Eye Groups

AC-DE Group (n=31) AC Group (n=31) t/χ2 P

Distorted

Upper eyelid 5.65±0.62 4.81±0.46 1.09 0.28

Lower eyelid 2.94±0.58 1.36±0.24 2.51 0.01**

Upper+ lower eyelid 3.94±0.40 3.08±0.34 1.62 0.11

Tortuous

Upper eyelid 1.13±0.20 0.71±0.16 1.68 0.10

Lower eyelid 0.26±0.11 0.03±0.03 1.68 0.10

Upper+ lower eyelid 0.61±0.12 0.37±0.09 1.61 0.11

Hooked

Upper eyelid 1.19±0.23 0.32±0.12 3.33 0.0015**

Lower eyelid 0.42±0.21 0.13±0.08 1.32 0.19

Upper+ lower eyelid 0.66±0.14 0.23±0.07 2.81 0.0057**

Overlapping

Upper eyelid 1.68±0.22 1.32±0.23 1.10 0.28

Lower eyelid 1.19±0.22 0.55±0.15 2.45 0.02*

Upper+ lower eyelid 1.32±0.15 0.94±0.15 1.86 0.06

Thinned

Upper eyelid 1.42±0.23 0.90±0.18 1.76 0.08

Lower eyelid 0.16±0.09 0.03±0.03 1.30 0.20

Upper+ lower eyelid 0.74±0.15 0.47±0.11 1.51 0.13

Thickened

Upper eyelid 1.26±0.26 1.29±0.27 0.09 0.93

Lower eyelid 0.13±0.08 0 - -

Upper+ lower eyelid 0.65±0.15 0.65±0.16 0 1

Ghost

Upper eyelid 0.16±0.10 0.10±0.05 0.55 0.59

Lower eyelid 0.03±0.03 0 - -

Upper+ lower eyelid 0.10±0.05 0.05±0.03 0.79 0.43

Shortened

Upper eyelid 6.90±1.23 4.71±0.99 1.40 0.17

Lower eyelid 1.45±0.73 0.55±0.21 1.20 0.24

Upper+ lower eyelid 3.84±0.74 2.63±0.57 1.30 0.20

(Continued)
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ROC curve analysis of the MG morphology characteristics showed those with predictive value for DE in children 
with AC (Supplemental Table 4). Five morphological characteristics with predictive value were observed in the upper 
eyelid, including tortuous, hooked, thinned, shortened MGs and abnormal gap, with AUCs ranging from 0.65 to 0.72 
(Figure 1A). In the lower eyelid, distorted (AUC=0.68, P<0.01) MGs and overlapping (AUC=0.69, P<0.01) MGs were 
predictive characteristics (Figure 1B). Combined analysis of the upper and lower eyelids revealed tortuous, hooked, 
overlapping and shortened MGs as predictive characteristics, but with AUCs ranging from 0.60 to 0.69 (Figure 1C). The 
morphological characteristics with the best predictive ability were tortuosity in the upper eyelid (AUC=0.71, P<0.001) 
and shortened shapes in the upper eyelid (AUC=0.72, P<0.001).

Discussion
AC is a critical disease affecting the quality of life of children,1 with progressively increasing incidence in developing 
countries.22 An unstable tear film, variation in the tear film lipid layer and a high tear evaporation rate in AC patients 
have been verified to be associated with DE.12,23 MG morphology has been proven to be associated with the function of 
the MGs.24 In this study, we observed the morphologic characteristics of the MGs based on the grading standard of the 

Table 3 (Continued). 

AC-DE Group (n=31) AC Group (n=31) t/χ2 P

Dropout

Upper eyelid 0.16±0.08 0.10±0.07 0.60 0.55

Lower eyelid 0.13±0.08 0 - -

Upper+ lower eyelid 0.15±0.06 0.05±0.04 1.46 0.15

Abnormal gap (yes/no)

Upper eyelid 17/14 8/23 5.43 0.02*

Lower eyelid 2/29 2/29 0 1

Upper+ lower eyelid 18/13 8/23 6.62 0.01*

Fluffy area (yes/no)

Upper eyelid 6/25 5/26 0.11 0.74

Lower eyelid 5/26 1/30 2.95 0.20

Upper+ lower eyelid 10/21 6/24 0.73 0.39

Tadpoling (yes/no)

Upper eyelid 20/11 17/14 0.60 0.44

Lower eyelid 7/24 7/24 0 1

Upper+ lower eyelid 22/9 19/12 0.65 0.42

No extension to lid margin (yes/no)

Upper eyelid 11/20 7/24 1.25 0.26

Lower eyelid 7/24 4/27 0.99 0.51

Upper+ lower eyelid 15/16 9/22 2.45 0.12

Notes: *P<0.05 by Student’s t test; **P<0.01 by Student’s t test. 
Abbreviations: AC-DE, allergic conjunctivitis-related dry eye; AC, allergic conjunctivitis without dry eye.
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Table 4 Comparison of Morphological Characteristics of the Meibomian Glands Between Children 
with Allergic Conjunctivitis with Dry Eye and Healthy Children

AC-DE Group (n=31) Control Group (n=33) t/χ2 P

Distorted

Upper eyelid 5.65±0.62 3.91±0.43 2.31 0.02*

Lower eyelid 2.94±0.58 1.46±0.24 2.40 0.02*

Upper+ lower eyelid 3.94±0.40 2.68±0.29 2.55 0.01*

Tortuous

Upper eyelid 1.13±0.20 0.33±0.11 3.59 0.0007**

Lower eyelid 0.26±0.11 0.03±0.03 1.75 0.09

Upper+ lower eyelid 0.61±0.12 0.18±0.06 3.26 0.0014**

Hooked

Upper eyelid 1.19±0.23 0.30±0.09 3.63 0.0006**

Lower eyelid 0.42±0.21 0.06±0.04 1.76 0.08

Upper+ lower eyelid 0.66±0.14 0.18±0.05 3.33 0.0012*

Overlapping

Upper eyelid 1.68±0.22 1.21±0.28 1.29 0.20

Lower eyelid 1.19±0.22 0.33±0.11 3.55 0.0007**

Upper+ lower eyelid 1.32±0.15 0.77±0.16 2.52 0.01*

Thinned

Upper eyelid 1.42±0.23 0.61±0.15 2.99 0.004**

Lower eyelid 0.16±0.09 0.06±0.06 0.91 0.37

Upper+ lower eyelid 0.74±0.15 0.33±0.09 2.42 0.02*

Thickened

Upper eyelid 1.26±0.26 1.12±0.23 0.39 0.69

Lower eyelid 0.13±0.08 0.06±0.06 0.70 0.48

Upper+ lower eyelid 0.65±0.15 0.59±0.14 0.27 0.79

Ghost

Upper eyelid 0.16±0.10 0 - -

Lower eyelid 0.03±0.03 0 - -

Upper+ lower eyelid 0.10±0.05 0 - -

Shortened

Upper eyelid 6.90±1.23 2.58±0.88 2.89 0.005**

Lower eyelid 1.45±0.73 0.27±0.20 1.60 0.11

Upper+ lower eyelid 3.84±0.74 1.42±0.47 2.78 0.0063**

(Continued)
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DREAM study in children with AC to investigate their predictive value for AC-related DE. Our results showed that the 
most highly predictive morphologic characteristics (AUC>0.70, P<0.01) of AC-related DE in children were shortened 
upper eyelid MGs and hooked upper eyelid MGs. However, no morphological feature differences were found between 
children with AC without DE and healthy children.

Abnormal MG morphological characteristics in AC patients have been described in the previous literature, including 
tortuousness, distortions and shortening.11,12,23 However, there is no uniform standard for evaluating the morphological 
characteristics of MGs. Recently, Daniel et al18 improved and detailed the grading of MG morphology and provided more 
evidence for studying the relationship between the characteristics of MGs and DE. However, there are few studies and 
reports on dry eye in children. In the current study, we found no significant difference in MG morphology between AC 
children without DE and normal controls. Our results showed that tortuous MGs in the upper eyelid and distorted MGs in 
the upper +lower eyelids were obviously more common in AC-DE children than in healthy children. Our findings agree 
with those of Arita et al12 who found increased MG duct distortion in PAC and contact lens-related allergic conjunctivitis 
(CLAC). Both distortions and tortuousness indicate curved changes in the straight morphology of MG and were 
associated with DE in patients with AC in this study. In addition, since the lower eyelid MG is shorter and thicker 
than that of the upper eyelid,25 it may be more likely to overlap when distortion or tortuousness is present,18 which may 

Table 4 (Continued). 

AC-DE Group (n=31) Control Group (n=33) t/χ2 P

Dropout

Upper eyelid 0.16±0.08 0.06±0.04 1.11 0.27

Lower eyelid 0.13±0.08 0 - -

Upper+ lower eyelid 0.15±0.06 0.03±0.02 1.97 0.051

Abnormal gap (yes/no)

Upper eyelid 17/14 8/25 8.29 0.01*

Lower eyelid 2/29 1/32 0.42 0.61

Upper+ lower eyelid 18/13 8/25 7.58 0.01

Fluffy area (yes/no)

Upper eyelid 6/25 1/32 4.20 0.053

Lower eyelid 5/26 0/33 5.77 0.02*

Upper+ lower eyelid 10/21 1/32 9.59 0.002**

Tadpoling (yes/no)

Upper eyelid 20/11 12/21 5.07 0.02*

Lower eyelid 7/24 3/30 2.21 0.18

Upper+ lower eyelid 22/9 15/18 4.27 0.046*

No extension to lid margin (yes/no)

Upper eyelid 11/20 2/31 8.55 0.0047**

Lower eyelid 7/24 5/28 0.58 0.53

Upper+ lower eyelid 15/16 6/27 6.62 0.02**

Notes: * *P<0.01 by Student’s t test; * P<0.05 by Student’s t test. 
Abbreviation: AC-DE, allergic conjunctivitis-related dry eye.
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Table 5 Comparison of Morphological Characteristics of the Meibomian Glands Between 
Children with Allergic Conjunctivitis Without Dry Eye and Healthy Children

AC Group (n=31) Control Group (n=33) t/χ2 P

Distorted

Upper eyelid 4.81±0.46 3.91±0.43 1.43 0.16

Lower eyelid 1.36±0.24 1.46±0.24 0.29 0.77

Upper+ lower eyelid 3.08±0.34 2.68±0.29 0.90 0.37

Tortuous

Upper eyelid 0.71±0.16 0.33±0.11 1.98 0.052

Lower eyelid 0.03±0.03 0.03±0.03 0.04* 0.96

Upper+ lower eyelid 0.37±0.09 0.18±0.06 1.77 0.08

Hooked

Upper eyelid 0.32±0.12 0.30±0.09 0.13 0.90

Lower eyelid 0.13±0.08 0.06±0.04 0.79 0.43

Upper+ lower eyelid 0.23±0.07 0.18±0.05 0.50 0.62

Overlapping

Upper eyelid 1.32±0.23 1.21±0.28 0.30 0.76

Lower eyelid 0.55±0.15 0.33±0.11 1.18 0.24

Upper+ lower eyelid 0.94±0.15 0.77±0.16 0.75 0.45

Thinned

Upper eyelid 0.90±0.18 0.61±0.15 1.27 0.21

Lower eyelid 0.03±0.03 0.06±0.06 0.41 0.69

Upper+ lower eyelid 0.47±0.11 0.33±0.09 0.98 0.33

Thickened

Upper eyelid 1.29±0.27 1.12±0.23 0.48 0.63

Lower eyelid 0 0.06±0.06 – –

Upper+ lower eyelid 0.65±0.16 0.59±0.14 0.26 0.79

Ghost

Upper eyelid 0.10±0.05 0 – –

Lower eyelid 0 0 – –

Upper+ lower eyelid 0.05±0.03 0 – –

Shortened

Upper eyelid 4.71±0.99 2.58±0.88 1.62 0.11

Lower eyelid 0.55±0.21 0.27±0.20 0.96 0.34

Upper+ lower eyelid 2.63±0.57 1.42±0.47 1.64 0.10

(Continued)
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explain why distorted and tortuous MGs were more common in the upper eyelid but overlapping MGs were more 
common in the lower eyelid.

ROC curve analysis showed that the morphological characteristics with the best predictive value (AUC>0.70, P<0.01) 
for AC-related DE were shortened upper eyelid MGs and hooked upper eyelid MGs. Few previous studies have reported 
on shortened MG in children with AC, and more studies have focused on MG loss/atrophy6,11,26 and its associated 
meiboscore.12 A higher meiboscore in the upper and lower eyelids, especially in the upper eyelid was found in AC 
children, which is similar to the findings of the current study.6 The meiboscore is graded by the proportion of meibomian 
gland loss (MGL). Shortened MGs in the current study were defined as MGs that did not extend to their full normal 
length,18 that is, the terminal region of the shortened MG is equivalent to the region of MGL in two-dimensional images. 
The difference between the two terms is that the former is counted by shortened MG, while the latter is graded by the 
proportion of loss. Yang et al6 found that upper eyelid MGL was associated with smaller lipid layer thickness in 
paediatric patients with SAC and PAC. Decreased lipid layer thickness and blinking disorders in paediatric patients with 
AC may contribute to lipid layer deficiency. Xiao and et al26 found that MG length was a good predictor for MGD. These 
findings preliminarily explain why shortening has good predictive value for DE in AC children.

Table 5 (Continued). 

AC Group (n=31) Control Group (n=33) t/χ2 P

Dropout

Upper eyelid 0.10±0.07 0.06±0.04 0.44 0.66

Lower eyelid 0 0 – –

Upper+ lower eyelid 0.05±0.04 0.03±0.02 0.44 0.66

Abnormal gap (yes/no)

Upper eyelid 8/23 8/25 0.02* 0.89

Lower eyelid 2/29 1/32 0.42 0.61

Upper+ lower eyelid 8/23 8/25 0.02* 0.89

Fluffy area (yes/no)

Upper eyelid 5/26 1/32 3.09 0.08

Lower eyelid 1/30 0/33 1.08 0.48

Upper+ lower eyelid 7/24 1/32 5.59 0.02

Tadpoling (yes/no)

Upper eyelid 17/14 12/21 2.20 0.14

Lower eyelid 7/24 3/30 2.21 0.18

Upper+ lower eyelid 19/12 15/18 1.61 0.20

No extension to lid margin (yes/no)

Upper eyelid 7/24 2/31 3.61 0.08

Lower eyelid 4/27 5/28 0.07 0.99

Upper+ lower eyelid 9/22 6/27 1.05 0.31

Notes: * P<0.05 by Student’s t test. 
Abbreviation: AC, allergic conjunctivitis without dry eye.
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The hooked MG is distinguished from the distorted and tortuous MG, defined as curling back at the distal end, 
resembling a fishhook.18 The current study found that hooked upper MGs were a good predictor of AC-related DE in 
children. This morphological feature has rarely been reported in children in the previous literature. In China, Zhao et al 
described hooked MGs in children without symptoms of DE, but their role in predicting DE diagnosis has not been 
studied.27 In terms of appearance, the hook in a hooked MG is located at the end of the gland, which resembles a tortuous 
MG, sometimes with gland shortening. In other words, the hook may be a special morphology that combines tortuous
ness and shortening.

This is a preliminary study on the predictive value of MG morphological characteristics for AC-related DE in children, and 
there are some limitations. First, this study did not evaluate ocular surface indicators (such as ocular surface staining, TBUT, 
Schirmer test, tear film lipid layer, etc.) and MG secretions; therefore, the relationship between the observed MG morphology and 
changes in the ocular surface or/and tear film and its influence on the pathogenesis of AC-related DE cannot be explained. 
Second, the current study only enrolled children with SAC and PAC. Neither atopic keratoconjunctivitis (AKC) and vernal 
keratoconjunctivitis (VKC) populations nor adults and elderly individuals were enrolled in this study. The pathogenesis of AKC 
and VKC is not the same as that of SAC and PAC, involving instead a combined impact of both type I and type IV reactions. 
Ageing is a significant factor affecting MG morphology and function.28 Further study should be carried out to clarify the 
morphological characteristics of the MGs in these populations. Last, the sample size of this study is small and from a single 
centre, and a larger sample size and multicentre study will be conducted in the future to verify the accuracy and sensitivity of the 
predicted features.

Despite these limitations, in this study, we found that the MG morphology grading system of the DREAM study may 
be a valuable in predicting AC-related DE in children. Paediatric ophthalmologists should focus on shortened upper 
eyelid MGs and hooked upper eyelid MGs in children with AC. By incorporating early screening protocols, developing 
targeted interventions, and enhancing patient education, clinicians have the potential to substantially reduce the burden of 
DE in this vulnerable paediatric population.

Data Sharing Statement
The data is available on request from the corresponding author.
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Figure 1 The Predictive Role of Statistically Significant Characteristics according to ROC Curve Analysis. (A) ROC curve analysis for the selected characteristics in the 
upper eyelid. (B) ROC curve analysis for the selected characteristics in the lower eyelid. (C) ROC curve analysis for the selected characteristics in the mean of the upper 
and lower eyelids.
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