
Title: Analysis of the differences in ocular surface damage and inflammatory signs 1 

between healthy and evaporative dry eye participants. 2 

Running short title: Comparison of MGLA and OS alterations between healthy and 3 

EDE.  4 

Authors: Jacobo Garcia-Queiruga, Hugo Pena-Verdeal, Belén Sabucedo-Villamarin, 5 

Carlos Garcia-Resua, Maria J. Giraldez, Eva Yebra-Pimentel  6 

 7 

Garcia-Queiruga, J. OD, MSc – Faculty Member 8 

Pena-Verdeal, H. OD, MSc, PhD - Faculty Member 9 

Sabucedo-Villamarin, B. OD, MSc – Post-graduate student 10 

Garcia-Resua, C. OD, MSc, PhD - Faculty Member 11 

Giraldez, MJ. OD, MSc, PhD - Faculty Member 12 

Yebra-Pimentel, E. OD, PhD - Faculty Member 13 

 14 

Authors institutions: Departamento de Física Aplicada (Área de Optometría), Facultad 15 

de Óptica y Optometría Universidade de Santiago de Compostela, Santiago de 16 

Compostela (Galicia), Spain. 17 

Corresponding author: Jacobo Garcia-Queiruga. Facultad de Óptica y Optometría, 18 

Campus Vida s/n, Universidad de Santiago de Compostela, 15782 Santiago de 19 

Compostela, A Coruña, Galicia, Spain. Tel.: +34 981 881813610; e-mail: 20 

jacobogarcia.queiruga@usc.es 21 

 22 

 23 

The authors declare that they have no conflict of interest in the present study and that 24 

they received no specific funding for this study. 25 

mailto:jacobogarcia.queiruga@usc.es


ABSTRACT 26 

Objective: To distinguish between EDE severity levels by analysing the MGLA, 27 

conjunctival hyperemia and corneal staining in healthy and EDE participants. 28 

Methods: 100 participants were recruited based on OSDI, TO, TFBUT, TMH, and LLP 29 

to be categorised as healthy (Group 1) or EDE (Group 2). Group 2 was divided into 30 

Group 2A (mild symptoms), 2B (moderate symptoms), and 2C (severe symptoms). In a 31 

second session, MGLA, conjunctival hyperemia, and corneal staining were measured.  32 

Results: Positive correlation between MGLA, conjunctival hyperemia, and corneal 33 

staining were found (all r≥0.221,p≤0.027). Significant differences were found: MGLA 34 

between Group 1 vs. 2C and 2C vs. 2A or 2B; conjunctival hyperemia between Group 1 35 

vs. 2A, 2B or 2C; corneal staining between Group 1 vs. 2B or 2C and 2A vs. 2B or 2C 36 

(all p≤0.049). 37 

Conclusion: Severe EDE participants have higher MGLA, conjunctival hyperemia, and 38 

corneal staining values than healthy, mild, or moderate EDE participants. 39 

Keywords: Evaporative dry eye, Meibography, Meibomian gland loss area, 40 

Conjunctival hyperemia.  41 



Since the mid-90s the Dry Eye Disease (DED) has been in the spotlight for many 42 

clinicians and remains poorly understood. DED is a global issue that affects between 5 43 

to 50% of the population, with a prevalence of 75% in studies that only involve signs 44 

and between 8.7% to 30.1% in studies that combine signs and symptoms.1-3 The Tear 45 

Film & Ocular Surface Society in the Dry Eye Workshop II (TFOS DEWS-II)4 has 46 

defined the DED as “a multifactorial disease of the ocular surface characterized by a 47 

loss of homeostasis of the tear film, and accompanied by ocular symptoms, in which 48 

tear film instability and hyperosmolarity, ocular surface inflammation and damage, and 49 

neurosensory abnormalities play etiological roles”. According to the classification of 50 

the DEWS-II report, there are two main DED types: aqueous deficient dry eye (ADDE), 51 

often related to the Sjögren Syndrome, and evaporative dry eye (EDE).4 It is important 52 

to differentiate between both DED types due to the subsequent management that will be 53 

different for each. EDE by meibomian gland dysfunction (MGD) is the most prevalent 54 

DED type,2 being defined by TFOS as “a chronic, diffuse abnormality of the meibomian 55 

glands, commonly characterized by terminal duct obstruction and/or 56 

qualitative/quantitative changes in the glandular secretion. It may result in alteration of 57 

the tear film, symptoms of the eye irritation, clinically apparent inflammation, and 58 

ocular surface disease”.5 Many tests have been carried out and proposed to examine the 59 

ocular surface as a part of the test battery to diagnose or grade the severity of EDE,6 60 

such as the evaluation of the physiology of the tear film, meibomian glands (MG) 61 

anatomy or corneal and conjunctival integrity. Non-contact infra-red meibography is a 62 

non-invasive technique that provides the observer with an in-vivo image of the MG 63 

structure, roughly localized in the dimensions of the tarsal plate of both eyelids;6 64 

conjunctival hyperemia is a non-specific sign that usually indicates inflammation which 65 

can occur with tear film disorders, like excessive evaporation due to an altered lipid 66 



layer produced by the MG;6 and finally, corneal staining is an important marker of 67 

disease severity in DED patients and is observed with instillation of sodium fluorescein 68 

dye, which stains cells that have their integrity compromised.6-8 Abnormalities in the 69 

MG function could lead to a tear film instability, causing corneal staining and 70 

conjunctival hyperemia.6,8 Despite their habitual clinical use, it remains unclear whether 71 

one or more of these procedures can distinguish between the severity levels of either dry 72 

eye subtype.6 To provide insight into this problem, the current work focused on EDE 73 

and aimed to investigate differences in meibomian gland loss area (MGLA), 74 

conjunctival hyperemia and corneal staining in a sample containing healthy as well as 75 

various levels of disease severity participants. 76 

METHODS 77 

Study and sample design 78 

This cross-sectional study was formed by volunteers who attended the Optometry 79 

Service for an ocular surface exploration or visual examination. The present study was 80 

approved by the Bioethics Committee of the institution (approval number: USC-81 

40/2020), the study protocol had adhered to the tenets of the Declaration of Helsinki and 82 

every participant has signed an informed consent to be included. Participants were 83 

excluded if they had a history of a conjunctival, scleral, or corneal disease, active ocular 84 

disease or ocular allergy, prior eye surgery (including refractive surgery or eyelid 85 

tattooing), glaucoma, diabetes mellitus, thyroid disorders, were pregnant or breast-86 

feeding, wore contact lenses, had a systemic inflammatory/autoimmune disease or were 87 

following any pharmacological treatment/systemic drug that can disturb the normal 88 

function of the ocular surface. 89 

The sample was determined whether participants presented a DED compatibility 90 

diagnostic based on DEWS-II criteria.6,9 On a first screening session, the following 91 



parameters were measured: OSDI questionnaire, tear osmolarity (TO), tear meniscus 92 

height (TMH), lipid layer patterns (LLP) and Tear film break-up time (TFBUT). Based 93 

on the DEWS-II diagnostic guidelines,6,10,11 participants were categorized as dry eye if 94 

they accomplish the following criteria: OSDI score > 12, TO > 308 mOsm/L and/or a 95 

TFBUT < 10 s. To be ensured of the inclusion of only EDE and the exclusion of 96 

possible ADDE participants in the study, only those that had a LLP < Wave category in 97 

a Guillon scale and a TMH ≥ 0.2 mm were included in the study.6,9,12 A LLP lower than 98 

Wave category indicate a thinner lipid layer usually related with EDE type.6,12 The 99 

quantitative assessment of the tear menisci is the most direct approach to studying the 100 

tear film volume; this test was proposed as the main method to diagnose the presence of 101 

ADDE subtype in DED participants.6,9   102 

A total of 208 participants were primarily screened but only 100 (mean ± SD of 43.4 103 

±16.5 years old) met the exhaustive inclusion and exclusion criteria. The sample was 104 

recruited into two main groups: Group 1 (Healthy) and Group 2 (EDE). Group 2 was 105 

then divided into 3 subgroups according to their OSDI score: Group 2A – EDE with 106 

mild symptoms [12, 22), Group 2B – EDE with moderate symptoms [22, 32), and 107 

Group 2C – EDE with severe symptoms [32, 100). The four groups were conformed by 108 

25 participants each. Participants were scheduled for a second session, where study 109 

parameters were evaluated: MGLA, nasal and temporal conjunctival hyperemia and 110 

corneal staining. The sample and study design were summarized in Figure 1. 111 

Procedures  112 

All procedures were performed by the same observer and only the right eye of each 113 

participant was examined to avoid overstating the precision of statistical estimates.13 To 114 

mask the data, measurements were associated with an alphanumeric code for the later 115 

randomised analysis by a second observer. All the videos recorded, both in the 116 



screening session and the study session, were captured by a DC-4 camera attached to a 117 

Topcon SL-D2 slit-lamp. Throughout the study, laboratory conditions of temperature, 118 

light, and humidity were within the following range: temperature 20-23°C, humidity 50-119 

60%. 120 

The present study includes many day-to-day clinical procedures; therefore, all tests are 121 

summarised in Table 1. MGLA, conjunctival hyperemia and corneal staining 122 

procedures have been described in detail to facilitate the study reproducibility. 123 

Topcon CA-800 meibography and meibomian gland loss area evaluation 124 

Meibography images were captured by the Topcon® CA-800 topographer (TOPCON 125 

Corporation, Tokyo, Japan) by using an infra-red camera which allows to observe the 126 

MG in-vivo.14-16 Participants were requested to look up, lower eyelid was everted, and 127 

several images of the total tarsus were taken.  128 

All the meibography images were evaluated with the open-source software ImageJ to 129 

calculate the MGLA.17 First, the images were exported from the CA-800 topographer to 130 

a computer. Then, ImageJ software was used to enhance contrast and to measure the 131 

following areas (Figure 2A). For calculating the MGLA, two areas were measured: the 132 

total tarsus area (Figure 2B) and the MG area (Figure 2C). After defining the area and 133 

clicking on Analyse > Measure in the ImageJ, the number of pixels of each area 134 

measured was provided. These values were exported to an excel sheet and the difference 135 

between the pixels of both areas was calculated. The result obtained was the MGLA 136 

expressed as a percentage. The MGLA data were categorised into 4 subgroups 137 

depending on the severity of the loss according to the Meiboscale proposed by Pult et 138 

al.:17 MGLA 1 (<25%), MGLA 2 (25 – 50%), MGLA 3 (50 – 75%) and MGLA 4 139 

(>75%).  140 

Conjunctival redness 141 



Ocular surface and conjunctival images were captured under 16x magnification with 142 

diffuse white light. Participants were instructed to look to the right and to the left for 143 

capturing images of the nasal and temporal bulbar conjunctiva. Images were categorised 144 

following the Brien Holden Vision Institute (BHVI) grading scale (4 severity 145 

subgroups): 1 (very slight hyperemia), 2 (slight hyperemia), 3 (moderate hyperemia), 146 

and 4 (severe hyperemia).7 147 

Corneal staining 148 

Corneal staining was performed by instilling non-preserved 2% sodium fluorescein dye 149 

onto inferotemporal bulbar conjunctiva. Videos of the ocular surface were captured with 150 

16x magnification, Wratten 12 yellow filter and cobalt blue light.18 A video of the 151 

cornea was recorded in all the gaze positions. Corneal staining images were extracted 152 

from the recorded videos and analysed following the Oxford grading scale.19  153 

Statistical analysis 154 

IBM SPSS Statistics v.23 software (SPSS Inc., IL) was used for the data analysis. A 155 

significance value of p < 0.05 was used for all statistical tests. The normality of the data 156 

was checked using the Kolmogorov–Smirnov test; all parameters were not normally 157 

distributed (Kolmogorov–Smirnov, all p ≤ 0.001).20,21 158 

Due to the non-continuous distribution of the data, correlations between values were 159 

assessed by performing the Spearman Rho Correlation test.20,21 Since data showed a 160 

non-continuous distribution, differences in the value among groups were obtained by a 161 

Kruskal-Wallis test, while differences by pairs were assessed using the Mann-Whitney 162 

U test.20 163 

RESULTS 164 

Descriptive statistics of the studied parameters expressed as median (IQR) for the whole 165 

sample were the following values: the MGLA was 2 (2-3) (range between 1 to 4), the 166 



nasal and temporal conjunctival hyperemia was 2 (2-2) and 2 (2-3) (range between 1 to 167 

4) respectively, and 1(1-2) (range between 0 to 4) for the corneal staining values. The 168 

frequency distribution of the data is shown in Figure 3. 169 

Correlations between MGLA, conjunctival hyperemia and corneal staining  170 

Spearman Rho test showed a positive correlation between the MGLA and the nasal 171 

conjunctival hyperemia (r = 0.368; p < 0.001), temporal conjunctival hyperemia (r = 172 

0.221; p = 0.027), and corneal staining (r = 0.276; p = 0.005). No correlations between 173 

the corneal staining and the nasal or temporal conjunctival hyperemia were found (p ≥ 174 

0.070).  175 

Differences in MGLA, conjunctival hyperemia and corneal staining between groups 176 

Descriptive statistics according to the groups established on the sample design are 177 

shown in Table 2. Participant distribution of the studied parameters expressed as a 178 

percentage for the whole sample was the following: for the MGLA parameter 12% in 179 

Garde 1, 51% in Grade 2, 32% in Grade 3, and 5% in Grade 4; for the nasal 180 

conjunctival hyperemia parameter 5% in Garde 1, 48% in Grade 2, 37% in Grade 3, and 181 

10% in Grade 4; for the temporal conjunctival hyperemia parameter 1% in Garde 1, 182 

57% in Grade 2, 32% in Grade 3, and 10% in Grade 4; for the corneal staining 183 

parameter 31% in Garde 0, 44 % in Grade 1, 16% in Grade 2, 8 % in Grade 3 and 1 % 184 

in Grade 4. 185 

Age and Gender differences among groups 186 

Significant differences in both age and gender among groups were obtained (both, p ≤ 187 

0.038). Paired analysis showed significant differences in age category when Group 1 188 

was compared versus Group 2B or Group 2C (both, p ≤ 0.011). Regarding gender, 189 

significant differences were found between Group 1 versus Group 2C (p = 0.025) and 190 

between Grupo 2A versus 2C (p = 0.024). 191 



MGLA differences among groups 192 

Significant differences in MGLA values among groups were obtained (p = 0.007). 193 

Paired analysis showed significant differences in the MGLA category when Group 1 194 

was compared versus Group 2C (p = 0.001); also, significant differences were obtained 195 

when Group 2C was confronted with Group 2A (p = 0.028), or Group 2B (p = 0.049). 196 

No significant differences in MGLA were found when Group 1 was compared to Group 197 

2A or Group 2B (both p ≥ 0.073). 198 

Conjunctival hyperemia differences among groups 199 

Significant differences in conjunctival hyperemia both, nasal (p = 0.047) and temporal 200 

(p = 0.024), among groups were found. Nevertheless, the paired analysis only showed 201 

statistically significant differences in conjunctival hyperemia for both areas (nasal and 202 

temporal) when comparing Group 1 versus Group 2A, Group 2B and Group 2C (all p ≤ 203 

0.044). No statistically significant differences were found when the pairing analysis was 204 

performed between Group 2A with Group 2B and Group 2C, or Group 2B versus Group 205 

2C (all p ≥ 0.077). 206 

Corneal staining differences among groups 207 

Significant differences in corneal staining values among groups were found (p = 0.047). 208 

However, pairwise comparison only showed significant differences when Group 1 was 209 

confronted with Group 2B or Group 2C (both p ≤ 0.013). Also, significant differences 210 

were found when comparing Group 2A versus Group 2B and Group 2C (both p ≤ 211 

0.041). No significant differences were found when Group 1 was compared to Group 212 

2A, and between Group 2B versus Group 2C (both p ≥ 0.339). 213 

DISCUSSION 214 

Technology improvements made on the MG observation techniques have boosted 215 

investigations in the DED field. Many researchers have theorised about symptoms and 216 



signs and their relationship with different ocular surface assessment tests. Nowadays, 217 

there is no consensus on whether comparing participants severity status grouped 218 

according to their DED symptomatology severity shows different values in MGLA, 219 

conjunctival hyperemia or corneal staining.22,23  220 

To the author’s knowledge, there are not many publications about how ocular surface 221 

parameters vary in healthy participants or participants with EDE. Age and gender are 222 

parameters that could influence ocular surface aspects so their implication must be 223 

considered. The present study found differences in age between the studied groups 224 

(Table 2). These findings corroborate the hypothesis that age is associated with the 225 

severity of the disease, as Pult et al.24 have postulated. Regarding gender, the present 226 

study observed more women than men in Group 2C (EDE severe symptomatology 227 

group), similar to Borrelli et al.25 findings where women reported highly dry eye 228 

symptomatology than men.  229 

Recent research performed by Crespo-Treviño et al.26 showed similar findings that the 230 

observed in the present study, where EDE participants showed more MG morphological 231 

alterations than healthy ones.  In the present study, a special emphasis was made to 232 

differentiate ADDE from EDE. Measurement of the LLP and TMH was considered as 233 

inclusion criteria according to DEWS-II, due to a LLP lower than Wave category could 234 

be potentially originated by MG alterations (therefore, EDE type) or a lower and 235 

irregular meniscus potentially could be considered indicative of tear film aqueous 236 

deficiency.6,9,12  237 

In tear film physiology there can be many triggers related to initiate symptomatology 238 

compatible with DED. It is important to find out whether the MG loss could be one of 239 

those triggers, or simply a factor that increases symptomatology severity. There is some 240 

controversy on how MG alterations contribute to increasing ocular surface 241 



symptomatology. Pult et al.24 found a positive correlation between symptomatology and 242 

MGLA values. The relationship between the alteration of the MG and ocular discomfort 243 

was set earlier to the meibography implementation and corroborated by investigators 244 

years later.24,27,28 Nevertheless, researchers found no relationship between 245 

symptomatology and MG alterations.29-32 There is something in common between these 246 

publications, all of them request a further investigation to clarify how this relationship 247 

works.24,27-32 The present study found that healthy participants had less MG loss than 248 

EDE participants with severe DED symptomatology. The presence of symptoms does 249 

not follow a linear distribution with signs of DED.6 Nonetheless, in the case of the EDE 250 

subtype, severe DED symptomatology is associated with higher MG loss. It is known 251 

that the destruction of the MG habitually happens by the obstruction of the MG orifices 252 

and the impossibility to excrete the meibum. MGLA has been proposed as one of the 253 

main tests for MGD diagnosis, which is the principal cause of the EDE subtype.5 With 254 

the present findings, it could be hypothesised that MG loss is not a trigger that initiates 255 

the DED symptomatology, but it plays an important role in the enhancement of it. MG 256 

loss must be considered in the daily clinic for EDE management. 257 

At the time of assessing the multiple signs that can be potential triggers of DED 258 

symptomatology, many procedures can be performed.6 Conjunctival redness is a non-259 

specific sign that usually indicates inflammation of the ocular surface, not a sign of 260 

specific damage as it occurs with corneal staining.8 Conjunctival hyperemia can be a 261 

consequence of an unstable tear film that could be originated by an inefficient MG 262 

secretion or deficient tear film production. To the author’s knowledge, there are no 263 

investigations that have assessed whether differences in conjunctival hyperemia exist 264 

between healthy and EDE participants grouped by their symptomatology severity. The 265 

present study found that EDE participants presented higher values of conjunctival 266 



redness than healthy participants, so conjunctival hyperemia could play a possible role 267 

in EDE cases. Further investigation is needed to clarify the relationship between the 268 

DED symptomatology severity and conjunctival redness in EDE participants.  269 

The principal parameter that indicates ocular surface damage is the corneal staining, 270 

being considered as an important parameter to consider in the DED diagnosis.6  Many 271 

researchers have tried to prove if a relationship between DED symptomatology severity 272 

and corneal staining in MGD participants exists: some studies have found weak positive 273 

correlations between symptomatology severity and corneal staining were 274 

obtained,27,28,31,33 while other authors’ showed that there is no relationship between both 275 

parameters.29,34,35 In a recent research, Llorens-Quintana et al.35 studied how MG 276 

irregularity could be associated with dry eye symptomatology and various ocular 277 

surface parameters like corneal staining. They found an inverse correlation between MG 278 

irregularity and dry eye symptomatology, but they observed that MG irregularity only 279 

could be studied in patients with less than 32% of MG loss because shortened glands are 280 

rarely tortuous. Also, they have found no relationship between corneal staining and MG 281 

irregularity or MG loss. Xiao et al.33 studied a sample of the two main delivery MGD 282 

categories (high-delivery and low-delivery) segregated into the four MGD states 283 

(Hypersecretory MGD, undefined MGD, hyposecretory MGD, and obstructive MGD); 284 

they found that low-delivery groups (Hyposecretory and obstructive MGD) showed 285 

worse dry eye symptoms and ocular surface staining scores than the high-delivery MGD 286 

groups. The present study found that healthy and EDE participants with lower values of 287 

symptomatology showed lower values of corneal staining. However corneal staining 288 

could be originated from an unstable tear film due to the poor quality of the MG 289 

secretion.22,36 290 



The principal study limitation of the present study was that only the MGLA was 291 

measured and no other MG parameters (MG expressibility, free eyelid border and MG 292 

orifices alteration) could more likely be indicatives of being the cause of higher 293 

symptomatology values.37 Anyway, not a consistent conclusion could be formed about 294 

how the MG function is altered by only analysing its anatomy. Nevertheless, the MGLA 295 

measurement is an easier and faster procedure that supplies useful information about the 296 

MG status than analysing other MG parameters in dry eye routine assessments. In fact, 297 

understanding how MGLA influences or is related to other ocular surface parameters 298 

could clarify and simplify the EDE subtype diagnosis. Further investigation with a 299 

complete battery of tests focused on all MG aspects will be interesting, orientated to 300 

find the MG parameter that originates the DED symptomatology in EDE participants. 301 

In conclusion, the present study shows that EDE participants with severe 302 

symptomatology have higher values of MGLA, conjunctival hyperemia, and corneal 303 

staining than healthy participants or EDE participants with mild or moderate 304 

symptomatology. 305 
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Table 1 – Test procedures, method and categorization performed. MGLA: Meibomian 411 

gland loss area; OSDI: Ocular surface disease index; TFBUT: Tear film break-up time; 412 

BHVI: Brien Holden vision institute. ADDE: Aqueous deficient dry eye. 413 

Procedures performed on the screening session 

Parameter Material Method Categorization 

Dry eye 

symptomatology 

OSDI 

questionnaire  

Self-administered by an 

informatized OSDI 

questionnaire. 

Categorized into 4 

groups: 11,38 

• Normal [0, 12) 

• Mild [12, 22) 

• Moderate [22, 

32) 

• Severe [32, 100) 

Osmolarity 

TearLab 

(TearLab, 

San Diego, 

CA, USA) 

Following 

manufacturer’s 

protocol. 

Values > 308 mOsm/l 

use to be related to an 

altered ocular surface.6,39 

Tear film break-

up time 

SL-D2 and 

DC-4 camera 

(TOPCON 

Corporation, 

Tokyo Japan) 

Fluorescein instillation 

onto inferotemporal 

bulbar conjunctiva. 

Performed under slit-

lamp with 16x 

magnification, Wratten 

12 yellow filter and 

cobalt blue light during 

the TBUT video 

recording.18,40 

Videos were analysed 

by counting frames 

with the VirtualDub 

software; these frames 

were converted into 

seconds (15 frames per 

second).41 

Values < 10 s use to be 

related to an altered 

ocular surface. 

Lipid layer 

pattern 

Tearscope 

(Keeler, 

Windsor, 

UK) 

SL-D2 and 

DC-4 camera 

(TOPCON 

Corporation, 

Tokyo Japan) 

Instrument attached to a 

slit-lamp with the video 

recording system. 

 

Cut-off value < Wave to 

exclude possible ADDE 

participants. Categorized 

following the Guillon 

categories:12,42  

• Open Meshwork 

• Close Meshwork 

• Wave 

• Amorphous 

Colour Fringe 

Tear meniscus 

height 

Tearscope 

(Keeler, 

Instrument attached to a 

slit-lamp with the video 

recording system 

Cut-off value ≥ 0.2 mm 

to exclude possible 

ADDE participants.  



Windsor, 

UK) 

SL-D2 and 

DC-4 camera 

(TOPCON 

Corporation, 

Tokyo Japan) 

Measured the lower 

meniscus height with 

ImageJ software.9 

Procedures performed on the study session 

Parameter Material Method Categorization 

Meibography 

Topcon CA-

800 

topographer 

(TOPCON 

Corporation, 

Tokyo Japan) 

The lower eyelid was 

everted, and several 

images of the total 

tarsus were taken. 

Images were evaluated 

with ImageJ software, 

and two areas were 

measured: the total 

tarsus area and the 

meibomian gland area. 

The difference between 

both areas (expressed as 

a percentage) is the 

MGLA.  

 

Categorized following 

the Pult et al.17 

Meiboscale: 

• MGLA 1 (<25%) 

• MGLA 2 (25-

50%) 

• MGLA 3 (50-

75%) 

• MGLA 4 (>75%) 

Conjunctival 

redness 

SL-D2 and 

DC-4 camera 

(TOPCON 

Corporation, 

Tokyo Japan) 

Nasal and temporal 

conjunctiva images 

were captured under 

16x magnification with 

diffuse white light. 

 

Categorized following 

the BHVI grading scale:7 

• 1 (very slight 

hyperemia) 

• 2 (slight 

hyperemia) 

• 3 (moderate 

hyperemia) 

• 4 (severe 

hyperemia) 

Corneal staining 

SL-D2 and 

DC-4 camera 

(TOPCON 

Corporation, 

Tokyo Japan) 

Fluorescein instillation 

onto inferotemporal 

bulbar conjunctiva. 

Performed under slit-

lamp with 16x 

magnification, Wratten 

12 yellow filter and 

cobalt blue light. 

A video of the cornea 

was recorded in all the 

gaze positions. 

 

Graded according to the 

Oxford staining score.19 

• 0 (Absent) 

• 1 (Minimal) 

• 2 (Mild) 

• 3 (Moderate) 

• 4 (Severe) 
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Table 2 – Descriptive statistics and analysis of differences (Kruskal-Wallis test) 415 

between age, gender and the studied parameter divided by group severity categories. 416 

Data are expressed as mean ± SD (Range) (parametric variables) or median (IQR) (non-417 

parametric variables). OSDI: Ocular surface disease index; MGLA: Meibomian gland 418 

loss area; TFBUT: Tear film break-up time; IQR: Interquartile range; BHVI: Brien 419 

Holden vision institute; SD: Standard deviation. 420 

Study Group 

Age 

(Years) 

Gender 

(Male 1 - 

Female 

2) 

Studied parameters 

Number Characteristics 
MGLA 

(Meiboscale) 

Nasal 

Conjunctival  

Hyperemia 

(BHVI) 

Temporal 

Conjunctival 

Hyperemia 

(BHVI) 

Corneal 

Staining 

(Oxford 

Grade) 

Group 

1 

OSDI 1 Normal (0 – 12), 

+ Osmolarity < 308 

mOsm/l 

and TFBUT ≥ 10 s 

36.6 ± 17.3 

(20 – 63) 
2 (1-2) 2 (1-2) 2 (2-3) 2 (2-2.5) 0 (0-1) 

Group 

2A 

OSDI 2 Mild (13 – 22) 

+ Osmolarity ≥ 308 

mOsm/l 

and/or TFBUT < 10 s 

45.0 ± 15.7 

(21 – 68) 
2 (1-2) 2 (2-2) 3 (2-3) 3 (2-3) 0 (0-1) 

Group 

2B 

OSDI 3 Moderate (23 – 

32) 

+ Osmolarity ≥ 308 

mOsm/l 

and/or TFBUT < 10 s 

47.7 ± 16.6 

(20 – 70) 
2 (1-2) 2 (2-2) 3 (2-3) 3 (2-3) 1 (1-2) 

Group 

2C 

OSDI 4 Severe (> 33) 

+ Osmolarity ≥ 308 

mOsm/l 

and/or TFBUT < 10 s 

49.8 ± 14.9 

(20 – 70) 
2 (2-2) 3 (2-3) 3 (2-3) 2 (2-3) 1 (1-2) 

Analysis of differences p = 0.038 p = 0.035 p = 0.007 p = 0.047 p = 0.024 p = 0.010 
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Figure 1 – Summary of the study design, sample size and clinical procedure. 423 

Figure 2 – The procedure of the contrast enhancement on tarsus images, measurement 424 

of the total tarsus area and measurement of meibomian glands area for the MGLA 425 

calculation. A: Inferior tarsus image before contrast enhancement; B: Total tarsus area 426 

after contrast enhancement. C: Meibomian glands area after contrast enhancement. 427 

Figure 3 – Frequency distribution of the data. The p value reported in the figure is from 428 

Kruskal-Wallis analysis. A: MGLA (Meiboscale); B: Nasal Hyperemia (BHVI); C: 429 

Temporal Hyperemia (BHVI); D: Corneal Staining (Oxford grade). *p < 0.05 versus 430 

Group 1 (Mann-Whitney U test), **p < 0.05 versus Grupo 2A 1 (Mann-Whitney U 431 

test), ***p < 0.05 versus Group 2B 1 (Mann-Whitney U test). 432 


