
eye can cause an increase in tear osmolarity and inflam-
matory cytokines, reduced corneal sensitivity, and a lack 
of aqueous layer, which can lead to ocular surface dam-
age.5,6 Dry eye and meibomian gland dysfunction (MGD) 
are among the primary patient-related factors that impact 
surgical outcomes.7,8 MGD can cause an evaporative type 
of dry eye, which results from a compromised lipid layer.9 
Studies have shown that patients with preoperative chronic 
meibomian gland dysfunction and dry eye syndrome may 
experience a decrease in visual quality after surgery.10 

Introduction

Cataract surgery is one of the most common surgical pro-
cedures performed globally, especially among older pa-
tients.1,2 The main goal of the surgery is to improve visu-
al acuity and overall vision quality. To achieve accurate 
postoperative refractive outcomes, precise intraocular lens 
power determination is based on thorough preoperative 
measurements and a healthy ocular surface. Aging can 
cause changes in the structure and function of the eyelids 
and meibomian glands that lead to dry eye syndrome.3,4 Dry 
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ABSTRACT

Purpose: This study aimed to determine the prevalence of dry eye and meibomian gland dysfunction among patients with or without 
comorbidities undergoing cataract surgery. 

Methods: The study included 388 patients who underwent cataract surgery at a tertiary center. Meibomian gland dysfunction was 
evaluated by assessing meibomian gland loss area (%) and meiboscore grading using meibography. Non-invasive tear break-up time 
(NI-BUT), corneal fluorescein staining (Oxford score), and symptom scores using the Ocular Surface Disease Index (OSDI) were 
employed to assess dry eye. Patients were divided into two groups according to their age: <70 and ≥70 years. Comorbidities (diabetes 
mellitus, hypertension, rheumatologic disease, and glaucoma) were also recorded.

Results: The mean age of the patients was 67.5 ± 10.4 years, with 208 (53.6%) being male. All patients had meibomian gland atrophy 
of ≥ grade 1, and 79.1% had corneal staining (Oxford ≥1). Age subgroup analysis revealed that patients <70 years exhibited less 
meibomian gland area loss and significantly better gland function compared to those aged 70 to 90 years (p=0.011). No significant 
differences were observed between tear film parameters. It was observed that patients with more than two comorbidities exhibited 
worse meiboscore results and more severe dry eye findings.

Conclusion: The study demonstrated that the coexistence of meibomian gland atrophy and dry eye is common in patients undergoing 
cataract surgery evaluation. To prevent undesirable postoperative outcomes, it is crucial to routinely assess the eyelids and ocular 
surface, including meibography, preoperatively.
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Meibography and non-invasive tear break-up time  
(NI-BUT), in conjunction with other tear function tests, fa-
cilitate the easy and non-invasive detection of dry eye and 
meibomian gland dysfunction, as well as additional ocular 
surface issues, particularly in individuals being prepared 
for cataract surgery. 

The primary objective of this study was to evaluate the 
prevalence and severity of dry eye disease and meibomian 
gland dysfunction in patients undergoing cataract surgery, 
while exploring the influence of comorbidities and age-re-
lated changes on ocular surface parameters.

Materials and Methods

In this study, we aimed to retrospectively review the medi-
cal records of patients who had vision loss due to cataracts 
and were referred for phacoemulsification between May 
2022 and January 2023. The study adhered to the principles 
stated in the Declaration of Helsinki and received approval 
from the local ethics committee. (KAEK:2024-114)

In the study, all participants underwent a comprehensive 
biomicroscopic examination, meibography for visualizing 
glandular structure and measurements, symptom evalua-
tion using the Ocular Surface Disease Index (OSDI), mea-
surement of Non-Invasive Tear Break-Up Time (NI-BUT), 
and assessment of corneal staining via the Oxford scoring 
system before undergoing cataract surgery. To avoid bias 
from the correlation between eyes, only data from one eye 
were included in the analysis for patients with cataracts in 
both eyes. The right eye was consistently chosen for uni-
formity in the study. 

Patients under 18 years of age, those who had undergone 
ocular surgery or had a history of contact lens use within 

the last 3 months, and those with active ocular infection or 
allergies were excluded from the study.11 Patients who had 
previously been diagnosed and treated for dry eye were also 
excluded, along with those for whom meibography and NI-
BUT data could not be properly measured. Only patients 
with low visual acuity due to cataracts were included in the 
study. For those included with advanced meibomian gland 
dysfunction and dry eye, surgery was planned only after 
successful treatment and rehabilitation.

Evaluated parameters

All patient evaluations involving non-contact meibography 
and non-invasive tear break-up time were performed using 
a modified Sirius® Scheimpflug Camera (C.S.O, Costruzi-
one Strumenti Oftalmici, Florence, Italy) equipped with the 
Phoenix-Meibography Imaging software module.

In all patients, only the measurements of the lower eyelid 
were included in the analysis for ease of administration. 
Although upper and lower lid MG morphologies are dif-
ferent, they have been shown to correlate with each other.12 
The meibomian glands were then observed within a trap-
ezoidal area on the eyelid. To calculate the extent of mei-
bomian gland loss, the percentage of the gland-free area 
was determined relative to the total visible tarsal area. This 
calculation was automatically performed and assigned a 
grade when the flag icon was clicked. To further assess the 
extent of meibomian gland loss, subsequent grades (mei-
bo-score) were used to indicate partial or complete loss. 
The Phoenix software provided measurements of dropout 
percentage, along with categorized dropouts graded on a 
scale within the area. In this context, the decrease in size 
of the meibomian glands located in the lower eyelid were 
divided into stages based on the percentage of tissue loss. 

Figure 1: Meibography measurement showing stage 1 meiboscore (a). Meibography measurement showing significant 
preoperative meibomian gland atrophy-stage 3 (b).
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Stage 0 indicates that there is no loss of glandular tissue, 
while stage 1 means that the loss is up to 25% (Figure 1a). 
If the loss ranges from 26% to 50%, it is categorized as 
stage 2, while stage 3 is assigned to loss ranging from 51% 
to 74% (Figure 1b). When the loss reaches or exceeds 75%, 
it is classified as stage 4.13

The non-invasive BUT was measured using the same de-
vice consistently during the same hours (9:00-12:00 AM).14 
Patients were instructed to blink twice and then keep their 
eyes open until the measurement was complete. Three con-
secutive measurements were taken, and the average NI-
BUT was used in the analysis. After this, corneal and con-
junctival staining was performed under cobalt blue light, 
after using a fluorescein strip, and graded on a scale of 0 to 
5 based on the Oxford scoring system.15 

The OSDI scores were calculated from responses to a 
12-question survey, which is segmented into three cate-
gories. This test involves 12 questions, each with answers 
scored from 0 to 4, where 0 signifies ‘never’ and 4 rep-
resents ‘always’. The total OSDI score ranges from 0 to 
100, with higher scores indicating greater levels of disabil-
ity.16

In the study, we recorded data from patients with system-
ic comorbidities that could affect the ocular surface, such 
as diabetes, hypertension, and rheumatic disease, and they 
were categorized based on their comorbidities. Those with-
out comorbidities were classified as group 1, those with 
one comorbidity as group 2, and those with two or more 
comorbidities as group 3. Additionally, we documented pa-
tients diagnosed with glaucoma who had been using anti-
glaucomatous drops for more than three months. Notably, 
all of the antiglaucomatous drops used by these patients 
contained preservatives. We included these comorbidities 
because of the increasing prevalence of these diseases, es-
pecially in the elderly population in our patient group, and 
the reliability of obtaining this data through retrospective 
screening. 17,18

Statistical analysis

The statistical analysis of the data was conducted using 
SPSS (Statistical Package for the Social Sciences) for Win-
dows, version 25.0 (SPSS Inc., Chicago, IL, USA). To as-
sess the normality of the variables, histogram plots and the 
Shapiro-Wilk test were utilized. Descriptive data analyses 

were presented with median, minimum, and maximum val-
ues. For comparing 2x2 tables, Pearson’s Chi-Square and 
Fisher’s Exact tests were employed. The Mann-Whitney U 
test was applied to compare nonparametric data in paired 
groups. Non-parametric data across multiple groups were 
compared using the Kruskal–Wallis test, with post hoc 
pairwise comparisons adjusted using the Bonferroni cor-
rection. P values below 0.05 were accepted as statistically 
significant.

Results

The study included 388 patients. Of these, 208 (53.6%) 
were male and 180 (46.4%) were female. The mean age of 
patients was 67.9 ± 9.51 years (range: 34–87 years). The 
mean NI-BUT was 9.8 ± 5.4 seconds. Only 193 (49.7%) 
of the patients had NI-BUT ≥ 10 seconds. In 25.3% of the 
patients, NI-BUT was less than 5 seconds (Figure 2a). The 
mean meibomian gland area loss was 32.9 ± 11.2%. While 
grade 2 area loss was observed in 68.3% of the patients, 
grade 4 area loss was not observed in any patient (Figure 
2b). Corneal fluorescence staining was observed in 79.1% 
of the cases. There was an inverse correlation between mei-
bography area loss and NI-BUT (p<0.001, r:-0.403) (Fig-
ure 3).  The mean Oxford score was 1.96±1.4 and the mean 
OSDI score of the patients was 41.4±28.2. 

When the patients were divided according to gender, no 
significant difference was observed between the groups in 
any of the parameters. As the patients were divided into 
two subgroups according to their age, those above and be-
low 70 years of age, meibomian area loss was significantly 
higher in the group above 70 years of age. In addition, al-
though NI-BUT and OSDI values were worse in patients 
aged 70 years and older, no statistical difference was ob-
served. (Table 1) 

When examining comorbidities, there were 60 (15.5%) pa-
tients with glaucoma, 52 (13.4%) patients with rheumato-
logical diseases, 148 patients with diabetes (38.1%), and 
172 (44.3%) patients with hypertension. There was a sig-
nificant increase in the frequency with age. Additionally, 
patients with two or more comorbidities showed a higher 
meiboscores and a significantly greater field loss compared 
to those without comorbidities.  (Table 2). Detailed distri-
bution of comorbidities in the groups and the relationship 
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Figure 3: Scatter plot of the relationship between meibomian gland area loss and NI-BUT.

NI-BUT: Non-invasive tear breakup time

Figure 2: Pie chart graph of NI-BUT at preoperative evaluation (a) and meibomian gland loss with meiboscore (b).
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Table 1: The clinical parameters and symptom scores of patients were compared according to gender and age groups

Median (min/max) n NI-BUT
(sec)

Area of loss (%) Meiboscore Oxford
score

OSDI

Total 388 9.9 (1.1/17.0) 31.2 (3.8/74.3) 2 (1/3) 2 (0/5) 38.2 (0/97.7)

Sex

   Male 208 10.2 (1.1/17.0) 30.9 (3.8/71.4) 2 (1/3) 2 (0/5) 36.9 (0/94.4)

   Female 180 8.7 (1.2/17.0) 32.0 (13.6/74.3) 2 (1/3) 2 (0/5) 38.7 (0/97.7)

p-value 0.311 0.378 0.610 0.585 0.371

Age  

<70 (30-69) 198 10.5 (1.2/17.0) 30.3 (3.8/74.3) 2 (1/3) 2 (0/5) 35.0 (0/97.7)

              
≥70 (70-90) 190 9.5        (1.1 /17.0) 32.4 (9.1/71.4) 2 (1/3) 2 (0/5) 44.9  (0/96.7)

p valueΨ 0.127 0.011* 0.058 0.498 0.092
ΨMann-Whitney U Test
NI-BUT: Non-invasive tear breakup time, OSDI: Ocular Surface Disease Index
*p value <0.05 was considered statistically significant

Table 2:  The relationship between comorbidities and dry eye, meibography parameters, and symptom scores in groups

Median  
(min-max)

Age (years) NI-BUT (sec) Area of loss (%) Meiboscore Oxford 
score

OSDI

Group 1 (n=120) 66 (34/85) 10.1 (1.5/17.0) 30.9 (3.8/64.1) 2(1/3) 2(0/5) 33.7 (0/94.4)

Group 2 (n=144) 70 (44/87) 10.3 (1.2/17.0) 31.8 (13.6/63.2) 2(1/3) 2(0/5) 34.7 (0/96.7)

Group 3 (n=124) 71 (53/87) 8.8 (1.1/17.0) 31.3 (13.8/74.3) 3(1/3) 2(0/5) 45.0 (0/97.7)

p value (1-2)a 0.006* 0.506 0.364 0.688 0.993 0.670

p value (2-3)a 0.097 0.303 0.330 0.030* 0.105 0.175

p value (1-3)a <0.001* 0.131 0.046* 0.014* 0.096 0.095

NI-BUT: Non invasive tear breakup time, OSDI: Ocular Surface Disease Index
*pa value <0.05 was considered statistically significant (adjusted p value due to Bonferroni correction)
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between dry eye, meibography parameters, and symptom 

scores. (Table 3)

Discussion

A healthy ocular surface is crucial for successful outcomes 

following cataract surgery. This requires proper morphol-

ogy and function of the meibomian glands, as well as ad-

equate tear distribution.19 MGD and dry eye syndrome are 

prevalent, particularly in older populations. While MGD 

commonly leads to evaporative dry eye, tear deficiency dry 

eye can also occur in older individuals due to various fac-

tors unrelated to meibomian gland function.5 In our study, 

we examined the prevalence of dry eye and MGD, focusing 

on gland atrophy and its correlation with symptom scores 
in patients prior to cataract surgery.

MGD is characterized by changes in the lipid composition 
of the glands with age, alterations in lid commensals, and 
inflammatory signs at the lid margin due to elevated levels 
of pro-inflammatory cytokines and bacterial exotoxins.9,20 
Additionally, acinar atrophy and hyperkeratinization of the 
terminal ducts compromise the effective spreading of the 
lipid layer across the ocular surface.21 These changes lead 
to altered distribution and increased osmolarity of the un-
derlying aqueous layer, resulting in evaporative dry eye. 
Furthermore, with advancing age, aqueous deficiency dry 
eye may occur due to decreased tear production from atro-

Table 3. Detailed distribution of comorbidities in the groups and the relationship between dry eye, meibography 
parameters, and symptom scores

Median (min/max) n NI-BUT
(sec)

Area of loss 
(%)

Meiboscore Oxford
score OSDI

Group 2 140

DM 38 10.2 (1.2/17.0) 28.8 (14.1/47.8) 2 (1/2) 2 (0/5) 36.2 (2.0/92.6

HT 56 10.3 (1.2/17.0) 31.4 (14.5/63.2) 2 (1/3) 2 (0/4) 34.0 (0/96.7)

RhD 24 9.7 (1.2/17.0) 30.3 (13.6/53.6) 2 (1/3) 1 (0/5) 21.4 (4/81)

Glc 22 10.8 (1.2/17.0) 36.6 (16.2/60.8) 2 (1/3) 2 (0/5) 42.7 (3.3/87.4)

Group 3 128

DM + HT 68 9.1 (1.2 /17.0) 30.4 (16.6/74.3) 2 (1/3) 2 (0/5) 38.5 (3/94.5)

DM + RhD 4 4.2 (1.8/14.7) 41.2 (31.6/66.5) 2 (2/3) 2.5 (1/4) 69.3 (19.3/76.3)

DM + Glc 6 12.6 (5.6/17.0) 33.8 (29.7/37.4) 2 (2/2) 2.5 (0/3) 49.2 (11.1/67.2)

HT + RhD 4 7.9 (3.0 /10.2) 34.5 (29.7/48.1) 2 (2/2) 2.5 (2/3) 62.5 (45.0/72.4)

HT + Glc 12 9.7 (2.5 /17.0) 29.2 (15.4/50.4) 2 (1/3) 2 (0/4) 42.0 (7.6/97.7)

Glc + RhD 2 3.8 (3.0 /4.7) 29.9 (26.0/33.8) 2 (2/2) 1.5 (1/2) 36.2 (35.8/36.6)

DM + HT + RhD 14 6.2 (1.1/17.0) 41.7 (13.8/71.4) 2 (1/3) 2.5 (0/5) 59.4 (0/93.2)

DM + HT + Glc 14 11.5 (1.5/17) 30.7 (20.3/59.4) 2 (1/3) 2 (0/4) 39.6 (3.0/82.4)

DM + HT + Glc + RhD 4 4.2 (1.3/11.0) 38.0 (29.5/46.0) 2 (2/2) 4 (2/5) 80.3 (44.4/95.6)

Diabetes Mellitus (DM), Glaucoma (Glc), Hypertension (HT), NI-BUT: Non invasive tear breakup time, OSDI: Ocular Surface Disease 
Index, Rheumatological diseases (RhD)
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phic changes in the lacrimal gland and the increased use of 
systemic medications that cause reflex hyposecretion.5

Numerous studies highlight the prevalence of MGD based 
on age and ethnicity.4,22–24 These studies indicate that the 
severity of meibomian gland atrophy increases with age, 
while gland function diminishes.4,25 In our study, patients 
were categorized into two age groups; the highest inci-
dence of meibomian gland atrophy accompanied by dry 
eye symptoms was noted in the 71-90 age group, aligning 
with broader literature findings. Similar to our research, 
Lin et al. analyzed meibomian gland atrophy and tear func-
tion before cataract surgery, revealing that grade 2 and 
more extensive gland atrophy typically develops with age 
and is linked to worsening tear distribution parameters.22 
Prevalence studies on MGD prior to cataract surgery have 
shown that 95% of older patients exhibited gland atrophy,24 
while another study found 56% of the participants had mei-
bomian gland atrophy and noted a decrease in lipid layer 
thickness and an increase in MGD among patients with 
higher dry eye symptom scores.23 The variation in preva-
lence observed between studies may be attributed to dif-
ferences in ethnicity, the number of patients in each group, 
and age. 

We also found that corneal staining is associated with 
MGD. While other studies on MGD may report mild to 
moderate corneal-conjunctival punctate epitheliopathy, se-
vere corneal staining due to increased evaporative dry eye 
is often noted in advanced cases.3,26 Additionally, age-re-
lated dry eye, along with systemic conditions such as di-
abetes, hypertension, thyroid disorders, rheumatological 
diseases, and systemic treatments, contribute to these find-
ings.9,22 Notably, the use of topical eye drops, particularly 
anti-glaucomatous eye drops, is known to cause irregular-
ities in both the meibomian gland structure and primarily 
the ocular surface.27 In our study, a significant difference in 
meibomian gland loss and meiboscore was observed in the 
group with no risk factors (Group 1) and the group with two 
or more comorbidities (Group 3). It was also noted that the 
incidence of comorbidities increased with age, and the de-
gree of gland atrophy increased accordingly. Analyzing the 
comorbidities separately, it was observed that the dry eye 
parameters of patients with rheumatologic diseases were 
worse than the other comorbidities in our study, but statisti-
cal analysis could not be performed because the number of 

subgroup samples was small. Rheumatologic diseases are 
risk factors for dry eye as supported by the study of Busta-
mante-Arias et al.28 

It is well-established that androgens have a positive influ-
ence on meibomian gland function by promoting lipogen-
esis and reducing hyperkeratinization, whereas estrogens 
have a negative impact.5,20,29 In older men, the decline in 
androgens leads to goblet cell dysfunction and tissue atro-
phy around the gland.29 Conversely, hormone replacement 
therapies that include estrogen in women result in similar 
outcomes.30 However, in our study, no differences were ob-
served between age groups based on gender. This anomaly 
may be attributed to the broader age range of the included 
patients, extending toward younger individuals.

Evaluating the ocular surface before cataract surgery is 
essential, particularly for patients who will receive toric 
and multifocal intraocular lenses, as this allows for accu-
rate keratometric measurements and precise lens calcula-
tions.31,32 Moreover, cataract surgery can exacerbate dry 
eye due to surgical stress and the use of preservative drops 
in the postoperative period.33,34 Studies have shown that pa-
tients with high OSDI scores preoperatively tend to have 
persistent dry eye symptoms postoperatively.35 Treating 
MGD and related dry eye symptoms before surgery can 
improve refractive outcomes postoperatively and reduce 
vision-quality issues, such as high-order aberrations.7,10,36 A 
recent study by Yeu et al. found gland dysfunction through 
meibography in patients without a history of dry eye or 
clinically normal meibomian gland evaluations, supporting 
the recommendation for routine assessment of these factors 
before surgery.24

The limitations of the study include its retrospective de-
sign, which restricted the ability to document semiquan-
titative assessments such as meibomian gland secretion 
quality, gland expressibility, and eyelid margin alterations. 
Another limitation of the study is the anatomical difference 
between the upper and lower eyelids, which suggests that 
they should ideally be analyzed separately.37 However, due 
to the retrospective design of the study and the difficulty in 
obtaining reliable upper eyelid eversion in elderly patients, 
measurements from the upper eyelid were not included. In 
addition, the variety of comorbidities is another limitation. 
Further studies that integrate clinical findings with symp-
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tom scores are needed to enable a more comprehensive 
evaluation and enhance the generalizability of the results.

In conclusion, the prevalence of dry eye and MGD is no-
tably high among patients seeking cataract surgery, partic-
ularly within the elderly demographic. Given the potential 
unreliability of patients’ symptom scores alone, it is ad-
visable to routinely employ meibography to assess gland 
structure during preoperative evaluations. This approach 
helps prevent missed diagnoses of MGD in these patients. 
Early detection and treatment of MGD and related dry eye 
conditions can significantly enhance postoperative visual 
outcomes and overall ocular surface health.
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