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Purpose: To investigate the effect of the preoperative meibomian gland (MG) status on
dry eye symptoms after corneal refractive surgery.

Methods: This is a prospective, observational study. Subjects were enrolled and
classified into 3 groups according to their MG loss grades. Ocular surface parameters
were measured preoperatively and at 1, 3, and 6 months, postoperatively, including the
ocular surface disease index questionnaire (OSDI), non-invasive tear fim break up time
(NIBUT), tear meniscus height and Schirmer | test. All the parameters were analyzed
among the three groups, and different time points.

Results: Seventy-eight patients were included in this study. The grade of MG loss varied
from O to 2, thus the subjects were divided into group 1-3 corresponding to the MG
loss. There were no significant differences in all parameters at baseline. The OSDI score
increased in all groups at 1 month postoperatively and then decreased after other
follow-ups. The OSDI was higher in group 3 than group 1 at all time points postoperatively
(P =0.005, 0.002, 0.034). Besides, it was higher in group 2 at 3 months and 6 months,
compared with group 1 (P = 0.006, 0.029). The average NIBUT was shorter in group
3, compared with group 1 and group 2 since 1 month after surgery. At 1 and 3 month
postoperatively, the grade of MG loss was positively correlated with the total OSDI and
the vision-related scores. And it showed a positive correlation only with the environmental
score at 6 months postoperatively.

Conclusions: The dry eye discomfortable symptoms significantly differed post
operatively according to their preoperative MG loss grade, though no difference was
found at baseline. Dry eye was associated more with vision-related discomfort at first
and environmental factors later.

Keywords: dry eye, meibomian gland, corneal refractive surgery, OSDI questionnaire, NIBUT

INTRODUCTION

Refractive surgery, as a procedure with high safety and stability, has been used globally in clinic
for patients with certain amounts of ametropia (1). Although refractive surgery is common and
produces excellent vision without the need for wearing glasses, some symptoms still remain and
have huge implications for patient satisfaction and vision-related quality of life (2). Dry eye, as the

Frontiers in Medicine | www.frontiersin.org

1 April 2022 | Volume 9 | Article 833984


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.833984
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.833984&domain=pdf&date_stamp=2022-04-25
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:liang_hu@live.cn
mailto:lufan62@mail.eye.ac.cn
https://doi.org/10.3389/fmed.2022.833984
https://www.frontiersin.org/articles/10.3389/fmed.2022.833984/full

Gong et al.

MG Loss and Dry Eye

most common complaint after refractive surgery, has been shown
to interfere primarily with tear film dysfunction and influence
patients’ visual quality and satisfaction (3, 4). The study of dry eye
and proper treatment after refractive surgery could also minimize
the risk of regression (5).

Recent studies have shown that the incidence of dry eye
after surgery is related to the basic status of the ocular surface
before surgery. Albietz et al. demonstrated that the risk of
chronic dry eye after laser in situ keratomileusis (LASIK) was
associated with dry eye symptoms before surgery and the ocular
surface management is important (5, 6). Furthermore, Chen
et al. reported that the different thicknesses of the lipid layer
before surgery are related to the signs of dry eye after surgery
(7). Another study found the meibomian gland parameters were
significantly worse in post-refractive surgery patients compared
with normal controls (8). Meibomian gland dysfunction (MGD)
has been wildly accepted as the major cause of dry eye (9, 10).
However, when checking the subjects with meibomian gland
dysfunction (MGD), there were only eight cases (11.7%) with
MGD in the post-refractive group and seven MGD cases (13.3%)
in the normal group (8). For many young patients who request
corneal refractive surgery, MG status is largely overlooked when
the sign is not severe enough to diagnose MGD (11). In recent
years, studies have indicated that loss of the MG can result
in instability of the tear film and tear film lipid layer (8,
11, 12) and Zhao et al. reported that even in asymptomatic
children, MG deficiency is already present (13). In clinic, we
found there are different degrees of MG loss among patients,
but no notably different complaint of dry eye before refractive
surgery. As dry eye is the main complaint after corneal refractive
surgery, whether different MG status will aggravate dry eye in
a different way after surgery is a clinical issue that urgently
needs further research. To our knowledge, the effect of different
preoperative MG loss on postoperative dry eye signs, and the
potential relationship with the patient feelings has not been
studied yet.

Therefore, we assessed the effect of preoperative MG status
on dry eye symptoms and signs after corneal refractive surgery,
which might provide clinical clues to guide clinical evaluations
and preventions.

METHODS

The study adhered to the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of Wenzhou Medical
University. Informed consent was obtained from all patients
prior to inclusion in the study. The exclusion criteria for the
participants included eye inflammation, severe eye irritation,
eyelid or ocular surface disease, contact lens wear for more than
half a year, history of eye surgery, or systemic or eye disease
that could interfere with tear film production or function. The
data used in this study were obtained from the right eye of
each subject. All patients in the study were enrolled from the
refractive surgery center of the Eye Hospital of Wenzhou Medical
University from April 2019 to December 2020.

The following examinations were performed before and at 1,
3, and 6 months after the operation: slit lamp biomicroscopy,

ocular surface disease index questionnaire (OSDI), non-invasive
tear film break-up time (NIBUT), tear meniscus height
measurement (TMH), meibomian gland dropout score (MGDS),
and the basic tear secretion Schirmer I test.

The OSDI questionnaire is used to measure a subject’s
subjective dry eye symptoms. It includes 12 questions that are
rated 0 to 100 points, of which 0-12 is asymptomatic, 13-32 is
mild and moderate, and 33-100 is severe symptoms. And the
questions of OSDI could be divided into three parts as the ocular
symptom score, the vision-related score and the environmental
score. Each part represents a different sub-type of subjective dry
eye symptoms. Both the total score and the sub-category score
were recorded.

The NIBUT, TMH, and MGDS were measured using a
Keratograph 5M (Oculus, Wetzlar, Germany). The TMH under
the pupil was measured with a ruler that comes with the machine
software. In addition, the first NIBUT (NIBUT-F) and average
NIBUT (NIBUT-Ave) were measured.

The clear image of meibomian glands was captured by
keratography 5M infrared, and we used Image J software to
identify and calculate the absence of glands according to the
image. The MGDS were evaluated by the ratio of the area of
the meibomian gland loss to the total area using a 0-4 grading
scale: grade 0 (no or minimal MG loss), grade 1 (<25% MG loss),
grade 2 (25-50% MG loss), grade 3 (50-75% MG loss) and grade
4 (>75% MG loss). Subjects were classified into different groups
according to their MG grade. Because the meibomian glands of
the lower eyelid are irregular, we only obtained images of the
upper eyelid meibomian glands of each right eye.

The Schirmer I test was performed by hooking a 35mm
x 5mm Schirmer band on the edge of the lower eyelid and
measuring the development of a length (mm) of wet paper in
5 min without anesthesia.

Statistical analysis was performed using SPSS23.0. Statistical
differences among the groups were determined with the
one-way ANOVA, and the LSD for determining differences
between two groups was employed. Comparison of all time
points among the same group was carried out with one-
way repeated measures ANOVA and bonfferoni test. Pearson’s
correlation analysis was used to explore correlations between
normal distribution variables and Spearman’s rank correlation
analysis was used to explore correlations between non-normal
distribution variables.

RESULTS

Seventy-eight patients (78 eyes) were involved in the study. The
MG loss of participants involved only differed from grade 0-2.
Therefore, the patients were divided into three groups: Group 1:
MG loss was grade 0; Group 2: MG loss was grade 1; Group 3: MG
loss was grade 2. Specifically, 24 patients received femtosecond
laser-assisted orthotopic keratomileusis (FS-LASIK, 8:8:8 in each
group), 19 patients received small incision lenticule extraction
(SMILE, 8:5:6 in each group), and 35 patients received Trans-
Epithelial photorefractive keratectomy (Trans-PRK, 12:15:8 in
each group). In our study, the operation type had no statistical
effect on different groups. There was no statistical difference in
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TABLE 1 | Clinical parameters of patients before refractive surgery.

Parameter Group 1 (n = 28) Group 2 (n = 28) Group 3 (n = 22) P-value
Age, years 23.39 + 3.04 23.61 + 4.86 25.00 + 5.93 0.489
NIBUT-First, s 16.55 + 3.67 14.72 £ 5.64 14.94 + 4.46 0.796
NIBUT-Ave, s 18.15 + 2.99 17.41 £ 4.75 16.23 + 4.90 0.296
TMH, mm 0.36 &+ 0.08 0.35 £+ 0.08 0.38 &+ 0.08 0.408
Schirmer’s test |, mm 20.54 + 8.55 19.14 + 10.88 18.05 + 9.87 0.668
OSDI score 6.62 +5.73 10.12 £ 10.54 9.09 4+ 7.26 0.266
Gender 1.43 £0.50 1.29 + 0.46 1.45 £ 0.51 0.408

Data are presented as mean + SD. NIBUT-First, first non-invasive tear breakup time; NIBUT-Ave, average non-invasive tear breakup time; TMH, tear meniscus height; OSDI, Ocular

Surface Disease Index (OSDI) questionnaire.
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FIGURE 1 | The OSDI scores of patients. The comparison of different time points measured preoperatively, at 1, 3, and 6 months after corneal refractive surgery (A).
The comparison among the three groups (B). *P < 0.05, **P < 0.01, and ***P < 0.001 (OSDI, eye surface disease index questionnaire).

the age, the gender and other basic parameters of subjects in each
group (Table 1).

OSDI Questionnaire

There were no significant difference in OSDI score at baseline
among the three groups. At 1, 3, and 6 months after surgery, the
OSDI scores of group 1 were 12.72 £ 1.34, 6.52 £ 0.85, 5.43 £+
0.70, respectively. The OSDI scores of group 2 were 15.18 & 1.69,
11.31 £ 1.47, 8.11 £ 0.97 at each postoperative time points. And
the OSDI scores of group 3 were 18.47 & 1.45, 12.11 &+ 1.60, 8.24
=+ 1.16 at each postoperative time points.

For comparisons between different time points, all three
groups showed a significant increase at 1 month after corneal
refractive surgery (P < 0.001, P = 0.012, P = 0.001, respectively),
and the scores gradually decreased to preoperative levels at 3 and
6 months, postoperatively (Figure 1A). Significant differences
were also found between 1 month after surgery and 3 month, 6
month postoperatively (Figure 1A). At 1 month postoperatively,
all sub-category OSDI scores increased significantly in all three
groups and gradually return to baseline levels at 3 months.

For comparison among the three groups, OSDI score in group
3 was higher than group 1 at all time points postoperatively (P =

0.005, 0.002, 0.034) (Figure 1B). However, it was higher only at 3
months and 6 months in group 2, compared with group 1 (P =
0.006, 0.029) (Figure 1B).

At 1 month postoperatively, the vision-related scores were
significantly worse in group 3 compared with group 1 and group
2 (P =0.007 and P = 0.037, respectively). And the vision-related
scores of group 3 were significantly worse than group 1 at 3
months after surgery (P = 0.005). The environmental scores of
group 3 were significantly higher than those of group 1 at 3
months and 6 months postoperatively.

Ocular Surface Function Indexes

At 1, 3, and 6 months after surgery, the NIBUT-Ave of group 1
were 16.57 £ 0.69, 17.66 % 0.72, 17.60 & 0.58, respectively. The
NIBUT-Ave of group 2 were 14.80 =+ 0.84, 16.23 £ 0.86, 16.53 &
0.89 at each postoperative time points. And the NIBUT-Ave of
group 3 were 11.86 £ 0.79,13.57 £ 1.002, 12.82 £ 0.99 at each
postoperative time points.

In group 1, the NIBUT-Ave showed no significant changes
from the preoperative to different postoperative periods. In group
2, the NIBUT- Ave significantly decreased at 1 month (P = 0.001)
and increased at 3 months and 6 months postoperatively. In
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group 3, the NIBUT-Ave significantly decreased at 1, 3, and
6 months postoperatively (P < 0.001, P = 0.002, P < 0.001,
respectively), compared to the preoperative value (Figure 2A).

For comparison among the three groups, there were
significant differences in NIBUT-Ave between group 1 and group
3 at 1, 3, and 6 months postoperatively (P < 0.001, P = 0.001,
P < 0.001, respectively). The NIBUT-Ave was also shorter in
group 3 than group 2, which showed a significant difference at
each time points postoperatively (P = 0.017, P = 0.048, P =
0.008) (Figure 2B). For comparison of different time points, the
NIBUT-F significantly worsened at 1 month postoperatively in all
three groups, compared with the baseline values. For comparison
among the three groups, there was only a significant difference
between group 1 and group 3 at 6 month postoperatively.
The measurements of TMH and Schirmer I test did not show
significant postoperative differences (all P > 0.05).

Correlation Analysis

Preoperatively, no correlation was found between MG loss
and the OSDI scores or the ocular surface parameters. The
grade of MG loss was positively correlated with the total
OSDI and the vision-related scores at 1 months and 3 months
postoperatively. The MG loss showed a positive correlation with
the environmental score at 6 months postoperatively (Table 2).

DISCUSSION

Dry eye is one of the most common discomforts after corneal
refractive surgery (14). It is characterized by a loss of homeostasis
of the tear film. Loss of the MG may result in instability of the
tear film (12, 15). We have already known that the ocular surface
status is worsened after refractive surgery compared to normal
controls (8). But for subjects with the insignificant symptoms
and signs before surgery, whether MG loss would aggravate the
dry eye status after corneal refractive surgery is still unknown.

The level of MG loss associated with the worsening of the
symptoms is not well-understood. Our results showed that the
total OSDI and the ocular symptom scores increased significantly
while the NIBUT-F and NIBUT- Ave decreased significantly at
1 month postoperatively. And the NIBUT-Ave was significantly
shorter at all follow-ups postoperatively, which showed worsened
instability of the tear film. It means that tear film instability was
present with the patients’ increasing discomfort after surgery.
Previous studies have also proved that tear film break up time will
be significantly reduced after refractive surgery (16, 17), which is
consistent with our study. Furthermore, we found that the tear
film instability of people with MG loss between 25 and 50% was
worse than people without MG loss and people whose MG loss
was within 25%. And for patients with higher preoperative MG
loss grade, a significantly worse feeling of the total OSDI and the
vision-related scores was present. So the preoperative MG loss
influences the subjective feeling of dry eye discomfort, and tear

TABLE 2 | Correlation between the degree of meibomian gland loss and OSDI
score at each time point before and after surgery.

0osDI Ocular Vision- Environmental

symptom related score

score score
Baseline R-value 0.118 0.037 0.127 0.074
P-value 0.326 0.761 0.294 0.542
1month  R-value 0.258 0.015 0.319 0.090
P-value  0.030* 0.904 0.007** 0.461
3month  R-value 0.292 0.157 0.293 0.233
P-value 0.014* 0.119 0.013* 0.050
6 month  R-value  0.250 0.152 0.098 0.263
P-value  0.036 0.204 0.417 0.027*

OSDI, Ocular Surface Disease Index (OSDI) questionnaire; *p < 0.05; **p < 0.01.
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FIGURE 2 | The average non-invasive tear breakup time (NIBUT-Ave) of patients. The comparison of different time points measured preoperatively, at 1, 3, and 6
months after corneal refractive surgery (A). The comparison among the three groups (B). *P < 0.05, **P < 0.01, and ***P < 0.001 (NIBUT-Ave, The average
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film instability after surgery apparently, even though there is no
significant difference at baseline.

As we didn’t find any significant differences of the TMH
and Schirmer’s score among different groups, the post-refractive
surgery dry eye differences may be correlated more with the tear
film lipid layer rather than a decrease in aqueous tear production.
Instability of the tear film caused by surgery was thought
to be related to corneal nerve damage (18), or MG function
deterioration (19). Refractive surgery may damage part of the
corneal nerves which reducing corneal sensitivity and reflex
blinking, lead to instability of tear film (12). It’s also reported that
ocular surface dryness symptoms may be related to corneal nerve
damage (20). In our previous basic study, corneal sensitivity
measured using the ocular surface esthesiometer showed the
sensitivity decreased after surgery, thus less sensitive to dry eye
discomfort (21). And in Han’s study, deterioration of ocular
surface function and meibomian gland function was found in
patients after cataract surgery (19). They all suggested that the
reduction of MG function caused by refractive surgery may
contribute to chronic tear film dysfunction. And there were no
structural changes during the 6 month follow-up in our study,
which is consistent with previous study (8, 19, 22). So, we suppose
that the effect of meibomian gland loss on the tear film can be
superimposed with the effect of corneal refractive surgery, which
aggravates the signs and symptoms of dry eye after surgery.

The MG loss grade showed no correlation with the OSDI
scores and other ocular surface parameters before surgery in our
study, which was also similar to several other cross-sectional
dry eye studies (11, 23). However, some previous studies found
significant correlations between MG loss and some tear film
parameters, such as the lipid layer thickness (LLT), NIBUT,
as well as subjective symptomatology (OSDI) in dry eye and
MGD patients (24). Interestingly, the grade of MG loss in
our study showed a significant positive correlation with the
OSDI and vision-related scores after corneal refractive surgery
at 1 month and 3 months, and it was significantly correlated
with the environmental score at 6 months postoperatively. The
results suggested the possibility that after some intervention,
such as corneal refractive surgery, MG loss would influence
the subjects’ symptoms more apparently. The discomfort is
related more to reading, driving at night, and working with
a computer at an early period postoperatively, and it can be
aggravated by environmental conditions, such as wind, low
humidity or air conditioning use at the 6 month follow-up. All
these revealed that after routine and successful corneal refractive
surgery, the extent to which the patients experienced ocular
discomfort differed according to their preoperative MG loss
grade. Thus, more detailed information could be provided to
patients after carefully evaluating the preoperative MG status
and ocular surface status. For those with more MG loss,
clinicians could explain that the vision-related discomfort may
be more severe and several therapies could be tried, such as
the application of hot compresses and good lid hygiene. At 3
months postoperatively and later, more attention could be paid
to environmental factors.

In addition, studies have demonstrated that it is necessary to
compare age-matched groups since there is great influence of

aging on MG morphology and function, also a risk factor for dry
eye after refractive surgery (25, 26). And age is studied to be the
only factor associated with the LLT in normal subjects (27). In the
present study, no differences were found in age among different
MG loss groups. In this experiment, although we used three types
of refractive surgery, the difference in surgical procedures had
no statistical effect on different groups. For the post-operative
treatment regimen, we use 0.1% fluorometholone eye drops, 4
times a day for the first 1 week, 3 times a day for the 2nd week,
2 times a day for the 3rd week, then once a day for the 4th week;
routine use of artificial tears, 4 times a day, for at least 3 month,
and use artificial tears as needed after for SMILE and LASIK.
For T-PRK, the fluorometholone need to use longer and usually
would be 4 times a day for the 1st month. Artificial tears is also
routinely used.

Our present study also had limitations. We did not evaluate
the ocular surface staining and meibography of inferior eyelid.
Therefore, to understand more definite information about the
relationship between MG loss and dry eye after refractive surgery,
it is necessary to perform larger size with more examinations in
future research.

To our knowledge, this is the first study to evaluate the
preoperative MG status on dry eye discomforts of corneal
refractive surgery patients. The study suggested that even
the subjective symptom is similar in patients with various
degree of MG loss before surgery, the feeling would turn to
significantly different among the three groups after surgery. The
better preoperative meibomian gland status, the better dry eye
symptoms would be achieved after corneal refractive surgery. The
vision-related discomfort would be the main complain at first
and more attention could be paid to environmental factors. More
research is needed to optimize the MG status during preoperative
evaluation to deal with dry eye related problems and challenges,
which would additionally improve the patients quality of life
and satisfaction.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study adhered to the tenets of the Declaration of
Helsinki and was approved by the Ethics Committee of
Wenzhou Medical University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

LH: acquisition of data, drafting the article, final approval of
the version to be published, and agreement to be accountable
for all aspects of the work. FL: analysis and interpretation
of data, drafting the article, final approval of the version to
be published, and agreement to be accountable for all aspects

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 833984


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Gong et al.

MG Loss and Dry Eye

of the work. QG: acquisition of data, revising it critically for
important intellectual content, final approval of the version to
be published, and agreement to be accountable for all aspects
of the work. AL, HC, JG, and ZX: analysis and interpretation
of data, revising it critically for important intellectual content,
final approval of the version to be published, and agreement
to be accountable for all aspects of the work. LC: substantial
contributions to conception and design, revising it critically for
important intellectual content, final approval of the version to
be published, and agreement to be accountable for all aspects of
the work. All authors contributed to the article and approved the
submitted version.

REFERENCES

1. Kim TI, Ali¢ Del Barrio JL, Wilkins M, Cochener B, Ang M. Refractive
surgery. Lancet. (2019) 393:2085-98. doi: 10.1016/S0140-6736(18)33209-4
2. Levinson BA, Rapuano CJ, Cohen EJ, Hammersmith KM, Ayres BD, Laibson
PR. Referrals to the Wills Eye Institute Cornea Service after laser in situ
keratomileusis: reasons for patient dissatisfaction. J Cataract Refract Surg.
(2008) 34:32-9. doi: 10.1016/j.jcrs.2007.08.028
3. Uchino M, Schaumberg DA. Dry eye disease: impact on quality of life and
vision. Curr Ophthalmol Rep. (2013) 1:51-11. doi: 10.1007/s40135-013-0009-1
4. Craig JP, Nelson JD, Azar DT, Belmonte C, Bron AJ, Chauhan SK, et al.
TFOS DEWS II report executive summary. Ocular Surface. (2017) 15:802-
12. doi: 10.1016/j.jt0s.2017.08.003
5. Albietz JM, Lenton LM, McLennan SG. Chronic dry eye and regression after
laser in situ keratomileusis for myopia. ] Cataract Refractive Surg. (2004)
30:675-84. doi: 10.1016/j.jcrs.2003.07.003
6. Albietz JM, Lenton LM. Management of the ocular surface and tear film
before, during, and after laser in situ keratomileusis. J Refractive Surg.
(2004) 20:62-71. doi: 10.3928/1081-597X-20040101-11
7. Chen Q, Li M, Yuan Y, Me R, Yu Y, Shi G, et al. Effects of tear film lipid
layer thickness and blinking pattern on tear film instability after corneal
refractive surgery. Cornea. (2017) 36:810-15. doi: 10.1097/IC0O.000000000000
1207
8. Jung JW, Kim JY, Chin HS, Suh YJ, Kim T1, Seo KY. Assessment of meibomian
glands and tear film in post-refractive surgery patients. Clin Exp Ophthalmol.
(2017) 45:857-66. doi: 10.1111/ce0.12993
9. Suzuki T. Inflamed obstructive meibomian gland dysfunction causes ocular
surface inflammation. Investig Ophthalmol Visual Sci. (2018) 59:DES94-
101. doi: 10.1167/iovs.17-23345
10. Arita R, Mizoguchi T, Kawashima M, Fukuoka S, Koh S, Shirakawa R, et al.
Meibomian gland dysfunction and dry eye are similar but different based
on a population-based study: The Hirado-Takushima Study in Japan. Am J
Ophthalmol. (2019) 207:410-18. doi: 10.1016/j.2j0.2019.02.024
11. Feng Y, Gao Z, Feng K, Qu H, Hong J. Meibomian gland dropout in
patients with dry eye disease in China. Curr Eye Res. (2014) 39:965-
72. doi: 10.3109/02713683.2014.891748
12. Bron AJ, de Paiva CS, Chauhan SK, Bonini S, Gabison EE, Jain S, et al.
TFOS DEWS II pathophysiology report. Ocular Surface. (2017) 15:438-
510. doi: 10.1016/j.jt0s.2017.05.011

13. Zhao Y, Chen S, Wang S, Chen Y, Li J, Fu Y, et al. The
significance  of  meibomian  gland  changes in  asymptomatic
children. Ocular Surface. (2018) 16:301-5. doi: 10.1016/j.jtos.2018.
03.006

14. Li M, Zeng L, Mi S, Li Y, Liu Z, Yu K, et al. A multicenter study of
the prevalence of dry eye disease in Chinese refractive surgery candidates.
Ophthalmic Res. (2021) 64:224-29. doi: 10.1159/000509060

15. Eom Y, Lee JS, Kang SY, Kim HM, Song JS. Correlation between quantitative
measurements of tear film lipid layer thickness and meibomian gland loss in

FUNDING

This research was supported by National Natural Science
Foundation of China under Grant No. 82070933, Zhejiang
Provincial Natural Science Foundation of China under Grant
No. LY17H120005, and Wenzhou Basic Research Project,
Y2020031.

ACKNOWLEDGMENTS

The authors are indebted to all study participants for
their participation.

patients with obstructive meibomian gland dysfunction and normal controls.
Am ] Ophthalmol. (2013) 155:1104-10.e2. doi: 10.1016/j.2j0.2013.01.008

16. Goto T, Zheng X, Klyce SD, Kataoka H, Uno T, Yamaguchi M, et al
Evaluation of the tear film stability after laser in situ keratomileusis using
the tear film stability analysis system. Am ] Ophthalmol. (2004) 137:116-
20. doi: 10.1016/s0002-9394(03)00901-2

17. Bower KS, Sia RK, Ryan DS, Mines M]J, Dartt DA. Chronic dry eye in
photorefractive keratectomy and laser in situ keratomileusis: Manifestations,
incidence, predictive factors. J Cataract Refractive Surg. (2015) 41:2624-
34. doi: 10.1016/j.jcrs.2015.06.037

18. Sun CC, Chang CK, Ma DH, Lin YE Chen KJ, Sun MH, et al. Dry eye
after LASIK with a femtosecond laser or a mechanical microkeratome.
Optometry Vision Sci. (2013) 90:1048-04. doi: 10.1097/OPX.0b013e31829d
9905

19. Han KE, Yoon SC, Ahn JM, Nam SM, Stulting RD, Kim EK, et al.
Evaluation of dry eye and meibomian gland dysfunction after cataract
surgery. Am ] Ophthalmol. (2014) 157:1144-50.e1. doi: 10.1016/j.aj0.2014.
02.036

20. Belmonte C. Eye dryness sensations after refractive surgery: impaired
tear secretion or “phantom” cornea?. J Refract Surg. (2007) 23:598-
602. doi: 10.3928/1081-597X-20070601-11

21. Gong Q, Zhang S, Jiang L, Lin M, Xu Z, Yu Y, et al. The effect
of nerve growth factor on corneal nerve regeneration and dry eye
after LASIK. Exp Eye Res. (2021) 203:108428. doi: 10.1016/j.exer.2020.10
8428

22. Jung JW, Han §J, Nam SM, Kim TI, Kim EK, Seo KY. Meibomian
gland dysfunction and tear cytokines after cataract surgery according to
preoperative meibomian gland status. Clin Exp Ophthalmol. (2016) 44:555-
62. doi: 10.1111/ce0.12744

23. Machali0.Ophthalmolsfunction and tear cytokines after cataraclinski B.
Risk factors and symptoms of meibomian gland loss in a healthy
population. J Ophthalmol. (2016) 2016:7526120. doi: 10.1155/2016/752
6120

24. Finis D, Ackermann P, Pischel N, Konig C, Hayajneh ], Borrelli M, et
al. Evaluation of meibomian gland dysfunction and local distribution
of meibomian gland atrophy by non-contact infrared meibography.
Curr Eye Res. (2015) 40:982-89. doi: 10.3109/02713683.2014.97
1929

25. Rico-Del-Viejo L, Benitez-Del-Castillo JM, Gémez-Sanz FJ, Garcia-Montero
M, Llorens-Quintana C, Madrid-Costa D. The influence of meibomian gland
loss on ocular surface clinical parameters. Contact Lens Anterior Eye. (2019)
42:562-8. doi: 10.1016/j.clae.2019.04.004

26. Shehadeh-Mashor R, Mimouni M, Shapira Y, Sela T, Munzer G,

Risk factors for dry eye after refractive surgery.

(2019) 38:1495-99. doi: 10.1097/1C0O.000000000000

Kaiserman 1.
Cornea.
2152
27. Jung JW, Park SY, Kim JS, Kim EK, Seo KY, Kim TI. Analysis of factors
associated with the tear film lipid layer thickness in normal eyes and patients

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 833984


https://doi.org/10.1016/S0140-6736(18)33209-4
https://doi.org/10.1016/j.jcrs.2007.08.028
https://doi.org/10.1007/s40135-013-0009-1
https://doi.org/10.1016/j.jtos.2017.08.003
https://doi.org/10.1016/j.jcrs.2003.07.003
https://doi.org/10.3928/1081-597X-20040101-11
https://doi.org/10.1097/ICO.0000000000001207
https://doi.org/10.1111/ceo.12993
https://doi.org/10.1167/iovs.17-23345
https://doi.org/10.1016/j.ajo.2019.02.024
https://doi.org/10.3109/02713683.2014.891748
https://doi.org/10.1016/j.jtos.2017.05.011
https://doi.org/10.1016/j.jtos.2018.03.006
https://doi.org/10.1159/000509060
https://doi.org/10.1016/j.ajo.2013.01.008
https://doi.org/10.1016/s0002-9394(03)00901-2
https://doi.org/10.1016/j.jcrs.2015.06.037
https://doi.org/10.1097/OPX.0b013e31829d9905
https://doi.org/10.1016/j.ajo.2014.02.036
https://doi.org/10.3928/1081-597X-20070601-11
https://doi.org/10.1016/j.exer.2020.108428
https://doi.org/10.1111/ceo.12744
https://doi.org/10.1155/2016/7526120
https://doi.org/10.3109/02713683.2014.971929
https://doi.org/10.1016/j.clae.2019.04.004
https://doi.org/10.1097/ICO.0000000000002152
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Gong et al.

MG Loss and Dry Eye

with dry eye syndrome. Investig Ophthalmol Visual Sci. (2016) 57:4076-
83. doi: 10.1167/i0vs.16-19251

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gong, Li, Chen, Chen, Gu, Xu, Lu and Hu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 833984


https://doi.org/10.1167/iovs.16-19251
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Evaluation of Dry Eye After Refractive Surgery According to Preoperative Meibomian Gland Status
	Introduction
	Methods
	Results
	OSDI Questionnaire
	Ocular Surface Function Indexes
	Correlation Analysis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


