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Purpose. To determine the relationship between dyslipidemia and dry eye disease (DED), as well as its influence on tear film and
meibomian glands. Methods. This cross-sectional study included 40 patients with a mean age of 35.2 + 13.9 years without any
history of dyslipidemia. DED and serum lipid profile were evaluated after 8 hours of fasting. Patients were classified according to
serum lipid levels with the following cut-oft values: total cholesterol (TC) (200 mg/dl), high-density lipoprotein (HDL) (40 mg/dl),
low-density lipoprotein (LDL) (130 mg/dl), and triglycerides (TG) (150 mg/dl). The relationship between serum lipid levels and
DED was analyzed with the following variables: dry eye questionnaire-5 (DEQ-5), first (F-NIBUT) and average (A-NIBUT)
noninvasive breakup time, tear meniscus height (TMH), lipid layer grade (LLG), conjunctival bulbar redness (CBR), and upper
(U-LAMG) and lower (L-LAMG) loss area of meibomian glands. Results. Regarding tear film, patients with elevated TC and LDL
levels reported significantly higher DEQ-5 scores and TMH (P < 0.05), while those with lower HDL levels showed significantly
higher LLG (p < 0.05). Regarding MGD, patients with elevated TC, LDL, and TG, as well as lower HDL levels showed significantly
higher L-LAMG (p < 0.05). HDL was correlated with LLG (p < 0.05), while TC was correlated with TMH (p < 0.05) and L-LAMG
(p <0.05), respectively. Conclusions. Disorders in TC, HDL, LDL, and TG levels were associated with DED, having an impact on
the tear film and meibomian glands, specifically in DEQ-5 scores, LLG, and L-LAMG.

1. Introduction

Dyslipidemia is a metabolic disorder characterized by ab-
normal levels of serum lipids, such as cholesterol and tri-
glycerides [1, 2]. This condition is a major risk factor for the
development of cardiovascular disease, the leading cause of
death worldwide [3]. Recent evidence suggests that dysli-
pidemia may also have a significant impact on the ocular
surface [4-7].

The tear film is a complex and dynamic mixture of lipids,
proteins, and electrolytes that covers the surface of the eye
[8], playing a crucial role in maintaining the integrity of the

cornea and conjunctiva [9]. The lipid layer tear film (LLTF),
which is located at the outermost surface, serves as a barrier
to protect the underlying layers from evaporation and en-
vironmental insults [10, 11]. The lipid layer is composed
mainly of meibomian gland secretions, which contain
a variety of fatty acids and wax esters [8, 12]. Dyslipidemia
has been linked to alterations in the meibomian gland se-
cretions, which may lead to a decrease in the quality and
quantity of the LLTF [4, 6, 7, 13-16]. This may result in
a range of ocular surface disorders, such as dry eye disease
(DED), meibomian gland dysfunction (MGD), and ble-
pharitis [9], which are characterized by symptoms, such as
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ocular discomfort, foreign body sensation, itching, burning,
and blurred vision [17]. In addition, the altered tear film can
also lead to inflammation, corneal and conjunctival damage,
and even vision loss [9, 18].

The pathophysiology of the relationship between dysli-
pidemia and the tear film is not fully understood, but it is
thought to involve a combination of factors, including
changes in the activity and expression of enzymes involved
in lipid metabolism, alterations in the composition of
meibomian gland secretions, and inflammation [15, 19]. In
addition, the systemic effects of dyslipidemia, such as oxi-
dative stress and inflammation, may also contribute to the
development of ocular surface disorders [5, 20]. MGD is
a chronic pathology of the posterior eyelid characterized by
terminal duct obstruction and/or qualitative/quantitative
changes in glandular secretion [21]. Recently, MGD has been
closely related to high cholesterol levels. [22] Kuriakose et al.
[23] have reported that patients with dyslipidemia have
significant differences in the components of meibomian
gland secretion compared to the general population, espe-
cially in cholesterol esters. In addition, the increase in
normal levels of low-density lipoprotein (LDL) seems to be
the factor that favors the accumulation of cholesterol esters
in the meibomian glands [24]. When LDL levels are altered,
the meibum melting point changes increasing its viscosity,
which leads to meibomian glands obstruction
[3,4, 13,23, 25]. As a result, changes will be generated in the
tear film and ocular surface [9, 23].

Therefore, the purpose is to investigate the potential
influence of dyslipidemia on tear film and meibomian gland
dysfunction. The study aims to assess the correlation be-
tween dyslipidemia, as characterized by abnormal levels of
lipids in the blood, and lipid layer integrity in the tear film,
which is an important factor in ocular surface health.

2. Materials and Methods

2.1. Study Design and Participants. This cross-sectional study
was carried out at the Pharmacy faculty facilities of the
University of Seville between October 2022 and March 2023.
It fulfilled all the requirements of the Declaration of Helsinki
and was approved by the Andalusia’ Ethical Committee
Board. Before the study, informed consent was obtained
from each participant.

The inclusion criteria were as follows: (1) patients
>18years with 8hours of fasting; (2) DED diagnosis
according to the dry eye workshop (DEWS) II [17], meeting
one of the following conditions: (2.1) dry eye questionnaire-
5 (DEQ-5) score =6, (2.2) noninvasive tear film breakup time
(NIBUT) <10 seconds, and (2.3) ocular surface staining with
more than five or nine corneal or conjunctival stains, re-
spectively; and (3) MGD diagnosis according to the in-
ternational workshop on MGD [26], meeting two of the
following conditions: (3.1) irregularity of the eyelid margin
or mucocutaneous junction, (3.2) vascularity of the eyelid
margin, (3.3) plugged or capped meibomian gland orifices,
(3.4) meibomian gland atrophy, and (3.5) decreased meibum
quality and quantity. The exclusion criteria included the
following: (1) all systemic and ocular diseases, as well as

Journal of Ophthalmology

treatments that influence DED assessment; (2) ocular sur-
geries; (3) contact lens use; (4) pregnant or lactating women;
and (4) patients who did not understand or comprehend the
informed consent.

2.2. Dry Eye Disease Assessment. DED symptoms and signs
were evaluated with the ocular surface analyzer (OSA) (SBM
Sistemi, Torino, Italy), which performs objective and non-
invasive measures [27, 28]. The measurement was performed
according to the OSA protocol, which was designed by
Sanchez-Gonzélez et al. [27] to best preserve the integrity of
the tear film to avoid affecting the test results: (1) con-
junctival bulbar redness (CBR), (2) lipid layer grade (LLG),
(3) tear meniscus height (TMH), (4) first and average
noninvasive tear film breakup time (F-NIBUT and A-
NIBUT), and (5) meibomian gland analysis, which include
upper and lower loss area of meibomian glands (U-LAMG
and L-LAMG).

DED symptoms were assessed with the DEQ-5 online
version that integrates the device. Tear film stability was
automatically evaluated via the detection of F-NIBUT and A-
NIBUT using a Placido disc. TMH was measured manually
with an integrated caliper at the intersection of the center of
the pupil with the lower eyelid. To assess LLG, the lipid layer
interferometric pattern was compared to the Guillon pattern
[29]. CBR was detected by the device through the blood
vessel fluidity of the conjunctiva and classified according to
the Efron scale [30]. Meibomian gland analysis was per-
formed on the upper and lower eyelids using infrared light.
The device automatically analyzed the meibomian glands,
obtaining U-LAMG and L-LAMG with a value between 0%
(no glandular dropout) and 100% (the highest level of
glandular dropout). All measurements were performed by
an experienced and trained optometrist (JMSG) who ob-
tained focused pictures with minimal areas of glare, which
are areas of increased brightness in the picture that may
produce errors in the measurement. The average of 3
measures was obtained for F-NIBUT, A-NIBUT, and TMH,
while for the rest of the variables, only 1 measure was ob-
tained. In addition, the OSA was always located in the same
examination room during the study to control fluctuations
in temperature and airflow.

2.3. Serum Lipid Profile. The point-of-care Cobas b 101
system (Roche Diagnostics, Mannheim, Germany) was used
to measure serum lipid profile after fasting for at least
8hours. According to the manufacturer’s performance
evaluation report [31], this system met the National Cho-
lesterol Education Program (NCEP) guidelines for mea-
suring lipids [32]. The lipid panel test disc was performed to
quantitatively determine serum lipid parameters, such as
total cholesterol (TC), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), and triglycerides (TG). In ad-
dition, patients were classified into 8 groups according to
serum lipid levels with the following cut-off values: TC
(200 mg/dl), HDL (40 mg/dl), LDL (130 mg/dl), and TG
(150 mg/dl) [33]. LDL was calculated with the Friedewald
formula as “LDL=TC - HDL -TG/5” [34].
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2.4. Statistical Analysis. Data were analyzed using the SPSS
statistics software, version 25.0 (IBM Corporation, Armonk,
NY). Sample size calculation was estimated using the
GRANMO calculator, version 7.12 (Municipal Institute of
Medical Research, Barcelona, Spain). For this study, sample
size calculation was based on limited literature reporting
MGD [4, 6, 35]. The sample size calculation assumed
a statistically significant paired difference at a 95% confi-
dence interval and a power of 80%. An estimated sample size
of 37 participants was required, considering a dropout rate
of 10%. Before the analysis, the average data from both eyes
were calculated. Differences between DED parameters
according to serum lipid levels were analyzed with the
unpaired Student’s t-test (parametric) or Mann-Whitney’s
U test (nonparametric). The Pearson’s (parametric) or
Spearman’s Rho correlation coefficient (nonparametric) was
used to analyze the correlations between DED and dysli-
pidemia. Continuous variables were displayed as the
mean * standard deviation (SD) with interquartile ranges
(IQRs), while ordinal categorical variables were expressed as
frequencies (n) and percentages (%). The level of significance
was P < 0.05 for all comparisons.

3. Results

A total of 40 patients, 19 (47.5%) men and 21 (52.5) women
with a mean age of 35.2+13.9, were included in the study.
Lipid abnormalities levels were found in the respective
numbers of patients: 15 (37.5%) patients with TC >200 mg/dl; 9
(22.5%) patients with HDL <40 mg/dl; 15 (37.5%) patients with
LDL >130 mg/dl; and 18 (45%) patients with TG >150 mg/dl.
More details on the characteristics of the analyzed population
are outlined in Table 1. The distribution of these characteristics
was found to be not normal and no significant differences
between groups were found in terms of age and sex.

The relationship between serum lipid levels and DED is
outlined in Table 2. Regarding DED symptoms, a marginally
significant trend in DEQ-5 scores was observed, in which
patients with elevated TC (>200mg/dl) and LDL levels
(>130mg/dl) reported more severe DED symptoms
(p <0.05) (Figure 1(c)). Regarding DED signs, patients with
elevated TC and LDL levels also reported significantly higher
TMH (p<0.05) (Figure 1(a)), while lower HDL levels
(<40 mg/dl) showed significantly higher LLG (p <0.05)
(Figures 1(d) and 2). In addition, patients with elevated TC
(Figures 1(b) and 3), LDL, and TG levels (>150 mg/dl), as
well as lower HDL levels reported significantly higher
L-LAMG than those with lower serum lipid values
(p <0.05). Regarding correlations, significant positive cor-
relations were found between TC and TMH (r=0.35,
p<0.05) and TC and L-LAMG (r=0.41, p<0.05), while
HDL and LLG showed significant negative correlation
(r=-0.32, p<0.05).

4, Discussion

Dyslipidemia is a term that represents an abnormal lipid
value in one or more of the lipid profiles [2, 36]. Several
studies have investigated the association between

TaBLE 1: Characteristics of the study population after 8 hours of
fasting.

Characteristics n=40
Demographics, mean + SD, IQR, or n (%)
Age (years)

Sex, male/female

Height (cm)

Weight (kg)

Race (Caucasian)

Serum lipids levels, mean + SD, and IQR
TC (mg/dl)

HDL (mg/dl)

LDL (mg/dl)

TG (mg/dl)

Dry eye assessment, mean + SD, and IQR
DEQ-5, mean + SD*?

35.2+13.9 [18-58]
19 (47.5)/21 (52.5)
170.7 + 8.1 [156-188]
73.6+14.7 [50-120]
40 (100)

187.9 +43.2 [105-256]
54.4+16.2 [30-86]
110.5+42.1 [53-185]
134.7 +76.9 [50-400]

6.3+4.1 [0-13]

F-NIBUT (s) 71+4.6 [2.3-16]
A-NIBUT (s) 14.4+9.6 [6.7-38.2]
TMH (mm) 0.2+0.1 [0.1-0.6]
LLG® 1.8 +0.9 [0-4]
CBR® 1.8 +0.5 [0-2.5]

U-LAMG (%) 263 £8.1 [10.5-38]
L-LAMG (%) 32.9+ 13 [14-73.5]

A-NIBUT, average noninvasive tear breakup time; CBR, conjunctival
bulbar redness; DEQ-5, dry eye questionnaire-5; F-NIBUT, first non-
invasive tear breakup time; HDL, high-density lipoprotein; IQR, inter-
quartile range; LDL, low-density lipoprotein; LLG, lipid layer grade; SD,
standard deviation; L-LAMG, lower loss area of meibomian glands; TC,
total cholesterol; TG triglycerides; TMH, tear meniscus height; U-LAMG,
upper loss area of meibomian glands. *Values from 0 to 22. ®Values from
0 to 5. “Values from 0 to 4.

dyslipidemia and DED owing to MGD
[1, 3-6, 13, 14, 16, 25, 35, 37]. However, this relationship
remains unclear [7, 20]. Therefore, this study aims to analyze
the relationship between dyslipidemia and DED, as well as
its potential influence on tear film and meibomian gland
dysfunction.

In this study, patients with elevated TC, LDL, and TG
levels reported higher DED symptoms and atrophy of the
lower meibomian glands than those with lower serum lipid
levels. Similar results have been reported by previous case-
control studies. Dao et al. [4] reported that patients with
moderate to severe MGD had a higher incidence of dysli-
pidemia than the healthy population. Braich et al. [37] also
reported that Indian patients with MGD had higher serum
lipid levels than those without MGD. Furthermore, Pinna
et al. [25] and Irfan et al. [38] reported similar results in
young and middle-aged patients with MGD without any
history of dyslipidemia. There are different theories that may
explain these results. First, it is postulated that increased
cholesterol may play a role in the pathogenesis of MGD [23].
Some studies have reported that the meibum of MGD pa-
tients has different components and proportions of cho-
lesterol compared to the meibum of the healthy population
[15, 19, 23]. Cholesterol is an organic substance whose
melting point is around 148°C due to its larger side chains
[39]. This concept may explain why the elevated cholesterol
in the meibum increases its melting point compared to the
normal meibum melting point, which ranges from 30°C to
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FiGuRre 1: Box and whisker plots representing the association between dyslipidemia and DED symptoms and signs: (a) TMH for patients
with low (<200 mg/dl) (left) and high (>200 mg/dl) (right) TC levels, (b) L-LAMG for patients with low (<200 mg/dl) (left) and high
(>200 mg/dl) (right) TC levels, (c) DEQ-5 scores for patients with low (<200 mg/dl) (left) and high (>200 mg/dl) (right) TC levels, and (d)
LLG for patients with low (left) (<40 mg/dl) and high (right) (>40 mg/dl) HDL levels. Each plot depicts the median, quartiles, and outliers
for each group. DEQ-5: dry eye questionnaire-5; HDL: high-density lipoprotein; L-LAMG: lower loss area meibomian glands; LLG: lipid
layer grade; TC: total cholesterol; and TMH: tear meniscus height.

FIGURE 2: LLTF patterns in patients according to their HDL levels: (A) LLTF pattern (grade 2) for a patient with low HDL levels (<40 mg/dl)
and (B) LLTF pattern (grade 1) for a patient with high HDL levels (>40 mg/dl). LLTF: lipid layer tear film and HDL: high-density

lipoprotein.

34°C [22]. Theoretically, the increase in the meibum melting
point makes it more viscous at physiologic temperatures
leading to meibomian gland obstruction [3, 4, 13, 25, 37],
which may alter tear film stability and increase its osmo-
larity, resulting in DED symptoms and signs [9, 37]. Second,
some studies also suggest that serum lipid levels play a role in
meibogenesis [7, 40]. Therefore, it is hypothesized that
abnormal serum lipid levels may affect the meibogenesis in
acinar cells of meibomian glands, as well as the final meibum
composition leading to MGD [7]. However, some studies

have also reported that elevated TC, LDL, or TG levels were
not associated with DED owing to MGD [41-43].
Interestingly, this study also reported that patients with
lower HDL levels showed higher atrophy of the lower
meibomian glands than those with elevated HDL values.
Similar results have been reported by previous case-control
studies. Rathnakumar et al. [14] reported that lower HDL
levels were more prevalent in patients with DED compared
to those without DED. In addition, Jasmine Mary et al. [44]
also reported lower levels of HDL along with the association



Journal of Ophthalmology

FIGURE 3: L-LAMG differences between patients according to their TC levels: (A) right (L-LAMG 12.4%) and left, (B) (L-LAMG 10.2%)
lower eyelids with low TC levels (< 200 mg/dl). (C) right (L-LAMG 35.8%) and left, and (D) (L-LAMG 30.7%) lower eyelids with high TC
levels (>200 mg/dl). L-LAMG: lower loss area meibomian glands and TC: total cholesterol.

between dyslipidemia and MGD. These results suggest that
elevated HDL levels may have a positive effect on DED
owing to MGD. In addition, it is well known that HDL has
a preventive effect in cardiovascular disease [45, 46].
Therefore, elevated HDL levels could be beneficial for health
and are not usually associated with pathologic states [20].
However, some studies have also shown that elevated HDL
levels may be related to DED owing to MGD [25, 37, 42]. It s
also interesting to mention why this study has obtained
significant results in the lower meibomian glands, but not in
the upper meibomian glands. Some studies have reported
that the lower meibomian glands have a higher atrophy than
the upper meibomian glands [47, 48], which may be
explained by their anatomic position. Therefore, it is possible
that when serum lipid levels are altered, the lower meibo-
mian glands tend to atrophy more than the upper meibo-
mian glands.

Regarding tear film, this study has reported opposite
results. Although elevated TC, LDL, or TG levels seem to be
associated with DED owing to MGD, patients with these
serum lipid levels reported higher TMH values. However,
patients with elevated HDL, which seems to have a pro-
tective effect against DED owing to MGD, reported lower
LLG values. Therefore, the variability of these results in the
associations between serum lipid levels and tear film may
reflect the dyslipidemia and DED complexity [16].

4.1. Strengths and Limitations. To the best of our knowledge,
this is the first study to investigate the potential influence of
dyslipidemia on tear film. In addition, patients without
comorbidities have been included to better reflect the re-
lationship between dyslipidemia and DED owing to MGD.
However, there are some limitations that may have
influenced the results. First, the relatively small sample size,
which was in part due to the strict enrollment criteria used
to avoid possible confounders. Second, due to the cross-
sectional study design, the results only suggest an associ-
ation between dyslipidemia and DED. Therefore, pro-
spective long-term controlled studies are needed to
determine the potential influence of dyslipidemia on tear

film and meibomian glands establishing a causal re-
lationship, as well as the possible treatments of dyslipi-
demia and its effects on DED symptoms and signs. Finally,
although the OSA device performs objective and non-
invasive tests, observer participation is required in the
measurement of TMH and LLG. Specifically, the calliper
method of the OSA was used to measure TMH, which may
influence the results. Therefore, further studies analyzing
TMH and LLG through devices that obtain them auto-
matically are needed [49].

5. Conclusions

In conclusion, this study suggests that dyslipidemia may
have an impact on the tear film and meibomian glands.
Elevated TC and LDL levels are associated with higher DEQ-
5 scores and TMH values, whereas lower HDL values are
related to higher LLG. In addition, patients with elevated TC,
LDL, and TG, as well as lower HDL levels reported higher L-
LAMG. However, further studies are needed in order to
confirm the underlying mechanism in the association be-
tween dyslipidemia and DED symptoms and signs. Mean-
while, eye care specialists may increase their role for the early
detection of dyslipidemia in patients with DED due to MGD
to ensure comprehensive eye care to prevent cardiovascular
disease.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Ethical Approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. The study was approved by
the Andalusia Ethical Committee Board.



Journal of Ophthalmology

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

All authors contributed to the review conception and design.
The idea for the article was by JMSM and JMSG. Literature
search and data analysis were performed by NAS and JMSG,
respectively. ABS and MCSG drafted the work and all au-
thors critically revised the manuscript. All authors read and
approved the final manuscript.

Acknowledgments

Open Access funding was enabled and organized by
CRUE-CBUA Gold.

References

[1] C. M. Médulo, E. B. M. Filho, L. T. Malki et al., “The role of
dyslipidemia on ocular surface, lacrimal and meibomian
gland structure and function,” Current Eye Research, vol. 37,
no. 4, pp. 300-308, 2012.

[2] A. ]. Berberich and R. A. Hegele, “A modern approach to
dyslipidemia,” Endocrine Reviews, vol. 43, no. 4, pp. 611-653,
2022.

[3] H. C.Roh,]J. K. Lee, M. Kim et al., “Systemic comorbidities of
dry eye syndrome: the Korean national health and nutrition
examination survey V, 2010 to 2012,” Cornea, vol. 35, no. 2,
pp. 187-192, 2016.

[4] A.H. Dao, J. D. Spindle, B. A. Harp, A. Jacob, A. Z. Chuang,
and R. W. Yee, “Association of dyslipidemia in moderate to
severe meibomian gland dysfunction,” American Journal of
Ophthalmology, vol. 150, no. 3, pp. 371-375.el, 2010.

[5] K. G. J. Ooi, M. H. H. Lee, G. Burlutsky, B. Gopinath,
P. Mitchell, and S. Watson, “Association of dyslipidaemia and
oral statin use, and dry eye disease symptoms in the Blue
Mountains Eye Study,” Clinical and Experimental Ophthal-
mology, vol. 47, no. 2, pp. 187-192, 2019.

[6] K. M. Aldaas, O. M. Ismail, J. Hakim et al., “Association of dry
eye disease with dyslipidemia and statin use,” American
Journal of Ophthalmology, vol. 218, pp. 54-58, 2020.

[7] Y. S. Yoo, S. K. Park, H. S. Hwang, H. S. Kim, R. Arita, and
K. S. Na, “Association of serum lipid level with meibum
biosynthesis and meibomian gland dysfunction: a review,”
Journal of Clinical Medicine, vol. 11, no. 14, p. 4010, 2022.

[8] M. D. P. Willcox, P. Argiieso, G. A. Georgiev et al., “TFOS
DEWS 1I tear film report,” Ocular Surface, vol. 15, no. 3,
pp. 366-403, 2017.

[9] A.J.Bron, C.S. de Paiva, S. K. Chauhan et al., “TFOS DEWS II
pathophysiology report,” Ocular Surface, vol. 15, no. 3,
pp. 438-510, 2017.

[10] G. A. Georgiev, P. Eftimov, and N. Yokoi, “Structure-function
relationship of tear film lipid layer: a contemporary per-
spective,” Experimental Eye Research, vol. 163, pp. 17-28,
2017.

R. Arita, S. Fukuoka, and N. Morishige, “Functional mor-
phology of the lipid layer of the tear film,” Cornea, vol. 36,
no. 1, pp. S60-S66, 2017.

L. Cwiklik, “Tear film lipid layer: a molecular level view,”
Biochimica et Biophysica Acta (BBA) Biomembranes,
vol. 1858, no. 10, pp. 2421-2430, 2016.

(11

[12

[13] Y. H. Chun, H. R. Kim, K. Han, Y. G. Park, H. J. Song, and
K. S. Na, “Total cholesterol and lipoprotein composition are
associated with dry eye disease in Korean women,” Lipids in
Health and Disease, vol. 12, no. 1, p. 84, 2013.

[14] K. Rathnakumar, K. Ramachandran, D. Baba et al., “Preva-
lence of dry eye disease and its association with dyslipidemia,”
Journal of Basic and Clinical Physiology and Pharmacology,
vol. 29, no. 2, pp. 195-199, 2018.

[15] S. Khanal, W. Ngo, K. K. Nichols, L. Wilson, S. Barnes, and
J. J. Nichols, “Human meibum and tear film derived (O-acyl)-
omega-hydroxy fatty acids in meibomian gland dysfunction,”
Ocular Surface, vol. 21, pp. 118-128, 2021.

[16] H. R. Choi, J. H. Lee, H. K. Lee, J. S. Song, and H. C. Kim,
“Association between dyslipidemia and dry eye syndrome
among the Korean middle-aged population,” Cornea, vol. 39,
no. 2, pp. 161-167, 2020.

[17] J. S. Wolffsohn, R. Arita, R. Chalmers et al., “TFOS DEWS II
diagnostic methodology report,” Ocular Surface, vol. 15, no. 3,
pp. 539-574, 2017.

[18] C. Belmonte, J. J. Nichols, S. M. Cox et al., “TFOS DEWS II

pain and sensation report,” Ocular Surface, vol. 15, no. 3,

pp. 404-437, 2017.

S. Khanal, Y. Bai, W. Ngo et al., “Human meibum and tear

film derived cholesteryl and wax esters in meibomian gland

dysfunction and tear film structure,” Ocular Surface, vol. 23,

pp. 12-23, 2022.

[20] E. A. Osae, T. Bullock, M. Chintapalati et al., “Obese mice with

dyslipidemia exhibit meibomian gland hypertrophy and al-

terations in meibum composition and aqueous tear pro-

duction,” International Journal of Molecular Sciences, vol. 21,

no. 22, p. 8772, 2020.

K. K. Nichols, G. N. Foulks, A.J. Bron et al., “The international

workshop on meibomian gland dysfunction: executive

summary,” Investigative Ophthalmology & Visual Science,

vol. 52, no. 4, pp. 1922-1929, 2011.

[22] 1. A. Butovich, J. C. Arciniega, and J. C. Wojtowicz, “Mei-
bomian lipid films and the impact of temperature,” In-
vestigative Ophthalmology & Visual Science, vol. 51, no. 11,
pp. 5508-5518, 2010.

[23] R. K. Kuriakose and P. S. Braich, “Dyslipidemia and its as-
sociation with meibomian gland dysfunction: a systematic
review,” International Ophthalmology, vol. 38, no. 4,
pp. 1809-1816, 2018.

[24] Y. Tomioka, K. Kitazawa, Y. Yamashita et al., “Dyslipidemia
exacerbates meibomian gland dysfunction: a systematic re-
view and meta-analysis,” Journal of Clinical Medicine, vol. 12,
no. 6, p. 2131, 2023.

[25] A. Pinna, F. Blasetti, A. Zinellu, C. Carru, and G. Solinas,
“Meibomian gland dysfunction and hypercholesterolemia,”
Ophthalmology, vol. 120, no. 12, pp. 2385-2389, 2013.

[26] A. Tomlinson, A. J. Bron, D. R. Korb et al., “The international
workshop on meibomian gland dysfunction: report of the
diagnosis subcommittee,” Investigative Ophthalmology &
Visual Science, vol. 52, no. 4, pp. 2006-2049, 2011.

[27] M. C. Sanchez-Gonzalez, R. Capote-Puente, M. C. Garcia-

Romera et al., “Dry eye disease and tear film assessment

through a novel non-invasive ocular surface analyzer: the

OSA protocol,” Frontiers of Medicine, vol. 9, Article ID

938484, 2022.

N. Gupta, S. Yadav, T. Makwana, M. Vanathi, and R. Tandon,

“Noninvasive ocular surface analyzer as an adjunct in di-

agnosis and estimating prevalence of meibomian gland

dysfunction: hospital-based comparative study,” Indian

Journal of Ophthalmology, vol. 70, no. 5, pp. 1539-1545, 2022.

[19

[21

[28



[29] J. P. Guillon, “Non-invasive Tearscope Plus routine for
contact lens fitting,” Contact Lens and Anterior Eye, vol. 21,
no. Suppl 1, pp. S31-540, 1998.

[30] M. M. Schulze, N. Hutchings, and T. L. Simpson, “Grading
bulbar redness using cross-calibrated clinical grading scales,”
Investigative Ophthalmology & Visual Science, vol. 52, no. 8,
pp. 5812-5817, 2011.

[31] Roche Diagnostics International Ltd, “Study report from
a multicenter evaluation of the new cobas b 101 system for the
measurement of HbAlc and lipid panel,” 2023, http://www.
cobas.roche.it/content/dam/cobas_com/pdf/product/cobas-b-
101-system/cobas%2520b%2520101%2520performance%2520
evaluation%2520study%2520report_8pg.pdf.

[32] J. L. Cleeman, “Executive summary of the third report of the
national cholesterol education Program (NCEP) expert panel
on detection, evaluation, and treatment of high blood cho-
lesterol in adults (adult treatment panel III),” JAMA, the
Journal of the American Medical Association, vol. 285, no. 19,
pp. 2486-2497, 2001.

[33] R. E. W. Kavey, S. R. Daniels, R. M. Lauer, D. L. Atkins,
L. L. Hayman, and K. Taubert, “American Heart Association
guidelines for primary prevention of atherosclerotic cardio-
vascular disease beginning in childhood,” Circulation,
vol. 107, no. 11, pp. 1562-1566, 2003.

[34] N.Fukuyama, K. Homma, N. Wakana et al., “Validation of the
Friedewald equation for evaluation of plasma LDL-
cholesterol,” Journal of Clinical Biochemistry & Nutrition,
vol. 43, pp. 1-5, 2007.

[35] K.I. Wu, C.Y. Chen, T.S.Jou, J. M. Jimmy Juang, J. Y. Lu, and

L. J. Wang, “Effect of 3-hydroxy-3-methyl-glutaryl-coenzyme

A reductase inhibitors on the meibomian gland morphology

in patients with dyslipidemia,” American Journal of Oph-

thalmology, vol. 219, pp. 240-252, 2020.

E. Yeung, S. R. Daniels, and S. S. Patel, “Dyslipidemia in

childhood and adolescence: from screening to management,”

Current Opinion in Endocrinology Diabetes and Obesity,

vol. 28, no. 2, pp. 152-158, 2021.

P. S. Braich, M. K. Howard, and J. S. Singh, “Dyslipidemia and

its association with meibomian gland dysfunction,” In-

ternational Ophthalmology, vol. 36, no. 4, pp. 469-476, 2016.

[38] K. S. Afroz Irfan, A. Agrawal, A. Singh, S. K. Mittal, and

R. S. S. Samanta, “Association of lipid profile with severity of

meibomian gland dysfunction,” Nepalese Journal of Oph-

thalmology, vol. 12, no. 2, pp. 216-225, 2020.

D. S. Schade, L. Shey, and R. P. Eaton, “Cholesterol review:

a metabolically important molecule,” Endocrine Practice,

vol. 26, no. 12, pp. 1514-1523, 2020.

E. Knop, N. Knop, T. Millar, H. Obata, and D. A. Sullivan,

“The international workshop on meibomian gland dysfunc-

tion: report of the subcommittee on anatomy, physiology, and

pathophysiology of the meibomian gland,” Investigative

Ophthalmology & Visual Science, vol. 52, no. 4, pp. 1938-1978,

2011.

M. Naik, B. Guliani, and A. Bhalla, “Association of the severity

of meibomian gland dysfunction with dyslipidemia in Indian

population,” Indian Journal of Ophthalmology, vol. 66, no. 10,

pp. 1411-1416, 2018.

[42] M. Ha, J. Song, S. Park et al., “Relationship between serum

lipid level and meibomian gland dysfunction subtype in Korea

using propensity score matching,” Scientific Reports, vol. 11,

no. 1, Article ID 16102, 2021.

N. Tulsyan, N. Gupta, and N. Agrawal, “Risk factors associated

with meibomian gland dysfunction: a hospital based study,”

(36

[37

(39

[40

(41

[43

(44]

(45]

(46]

(47]

(48]

(49]

Journal of Ophthalmology

Nepalese Journal of Ophthalmology, vol. 13, no. 1, pp. 59-64,
2021.

J. J. Mary, S. Shivkumar Pillai, S. J. Goudinho, and J. Mary
Jacob Professor, “The association of meibomian gland dys-
function with dyslipidemia-A case-control study,” Jacob et al.
World Journal of Pharmaceutical Research World Journal of
Pharmaceutical Research SJIF Impact Factor, vol. 5,
pp. 1390-1396, 2016.

H. K. Siddiqi, D. Kiss, and D. Rader, “HDL-cholesterol and
cardiovascular disease: rethinking our approach,” Current
Opinion in Cardiology, vol. 30, no. 5, pp. 536-542, 2015.

J. Rysz, A. Gluba-Brzézka, M. Rysz-Gorzynska, and
B. Franczyk, “The role and function of HDL in patients with
chronic kidney disease and the risk of cardiovascular disease,”
International Journal of Molecular Sciences, vol. 21, no. 2,
p. 601, 2020.

T. N. Yeh and M. C. Lin, “Repeatability of meibomian gland
contrast, a potential indicator of meibomian gland function,”
Cornea, vol. 38, no. 2, pp. 256-261, 2019.

M. A. K. Setu, J. Horstmann, S. Schmidt, M. E. Stern, and
P. Steven, “Deep learning-based automatic meibomian gland
segmentation and morphology assessment in infrared mei-
bography,” Scientific Reports, vol. 11, no. 1, p. 7649, 2021.
A. Ballesteros-Sanchez, B. Gargallo-Martinez, R. Gutiérrez-
Ortega, and J.-M. Sdnchez-Gonzilez, “Intra-observer re-
peatability assessment of the S390L Firefly WDR slit lamp in
patients with dry eye disease: objective, automated and non-
invasive measures,” Eye and Contact Lens: Science and Clinical
Practice, vol. 49, no. 7, pp. 283-291, 2023.


http://www.cobas.roche.it/content/dam/cobas_com/pdf/product/cobas-b-101-system/cobas%20b%20101%20performance%20evaluation%20study%20report_8pg.pdf
http://www.cobas.roche.it/content/dam/cobas_com/pdf/product/cobas-b-101-system/cobas%20b%20101%20performance%20evaluation%20study%20report_8pg.pdf
http://www.cobas.roche.it/content/dam/cobas_com/pdf/product/cobas-b-101-system/cobas%20b%20101%20performance%20evaluation%20study%20report_8pg.pdf
http://www.cobas.roche.it/content/dam/cobas_com/pdf/product/cobas-b-101-system/cobas%20b%20101%20performance%20evaluation%20study%20report_8pg.pdf



