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Purpose. To determine the relationship between dyslipidemia and dry eye disease (DED), as well as its infuence on tear flm and
meibomian glands. Methods. Tis 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 profle were evaluated after 8 hours of fasting. Patients were classifed according to
serum lipid levels with the following cut-of values: total cholesterol (TC) (200mg/dl), high-density lipoprotein (HDL) (40mg/dl),
low-density lipoprotein (LDL) (130mg/dl), and triglycerides (TG) (150mg/dl). Te relationship between serum lipid levels and
DED was analyzed with the following variables: dry eye questionnaire-5 (DEQ-5), frst (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 flm, patients with elevated TC and LDL
levels reported signifcantly higher DEQ-5 scores and TMH (P< 0.05), while those with lower HDL levels showed signifcantly
higher LLG (p< 0.05). RegardingMGD, patients with elevated TC, LDL, and TG, as well as lower HDL levels showed signifcantly
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 flm and meibomian glands, specifcally 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]. Tis 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 signifcant impact on the ocular
surface [4–7].

Te tear flm 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]. Te lipid layer tear flm (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]. Te 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]. Tis 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 flm can
also lead to infammation, corneal and conjunctival damage,
and even vision loss [9, 18].

Te pathophysiology of the relationship between dysli-
pidemia and the tear flm 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 infammation [15, 19]. In
addition, the systemic efects of dyslipidemia, such as oxi-
dative stress and infammation, 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
signifcant diferences 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 flm and ocular surface [9, 23].

Terefore, the purpose is to investigate the potential
infuence of dyslipidemia on tear flm and meibomian gland
dysfunction. Te 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 flm,
which is an important factor in ocular surface health.

2. Materials and Methods

2.1. StudyDesignandParticipants. Tis cross-sectional study
was carried out at the Pharmacy faculty facilities of the
University of Seville between October 2022 andMarch 2023.
It fulflled 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.

Te inclusion criteria were as follows: (1) patients
≥18 years with 8 hours 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 flm breakup time
(NIBUT) <10 seconds, and (2.3) ocular surface staining with
more than fve 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 orifces,
(3.4) meibomian gland atrophy, and (3.5) decreasedmeibum
quality and quantity. Te exclusion criteria included the
following: (1) all systemic and ocular diseases, as well as

treatments that infuence 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].Temeasurement was performed
according to the OSA protocol, which was designed by
Sánchez-González et al. [27] to best preserve the integrity of
the tear flm to avoid afecting the test results: (1) con-
junctival bulbar redness (CBR), (2) lipid layer grade (LLG),
(3) tear meniscus height (TMH), (4) frst and average
noninvasive tear flm 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 flm stability was
automatically evaluated via the detection of F-NIBUTand 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 fuidity of the conjunctiva and classifed according to
the Efron scale [30]. Meibomian gland analysis was per-
formed on the upper and lower eyelids using infrared light.
Te 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. Te 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 fuctuations
in temperature and airfow.

2.3. Serum Lipid Profle. Te point-of-care Cobas b 101
system (Roche Diagnostics, Mannheim, Germany) was used
to measure serum lipid profle after fasting for at least
8 hours. 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]. Te 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 classifed into 8 groups according to
serum lipid levels with the following cut-of values: TC
(200mg/dl), HDL (40mg/dl), LDL (130mg/dl), and TG
(150mg/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]. Te sample size calculation assumed
a statistically signifcant paired diference at a 95% conf-
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. Diferences 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). Te Pearson’s (parametric) or
Spearman’s Rho correlation coefcient (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 (%).Te level of signifcance
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>200mg/dl; 9
(22.5%) patients withHDL <40mg/dl; 15 (37.5%) patients with
LDL >130mg/dl; and 18 (45%) patients with TG >150mg/dl.
More details on the characteristics of the analyzed population
are outlined in Table 1. Te distribution of these characteristics
was found to be not normal and no signifcant diferences
between groups were found in terms of age and sex.

Te relationship between serum lipid levels and DED is
outlined in Table 2. Regarding DED symptoms, a marginally
signifcant 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 signifcantly higher
TMH (p< 0.05) (Figure 1(a)), while lower HDL levels
(<40mg/dl) showed signifcantly 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 (>150mg/dl), as
well as lower HDL levels reported signifcantly higher
L-LAMG than those with lower serum lipid values
(p< 0.05). Regarding correlations, signifcant 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 signifcant 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 profles [2, 36]. Several
studies have investigated the association between

dyslipidemia and DED owing to MGD
[1, 3–6, 13, 14, 16, 25, 35, 37]. However, this relationship
remains unclear [7, 20].Terefore, this study aims to analyze
the relationship between dyslipidemia and DED, as well as
its potential infuence on tear flm 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.Tere are diferent 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 diferent 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]. Tis 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

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

Characteristics n� 40
Demographics, mean± SD, IQR, or n (%)
Age (years) 35.2± 13.9 [18–58]
Sex, male/female 19 (47.5)/21 (52.5)
Height (cm) 170.7± 8.1 [156–188]
Weight (kg) 73.6± 14.7 [50–120]
Race (Caucasian) 40 (100)
Serum lipids levels, mean± SD, and IQR
TC (mg/dl) 187.9± 43.2 [105–256]
HDL (mg/dl) 54.4± 16.2 [30–86]
LDL (mg/dl) 110.5± 42.1 [53–185]
TG (mg/dl) 134.7± 76.9 [50–400]
Dry eye assessment, mean± SD, and IQR
DEQ-5, mean± SDa 6.3± 4.1 [0–13]
F-NIBUT (s) 7.1± 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]
LLGb 1.8± 0.9 [0–4]
CBRc 1.8± 0.5 [0–2.5]
U-LAMG (%) 26.3± 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, frst 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. aValues from 0 to 22. bValues from
0 to 5. cValues from 0 to 4.
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34°C [22]. Teoretically, 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 flm 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]. Terefore, it is hypothesized that
abnormal serum lipid levels may afect the meibogenesis in
acinar cells of meibomian glands, as well as the fnal 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
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Figure 1: Box and whisker plots representing the association between dyslipidemia and DED symptoms and signs: (a) TMH for patients
with low (<200mg/dl) (left) and high (>200mg/dl) (right) TC levels, (b) L-LAMG for patients with low (<200mg/dl) (left) and high
(>200mg/dl) (right) TC levels, (c) DEQ-5 scores for patients with low (<200mg/dl) (left) and high (>200mg/dl) (right) TC levels, and (d)
LLG for patients with low (left) (<40mg/dl) and high (right) (>40mg/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 (<40mg/dl)
and (B) LLTF pattern (grade 1) for a patient with high HDL levels (>40mg/dl). LLTF: lipid layer tear flm and HDL: high-density
lipoprotein.
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between dyslipidemia and MGD. Tese results suggest that
elevated HDL levels may have a positive efect on DED
owing to MGD. In addition, it is well known that HDL has
a preventive efect in cardiovascular disease [45, 46].
Terefore, elevated HDL levels could be benefcial 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 toMGD [25, 37, 42]. It is
also interesting to mention why this study has obtained
signifcant 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.Terefore, 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 flm, 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 efect against DED owing to MGD, reported lower
LLG values. Terefore, the variability of these results in the
associations between serum lipid levels and tear flm may
refect the dyslipidemia and DED complexity [16].

4.1. StrengthsandLimitations. To the best of our knowledge,
this is the frst study to investigate the potential infuence of
dyslipidemia on tear flm. In addition, patients without
comorbidities have been included to better refect the re-
lationship between dyslipidemia and DED owing to MGD.
However, there are some limitations that may have
infuenced 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. Terefore, pro-
spective long-term controlled studies are needed to
determine the potential infuence of dyslipidemia on tear

flm and meibomian glands establishing a causal re-
lationship, as well as the possible treatments of dyslipi-
demia and its efects 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. Specifcally, the calliper
method of the OSA was used to measure TMH, which may
infuence the results. Terefore, 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 flm 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
confrm 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.
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