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Abstract

Background: High cholesterol levels are known to cause
multiple complications and the correlations between dry eye
disease and high cholesterol levels can be used as an indicator
of the need for urgent treatment to prevent severe ocular
complications.

Aim of Study: This study aimed to assess ocular tear film
stability in subjects with high total cholesterol levels by using
various dry eye diagnostic tests.

Subjects and Methods: Twenty male subjects aged 19-43
years (32.5+7.3 years) with a high total cholesterol level
(6.2£0.7mmol/L) and an age-matched control group of twenty
male subjects (19-40 years; 31.1 £4.6 years) with normal total
cholesterol levels (3.9£0.6mmol/L) participated in the study.
All subjects completed the ocular surface disease index
assessment first, followed by the non-invasive tear break-up
time (NITBUT) test. After 10 minutes, the tear meniscus time
(TMH) test was performed followed by phenol red thread
(PRT) and tear ferning (TF) tests, with a 10-minute gap
between the tests.

Results: The mean scores (p<0.05) in the NITBUT and
TMH tests indicated a dry eye condition in the study group
[7.5 (3.3) sand 0.15 (0.12) mm, respectively] and a normal
eye condition in the control group [15.3 (4.1) s and 0.27 (0.06)
mm, respectively]. The average score for the TF grade (p»<0.05)
showed eye dryness [2.2 (1.8)] in the study group and a normal
eye condition in the control group [0.5 (1.5)]. The cholesterol
level showed a medium correlation with age (#=0.473;

p=0.035), a strong negative correlation with the PRT score
(r=-0.524; p=0.018), and a strong correlation with the TF
grade (=0.530; p=0.016).

Conclusion: The total cholesterol level significantly
influences ocular tear film stability. Both tear quantity and
quality decreased in subjects with high total cholesterol levels,
which led to meibomian gland dysfunction and disturbances
in lipid production and blood and oxygen supply to eye tissues,
thereby causing dry eye symptoms.
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Introduction

THE tear film is a moist thin layer that covers the
cornea and conjunctiva [1]. The thickness of the
tear film varies from around 9 g (&ter a blink)
to approximately 4 g (fore the following blink),
and its average thickness is 4.8 £0.9 gn_{m8] . The
tear film ensures a smooth, perfect, and regular
ocular surface, keeps the conjunctiva lubricated
and moist, helps tears flow over the ocular surface
through blinking, washes debris away, adjusts the
osmotic pressure with the cornea, provides oxygen,
nutrition, and blood to the corneal surface, and
acts as a barrier against microorganism infections
[4].

The structure of the tear film is complex, and
is composed mainly of the outer lipid layer, the
middle aqueous layer, and the inner mucous layer
[5-7] . The outer lipid layer is oily and thin and
produced by the meibomian glands [8]. This layer
plays a vital role in reducing the tear evaporation
rate and prevents over-spilling of tears onto the
eyelid [9]. The aqueous layer mainly consists of
water and contains dissolved electrolytes, enzymes,
and proteins and originates generally from the
main lacrimal gland and the accessory glands of
Krause and Wolfring [10]. The type and concentra-
tion of electrolytes are very important for normal
tear osmolarity [11]. The outer mucous layer of the
tear film is mainly produced by goblet cells and
plays an important role in hydrating the surface of
the conjunctiva and cornea [12] . The stability of
the tear film is important for a healthy visual
system. Tear film instability could result in dys-
function of the conjunctiva and eyelids, a reduction
in corneal transparency, and dry eye symptoms,
for example [13].
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Dry eyeisamultifactorial disease that |eads
to dryness, discomfort, eye pain, inflammation,
and redness [13,14] . The dry eye condition can occur
due to a high tear evaporation rate as a result of
meibomian gland dysfunction or due to tear secre-
tion deficiency as aresult of lacrimal gland dys-
function [15]. Dry eye questionnaire-based param-
eters such as the ocular surface disease index
(OSDI) are very useful to detect dry eye symptoms
[16]. A combination of various diagnostic tests can
be used to measure the volume and quality of tears.
For example, the tear evaporation rate [17], tear
meniscus height (TMH) [18], phenol red thread
(PRT) [19], and Schirmer [19] tests can be used to
measure the tear volume, while assessments of
parameters such as non-invasive tear break-up time
(NITBUT) [201, osmolarity [21] and tear ferning
(TF) [22] can be used to evaluate tear quality. Early
detection of the eye dryness can improve the pa-
tients quality of life.

Cholesterol is essentia for cells and is needed
for the generation and maintenance of membranes.
Cholesteral is alipid molecule that presents as a
free acid that can be esterified in the plasmato
produce the ester form [23] . The two major types
of cholesterol are categorized as low-density lipo-
protein (LDL) and high-density lipoprotein (HDL)
[24] . LDL, which is colloquially known as “bad
cholesteral,” contributes to the buildup of fatsin
arteries and increases the chances of stroke, cardiac
arrest, and other illnesses. In contrast, HDL, which
issimilarly known as “good cholesterol”, acts as
an LDL scavenger and transportsit back to the
liver, where the cholesterol is broken down and
excreted from the body. Cholesterol (LDL or HDL)
combines with triacylglycerols to produce alipo-
protein core [25] . Cholesterol has avital impact on
the structure and function of cells and is considered
to be a precursor for bile acid and steroid hormone
synthesis [26,27] . Therefore, cholesterol levels have
to be checked regularly to avoid health problems
caused by high levels. The aim of the current work
was to assess, for the first time, the ocular tear
film stability among subjects with high levels of
total cholesterol by using various dry eye diagnostic
tests. This study is a continuation of previous
research on the tear film, which includes studies
on tear film stability among smokers [28] and
subjects who consumed hot peppermint [29], green
tea [30], and vitamin A supplements [31].

Subjectsand Methods

Subjects:
Twenty male subjects aged 19-43 years (32.5 +
7.3 years) with ahigh total cholesterol level (mean

* standard deviation =6.2+0.7mmol/L) participated
in the study. In addition, an age-matched control
group consisting of twenty male subjects aged 19-
40 years (3 1.1 +4.6 years) with anormal total
cholesterol level (3.9+0.9mmol/L) was recruited.
Subjects with a history of ocular surgery, contact
lens wearers, patients with diabetes, smokers,
patients with anemia, vitamin A and D deficiencies,
or thyroid disorders, and individuals with a high
body mass index were excluded from the study.
Subjects older than 43 years were excluded since
aging is known to be arisk factor for dry eye [32].

The study was conducted at King Khalid Hos-
pital, Riyadh, Saudi Arabiaduring the period from
February to April 2019 and all tests were performed
in the right eye of each subject. The measurements
were conducted between 8:30am to 3:00pm. Ethical
approval was obtained from the College of Applied
Medical Science Ethics Committee, King Saud
University. The study was conducted in accordance
with the Declaration of Helsinki [33] and all par-
ticipants provided written informed consent. All
measurements were carried out by the same exam-
iner under normal conditions. All subjects complet-
ed the OSDI questionnaire first, followed by the
NITBUT test. After 10 minutes, the TMH test was
performed, which was followed by the PRT and
TF tests, with a 10-minute gap allowed between
tests.

Cholesterol:

A total blood cholesterol level less than 5.2mmol
/L was considered desirable, levels between 5.2
and 6.2mmol/L were considered borderline high,
and those above 6.2mm/L were considered high
(34].

ODI:

The OSDI questionnaire was compl eted by all
participants, and an OSDI value lessthan 13 is
considered to indicate anormal eye [16].

TMH and NITBUT tests:

Both NITBUT and TMH tests were performed
with the OCULUS Keratograph® 4 (OCULUS
Inc., Wetziar, Germany) on the right eye of each
subject by using fluorescein. For the NITBUT test,
each subject was asked to refrain from blinking
while the tear film was observed. The visibility of
the tear film break-up was enhanced by using a
yellow barrier filter. The tear break-up time was
recorded as the number of seconds that elapsed
between the last blink and the appearance of the
first dry spot in thetear film. A tear film break-up
time of more than 10 sis considered to indicate a
normal eye. Theinferior TMH images were cap-
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tured and measured perpendicular to the lid margin
at the central point relative to the pupil center by
using an integrated ruler (mm). A lower lid TMH
>0.2mm was considered to indicate anormal eye.

PRT test:

The PRT test was performed by using a cotton
thread (Zone-Quick, Showa Y akuhin Kako Co,
Ltd., Tokyo, Japan) containing a pH indicator. A
3-mm portion of the thread was folded and inserted
up to one-third of the distance from the temporal
canthus of the lower eyelid of the right eye, with
the eye in the primary position. After 15s, the
thread was gently removed and the length of the
portion that showed a change in color to red was
measured in mm. A red portion more than 10mm
long was considered to indicate a normal eye [19].

TF test:

A glass capillary tube (10 J-)-abtained from
Merck (Schnelldorf, Germany) was used to collect
atear sample (1 §-)-fwom the lower meniscus of
the right eye in each subject. The tear sample was
dried at 23°C and humidity of less than 40% for
10min. An Olympus DP72 digital microscope
(Tokyo, Japan) at a magnification power of 10x
was used to observe and capture the TF image.
The TF pattern of each image was graded using
the five-point TF grading scale [35].

Satistical analysis:

The data were analyzed using version 22 of
SPSS software (IBM, Armonk, NY, USA). Spear-
man correlation coefficient (r) values were used
to investigate the relationship between the obtained
data. The correlation was considered weak when
r=0.10-0.29, medium when r=0.30-0.49, and strong
when r=0.50-1.00 [3¢].

Results

Twenty male subjects with a high total choles-
terol level comprised the study group, and the age-
matched control group contained twenty healthy
mal e subjects. The total cholesterol level data
showed a normal distribution (Kolmogorov-
Smirnov test; p>0.05); therefore, the mean * stand-
ard deviation (SD) was used to represent the aver-
age. The datafor the OSDI, NITBUT, TMH, PRT,
and TF values were found to show an abnormal
distribution (Kolmogorov-Smirnov test; p-0.05)
and, therefore, the median (interquartile range)
was used to represent these findings. The averages
for the total cholesterol level and OSDI, NITBUT,
TMH, PRT, and TF values within the study and
control groups are shown in Table (1).
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Table (1): Averages [mean * standard deviation or median
(interquartile range)] for the total cholesterol level
and OSDI, NITBUT, TMH, PRT, and TF values
within the study and control groups.

Test* Study group Control group
(n=20) (n=20)

Cholesterol (mmol/L) 6.2+0.7 3.9+0.6
OSDI score 7.5(4.8) 4.0(3.5)
NITBUT (sec) 7.5 (3.3) 15.3(4.1)
TMH (mm) 0.15 (0.12) 0.27 (0.06)
PRT (mm) 25.0(9.5) 29.5(6.5)
TF grade 22(1.8) 0.5(1.5)
* : Statistically significant value at p<0.05.
OSDI  : Ocular surface disease index.
NITBUT : Non-invasive tear break-up

time. PRT: Phenol red thread.

TMH : Tear meniscusheight. TF : Tear ferning.

There were significant (Kolmogorov-Smirnov
test; p<0.05) intergroup differencesin these values.
The mean scores for the NITBUT and TMH tests
showed adry eye condition in the study group [7.5
(3.3) sand 0.15 (0.12) mm, respectively] and a
normal eye condition in the control group [ 15.3
(4.1) sand 0.27 (0.06) mm, respectively]. Similarly,
the average TF grade (p<0.05) indicated eye dryness
in the study group [2.2 (1.8)] and anormal eye
condition in the control group [0.5 (1.5)]. The TF
grades indicated eye drynessin 65% (n=13) of the
subjectsin the study group. The PRT test results
in the study and control groups showed an accept-
able tear volume [25.0 (9.5) and 29.5 (6.5) mm,
respectively). However, the tear volume was sig-
nificantly (p<0.05) lower in the study group than
that in the control group. The average OSDI value
in the study group indicated no dry eye symptoms
[7.5 (4.8)]. However, the OSDI average score
within the control group was significantly (p<0.05)
lower [4.0 (3.5)]. Representative TF images ob-
tained from a number of subjects within the study
group are shown in Fig. (1). The side-by-side
boxplots for the OSDI, NITBUT, TMH, PRT, and
TF scores the within study and control groups are
shown in Figs. (2-6), respectively.

The correlations (Mann-Whitney test; Pearson
correlation coefficient, r) among age, total choles-
terol, OSDI values, and the values obtained from
the NITBUT, TMH, PRT, and TF testsin the study
group are recorded in Table (2). Thetotal choles-
terol level showed a medium correlation with age
(r=0.473; p=0.035), a strong negative correlation
with the PRT results (r=—0.524; p=0.018), and a
strong correlation with the TF grades ( r=0.530;
p=0.016). The TMH values showed a medium
negative correlation with age (r=—0.458; p=0.043),
astrong negative correlation ( r=—0.521; p=0.018)
with the OSDI values, and strong correlations with
both the NITBUT (r=0.518; p=0.019), and PRT
measurements (r=0620; p=0.004).
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Table (2): The correlations among age, total cholesterol level, and OSDI, NITBUT, TMH, PRT, and TF
values within the study group (n=20).

Correlation Age Cholesterol OSDI NITBUT TMH PRT TF
Age:

r 1 0.473* 0.224 -0.135 —0.458* -0.342 0.281

p - 0.035 0.342 0.570 0.043 0.140 0.231
Cholesterol:

r 0.473* 1 0.042 -0.336 -0.385 —0.524* 0.530*

p 0.035 - 0.862 0.148 0.093 0.018 0.016
OSDI:

r 0.224 0.042 1 -0.401 —0.521* -0.297 -0.122

p 0.342 0.862 - 0.080 0.018 0.204 0.610
NITB UT:

r -0.135 -0.336 -0.401 1 0.518* 0.659** -0.219

p 0.570 0.148 0.080 - 0.019 0.002 0.353
TMH:

r —0.458* -0.385 -0.521* 0.518* 1 0.620** -0.061

p 0.043 0.093 0.018 0.019 - 0.004 0.798
PRT:

r -0.342 —0.524* -0.297 0.659** 0.620** 1 -0.149

0.140 0.018 0.204 0.002 0.004 - 0.531

TF:

r 0.281 0.530* -0.122 -0.219 -0.061 -0.149 1

p 0.231 0.016 0.610 0353 0.798 0.531 -

* The correlation is significant at the 0.05 level (2-tailed).
**The correlation is significant at the 0.01 level (2-tailed).
OSDI : Ocular surface disease index.

NITBUT: Non-invasive tear break-up time.

TMH: Tear meniscus height.

PRT : Phenol red thread.
TF : Tear ferning.

Fig. (1): Representative TF images from some subjects in the study group.
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Fig. (2): Side-by-side boxplots for the OSDI values (p<0.05).
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Fig. (4): Side-by-side boxplots for the TMH values (p<0.05).
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Fig. (6): Side-by-side boxplots for the TF grades (»<0.05).

Discussion

Dry eye disorder causes various ocular dis-
comfort symptoms. Disruption or dysfunction of
the meibomian gland can increase the stress on
the ocular surface and alter lipid secretion, leading
to symptoms of dryness [37] . Cholesterol plays
an important role in the properties and regulation
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Fig. (3): Side-by-side boxplots for the NITBUT scores
(p<0.05).
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Fig. (5): Side-by-side boxplots for the PRT values (p<0.05).

of phospholipid membranes [38]. The current study
assessed the volume and quality of tears in subjects
with high levels of total cholesterol. In addition,
the OSDI was used to assess the discomfort asso-
ciated with dry eye. The results indicated a link
between the total cholesterol level and eye dry-
ness, with both the quality and quantity of tears
being lower in the study group in comparison
with those in the control group. The OSDI and
the values from the other dry eye diagnostic tests
showed significant (Kolmogorov-Smirnov test;
p<0.05) differences between the study and control
groups.

A dry eye questionnaire survey (n=5627) con-
ducted in South Korea between 2010 and 2011
suggested a correlation between high cholesterol
levels and dry eye symptoms [39]. In that survey,
women with higher cholesterol levels were found
to be 1.8 times more likely to have dry eye symp-
toms in comparison with other subjects with lower
levels of cholesterol [39]. Women aged between 40
and 50 years may show disturbances in meibomian
gland secretion due to the changes in sex hormone
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levels [40] . Thus, postmenopausal and menopausal

women can experience dry eye symptoms as a
result of a shortagein tear secretion [41] . Another
study conducted on dry eye subjects (n=60) showed
asignificant (p<0.001) association between the
total cholesterol level and dry eye symptoms,

particularly in women [42] . The authors of that
study suggested that changes in cholesterol levels
alter thelipid content of the tear film, leading to
dry eye symptoms [42] . In addition, Taiwanese dry
eye subjects (n=12007) showed a higher prevalence
of hyperlipidemiathan non-dry eye subjects [43].
However, one study showed that serum total cho-
lesterol level was not significantly associated with
the incidence of dry eye symptoms [44] .

Inadequate lipid production due to dysfunction
of the meibomian gland can preclude proper lubri-
cation of the ocular surface, leading to dry eye
symptoms [42] . Indeed, strong associations (p<
0.001) have been reported between meibomian
gland dysfunction and the level of cholesterol, age,
and sex [45] . The reasons for the meibomian gland
dysfunction are not fully understood, but it could
be caused by obstruction of the gland or a change
in its composition [46] . Cholesterol esters were
found in the glands of patients diagnosed with
meibomian gland dysfunction [47] . In addition, the
secretions of dysfunctional meibomian glands were
found to be thick, with an altered viscosity [48,49].
An association was also found between high serum
cholesterol levels and primary open-angle glaucoma
in old adults (e40 years) [50] .

High levels of cholesterol can harm the retina,
vitreous, lens, and the optical nerve. The buildup
of cholesterol on the walls of eye blood vessels
leads to thick plague formation, thereby reducing
the rate of blood flow. The cholesterol buildup can
also lead to serious illnesses, among which eye
drynessis one of the least severe conditions. Nev-
ertheless, dry eye symptoms should be diagnosed
and treated as early as possible to avoid the resultant
serious complications [51] .

Limitations:

The study had some limitations, such as the
small, all-male patient population and the fact that
subjects were recruited from a single location in
Saudi Arabia. In addition, the subjects may have
been exposed to high ambient temperature and
humidity before taking part in the study, which
could have a confounding effect on the findings.
Therefore, future studies should aim to involve
larger samples that represent different geographical
locations and genders.

Conclusion:

Total cholesterol level has a significant effect
on the ocular tear film stability. It appears that
both tear quantity and quality decreased in subjects
with high total cholesterol levels. A high cholesterol
level leads to meibomian gland dysfunction and
results in disturbances in lipid production and the
supply of blood and oxygen to eye tissues, causing
dry eye symptoms.
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