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Purpose: The aim of the study was to assess the tear film in subjects with a high body mass
index (BMI).

Methods: Twenty male subjects aged 23-42 years (mean =+ standard deviation =31.3
+5.7 years) with a high BMI [median (interquartile range) =31.8 (5.2) kg/m?®] were recruited.
An age-matched control group of twenty male subjects aged 22—38 years with a normal BMI
[20.5 (2.8) kg/m?] also participated in the study.

Results: There were significant (Kolmogorov-Smirnov test; P<0.05) differences in the BMI,
non-invasive tear break-up time (NITBUT), and tear ferning (TF) scores between the study
and control groups. There were some differences in the ocular surface disease index (OSDI),
tear meniscus height (TMH), and phenol red thread (PRT) scores between the study and
control groups, but these differences were not significant (Kolmogorov-Smirnov test;
P>0.05). For the study group, the NITBUT and TF tests mean scores showed a dry eye
condition (8.5+2.8 s and 2.0+1.1, respectively). However, these two tests showed a normal
eye condition within the control group (14.742.8 s and 0.7+0.6, respectively). The TMH
score had strong correlations with the NITBUT (r=0.711; P=0.001) and PRT scores (+=0.566;
P=0.009) and strong negative correlations with age (=—0.503; P=0.024) and the OSDI
scores (r=—0.520; P=0.018). The TF score had a strong correlation with age (+=0.579;
P=0.007) and strong negtive correlations with the scores from the NITBUT (=0.525;
P=0.018), TMH (+=-0.575; P=0.008), and PRT (+=—0.773; P=0.001) tests.

Conclusion: The acquired data suggest a high BMI has an effect on the quality of tears. The
quality of tears seems to be lower in subjects with a high BMI compared with normal
subjects. On the other hand, the tear volume in subjects with a high BMI was just as high and
adequate as for normal eye subjects.

Keywords: body mass index, tear film, dry eye, tear ferning test, correlation, tear meniscus
height

Introduction

Ocular health is largely dependent on the tear film, as it acts as a surface in order to
refract light entering the eye, as well as moisturizing, and protecting the cornea.’ A
model has been proposed for the structure of the tear film that is composed of three
phases, namely, the mucin, aqueous, and lipid layers.” The mucin layer, secreted by
goblet cells, covers the ocular surface and lowers epithelial cells’ hydrophobicity.’
The aqueous layer, secreted by the Krause and Wolfring glands, lubricates the
cornea, provides the nutrients that are needed for the ocular surface, keeps the
osmolarity balanced, and acts as an antimicrobial barrier against microorganism
infections.® The lipid layer, secreted by the meibomian glands, reduces the evapora-
tion and overspill of tears.* However, the structure, dynamics, and function of the
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tear film is very complex in reality.” Tear film instability
results in several vision problems where dry eye syndrome
is common.®

Dry eye causes many uncomfortable symptoms that
affect the quality of life of around 20% of the global
population.” Therefore, eye dryness has to be managed
as early as possible." Dry eye symptoms are very common,
mainly due to dysfunction of the meibomian gland.” The
main cause of dry eye symptoms is an alteration in either
tear production or tear evaporation, or both. Several tests
can be used to assess the tear film in terms of the volume
and quality of tears. However, the correlations between
these tests are very limited and a combination of several
tests should be used to obtain more reliable results.® Tear
volume can be assessed by the use of phenol red thread
(PRT),” tear meniscus height (TMH),'® and tear evapora-
tion rate!! tests, for example. On the other hand, the
quality of tears can be assessed using non-invasive tear
break-up time (NITBUT),'? tear ferning (TF),"* and
osmolarity'* tests, for example. In addition, dry eye ques-
tionnaires (eg, the ocular surface disease index, OSDI) can
be used as a useful, quick, and efficient tool to detect the
discomfort associated with a dry eye condition.'

Obesity is becoming a major concern worldwide.'®
Body mass index (BMI), which is the ratio between weight
and height, can be used as a simple, efficient, and low-cost
tool to measure fitness.'’ A high BMI could be a risk
factor for various disorders such as type-2 diabetes,'®
coronary heart disease,'® hypertension,’ stroke,*' and pre-
mature mortality, as a result of sleep apnea.”” Several
factors (eg, culture)® are contributing to the increased
level of obesity, leading to a general health issue. It is
important to increase awareness about obesity and its
association with various illnesses.** In the current study,
the link between dry eye symptoms and BMI was investi-
gated using a combination of tests that can determine both
the quality and quantity of tears. To the best of our knowl-
edge, this study is the first to utilize the tear ferning test to
assess the tear film within subjects having a BMI.
Recently, various studies showed that TF tests along with
other dry diagnostic tests can be used efficiently to assess

the ocular tear film.2>%°

Materials and methods
Subjects

Twenty male subjects aged 23—42 years (mean + standard
deviation =31.3+5.7 years) with a high BMI [median

(interquartile range) =31.8 (5.2) kg/m?] were recruited. An
age-matched control group of twenty male subjects aged
22-38 years (30.24+4.9 years) with a normal BMI [20.5 (2.8)
kg/m?] also participated in the study. Subjects with thyroid
disorders, a high cholesterol level (above 4 mmol/L), vita-
min A and D deficiencies, hypertension, anaemia, diabetes,
who were smokers, who a history of ocular surgery, and
who wore contact lenses were excluded. The subjects were
tested at King Khalid Hospital, Riyadh between 9:30 and
11:30 am by the same examiner. Ethical approval was
obtained from the College of Applied Medical Science
Ethics Committee, King Saud University, and the subjects
were treated based on the Declaration of Helsinki.>® Written
informed consent was obtained from each subject before
conducting the study. The OSDI sheet was completed first,
followed by the NITBUT, TMH, PRT, and TF tests. The
tests were carried out on the right eye of each subject and a
10 min gap was allowed between the tests.

BMI

The subjects were classified based on their BMI scores as
underweight (15-19.9 Kg/m?), normal weight (20-24.9
Kg/m?), overweight (25-29.9 Kg/m?), first class obese
(30-34.9 Kg/m?), second class obese (35-39.9 Kg/m?), and
third class obese (>40).%'

OSDI

The OSDI sheet was completed by every subject and a
normal eye was defined for scores of less than 13."

NITBUT test

The NITBUT test was performed on an OCULUS
Keratograph® 4 (OCULUS Inc., Wetziar, Germany) using
fluorescein. Each subject was asked to refrain from blinking
while the tear film was being observed. 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 on the tear film. A normal eye was defined as having a

tear break-up time of more than 10 sec.*?

TMH test

The TMH test was performed on an OCULUS
Keratograph® 4 (OCULUS Inc., Wetziar, Germany). The
inferior TMH images were captured and measured (mm)
perpendicular to the lid margin at the central point relative
to the pupil center. A normal eye was defined when the

lower lid TMH was more than 0.2 mm.>>
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PRT test

Cotton thread (Zone-Quick, Showa Yakuhin Kako Co, Ltd.,
Tokyo, Japan) containing a pH indicator was used. A 3-mm
portion of thread was folded and inserted one-third of the
distance from the temporal canthus of the lower eyelid, with
the eye in the primary position. After 15 seconds, the thread
was removed and the red color portion was measured. A
normal eye was defined if the length of the red color portion

was more than 10 mm.’

TF test

A small tear sample (1 pL) was collected from the lower
meniscus of the eye using a glass capillary tube (10 pL)
purchased from Merck (Schnelldorf, Germany). The sam-
ple was dried for 10 min at 23 °C and a humidity of less
than 40%. An Olympus DP72 digital microscope (Tokyo,
Japan) was used to observe and capture the TF images
(magnification power of 10x). The TF patterns were
graded based on the five-point TF grading scale.**

Statistical analysis

The data were analyzed using version 22 of the SPSS soft-
ware (IBM, Armonk, NY, USA). A Spearman correlation
coefficient (r) was used to assess any association between
the data. The correlations were defined as weak (=0.10—
0.29), medium (+=0.30-0.49), or strong (+=0.50—1.00).*
The study group comprised twenty male subjects (31.3
+5.7 years) with a high BMI [31.8 (5.2) kg/mz]. The control
group comprised twenty male subjects (30.2+4.9 years)
with a normal BMI [20.5 (2.8) kg/m*]. The BMI data
were not normally distributed (Kolmogorov-Smirnov test;
P<0.05), and the average was represented by the median
(interquartile range). The data obtained from the OSDI
sheet, and all of the dry eye tests, were normally distributed
(Kolmogorov-Smirnov test; P>0.05) and the averages were
represented by the mean + standard deviation (SD).

Results
The average scores for the BMI, OSDI, NITBUT, TMH,
PRT, and TF measurements for the study and control
groups are shown in Table 1. There were significant
(Kolmogorov-Smirnov test; P<0.05) differences in the
BMI, NITBUT, and TF scores between the study and
control groups. There were some differences in the
OSDI, TMH, and PRT scores between the study and con-
trol groups, but the differences were not significant
P>0.05). For the

(Kolmogorov-Smirnov test; study

Table | Averages [mean * standard deviation or medians (inter-
quartile range)] for the OSDI, NITBUT, TMH, PRT, and TF

measurements within the study and control groups

Test Study group (n=20) Control group (n=20)
BMI (kg/m?)* | 31.8 (5.2) 20.5 (2.8)

OSDI score 7.8+2.7 5.4+25

NITBUT (s)* [ 8.5+2.8 14.7+2.8

TMH (mm) 0.21+0.08 0.27+0.05

PRT (mm) 29.8+5.3 29.3+£3.8

TF grade* 2.0£1.1 0.7£0.6

Note: *Statistically significant value at P<0.05.

Abbreviations: BMI, body mass index; OSDI, ocular surface disease index;
NITBUT, non-invasive tear break-up time; TMH, tear meniscus height; PRT, phenol
red thread; TF, tear ferning.

group, the NITBUT and TF tests’ mean scores showed a
dry eye condition (8.5£2.8 s and 2.0+1.1, respectively),
while these two tests showed a normal eye condition
within the control group (14.7+2.8 s and 0.7+0.6, respec-
tively). The NITBUT and TF tests showed eye dryness in
75% (n=15) and 40% (n=8) of the study group subjects,
respectively. For the study group, the average score for the
OSDI test showed a normal eye condition in a majority of
the subjects (n=19). In addition, the TMH and PRT scores
showed a normal eye condition (0.21+0.08 and 29.8
+5.3 mm, respectively). In fact, the PRT test showed a
normal eye condition in every subject within the study
group. Figure 1 shows representative TF images for
some of the subjects from the study group. Side-by-side
boxplots for the OSDI, NITBUT, TMH, PRT, and TF
scores within the study and control groups are shown in
Figures 2—6.

The correlations (Mann—Whitney test; Pearson corre-
lation coefficient, ) between age, BMI, the OSDI scores
and those obtained from the dry eye tests within the
study group are recorded in Table 2. The TMH score
had strong correlations with the NITBUT (+=0.711;
P=0.001) and PRT scores (+=0.566; P=0.009) and strong
negative correlations with age (+=—0.503; P=0.024) and
the OSDI scores (=—0.520; P=0.018). The TF score had
a strong correlation with age (»=0.579; P=0.007) and
strong negtive correlations with the scores from the
NITBUT (=0.525; P=0.018), TMH (r=0.575;
P=0.008), and PRT (+=-0.773; P=0.001) tests. The
OSDI score had a strong correlation (7=0.522; P=0.018)
with age and a medium negative correlation (=—0.489;
P=0.029) with the PRT score. No correlations were found
between BMI and age, or the OSD, NITBUT, TMH, PRT,
and TF scores.
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Figure | Representative TF images from the subjects within the study group.
Abbreviation: TF, tear ferning.
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Figure 2 Side-by-side boxplots for the OSDI scores within the study and control
groups.
Abbreviation: OSDI, ocular surface disease index.
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Figure 3 Side-by-side boxplots for the NITBUT scores within the study and
control groups.

Note: Statistically significant value at P<0.05.

Abbreviation: NITBU, non-invasive tear break-up time.

Discussion
The increasing BMI in adults worldwide has become a pan-

demic, as excessive body weight is prevalent in a number of
disorders and diseases. The number of deaths due to obesity is
increasing, while both quality and duration of life are
decreasing.*® Therefore, attention must be paid to reversing
obesity in order to reduce the risk of life-threatening illnesses.
The current study showed that subjects with a high BMI have a
significantly lower tear quality compared with those obtained
from normal eye subjects, as tested by the NITBUT and TF
tests. On the other hand, lower but adequate tear volumes were
observed in the study subjects compared with those obtained
from the normal eye subjects using the TMH and PRT tests. In
addition, the OSDI scores were higher for the study group
compared to those recorded for the control group, but both
indicated dry eye conditions. Several reports, including a case
control and several cross-sectional studies, were conducted to
test the link between BMI and dry eye syndrome based on dry
eye questionnaires.>” *' Those studies showed that there was
no association between dry eye symptoms and increased BMI.
Dry eye symptoms were more prevalent in men with a low
BMI, although a high BMI in women was a preventive factor.*!
In the current study, the TF test was used for the first time to
assess the tear film in subjects with a high BMI. The TF
patterns reflect the chemical composition of tears and are
very sensitive to any disturbance in tear film layers.

There was a significant increase in the level of serum
triglycerides and total cholesterol in South Indian subjects
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Figure 4 Side-by-side boxplots for the TMH scores within the study and control
groups.
Abbreviation: TMH, tear meniscus height.

36 T
32
28

24 l
20

16
12

PRT value (mm)

Study group Control group

Figure 5 Side-by-side boxplots for the PRT scores within the study and control
groups.

Abbreviation: PRT, phenol red thread.
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Figure 6 Side-by-side boxplots for the TF grades within the study and control
groups.

Note: Statistically significant value at P<0.05.

Abbreviation: TF, tear ferning.

(n=180) with a high BMI (>25 kg/m?).** A correlation
between an increased incidence of cardiovascular disease
and high BMI was reported as possibly being due to an
increased atherogenic index.**** The atherogenic index in
subjects with a high BMI was found to be related to hyper-
tension, insulin resistance, dyslipidemia, and diabetes.*> An

increased level of lipids in subjects with a high BMI could
have led to excessive fat in the visceral adipocytes that
release free fatty acids. As a result, triglycerides were
synthesized and their levels in the blood increased.*®

A study conducted on a large population (>40 years) to
test the association between mortality, BMI, and body fat
percentage suggested that increased mortality is indepen-
dently associated with a high body fat percentage and a
low BML*" The relationship between BMI and low den-
sity lipoproteins has an inverted U shape. The level of
low-density lipoproteins increases with BMI within a
range of less than 27 kg/m’ and becomes steady or

1.*® The results were consistent

decreases above this leve
among Spanish and US subjects, including black and
white individuals. Metabolic impairment due to metabolic
disorders or aging could have been the reasons for these
results.*®

A cross-sectional study conducted on 140 subjects
indicated that insulin resistance has strong correlations
with BMI, body weight, waist circumference, body fat
percentage, and visceral fat level.** Protein, carbohy-
drates, and fat are highly energetic nutrients. Excessive
intake of these nutrients could lead to obesity and,
therefore, a reduction in fat intake might have several
health benefits. Strong associations were found between
BMI and protein intake in women and carbohydrate
intake in men.”® BMI is a non-invasive tool and should
be used regularly to measure the body’s obesity to avoid
the health complications that are associated with being
overweight.

Limitation

There are some limitations associated with the current
study. First, the small sample size; second, the inclusion
of male subjects only; third, the environmental factors (eg,
high temperature, extreme humidity, and strong sunlight)
that the subjects might have experienced immediately
before participating in the study were not taken in con-
sideration. A more detailed study is still needed to take
into account these limitations and to establish the link
between a high BMI, eye dryness, and, in particular, the
quality of tears.

Conclusion

The acquired data suggest a high BMI has an effect on
the quality of tears. The quality of tears seemed to be
lower in the subjects with a high BMI compared with
the normal subjects. On the other hand, the tear volume
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Table 2 The correlation between age, and the BMI, OSDI, NITBUT, TMH, PRT, and TF

scores within the study group (n=20)

Correlation Age BMI osDI NITBUT TMH PRT TF
Age

r | 0.376 0.522% -0.410 -0.503* -0.280 0.579%*

P — 0.102 0.018 0.071 0.024 0.232 0.007
BMI

r 0.376 | 0.165 -0.187 -0.412 -0.220 0.284

P 0.102 — 0.488 0.431 0.071 0.352 0.224
OsDI

r 0.522% 0.165 | -0.319 -0.520%* —0.489%* 0.387

P 0.018 0.488 — 0.170 0.018 0.029 0.092
NITBUT

r -0.410 -0.187 -0.319 | 0.71 1** 0.384 —-0.525%

P 0.071 0.431 0.170 — 0.001 0.095 0.018
TMH

r -0.503* -0.412 —-0.520% 0.71 I** | 0.566** —0.575%*

P 0.024 0.071 0.108 0.001 — 0.009 0.008
PRT

r -0.280 -0.220 —0.489* 0.384 0.566** | —0.773%*

P 0.232 0.352 0.029 0.095 0.009 — 0.001
TF

r 0.579** 0.284 0.387 —-0.525% —0.575%* —0.773%* |

P 0.007 0.224 0.092 0.018 0.008 0.001 —

Note: *The correlation is significant at the 0.05 level (2-tailed); ** The correlation is significant at the 0.01 level (2-tailed).
Abbreviations: r, Pearson’s correlation coefficient; P, significance (2-tailed); BMI, body mass index; OSDI, ocular surface disease index; NITBUT, non-invasive tear break-up

time; TMH, tear meniscus height; PRT, phenol red thread; TF, tear ferning.

in the subjects with a high BMI was as high and ade-
quate as for the normal eye subjects.

Abbreviations

BMI, body mass index; OSDI, ocular surface disease
index; NITBUT, non-invasive tear break-up time; TMH,
tear meniscus height; PRT, phenol red thread; TF, tear
ferning; IQR, interquartile range; SD, standard deviation;
r, Spearman correlation coefficient.
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