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Qualitative assessment of the tear film in young adults
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Introduction. Studying the quality of the tear film in young adults, who are the
most active users of digital devices, is of extreme interest in clinical practice.
Purpose. To study the qualitative characteristics of the tear film of the eye in
young adults.

Materials and Methods. We examined 486 eyes of 243 people, aged from 18 to
30, on average (23 + 0.56). The Ocular Surface Disease Index was determined
and the tests were performed in each patient. In addition, interferometry, tear
meniscus and Non-invasive break-up time measurements were performed using
the SBM ICP Tearscope (Italy) and iPad Pro (the USA) devices.

Results. The examinees, aged 18-30, had the decreased tear film thickness,
characterized by a positive correlation between the interferometry data and the
tear production tests. The low (category I), moderate (category II), and high (111
category) probability of dry eye disease was found in 35% (168 eyes), 31% (152
eyes), and 13% (65 eyes) of the examined young adults, respectively.
Conclusions. Dry eye disease is a common chronic condition affecting the ocular
surface in 38-64% of young adults. The thickness of the tear film lipid layer was
decreased to 15 and 30-80 nm in 64% of cases; the tear meniscus was decreased
in 42% of cases, and the tear film break-up time reduced in 57% of cases. It was
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Introduction

Dry eye disease (DED) is a chronic disease which
affects millions of people worldwide. The incidence
of DED ranges from 5 to 50% [8]. Such a wide range
is due to the absence of the unified standard for DED
diagnosis [11, 13, 14, 9, 2]. DED is more often described
as a disease affecting older people [1]; however, the
latest findings of international studies have demonstrated
a demographic shift of DED [8]. This is facilitated by a
multi-screen lifestyle, contact lens wear, refractive surgery
complications, stress and other aspects which make the
youngsters potential patients of an ophthalmologist [5, 3,
7].

Besides, there are significant difficulties in assessing
the tear film, which make it complicated to study the
ocular surface. They include the compensation of
biological changes in the tear film composition by tear
hypersecretion and the effect of diagnostic dyes on the tear
break-up time, which lead to obtaining the false-positive
results in standard testing methods. One of the recent
methods to assess the quality and lipid layer thickness
(LLT) of the tear film is interferometry. Based on the
studies having assessed LLT in general population using
a LipiView II Ocular Surface Interferometre, the data for
interpretation have been determined as follows: more than

possible to estimate the probability of dry eye disease in 79% of cases.

70 nm as norm; 70 to 50 nm as mild DED; and less than
50 nm as severe DED [12, 16]. However, in the available
literature, there are no data on studying the qualitative state
of the tear film in young adults, who are the most working-
able users of digital gadgets, which gives the rationale for
conducting the research in this area.

Purpose. To study the quantitative characteristics of
the tear film in young adults.

Material and Methods

The study was conducted at Otorhinolaryngology
and Ophthalmology Department of Ukrainian Medical
Stomatological Academy, Poltava, Ukraine. The study
followed ethical and juridical principles according to
World Medical Association Declaration of Helsinki. The
exclusion group consisted of contact lens wearers, excimer-
laser corrected patients, patients with inflammation of the
eye and eyelid, and patients using any kind of eye drops.
The study was performed within the autumn and winter
period in a room with district heating; neither heaters nor
air conditioner were used additionally. The temperature

© Bezkorovaina I.M., Nakonechnyi D.O., Dun Fan Hui,
Bezkorovaina A.O., 2019

20



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2019 - Number 3 (488)

ranged from 20 to 23°C, averaging 21.47+0.61 °C; relative
humidity ranged within 45-60%, averaging 53+1.5.
The data obtained were recorded using a digital thermal
hygrometer (Beurer HM16, Germany), thrice a day.

486 eyes of 243 patients, aged from 18 to 30 with an
average of (23£0.56), were examined. Of them, there were
161 women (66%) and 82 men (345). To define the state of
the ocular surface, each examinee was asked to complete
the Ocular Surface Disease Index (OSDI) questionnaire,
recommended by TFOS International Dry Eye WorkShop
(DEWS 1I) [15]. The severity of symptoms was assessed
by comparing the number of all questions answered with
the sum of scores for all questions answered. The OSDI
was evaluated using a formula: OSDI=Dx25/E, where
D is the sum of scores for all questions answered, and
E is the number of questions answered. Afterwards, the
corresponding shade of red was matched to the key below
the chart to determine whether patient’s score indicated
normal, mild, moderate, or severe dry eye disease. Then,
each patient was performed interferometer measurements,
tear meniscus measurements, the non-invasive break-up
time (NIBUT) test using the devices SBM ICP Tearscope
(Italy) and iPad Pro (the USA). The lipid layer thickness
(LLT) was measured through analyzing interference
images by a color profile of the pre-ocular tear film in the
eyes blinking. The videos obtained were compared to the
classification installed in the device and including seven
short videos with different thicknesses of the tear film
lipid layer (160-120 nm; 80-120 nm; 80 nm; 30-80 nm;
30 nm; 15 nm; <15 nm). The tear meniscus was measured
using a high-power pre-shot image; result <0.22 mm was
considered as deviation from the norm. In the NIBUT
test, a special film was inserted into the interferometer
to form Placido rings. A patient was encouraged to blink
freely and, then, to stop blinking for as long as possible.
The Placido rings image was projected on the eye and its
deformation was monitored and video recorded. The time
between the last complete blink and the first indication of
pattern break-up and image deformation was measured.
The result > 10 s was considered as norm [10]. Video and
image records were observed in real time on the iPad Pro
screen using the ICP app by SBM Sistem and archived in
the MacBook Air file database. The data obtained were
interpreted by two independent experts at different time
and the mean value was calculated for every statistical
case. Also, lid-parallel conjunctival folds (LIPCOF) were
evaluated biomicroscopically in the area of inferior lateral
quadrant of the conjunctiva and basal tear production was
defined using the Schirmer II test, following the 0.5%
alcaine anesthesia.

The data obtained were statistically processed using the
STATISTICA 6.0 applied software package (StatSoft. Inc.,
the USA) and the EXEL descriptive statistics package.

Results

Low values of the OSDI, from 104 to 12.5 (an
average of 11.440.63), were noted in most young adults,
in 62% (151 persons), which was a characteristic of the

normal ocular surface; mild DED was noted in 22% (54
persons), corresponding to the OSDI = 13.9-22.7 (an
average of 16.8+£1.92); moderate DED was noted in 16%
(38 persons), corresponding to the OSDI = 25-31.3 (an
average of 16.8+1.92); no severe DED was noted.

The interferometry findings were different from the
subjective perception. Thus, most examinees, 64% (310
eyes), had LLT disorders. Significant changes in the
LLT was noted in 33% (218 eyes); of them, the LLT was
minimal, 15 nm, in 10% (46 eyes). the LLT was 30 nm
and 30-80 nm in 23% (112 eyes) and 31% (152 eyes),
respectively. Normal values of the LLT were in 36% (176
eyes); of them, the LLT was 80 nm and 80-120 nm in 22%
(109 eyes) and 14% (67 eyes), respectively (Fig. 1).

The tear meniscus height (TMH) measurements
characterized the changes in the aqueous and mucin layers
of the tear film. Thus, the TMH was <0.22 mm, an average
of 17£0.12 mm (Fig. 2) in 42% (203 eyes); >0.22-25 mm,
an average of 234+0.08 mm in 43% (211 eyes); and >0.25
mm, an average of 26.5£0.5 mm B 15% (72 eyes).

Tear film stability was assessed using the NIBUT
test. Thus, toxicological effects of dyes were excluded.
Tear film instability was noted in 57% (227 eyes). Thus,
NIBUT was <5 s, an average of 4.6+£0.06 s, in 13% (65
eyes); and <10 s, an average of 8.3+0.09 s, in 44% (212
eyes). Normal values of tear film stability were in 43%
(209 eyes); of them, <15 s, an average of 13.7£0.05 s, in
23% (114 eyes); <20 s, an average of 17.9+0.1 s, in 20%
(95 eyes).

Lid-parallel conjunctival folds (LIPCOF) were
evaluated biomicroscopically in the area of inferior lateral
quadrant of the conjunctiva. LIPCOF-0, LIPCOF-1,
LIPCOF-2 were revealed in 25% (123 eyes), 53% (259
eyes), and 21% (104 eyes), respectively; LIPCOF-3 was
not revealed. Basal tear production was defined using
the Schirmer II test, which showed disorders in 53% (259
eyes). Of them, the Schirmer II test values varied from 2 to
5 mm, averaging 4.13+0.02, in 16% (75 eyes) and from 6
to 10 mm, averaging 8.06+0.5, in 38% (184 eyes). Normal
values of the Schirmer II test, >10 mm, were revealed in
47% (227 eyes); of them, 38% (182 eyes) had the Schirmer
test value of 14+1.08, ranging from 10 to 15 mm, and 9%
(45 eyes) had the Schirmer test value more than 15 mm,
averaging 18+1.02.

The data obtained demonstrate a significant correlation
between the NIBUT, Schirmer and LLT tests (Table 1).
Thus, the LLT ranged from 15 to 120 pm, the time of
first deformation of the tear film was 3 to 20 s with an
average of 11.43£3.45, and the Schirmer test showed from
2 to 21 mm per 5 min with an average of 9.04+3.28. The
dependence between the above tests was positive and had
a strong significant correlation (Table 2), which indicates
that these tests can be used for qualitative assessment of
the ocular surface.

Based on the revealed correlation relationships, it was
possible to make an interferometric classification to predict
the occurrence of DED in young adults. According to the
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classification (Table 2), there are high rates of correlation
on two sides of the LLT assessment scale in the SBM ICP
Tearscope. When the LLT values were high, >80 nm in
36% (176 eyes), the NIBUT values were also increased
and the Schirmer test values were increased in 35% (168
eyes) of 36% (176 eyes). When the LLT values were low,
<80 nm in 64% (310 eyes), the NIBUT values were below
the normal ranges in 54% (264 eyes) of 64% (310 eyes)
and the Schirmer test values were below the norm in 52%
(251 eyes) of 64% (310 eyes). These clinical findings
are based on the tear film data obtained in young adults
as specified in Table 2. They correspond to the statistical
findings calculated from the whole set of data (Table 1).

In addition, our findings demonstrate a significant
correlation between the TMH values and the Schirmer test
(Table 3). Thus, TMH varied from 0.13 to 0.27 mm with
an average of 0.20+1.52 while the Schirmer test showed
2 to 21 mm per 5 minutes with an average of 9.04+3.28.
Correlation between the tests above was positive and had
a strong significant relationship (Table 3). When the TMH
values were within the normal ranges, i.e. >0.22-0.25 mm
in 43% (211 eyes), the Schirmer test was in norm in 37%
(178 eyes). When the TMH values were low, i.e. <0.22
mm in 42% (203 eyes), the Schirmer test showed the
decreased values in 42% (203 eyes). However, when the
TMH values were increased, i.e. >0.25 mm in 15% (72
eyes), the Schirmer test showed an increase in 9% (45
eyes) and a decrease in 6% (27 eyes), which could testify
to reflex tear flow or clinical insignificance of the values.

According to our interferometric classification, there is
low probability for DED symptoms (category I) to occur in
35 eyes (168 eyes) while moderate (category II) and high
(category III) probability of DED symptoms was noted,
respectively, in 31% (152 eyes) and 13% (65 eyes) of the
young adults examined. In 21% (101 eyes), it was not
possible to match the data obtained with the classification,
which once more gives the support to the fact that there
is no single standard for DED diagnosis. Thus, this study
showed that the tear film in young adults was characterized
by the decreased lipid layer thickness, shortened tear film
break-up time, decreased basal tear production, and the
decreased tear meniscus height. This testifies to insufficient
quality of the tear film in 44% (217 eyes) of the young
adults studied, which brings them at high risk of DED and
requires appropriate correction.

To conclude, firstly, dry eye disease is a common
chronic condition which affects the ocular surface of 38-
64% of young adults. Secondly, the examination of young
adults (18-30 y/0) showed a decrease in the tear film lipid
layer thickness to 15 and 30-80 nm in 64%, a decrease
in the tear meniscus height in 42%; and a shortening of
tear film break-up time in 57%. Thirdly, it was possible
to predict the probability of dry eye disease occurrence in
79%.
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Table 1. Correlation between the lipid layer thickness, non-invasive break-up time, and the Schirmer test lll in the young adults

Correlation parameters

Correlation coefficient

A level of significance

Schirmer Il test NIBUT 0.68 p<0.01
Schirmer Il test LLT 0.72 p<0.01
NIBUT LLT 0.76 p<0.01

Table 2. The classification of dry eye diseases probability based on the values of the lipid layer thickness and non-invasive
tear break-up time measurements, and the Schirmer test in the young adults

Categories NIBUT Schirmer Il test LLT
I 210 210 280
1 6-<10 6-<10 <80
M 0-<5 0-<5 <30

Notes: category | - low or null probability of DED; category Il — moderate probability of DED; category Il — high probability of

DED

Table 3. Correlation between the tear meniscus height and the Schirmer test Ill in the young adults

Correlation parameters

Correlation coefficient

A level of significance

TMH Schirmer Il test
<22 <10 0.69 p<0.01
22-25 10-15 0.63 p<0.01
>25 >15 0.51 p<0.05
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Fig. 1. Interferometry shows the lipid layer thickness of 80-120 nm
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Fig. 2. Meniscometry shows the tear meniscus height of 0.22 mm
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Fig. 3. Non-invasive break-up time. The first break and deformation of the Placido rings appeared in 4.5 s
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