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Association between dry eye symptoms and signs
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Abstract
Purpose: To evaluate the association between subjective dry eye symptoms and the results of the clinical examinations.
Methods: The study was a clinical-based survey involving 215 first-year students selected consecutively during a regular ocular health ex-
amination at the University of Cape Coast Optometry Clinic. The data collection process spanned for a period of four months. Out of the 215
students, 212 returned their completed questionnaires and were subsequently included in the study. Dry eye tests including meibomian gland
assessment, tear break up time, fluorescein staining, Schirmer test, and blink rate assessment, were performed on each subject after completion
of the Ocular Surface Disease Index (OSDI) questionnaire. ShapiroeWilk test was used to determine the normality of the clinical tests, and
Spearman's correlations co-efficient was used to determine the correlations between the clinical test results and dry eye symptoms.
Results: Statistically significant associations were found between OSDI scores and blink rate (rs ¼ 0.140; P < 0.042), and associations between
OSDI scores and contrast sensitivity scores (rs ¼ 0.263; P < 0001). However, the results of corneal staining (rs ¼ �0.006; P < 0.926), Schirmer
test (rs ¼ �0.033; P ¼ 0.628), tear break up time (rs ¼ �0.121; P < 0.078), meibomian gland expressibility (rs ¼ 0.093; P < 0.180), and
meibomian gland quality (rs ¼ 0.080; P < 0.244) showed no significant association with OSDI. The correlation coefficients range from �0.006
to 0.263 showed low to moderate correlation between dry eye symptoms and the results of clinical test.
Conclusion: Associations between dry eye symptoms and clinical examinations are low and inconsistent, which may have implications for the
diagnoses and treatment of dry eye disease.
Copyright © 2018, Iranian Society of Ophthalmology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Dry eye is a multifactorial disease of the tears and ocular
surface that results in symptoms of discomfort, visual distur-
bance, and tear film instability with potential damage to the
ocular surface. It is accompanied by an increase in tear film
osmolarity and ocular surface inflammation.1,2
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It is estimated that approximately 3.2 million females and
1.7 million males of age fifty years (50) and older to have dry
eye disease in America.3 In Nigeria, the prevalence of dry eye
disease was found to be 19.2% and significantly associated
with age.4 In Ghana, the prevalence of symptomatic dry eye
among Ghanaian undergraduate students was found to be
44.3%.5 Available data on the cases of dry eye medication has
been on the rise from 1.22 million people in 1991 to 1.98
million people in 1998 representing an increase of approxi-
mately 57.4% within this period.6 Furthermore, the situation is
not different today, and cases of dry eye disease are on the
rise.7 This upsurge in dry eye cases has thus made it a point of
concern for researchers.

According to the International Dry Eye WorkShop (DEWS)
Report,1 a major stumbling block in the diagnosis of dry eye
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disease has been the reported lack of association between the
ocular symptoms experienced by patients and the results of
selected clinical tests for dry eye. The most common ocular
symptoms of dry eye are feelings of dryness, grittiness or
foreign body sensation, and burning sensation. Other reported
cases of dry eye have had symptomatology of stringy discharge,
transient blurring of vision, redness, and crusting of lids.8 Dry
eye tests are meant to confirm and quantify the diagnosis of dry
eye. The reliability of these tests proves the disease and its
severity.8 However, studies on the association between dry eye
symptoms and dry eye clinical test have been equivocal as some
found no correlations between dry eye symptoms and test re-
sults,9 and others found insignificant correlations between dry
eye symptoms and the results of clinical test.10 All the studies on
this subject as reviewed by Bartlett et al. have been done in
USA/Canada, South America, Europe, Asia, and jointly in
USA/Europe. The other studies involving Africans were con-
ducted in Nigeria, and findings from these previous studies
remain conflicting and were conducted in the older gen-
eration.3,11e15 This study sought to assess the association be-
tween dry eye symptoms and clinical examinations among a
young African clinical sample.

Methods

This study was a clinic-based survey. Questionnaires were
handed out to consecutive participants to retrieve information
on dry symptoms and dry eye symptom severity. These
symptoms were verified by the performance of dry eye tests.
This study involved first-year students of the University of
Cape Coast. Subjects were included in the study if they were
capable of completing the questionnaires, were non-contact
lens wearers, and were previously not on any dry eye medi-
cation. Consent was obtained from all of the participants
before the commencement of the study. The study was
approved by the Institutional Review Board of the University
of Cape Coast with ethical clearance number UCCIRB/CHAS/
2017/04.

The data collection process was performed in two major
phases. The first process involved provision of questionnaires
to the study participants to be completed and returned on an
agreed date. The Ocular Surface Disease Index (OSDI) was
used in this study.16

Phase two involved the performance of dry eye tests on the
participants who had completed the questionnaires, to confirm
or not the existence of dry eye. This stagewas solely done in the
clinic. These tests were non-invasive examinations causing no
harm to the participants. The examination involved the perfor-
mance of six dry eye assessment techniques on each patient.

Participants were asked to read the letters from the visual
acuity chart within a period of 60 s. The number of blinks
within this period was then noted either by observation or by
video recording. In order to eliminate the effect of visual
crowding, the logMAR chart was used in addition to the
benefit of providing enough lettering to be read off during the
stipulated time frame. All refractive errors were corrected
before the reading of the letters.
Contrast sensitivity of the participants was determined
using the Macushield contrast sensitivity chart (MacuVision
Europe Limited, UK). The chart contained different shapes of
different contrasts, and participants were asked to identify the
faintest of the shapes. Each of the shapes had a label attached
which was used to determine the contrast sensitivity of the
participant (1e3 poor, 4e6 moderate, and 7e10 normal).

The tip of a wetted (with a single drop of normal saline)
fluorescein strip was gently applied into the inferior cul-de-
sac. The time from normal blinking to the first occurrence of
a dark spot in the tear film was determined using a stopwatch
as the timer. The test was repeated three times, and the average
of the three measurements was recorded as the break up time.

Following the measured tear break up time, corneal staining
was graded using the Modified Oxford Grading Scales (0-
absent i.e. no staining; 1- minimal i.e. dot count per sector of
up to 10; 2- mild i.e. dot count per sector up to 32; 3- moderate
i.e. dot count per sector up to 100; 4- marked i.e. dot count per
sector up to 316; 5- severe i.e. count per sector greater than
316) under cobalt blue filter.

Meibomian gland expressibility was done by applying the
required pressure using the lid expresser. The central 8 glands
of the lower lid and the number of glands yielding lipid
secretion were observed under the slit-lamp biomicroscope
and graded as follows: (0) all glands expressible (normal), (1)
3e4 glands expressible, (2) 1e2 glands expressible, and (3) no
glands expressible.17

The quality of expressed oil was considered for clarity and
viscosity, and graded as follows: (0) clear (normal), (1) cloudy,
(2) cloudy with particles, and (3) inspissated (gel-like). The
highest score for any of the expressed glands was designated
as the quality score.17

OSDI was used to diagnose dry eye symptomatology. The
OSDI is a proficient means of diagnosing dry eye symptom-
atology based on the subject responses. Each response is then
scored on a scale, summing up to an OSDI score ranging from
0 to 100. The twelve questions on the OSDI questionnaire
were scored on a scale of 0e4: (0) none of the time, (1) some
of the time, (2) half of the time, (3) most of the time, and (4)
all of the time. The total OSDI score was computed for each
subject based on the formula: the sum of scores of all items
answered multiplied by twenty-five divided by the total
number of items answered.16

All analyses were performed using the SPSS 21 statistical
package. For 95% confidence level, P < 0.05 was considered
statistically significant. The mean values of the clinical test
scores were also determined. ShapiroeWilk test was used to
determine the normality of the clinical tests, and Spearman's
correlations co-efficient (rs) was used to determine the corre-
lations between the clinical test results and dry eye symptoms.

Results

Out of the 215 first-year students who accepted the ques-
tionnaires, 212 successfully completed and returned the
questionnaires. All 212 (100%) indicated their gender; 107
(50.5%) were female, and 105 (49.5%) were male. The



Table 2

Relationship between clinical test results and Ocular Surface Disease Index

(OSDI) scores.

N rS P-value Significance

Oxford grading scale 212 �0.006 0.926 No Sig

Schirmer test 212 �0.036 0.628 No Sig

Tear break up time 212 �0.121 0.078 No Sig

Blink rate 211 �0.140 0.042 Sig

Meibum expressibility 211 0.093 0.180 No Sig

Meibum quality 212 �0.080 0.244 No Sig

Contrast sensitivity 212 �0.263 0.001 Sig

OSDI scores 212 1.000

Correlation is significant at 0.05 level (2-tailed). Sig: Significance, No Sig: No

significance, N ¼ Total number of participants, OSDI: Ocular Surface Disease

Index.
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mean age ± standard deviation was 22.5455 ± 6.599. The
mean age of the females and males was 22.16 ± 4.93 and
21.7 ± 2.884, respectively. All 212 had their eyes tested
clinically for dry eye (Table 1). The OSDI scores were then
compared to the results from the clinical tests performed. The
mean OSDI score from Table 1 shows that on average, the 212
participants had mild to moderate dry eye disease (if the
classification is based on patient symptomatology without the
performance of the clinical tests). The mean blink rate of the
participants (9.171 ± 6.5076) was lower than the normal blink
rate of 10 blinks per minute (Table 1). The mean tear break up
time (6.774 ± 2.514) was also lower than the expected 10 s.8

The mean Schirmer test results [(19.364 ± 11.550); was within
the expected normal range of 10 mme35 mm and the mean
contrast sensitivity scores (8.594 ± 1.685)] were also within
the high contrast sensitivity range of 7e10 using the Macus
Shield contrast sensitivity chart. Finally, the corneal staining
test results (using the Oxford grading scale) showed that most
of the participants had the dry eye disease (4.995 ± 2.780).

Table 2 also describes the relationship between the clinical
test results and the OSDI scores of the subjects. The Spear-
man's correlation coefficient, (rs) describes the correlation
between the clinical test results and the OSDI scores. The
negative correlation coefficient describes a negative correla-
tion between clinical test results and the OSDI scores. This
was observed in relationships between tear break up time,
Schirmer test, and Oxford grading scale. This negative cor-
relation between tear break up time and the OSDI scores
meant that whilst the tear break up time results increased or
became better, the OSDI scores decreased or showed less dry
eye symptoms. The correlation coefficient between Schirmer
test results and the OSDI scores meant that whiles the
Schirmer test results increased or became better, the OSDI
scores decreased or revealed fewer symptoms.

Positive correlation coefficients were observed for the other
clinical tests other than the above two. The positive correlation
coefficients meant that as the results from the clinical tests
increased, the OSDI scores also increased, and signifying dry
eye symptomatology.

Statistical significance was obtained for only two (Blink
rate and contrast sensitivity), out of the seven clinical tests
performed.
Table 1

Summary of clinical tests and Ocular Surface Disease Index (OSDI) scores.

N Mean Standard

deviation (SD)

Range

Age of subject 211 21.88 3.77 17e35

The blink rate of participant 211 9.17 6.51 1e33
Tear break up time 212 6.77 2.51 1e21

Schirmer test 212 19.36 11.55 1e35

Contrast sensitivity 212 8.59 1.68 0e10

Meibum quality 211 0.92 3.08 0e24
Meibum expressibility 212 0.37 0.89 0e3

Oxford grading scale 212 4.99 2.78 0e12

OSDI score 212 59.62 21.8 0e100

OSDI: Ocular Surface Disease Index.
Discussion

To the best of our knowledge, studies on the associations
between dry eye clinical test results and dry eye symptoms
among a youthful population are non-existent in Ghana and
Africa at large. The various dry eye clinical tests are less than
perfect in the diagnoses of dry eye.18 Clinician's inability to
sufficiently link dry eye symptoms with dry eye clinical results
has been the reason for the difficulties in diagnosing dry eye.1

Bartlett et al. reviewed the literature on the association be-
tween dry eye symptoms and signs and found low to moderate
correlation.19 The difference between Bartlett's findings and
this study was that, unlike Bartlett's review that rather
compared results from 75 other studies, this study was con-
ducted independently among a youthful population and ob-
tained a low correlation between signs and symptoms of dry
eye. A poor correlation was also observed between some of
the dry eye test results and the symptoms. This was consistent
with the results obtained by Nichols et al.10 However, unlike
Nichol et al. who rather utilized 75 participants, this study
used 212 participants. This study also had an entry criterion
before the clinical tests were performed, unlike Nichol's study.
The majority of studies have observed no significant correla-
tions between dry eye tests and dry eye symptoms.10 This
study had only two significant correlations between the dry
eye signs and symptoms. Dry eye patients spend more time
with their eyes closed than normal patients.20 Blink rate was
significantly related to the OSDI scores of the subjects. The
correlation coefficient meant that as the blink rate scores
increased the OSDI scores of the participants also decreased.
In other words, low blink rates meant more susceptibility to
dry eye symptoms. This finding was not consistent with
several studies on the association between blink rate and dry
eye symptoms.21

In dry eye, low contrast sensitivity will result from a central
superficial punctate keratitis (SPK).22 This implies that severe
states of dry eye will cause a reduction in contrast sensitivity.22

Most dry eye patients will achieve a better corrected visual
function23; however, low visual function may be difficult to
ascertain using conventional visual acuity methods, hence the
need for contrast sensitivity tests.22 The results obtained
revealed a significant correlation between the contrast
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sensitivity scores of the subjects and the OSDI scores. The
correlation coefficient also revealed that the contrast sensi-
tivity scores were negatively correlated with the OSDI scores.
This meant that as the contrast sensitivity scores increased, the
OSDI scores also decreased. This was consistent with the
findings of Koh et al.22

As there is no gold standard in diagnosing dry eye,24 Ox-
ford grading scores are appropriate for as a reference values
for dry eye severity.1 There was no significant correlation
between the Oxford grading scale scores and the OSDI scores.
The results obtained meant that as the patient's dry eye
symptoms improve, the Oxford grading scale provided results
show that the condition was worsening but this correlation was
not statistically significant. This finding was inconsistent with
other findings which suggested the use of corneal staining in
detecting dry eye severity.25

The Schirmer test is the most commonly used test to
evaluate aqueous tear production.26 The results obtained from
the Schirmer test results reveal that there is no association
between Schirmer test results and the OSDI scores this is
consistent with findings of by Onwubiko and colleagues.13

However, the Spearman's correlation coefficient interprets a
relationship whereby as the Schirmer test results increases or
becomes better, the OSDI scores of the patient also become
better.1

An unstable tear film is the most common sign of dry eye
proven by tear break up time being the most common dry eye
test performed in the clinic.27 There was no significant rela-
tionship between tear break up time and the OSDI scores.
However, the correlation coefficient revealed that as the scores
from the tear break up time increased or improved, the results
from the OSDI scores also decreased or became better. This
was consistent with several studies assessing the role of tear
break up time in diagnosing dry eye.28

Meibomian gland dysfunction is clinically significant in the
diagnoses of dry eye.7 Meibum quality scores and meibomian
gland secretion scores were not significantly correlated to
OSDI scores. The Meibum quality and OSDI scores were
positively correlated, in that as the Meibum quality scores
increased, the OSDI scores also increased. This meant that as
the Meibum quality of the participants worsened, the symp-
toms of a dry eye also worsened.29 Meibum expressibility and
OSDI scores were positively correlated. What it meant was
that as the Meibum expressibility scores increased, the OSDI
scores also increased. In summary, this study shows that there
is a low and inconsistent association between dry eye symp-
toms and dry eye clinical tests among a youthful clinical
sample, this implies that utilizing clinical tests alone in the
diagnosis of dry may be problematic. Therefore, diagnosis of a
dry eye should be focused on symptoms assessment along with
the clinical test results.
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