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Silicone Hydrogel Contact Lenses (SiH CL) provides better comfort when compared with hydrogel contact lenses. But the signs
that show up in wearers with reduced comfort are unclear. Thus, we aimed to study the association between symptoms and clinical
signs of dry eye in SiH CL wearers. Forty-eight SiH CL wearers (mean age: 28.8 = 5.0 years) underwent ocular assessments with and
without contact lens, and completed Contact Lens Dry Eye questionnaire-8 (CLDEQ-8). Contact-lens related dryness was reported
by 52.1% (n=25) subjects. A significant (p<0.01) Spearman’s correlation was found between CLDEQ-8 score and pre-lens tear film
non-invasive tear break-up time (r=-0.80), pre-ocular tear film non-invasive tear break-up time (r=-0.78), invasive tear break-up time
(-0.87), and Schirmer test (r=-0.83). In conclusion, for comfortable SiH CL usage, a healthy tear film is essential, and a thorough

clinical evaluation may be beneficial in alleviating discomfort.

CLDEQ-8, DRY EYE, SIGNS, SILICONE HYDROGEL, SYMPTOMS.

Dry eye is an ocular surface disorder that is caused by a
loss of homeostasis in the tear film. This causes instability
in the tear film and inflammation or damage to the ocular
surface (Craig et al. 2017). Dry eye disease affects between
5% and 50% of people worldwide (Stapleton et al. 2017).
In India, the number of people with dry eyes ranges from
15.4% to 45.4% (Rege et al. 2013; Chatterjee et al. 2021).
Age, female gender, Asian ethnicity, contact lens use,
environment, drugs, and hormonal imbalances have all been
identified as risk factors for dry eye (Wolffsohn et al. 2021).
One of the modifiable risk factors for dry eye is contact
lens wear. Dryness symptoms are common among contact
lens wearers; however, Silicone Hydrogel Contact Lenses
(SiH CL) have improved comfort and decreased dryness
symptoms as compared to Hydrogel Soft Contact Lenses
(Cummings et al. 2020; Wang et al. 2021).

Earlier studies have suggested that contact lens dryness
may be caused by various factors, including environmental
surroundings, patient-related factors, lens materials and care
products, necessitating the use of effective management
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strategies (Fernandez-Jimenez et al. 2021). Hence, when a
SiH CL wearer complains of dryness, it may be due to dry
eyes or any of the reasons mentioned above. It is important
to figure out what is causing the dryness in the first place.
The correlation between signs and symptoms in dry eye
patients has been investigated, but not exclusively in SiH
CL wearers. The relationship between dry eye symptoms and
signs is not linear and varies depending on the type of dry eye
disease (Young et al. 2012; Sullivan et al. 2014). However,
there is limited understanding about the relationship between
the dryness symptoms associated with SiH CL and clinical
signs of dry eye. To the best of our knowledge no such
study has been done in India. Hence the current study was
focused solely on SiH CL to find the association between
symptoms and clinical signs of dry eye in SiH CL wearers
(Fernandez-Jimenez et al. 2021).

By convenient sampling, 48 SiH CL wearers (mean = SD
age: 28.8 + 5.0 years, between 18 - 39 years) were recruited
from a Hospital in Chennai, India. Subjects were recruited
if they were under the age of 40, had been using SiH CL for
at least one year on a monthly or biweekly basis, and could
understand English. Subjects with any form of contact lens-
related complication (except dry eye related complications
like conjunctival congestion and staining, filamentary
keratitis, mucus clumping, and tear debris); past ocular
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surgery, lid abnormality, Sjogren's syndrome, hormonal
imbalance, facial nerve palsy, and under medications like
anticholinergic effects, anti-histamines, anti-depressants,
anti-psychotics, and diuretics, were excluded from the
study. The study followed the protocols recommended by
the tenets of the Declaration of Helsinki and the methods
were approved by the Institutional Review Board and
Institutional Ethical Committee of Sri Jayendra Saraswathi
Institute of Optometry, number SISIO/2016/EC/2015/06/07,
and informed consents were obtained.

The subjects completed an interviewer-administered
questionnaire regarding their personal details, computer
usage, contact lens history, systemic & ocular history. Later
the subjects underwent an eye examination including visual
acuity, objective and subjective refraction, pupil test, cover
test, extraocular motility assessment, slit lamp assessment,
and retinal examination. To ensure standardization, all of the
following tests were performed in the order mentioned. Pre-
Lens Tear Film — Non-Invasive Tear Break-up Time (PLTF-
NITBUT), contact lens centration and corneal coverage,
contact lens post blink movement, contact lens overall
fit, grading of palpebral, limbal & bulbar hyperaemia,
meibomian glands, and white spots along with film deposits
in contact lenses were all measured while the lens was in
place (Fernandez-Jimenez et al. 2021).

Pre-Ocular Tear Film - Non-Invasive Tear Break-up Time
(POTF-NITBUT), tear prism height, Invasive Tear Break-
up Time (ITBUT), corneal fluorescein staining (severity
and area), conjunctival lens edge staining, blinks/minute,
Schirmer test without topical anesthesia were performed
after 15 minutes, which was given to re-distribute tear
film, after contact lens removal. The flowchart of the
methodology is illustrated in Figure 1. The grading of the
contact lens and dry eye, its classification, was done in
accordance by Young et al. study guidelines, which can
be found in Appendix and Table 1 respectively (Young
et al. 2012). The Contact Lens Dry Eye Questionnaire -
8 (CLDEQ-8) was then administered to all the subjects
(Chalmers et al. 2012).

The cumulative CLDEQ-8 score for all subjects was
calculated, and if it was less than 12, it was classified as
non-contact lens-related dryness, otherwise as contact lens-
related dryness. Spearman’s Correlation analysis was done
to test the correlation between CLDEQ-8 score and variables
like computer usage (hours), years of lens wear (n), contact
lens (hours/day), comfortable contact lens wear (hours/
day), PLTF-NITBUT (sec), POTF-NITBUT (sec), invasive
TBUT (sec), Schirmer test (mm). Logistic regression
was carried out to investigate the relationship between
PLTF-NITBUT (sec), POTF-NITBUT (sec), ITBUT (sec),
Schirmer test (mm), corneal staining grade, and symptoms
of dryness (Fernandez-Jimenez et al. 2021).

RESULTS AND DISCUSSION

The percentage of female subjects in the study was 65%
(n=31). Best corrected monocular visual acuity of 6/6
and 6/9 was noted in 89.6 % (n=43) and 10.4 % (n=5) of
subjects, respectively. Of the 48 subjects, 41 (70 %) used

monthly disposable lenses and the remainder used biweekly
disposable lenses. There was a moderate association found
between contact lens materials and symptoms of dryness
(Cramer’s V = 0.55, p <0.01). Table 1 shows the number
of subjects in each diagnostic category of dry eye. There
were 47.9 % (n=23) and 52.1 % (n=25) of subjects with non-
contact lens related dryness and contact lens related dryness,
respectively. Table 2 summarises the distribution of the 48
subjects in non-contact lens related dryness and contact
lens related dryness according to contact lens wearing time
(hours/day), duration of comfortable contact lens wearing
time (hours/day), and the clinical findings. Table 3 illustrates
the distribution of non-contact lens related and contact
lens related dryness symptoms in subjects based on the
contact lens materials, and dry eye signs. The Spearman's
correlation coefficient (rs) and p value for each factor tested
with the CLDEQ-8 Score are shown in Table 4. A strong
negative correlation was found between the CLDEQ-8 score
and factors like PLTF-NITBUT, POTF-NITBUT, ITBUT,
and Schirmer test, which was statistically significant (p<
0.01). A minimal correlation (p< 0.01) was found between
contact lens wear (hours/day), and comfortable contact lens
wear (hours/day).

Figure 1: Methodology of the study
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Logistic regression was run to determine the effect of dry
eye symptoms on the probability of contact lens wearers
reporting symptoms of dry eye. The model had five
independent variables (PLTF-NITBUT, POTF-NITBUT,
ITBUT, Schirmer Test, and Corneal Staining-Severity). The
model containing all predictors was statistically significant,
[12 (5, n=48) = 44.59, p<0.05, indicating that the model
was able to discriminate between subjects with and without
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dryness. The model showed between 60.5% (Cox and Snell
R square) and 80.7% (Nagelkerke R squared) of the variance
in dryness symptoms, and correctly identified 93.8% of the
subjects. In Table 5, only the PLTF-NITBUT variable had a
statistically significant contribution to the model, indicating
that for every additional second of PLTF-NITBUT, subjects
were 0.29 times less likely to report having complaint of the
dryness, controlling for other factors in the model.

Table 1. Criteria for classification of diagnostic groups of dry eye. Number of subjects in each diagnostic group
among contact lens and non-contact lens related dryness

Mo corneal staining or no reduced Schirmer’s.
MNo dry eve sipns Mot consider=d: if low non-nvasive ear-brealc up 20 7
hme or low Ear memsens haght
Low Schimmer’s value or low tear memizcus
Agueous tear deficient - G
height with comaal dasiceation staining
Bizns of meibomian gland dyvsfunction with low
Meibomian Gland Dysfencion | non-imvasive tear-brealc up fme or comsal - &
Low non-nvasive tear-break vp time or low
Soft contactlens induced tsar imazive tzar brealeup time (with or without
-
instability comaal desiceation staining) but no other signs of : -
dry ave
Contactlens poor fitor Mo sizns of DE with poor contact lens fitor lens
deposits deposits : :
Table 2. Contact lens wearer details and clinical findings
Non-Contact lens Contact lens
related Drymess rdated drimess s
wales
dedian hiintvax hedian hin-dvax
Years of lere wear (n} 8 2-13 s 6-13 .92
Contact Lens weaar par day () 11 6-16 13 4-15 =001
Comiortable Contact Lens wear per day (h) 10 6-16 10 6-15 0.37
Blinks per mmimmt= (0} 12 12-15 12 11-14 015
Pre-lens tear film non-mvasive TBUT (s} 20 1721 15 1221 =005
Pos tlene tear film non-measive TBUTT (=) 20 14.20 14 1320 =0.05
Invasive TBUT (s} 17 1420 13 10-17 =005
Schirmer’s test {mm) 18 1320 13 3-20 =03
Madian mimnmm and maxinmmof yvears of lens wear (mumbar), Contart lans wear per dayw thours ), comfortable ContactLens wear per
dav (hovs), blinls per mimte (mumber), Predens Tear Film non-imvasive tzar brasle upe time (IBUT) {(s=conds), POTEF non-imvasive tear
break vp bme (IBUT) (s=cond s}, mvasive Ear break vp ims (saconds), Schimmer’s tast (mm) amons contact lens related drvnesss and
non-contact lens =laked domeass zroup.
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Table 3. Number (percentage) of subjects with non-contact
lens-related and contact lens-related dryness

MNon-Contact Lane relat=d dovnsss Contact Lansz r=laed domass
Tmbear (92) Iuomber (72)
Contact L ans Matarial
Balafilcon 3@ 19 (76)
Lotmikon 12 (32} 3(12)
Sanofikon SRH 2(8)
Comifilcon 1(H 1(H
Limbal & Bulbar Hyperemia
Nonz 16 (70) 7(28)
Tracs 730 13 (32)
Nild - 5200
Palpehral Hyperemia
None 14 (61}
Tracs 5 39)
il - 3(12)
Cornpeal Staining — Severity
MNons 936
Micmpunctats 16 (54
PrelensT ear Film — Nondovasive TBUT
Normal (15 5} 23 (100 14 (36)
Bzlow normal - 11 (44)
PreOcular T ear Film — Non Invasive TBUT
Normal (15 5) 22 (36) 12 (48)
Below Normal 1{H 13 (32)
Inv asive TBUT
Noemal (210 5) 23 (100) 25 (100}
Meihomian Gland Dysfuncbon
g P | 22 (96 12048
Grzasy Fluid Expellad 14 13(52)
T ear Menisous Haisht
Shallow = 7(28)
Ascaptable 3(13) 14 (56)
Optismal 20(87) 4(16)

Number (percentaze) of subjects with non-contact lens related and contact lens related dryness among types of
Contact lens materials, imbal & bulbar hyperemia. palpebral hyperemia, and comeal stainins, pre lens tear
film non-trasive tear break up time (IBUT), pre ocular tear film non-dnvasive tear break up time, invasive
tear break-up time

Table 4. Spearman’s correlation coefficient values between CLDEQ-8 scores and factors

Factors vs CLDEQ-8 Score r, {p}

Compuer usazs (h)

Yaars of lens waar (n)

CL wearpar dav (h) 037 (<001
Comfortable CL wearpar day (h) 037 (=0.01)
Pre-lans 2ar film non-invasivs t2ar braak up tims (z) 0 B0 (=0 .01)
Pre-ocular tear film non-invasive tear film break vp time (3) 0. TR (=0.01)

Invasive 2ar beeak up time (2) -0LBT )]

Schirmer test (mm) -0LB3 (=0,

Comaal Stzining zrade-zeveriny 0.67 (<D 01)

Spearman’s correlation coefficient values between CLDEQ-8 scores and factors like years of lens wear (mumber),
Contact lens wear per day (hours), comfortable Contact Lens wear per dav (hours), Pre-lens Tear Film non-invasive
tear break up time (zeconds), Pre-ocular tear film non-invasive tear break up time (seconds), invasive tear break up
ime (seconds), Schirmer’s test (mm), Corneal Staining grade-severity
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Table S. Logistic regression analysis

95% CL for
B SE Wald ar Sg. hern odds ratio
300 -
L owrar TUpper
Bra-lzns taar filmnon-
frvasve tear Alm bredkop -123 55 5.08 1 a2 20 i) 356
time
Br=-pevlar tzar lm non-
irvasive tear Alm break sp 123 T2 2.94 1 0o 343 24 1367
Hme
Invasive tear film br=alkup
30 S0 3.2 1 o7 4 15 104
Hme
Rehirmer’s Tast -.87 B3 1.95 1 & A2 2 142
Comeal Stainins (8 averby) | 134 15 1 70 204 06 7561
Constant 28.58 10.63 123 1 01 258

We observed a significant inverse correlation based on
statistical analysis, between the symptoms and clinical
signs of dry eye in SiH CL wearers. As the CLDEQ-8 score
increased, the values of PLTF-NITBUT, POTF-NITBUT,
ITBUT, and Schirmer test decreased. The corneal staining
grades showed a positive correlation with the CLDEQ-8
scores. We also found that ITBUT, PLTF-NITBUT, and
Schirmer test values are significantly associated with the
CLDEQ-8 score. The adjusted R2 value is 82.7% of the
variance in the CLDEQ-8 score can be explained by PLTF-
NITBUT, POTF-NITBUT, ITBUT, Schirmer test, and
corneal staining grade. Previous research has shown that
the PLTF-NIBUT or ITBUT tests are diagnostic in contact
lens wearers, but we found no such attributes in the current
study (Molina et al. 2020).

In the present study, 44% of the symptomatic subjects
had a lower-than-normal PLTF-NIBUT value (less than
10 secs), and none had an abnormal ITBUT value. Even
though the latter test value did not fall into the category of
"abnormal," the CLDEQ-8 score showed a clear association
with it. Subjects with contact lens-related dryness had lesser
PLTF-NITBUT, POTF-NITBUT, ITBUT, and Schirmer test
values of 5 secs, 6 secs, 4 secs, and 5 mm, respectively,
then non-contact lens-related dryness subjects (Molina et
al. 2020).

However, from a clinical perspective, the signs of dry eye
in those with positive symptoms cannot be specified based
on the current findings. Our study results indicate that
subjects with better tear stability and tear secretion have
fewer dry eye symptoms. Thus, clinically, when a SiH CL
patient has dry eye symptoms, it could be assumed that the
higher the values of tear stability and tear secretion, less
symptoms they will have. According to a systematic review
by Bartlett et al. there is a low and inconsistent association
between dry eye disease and signs (Bartlett et al. 2015).

While, our study found a significant relation between the
signs and symptoms of dry eye, the difference in findings
may be attributed to the questionnaire and study participants
(Molina et al. 2020).

The reviewed studies employed questionnaires such as
the Ocular Surface Index, 25-item National Eye Institute
Visual Function Questionnaire, the Symptom Severity of
Discomforts scale, McMonnies' questionnaire and not the
CLDEQ-8 questionnaire. The CLDEQ-8 questionnaire was
used in this study because we wanted to identify symptoms
of dryness in SiH CL wearers, and it was constructed to
assess dry eye symptoms in contact lens users in particular
(Chalmers et al. 2012; Molina et al. 2020; (Wolffsohn et
al. 2021).

One of the established non-modifiable risk factors for dry
eye is female gender (Wolffsohn et al. 2021). Even though
the proportion of females in the sample was higher, the male
and female ratios in the dry eye diagnostic groups, except
for Meibomian gland dysfunction, were relatively similar.
As aresult, gender as a risk factor in the correlation analysis
may not have played a significant role. All subjects in this
study who were diagnosed with Aqueous Tear Deficiency
and Meibomian gland dysfunction had symptoms of dry
eyes. So, we recommended carefully dispensing contact
lenses in subjects with low Schirmer value or tear meniscus
height, with corneal staining, and signs of Meibomian
gland dysfunction with low NITBUT or corneal desiccation
staining. A similar recommendation is also given by
the study done in a previous study (Molina et al. 2020;
Wolffsohn et al. 2021).

In this study, two out of three subjects with Contact Lens
Deposits were asymptomatic, implying that clinicians
should counsel patients about the importance of maintaining
a proper cleaning routine for a healthy ocular condition. In
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our study, 52% of subjects experienced dryness symptoms
while wearing SiH CL which could lead to discomfort.
Discomfort with lenses is one of the primary causes of
contact lens discontinuation (Pucker and Tichenor 2020).

According to Guillon et al. (2015), a change in the lens
care system improved wettability and pre-lens tear film
consistency, so this regimen can be attempted in patients
who are experiencing contact lens-related discomfort
symptoms (Guillon et al. 2015). In our subjects’ lenses,
external surface treatment was used in balafilcon A (plasma
oxidation), and lotrafilcon B (dense plasma coating),
internal treatment was used in senofilcon A (internal wetting
agent in the matrix), and no surface treatment was used in
comifilcon A. We found a moderate association between
the type of contact lens material and symptoms of dryness.
Subjects’ wearing balafilcon A had a significant association
with dryness symptoms compared to other materials. Hence,
for subjects complaining of dryness, it might be advisable
to consider changing the material of the lens to alleviate
the dryness symptoms. Contact lens wearers can experience
dryness as a result of the lens wetting properties, and
this may be attributed to deposits on the lens surface and
hydrophobicity (Nichols and Sinnott, 2006). The outcome
of vision and comfort during lens wear can be influenced
by PLTF thinning. In our study, we observed that every
increase in PLTF value resulted in a significant reduction
in dry eye symptoms (Pucker and Tichenor 2020).

Earlier studies have found that symptoms of ocular
dryness and discomfort in contact lens wearers were more
pronounced at the end of the day. It is recommended that
contact lens wearers be assessed at the end of the day to
best identify symptomatic patients (Begley et al. 2000;
Miller et al. 2021). In this study, we found no correlation
between the number of hours of contact lens wear per day
and the CLDEQ-8 score. However, the subjects were not
examined at a fixed time of day, which may be one of the
study's limitations. Another limitation of the present study
is that the subjects who were shifted from hydrogel to
silicone hydrogel were not noted, as those subjects could
have been more symptomatic than old silicone hydrogel
users (Miller et al. 2021).

CONCLUSION

The findings of the present study have shown an inverse
correlation between dry eye symptoms and clinical signs in
SiH CL wearers. The symptoms of dryness were associated
with signs of dry eye, a healthy tear film is necessary for
comfortable contact lens wear. Before considering refitting
or recommending an improvement in the lens care system,
eye care professionals should conduct a detailed eye
examination.
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