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Extended low oxygen transmissibility contact lens use
induces alterations in the concentration of proinflammatory
cytokines, enzymes and electrolytes in tear fluid
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Abstract. Prolonged and continuous use of contact lenses
for as long as 3 or 4 weeks is common in Mexico due to
the low socioeconomic status, poor patient education and
self-neglect. Furthermore, wearing contact lenses with low
oxygen permeability is common due to their low cost. Thus,
patients seek ophthalmologic evaluation due to signs and
symptoms of overuse such as red eye, discomfort and tearing.
In the present study, the effect of wearing soft contact lenses
with a low oxygen permeability on the tear fluid composition
after 1 day, 1 week and 1 month without removing them was
examined. In this prospective clinical trial, several tear fluid
biomarkers were measured in 84 non-adapted contact lens
wearers (NACLWs), including the pH, electrolytes, osmolarity,
pro-inflammatory molecules [interleukin (IL)-8, IL-13 and
interferon (IFN)-v], total protein (TP) levels and enzymes
[aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase (LDH) and alkaline phosphatase
(AP)]. The results indicated that the tear pH was significantly
decreased after 1 day and 1 week; however, after 1 month of
use, the tear pH level returned to the baseline. Tear electrolyte
analysis demonstrated a significant decrease in Na* at 1 day,
1 week and 1 month and Cl" levels at 1 week and 1 month, and a
significant increase in Ca®*at 1 week and 1 month, K* at 1 day,
1 week and 1 month, IL-8 at 1 week and 1 month, IL-1f3 only
at 1 week and IFN-y at 1 week and 1 month. Furthermore, the
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study observed an elevation of TP, AST, LDH and AP levels,
however, there were no significant changes in ALT. In conclu-
sion, the current study revealed that continuous wearing of soft
contact lenses with low oxygen permeability increase tear fluid
proinflammatory cytokine levels and enzymes reflecting tissue
damage.

Introduction

The use of contact lenses has increased due to the various
visual benefits they provide, including the convenience of not
wearing glasses, the possibility of a fully corrected visual
field and the total correction of refractive errors in cases of
anisometropic amblyopia (1). Despite recent advances in lens
composition materials that allow increased corneal oxygen-
ation, the use of contact lenses with low oxygen transmissibility
(low Dk/L) remains common in Mexico, since these lenses
are markedly less expensive (2). Additionally, patients who
wear lenses continuously without removing them overnight
commonly seek consultation for various complaints, such as
red eye, discomfort, tearing and reduced visual clarity (3).

There is evidence that contact lenses with low oxygen
transmissibility limit the oxygen flow to the cornea (4,5), thus
increasing the production of lactic acid and decreasing the local
pH (6.,7). It has also been suggested that the continuous use
of the contact lens induces an inflammatory response (8-10).
The study by Thakur and Willcox (11) evaluated the altera-
tions of proinflammatory cytokines levels in tear fluid induced
by continuous contact lens use for 6 days in patients who
developed contact lens-associated acute red eye or contact
lens peripheral ulcer, and observed an elevation in interleukin
(IL)-1p and interleukin 8 (IL-8) levels in these patients. By
contrast, in NACLWs who wore soft lenses continually for 8 h
(overnight) for the first time, a decrease in the concentrations
of IL-8, leukotriene B4 and IL-6 was observed (12).

Although prolonged contact lens use is highly atypical in
developed countries, the significance of the present study origi-
nates from the fact that the population investigated had various
characteristics that made wearing contact lenses continuously
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for long periods a common habit, including a low socioeco-
nomic status, poor patient education and self-neglect (13). To
the best of our knowledge, there are currently no studies in
the literature analyzing the alterations in the tear fluid compo-
sition induced subsequent to a month of continuous use of
contact lenses. Therefore, the present study aimed to evaluate
the effects of continuous contact lens use on the tear fluid
composition after 1 day, 1 week and 1 month in NACLWs.

Patients and methods

Study design, patients and tear sample collection. The present
prospective, nonrandomized clinical trial involved NACLWs
who had continuously worn contact lenses (Soft Lens 59,
Bausch & Lomb, Rochester, New York, US) for the first time for
the duration of 1 day, 1 week and 1 month and 21 non-contact
lens users as a control group (age range, 18-23 years; mean
age, 21.3 years; 11 males/10 females). NACLWs were assigned
to one of 3 groups. In group 1 (n=21; age range 18-23 years;
mean age 21.2 years; 10 males/11 females), patients continu-
ously wore contact lenses for 1 day. In group 2 (n=21; age
range 19-22 years; mean age 21.3 years; 10 males/11 females),
patients continuously wore contact lenses for 1 week. In
group 3 (n=21; age range 17-22 years; mean age 21.4 years;
11 males/10 females), patients continuously wore contact
lenses for 1 month.

All patients were evaluated by an ophthalmologist in the
Department of Anterior Segment of the Didactic Medical
Unit in the Autonomous University of Aguascalientes
(Aguascalientes, Mexico) during the period January 2015 to
December 2015.

Patients underwent slit-lamp examination to exclude any
anterior segment condition, including conjunctivitis, blepha-
ritis, keratitis and/or corneal ectasia. Dry eye was ruled-out in
all patients using the Schirmer's test (HUB Pharmaceutical,
LLC. Rancho Cucamonga, CA, USA), tear breakup time
by Fluorescein Sodium Ophthalmic Strips Bio-Glo (HUB
Pharmaceutical, LLC) and Lissamine™ green strips (HUB
Pharmaceutical, LLC). All patients with systemic diseases
(diabetes, hypertension, hepatic and/or autoimmune disease)
were excluded.

Tear samples were collected at the end of the period contact
lenses were worn for during a three-hour period (between
9:00 a.m. and 12:00 p.m.) from the lower tear meniscus
without touching the eye or eyelids using a hand-directed 1 ml
BRAND® pipette bulb (cat no. BR747775; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). In total, a sample of
100 ul was obtained per collection. Immediately after collec-
tion, the samples were centrifuged at 14,000 x g for 1 min at4°C
to remove cellular debris (Biorad Z216 MK Siemensstrafie,
Wehingen, Germany) and stored at -20°C for later processing.

Each patient provided written informed consent. All
experiments were conducted according to the Declaration
of Helsinki standards, and approved by the Medical Ethics
Committee of the Autonomous University of Aguascalientes
Research Division.

pH determination. The tear fluid pH was determined
by a colorimetric method (14) using bromothymol blue
(3",3'-Dibromothymolsulfonphthalein; cat no. 114413;
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Sigma-Aldrich; Merck KGaA) as an indicator, which has ionic
activity in the pH range between 6.0 and 8.0. Color alterations
occur as the pH increases or decreases, ranging from yellow at
pH 6.0 to blue at pH 8.0 (Fig. 1).

Measurement of IL-8, IL-1f3 and interferon (IFN)-y. Specific
ELISA kits were employed to determine the tear levels of
various proteins, including IFN-vy (cat. no. 900-k27), IL-1
(cat.no. 900-k47.) and IL-8 (cat. no. 900-k18; all obtained from
Peprotech, Inc., Rocky Hill, NJ, USA). Briefly, 96-well plates
were coated with the primary antibody at a concentration of
0.5 pg/ml (1:200) prior to being incubated overnight at room
temperature. Following aspiration and washing (4 times) of
wells 300 ul blocking buffer (1% bovine serum albumin in PBS)
was then added and the plate was incubated for 1 h. Following
aspiration and washing, the standard solution or 10 ul of tear
sample was added to wells in duplicate and incubated for 2 h.
Then the plate was washed 4 times and the detection secondary
antibody (biotinylated) at 0.5 ug/ml was added and incubated
during 2 h at room temperature. After that, avidin peroxidase
(1:2,000) from the same ELISA kit was added and incubated
for 30 min at room temperature, followed by the addition of
100 pl 2,2-azine-bis (3-ethylbenzothiazoline-6-sulfonic acid).
The absorbance was subsequently measured at 415 nm with the
wavelength correction set at 650 nm in an iMark™ microplate
absorbance reader spectrophotometer (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Finally, the cytokine levels were
calculated by linear regression analysis.

Determination of enzymes, total protein (TP), electrolytes and
osmolarity. To determine the concentrations of TP, sodium (Na*),
chloride (CI"), potassium (K*) and calcium (Ca*"), as well as the
enzyme activity of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (AP) and lactate
dehydrogenase (LDH) in the tear fluid, dry chemistry techniques
were used. The analyses were performed using the automatized
VITROS 5600 Immunodiagnostic system (Ortho Clinical
Diagnostics, Raritan, NJ, USA). The following analytes were
used: 309 Na+ Sodium, 307 Cl- Chloride, 308 K+ Potassium,
318 Ca+ Calcium 320, AST Aspartate Aminotransferase,
322 ALT Alanine Aminotransferase, 321 ALKP Alkaline
Phosphatase, 323 LDH Lactate Dehydrogenase, according to the
manufacturer's protocols. These equipment and reagents were
approved by the Food and Drug Administration (Silver Spring,
MD, USA). Briefly, the method for electrolytes quantitation was
based on direct potentiometry (Na+, K+, CI-) or colorimetry
(Ca++). For Na+, K+ and Cl- a drop of patient sample (10 ulI) and
a drop of VITROS Reference Fluid (10 pl) were collocated on
separate halves of the slide resulting in migration of both fluids
toward the center of the paper bridge. A stable liquid junction
was formed that connected the reference electrode to the sample
electrode. Each electrode produced an electrochemical potential
in response to the activity of the ion. The potential difference
between the two electrodes was proportional to the Na+,
K+ and CI- concentration in the sample. For calcium, a drop
of patient sample was deposited on the slide and was evenly
distributed by spreading the layer to the underlying layers.
The bound calcium was dissociated from binding proteins,
allowing the calcium to penetrate through the spreading layer
into the underlying reagent layer. There, the calcium formed a
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Figure 1. Color scale in a pH range between 6.0 (yellow) and 8.00 (blue) using bromothymol blue in the controls and contact lenses users for 1 day, 1 week or

1 month continuously (n=21 each).

complex with Arsenazo I1I dye, causing a shift in the absorption
maximum. Following incubation, the reflection density of the
colored complex was measured spectrophotometrically with an
automatized VITROS 5600 Immunodiagnostic system (Ortho
Clinical Diagnostics, Raritan, NJ, USA). The amount of colored
complex formed was proportional to the calcium concentration
in the sample. Quantitation of ALT, AST, AP and LDH was
performed by spectrophotometry (automatized VITROS 5600
Immunodiagnostic system; Ortho Clinical Diagnostics, Raritan,
NJ, USA) in a test of multiple points where the rate of change
in reflection density was proportional to enzyme activity at
340 nm (ALT and LDH), 670 nm (AST) or 400 nm (AP).

The osmolarity was calculated using the following
formula: Osmolarity (mOsm/l) =2 x (Na* + K*).

Statistical analysis. Statistical analysis and graphs were
performed using the GraphPad Prism version 6.0 software
(GraphPad Software, Inc., San Diego, CA, USA). Descriptive
analysis data are reported as the mean + standard deviation.
For inferential analysis, repeated measures analysis of vari-
ance and Dunnett's as post-hoc test were conducted. P<0.05
was considered to indicate a statistically significant difference.

Results

Electrolyte levels. The tear concentration of Cl', Na*, K*
and Ca®* in NACLWs was analyzed in the present study
(Table I; Fig. 2). A significant decrease was observed in the CI
tear levels following the first week of contact lens use, which
was further decreased after 1 month when compared with the
controls (Table I; Fig. 2). Similarly, the Na* concentration in
the tear samples significantly decreased after 1 day of use
with further decrements observed after 1 week and 1 month
when compared with the control Na* concentration (Table I).

By contrast, the K* concentrations significantly increased
after 1 day, further increasing after 1 week and 1 month when
compared with the controls (Table I; Fig. 2). Similarly, the
Ca?* tear concentrations significantly increased after 1 week
and 1 month of continuous lens use compared with those in
the controls (Table I; Fig. 2). Furthermore, the osmolarity was
significantly decreased after 1 week (276.5+33.1 mOsm/I) and
1 month (260.6+20.7 mOsm/l) of continuous contact lens use
compared with that in the control group (343.5+13.2 mOsm/I;
P<0.001; Fig. 3A).

TP levels. The present study assessed whether there were any
variations in the TP tear concentration in patients wearing
contact lenses continuously (Fig. 3B). The results detected
a significant increase in the TP levels (1.56+0.04 g/dl;
P<0.01) after 1 day, with the highest increase observed after
1 week (2.45+0.05 g/dl; P<0.0001) when compared with the
controls (1.38+0.05 g/dl; Fig. 3B). However, after 1 month
of contact lens use, the TP levels (0.38+0.02 g/dl) decreased
even beyond those observed in the control group (P<0.0001;
Fig. 3B).

Tissue-damage enzymes. The present study results observed
a marked increase in the ALT tear concentrations after the
first day (35.9+6.3 1U/l), which remained high after 1 week
(34.2+£7.4 TU/I) and 1 month (36.8+4.3 TU/1) of continuous
lens use, when compared with the control group (3.7+5.6 1U/];
P<0.0001; Fig. 4A). However, no significant differences were
observed in AST tear levels after 1 day, 1 week and 1 month
when compared with the controls (Fig. 4B; P>0.05). By
contrast, the AP levels were evidently increased after 1 day of
continuous use (90.7+18.7 IU/1), remaining similarly high after
1 week (98.62+6.7 IU/l) and further increasing after 1 month
(243.8+16.5 1U/1), as compared with the AP concentration in
the controls (58.5+10.6 1U/1; P<0.0001; Fig. 4C). Furthermore,
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Table I. Electrolyte levels in tear fluid.

Electrolyte Control [mEqg/1] 1 day [mEq/1] 1 week [mEq/1] 1 month [mEq/1]
Cr 111.3+1.9 110.2+1.0 89.71x£1.9 56.62+1.3¢
Na* 1479+1.5 136.2+3.8* 103.5+3.5¢ 63.96+1.7¢
K* 23.06+0.64 28.02+1.5° 34.00+0.74¢ 62.74+1.5¢
Ca? 0.91+0.06 1.09+£0.07 1.71+£0.08 1.86+0.11
1-Way ANOVA (Dunnett's multiple comparisons test “P<0.05 "P<0.01 “P<0.0001).
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Figure 2. Tear electrolyte (A) CI', (B) Na*, (C) K* and (D) Ca** levels at 1 day, 1 week and 1 month of continuous contact lens use (n=21 each). "P<0.05, “P<0.01

and """"P<0.0001.
|
A |
_—
“_E“ 300 4
8
E
£ 200 4
@
[=]
£
o]
100 -
21
0 L] T
Control 1 Day

1 Week

1 Month

Total proteins (g/dI)

4 -
1
1
39 1L raww
1
1 <
21 21
0 L} L]
Control 1 Day

1 Week

1 Month

Figure 3. (A) Osmolarity and (B) total protein levels in tear samples obtained after 1 day, 1 week and 1 month of continuous contact lens use (n=21 each).

"P<0.01 and ""P<0.0001.

the LDH tear levels were analyzed, and an increase was
detected after 1 day (310.1+21.2 TU/I) that continued simi-
larly high after 1 week (270.3+51.6 IU/l) and peaked after
1 month (359.6+21.1 TU/I) when compared to controls
([LDH]=210.9+12.7 TU/1; P<0.0001; Fig. 4D).

Pro-inflammatory mediators IL-8, IL-1f3 and IFN-y. A signif-
icant increase was observed in the IL-1{ level after 1 day of
continuous contact lens use (0.38+0.09 ng/ml) when compared
with the controls (0.07+0.04 ng/ml; P<0.01; Fig. 5A). However,
after 1 week (0.12+0.07 ng/ml) and 1 month (0.07+0.04 ng/ml),
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Figure 4. Tissue damage enzyme (A) ALT, (B) AST, (C) AP and (D) LDH levels after 1 day, 1 week and 1 month of continuous contact lens use (n=21 each).
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Figure 5. Proinflammatory cytokines levels (A) IL-1f, (B) IL-8 and (C) IFN-v levels, as well as (D) pH values in the tear samples obtained after 1 day, 1 week
and 1 month of continuous contact lens use (n=21 each). "P<0.05, “P<0.01 and "*"P<0.0001. IL, interleukin; IFN, interferon.

the IL-1P tear levels returned to the normal values (Fig. 5A).
By contrast, IL-8 concentration began to increase significantly
after 1 week (0.07+0.02 ng/ml; P<0.05), reaching the highest
level after 1 month (0.31+0.05 ng/ml; P<0.0001), as compared
with the controls (0.007+0.003 ng/ml; Fig. 5B). Furthermore,
IFN-vy levels were significantly increased after 1 week of
continuous contact lens use (2.40+0.37 ng/ml) and sustained

after 1 month (2.55+0.43 ng/ml) when compared with the
control group (0.16+0.09 ng/ml; P<0.0001; Fig. 5C).

Changes in tear pH. The tear pH was significantly decreased
after 1 day (6.53+0.04), and 1 week (6.22+0.032) of continuous
use when compared with that in the controls (7.44+0.034;
P<0.0001; Fig. 5D). The tear pH after 1 month of contact lens
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use (7.40+0.035) was returned to levels like those obtained in
the control group (Fig. 5SD).

Discussion

Although continuously wearing contact lenses for prolonged
periods of time (such as for 1 month) is highly unadvisable,
this is practiced by several patients (15). This habit is a result
of various factors, including low income, poor patient educa-
tion and self-neglect (16). The present study investigated
several biochemical and immunological alterations associated
with the continuous use of contact lenses in NACLWs. Certain
of these changes persisted throughout the evaluated month,
although other parameters were altered over the first week and
then returned to the basal levels, indicating a possible adapta-
tion of the local tissue to the use of contact lenses. An example
of this adaptation was the change in tear fluid pH, which
decreased after 1 day and 1 week of continuous contact lens
use and returned to the basal levels after 1 month. However,
other parameters, including IL-8, IFN-y and LDH, remained
altered at all the evaluated time points. This may be associ-
ated with a sustained damaging effect of contact lenses in the
micro-environment of the cornea and neighboring tissues.

The increase of IL-1f levels after 1 day of continuous use
and its subsequent return to basal levels at 1 week, along with
the increase of IL-8 and IFN-y after 1 week and 1 month,
observed in the present study may indicate an uninterrupted
inflammatory state. This may be generated by the friction
between the lens and the corneal surface plus the hypoxia
induced by the low Dk/L lenses. In fact, it has been suggested
that friction in the presence of corneal hypoxia induces a blood
flow increase, as well as limbal and bulbar redness, and trig-
gers an inflammatory response (6,17,18).

The IL-8 elevation in the tear fluid detected after 1 week
and 1 month of continuous contact lens wearing in the present
study may be associated with the preceding elevation of IL-13
(observed after 1 day), since it has been previously demon-
strated that IL-1p promotes the release of IL-8 in the human
corneal epithelial cells (19). However, the sustained elevation
of IFN-y in the contact lens wearers may be damaging since
this cytokine antagonizes IL-13, a molecule involved in the
differentiation of goblet cells and mucin production (20).
Additionally, IFN-y also promotes apoptosis and squamous
metaplasia of the epithelia of the cornea and bulbar conjunc-
tiva (20). The findings of the current study regarding the
IFN-vy levels warrant further investigation since, to the best of
our knowledge, there is no substantial research on the IFN-y
tear levels in contact lens wearers with continuous use for
prolonged periods of time. Kehinde et al (21) reported no clear
trends in the IFN-y profile during 30 days of continuous use
of contact lenses.

The elevation of tissue damage enzymes (LDH, AP, AST
and ALT) in tears may also be associated with the combined
effect of mechanical friction (caused by the lid rubbing against
the contact lens, which results in direct tissue damage) and
the hypoxia induced by the low oxygen transmissibility lenses.
Metabolic enzymes, such as LDH, AP, AST and ALT, have
been detected in the tear fluid of healthy patients at levels
similar to those observed in the serum (22-24). However, only a
limited number of studies have reported findings regarding the
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effect of contact lenses on tissue damage-associated enzyme
levels. For instance, T6zsér and Berta (25) demonstrated
higher LDH levels in the tear fluid samples from patients with
mechanical conjunctivitis when compared with those from
viral conjunctivitis or bullous keratitis patients. However, there
are no other studies on the effect of contact lens use on AST,
ALT or AP tear levels. Since the LDH isoform present in tears
is different than the one found in the serum (26), the elevated
levels detected in the tear samples of the NACLW population
in the present study may be the result of a detrimental effect
of contact lenses on the anterior eye and contiguous tissues.

According to the present study findings, it is suggested that
low oxygen transmissibility (due to the lens composition and
characteristics) and the friction of the lens with the anterior
ocular surface are the causes of the observed alterations in the
cytokines and enzymes levels in tear fluid.

In conclusion, the current study demonstrated an increase in
the inflammatory cytokine levels and tissue damage enzymes,
along with variations in the pH, osmolarity and electrolytes,
in Mexican patients that continuously wore low Dk/L contact
lenses for 1 month. Therefore, it is important to strongly advise
against the continuous use of contact lenses with low oxygen
transmissibility, or to select a lens material with a higher Dk/L
and to frequently remove the contact lenses. Although the
present study inferred that the tear fluid biomarkers will return
to the basal levels after discontinuing the use of the contact
lenses, a subsequent study with serial biomarker measurement
following this discontinuation would be required to verify this.
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