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Background: The purpose of this study was to investigate the effect of three months of soft
contact lens wear on conjunctival goblet cell density and epithelial cell morphology.
Methods: This was a longitudinal clinical trial. Conjunctival impression cytology was performed on the superior palpebral conjunctiva in ﬁfty-four eyes of twenty-seven neophyte contact lens wearers before and after three months of contact lens wear. Goblet cell density was
determined by optical microscopy and epithelial cell morphology was classiﬁed according to
the Tseng classiﬁcation. Changes in goblet cell density as well as epithelial cell grading were determined. The effects of lens material and wearing modality on cytological changes were also
investigated.
Results: Goblet cell density reduced signiﬁcantly by 85 ± 151 cells/mm2 (p < 0.001) after three
months of contact lens wear. Reduction in goblet cell density was associated with lens materials; it
was higher in conventional hydrogel lenses in comparison to silicone-hydrogel lenses (p = 0.008).
The highest reduction in goblet cell density was found with Nelﬁlcon A lens wear (p = 0.002) and
the lowest with Comﬁlcon A lens wear (p = 0.414). There was no statistically signiﬁcant difference
in grading of epithelial metaplasia before and after three months of contact lens wear
(p = 0.075). Age was not correlated with the reduction in goblet cell density (r = -0.196,
p = 0.160) but it was associated with the change in epithelial cell morphology (p = 0.036).
Conclusion: Three months of soft contact lens wear statistically signiﬁcantly reduced goblet
cell density; however, no signiﬁcant changes were found in the grading of epithelial metaplasia. Contact lenses with lower oxygen permeability, higher Young modulus and higher thickness highly affected the conjunctival cytology.
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The popularity of contact lenses is increasing
and it is estimated that 140 million people use
this mode of refractive error correction in the
world.1 Contact lenses are also worn for therapeutic purposes in certain ocular surface diseases to relieve pain or improve prognosis2
and for aesthetic purposes to enhance the appearance.3 Recent studies have shown a possible use of contact lenses on continuous drug
delivery into the eyes4 and monitoring the
tear glucose level.5 Because contact lenses
are worn directly on the ocular surface, they
may lead to adverse effects on the morphologic, metabolic, cytological and immunologic states of the ocular surface6 and these
effects are signiﬁcantly higher in extended
lens wearers.7 Dry eye is the most common
complaint found in contact lens wearers.8,9
Soft contact lens wear disrupts normal tear
physiology by thinning and breaking up the
tear ﬁlm, interrupting tear ﬁlm reformation
and rupturing the lipid layer, increasing the
evaporation rate.10 Contact lens wear also alters the secretion of aqueous, lipid and mucin
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components of the tear ﬁlm as well as
changes in their biochemistry.11 Many researchers found a decrease in tear mucin
level with contact lens wear.12,13 It may
change the morphology of conjunctival epithelial cells and/or the number of goblet
cells.14,15
Conjunctival cytological examination
reveals early, subclinical, cytotoxic effects
attributable to contact lens wear as well as to
the preservatives and chelating agents in soft
contact lens care systems.16 Conjunctival
impression cytology is a minimally invasive
method to assess the ocular surface with no
side effects.17 Conjunctival impression
cytology involves the collection of cells from
the conjunctival surface with the help of a
special type of ﬁlter paper by impression on
the surface and examination of the superﬁcial layer(s) of conjunctival epithelium with
different types of staining. It can be done with
or without anaesthesia.18 It can be used in
wide range of techniques from simple light
microscopic examinations to polymerase

chain reactions. With optical microscopy,
epithelial cell morphology, goblet cell density
and the presence or absence of any
inﬂammatory cells can be examined.19 Many
recent studies conducted on conjunctival
surface applying conjunctival impression
cytology found increased levels of epithelial
squamous metaplasia and loss of goblet cell
density in pathological conditions of the
eyes.17,18
The majority of the previous studies concluded that contact lens wear reduces the
number of goblet cells and increases epithelial cell metaplasia;20–22 however, most of
these studies were cross-sectional and they involved comparison of cytological data in contact lens wearers and with non-contact lens
wearers. None of them evaluated the effect
of the lens materials on conjunctival cytology.
Recently, many companies have introduced
highly biocompatible lens materials, which
might behave differently on the ocular surface. The present longitudinal clinical trial
was designed to investigate the changes in
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conjunctival cytology after three months of
soft contact lens wear. Goblet cell density as
well as the changes in epithelial cell morphology were determined. The effects of lens materials and wearing modality on the
conjunctival cytology were also analysed. As
earlier studies found that the effects of contact lens wear on conjunctival cytology start
within a few weeks, occurring rapidly during
the initial period of lens wear and reaching
maximum at about three months,21,23,24 this
trial was conducted for a period of three
months.
METHODS

Study design
This was a longitudinal contra-lateral clinical
trial conducted at the University of Minho,
Portugal. Ethical approval was obtained from
Ethical Committee of University of Minho.
Each subject signed a consent form after the
explanation of study procedures and its possible consequences and the tenets of Declaration of Helsinki were followed.

Subjects
Twenty-seven myopic subjects with normal
ocular/systemic health, no previous history
of contact lens wear or ocular surgery and
aged between 18 and 35 years were included
in the study. Subjects with visual acuity less
than 6/6 in one eye, refractive astigmatism
higher than 0.75 D and pregnant women
were excluded from the study.

Procedure
During the baseline visit, conjunctival impression cytology was performed on the superior
bulbar conjunctiva on both eyes of each subject.18 Nitrocellulose Millipore17 MF-Membrane ﬁlter (MILLIPORE, Ireland) with
pore size 0.45 μm was used without application of topical anaesthesia.25,26 Brieﬂy, a
semi-circular piece of ﬁlter paper with diameter 13 mm, touched the superior bulbar conjunctiva for a few seconds and was removed
in a gentle peeling motion. The paper was
then stained with PAS, haemotoxylin and eosin27 and the slides were observed by an optical microscope with total magniﬁcation 100×
and 400×. Goblet cells were counted in the
higher power ﬁeld (with total magniﬁcation
of 400×) and goblet cell density was calculated
as the number of cells per square millimetre.
Morphological changes in epithelial cells including shape, size and characteristics of the
© 2016 Optometry Australia

nucleus were noted and graded according
to the Tseng classiﬁcation (Table 1).28 This
procedure was repeated in three random
ﬁelds of area and the average was used in
analysis.

Lenses and solutions
Subjects were ﬁtted with a daily disposable
lens (Nelﬁlcon A or Stenoﬁlcon A) on one
eye and a monthly disposable (Lotraﬁlcon B
or Comiﬁlcon A) on the other eye. Contact
lens details are presented in Table 2. Post-lens
ﬁtting evaluation was performed and reﬁtting
with another type of contact lens among the
study lenses was done where ﬁtting was unacceptable. Subjects were well trained for contact lens usage, care and maintenance. In
the dispensing time, contact lenses, lens case
and solution were provided for each subject
for the coming month. Moreover, a paper
with information about types and lens care
methods was provided, where they should indicate the number of wearing hours every
day. This helped participants to wear the
lenses correctly in the recommended eye.
Subjects were informed to wear lenses at least
ﬁve days in a week and a minimum of eight
hours per day, except during the ﬁrst week,
when the number of wearing hours per day
was ﬂexible. There was no limit on the number of days or hours when the lenses could
be worn; however, they were not allowed to
wear lenses during sleep, swimming or bathing. At the end of every month, participants
should visit the ofﬁce to monitor the adequacy of lens and solution use and to provide
new lenses and lens care products for the
next month. For the ﬁrst and second months,
all the subjects used OPTI-FREE puremoist
solution (Polyquad 0.001% and Aldox
0.0006%, Alcon Laboratories, Texas, USA)
while for the third month, 16 subjects used
OPTI-FREE puremoist and 11 subjects used
AOSEPT PLUS (Hydrogen peroxide 3%,
Alcon Laboratories, Texas, USA). These two
types of solution were provided for each subject, since another objective of the study was
to investigate the effect of different types of
solutions in contact lens wearers’ comfort.
There was no signiﬁcant difference in reduction of goblet cell density and epithelial cell
metaplasia between the eyes with these solutions (p > 0.05). Subjects were advised to contact the researcher at any time if they felt
adverse events with the necessary management. Conjunctival impression cytology was
repeated after three months of contact lens
wear.

Statistical analysis
Data were analysed with Statistical Package
for Social Science (SPSS 22, IBM Corp,
Armonk, New York, USA). Descriptive statistics were expressed in mean ± standard deviation (SD). Kolmogorov–Smirnov test was
performed to examine the normality of the
variables. Parametric tests were applied for
normally distributed variables, while nonparametric tests were applied for others.
One-way analysis of variance with post hoc testing was applied to compare the reduction in
goblet cell density between different lens materials. Spearman’s rho was used to test the
correlation of changes in goblet cell density
with the age of the subjects. Chi-square test
was applied to examine the proportion in
changes in epithelial cell metaplasia. Statistically signiﬁcance was considered when p
values were less than 0.05.
RESULTS
Fifty-four eyes of 27 subjects (63.0 per cent female) were included in this longitudinal clinical trial. The mean age of the subjects was
23.5 ± 3.0 years (range 20 to 33 years). Contact
lens were worn as follows: Lotraﬁlcon B
(n = 12), Nelﬁlcon A (n = 12), Comﬁlcon A
(n = 15), Stenoﬁlcon A (n = 15) and the mean
power of the lenses used was -1.98 ± 1.60 D
(range -0.50 to -5.50 D, 95% CI, -1.60 to 2.45 D). All subjects completed the study without any signiﬁcant adverse event except for
one case that showed a contact lens-induced
peripheral ulcer in the right eye wearing a
Lotraﬁlcon B lens. This complication was resolved after 10 days of lens wear discontinuation without any additional treatment and
this subject continued the study.
Figure 1 shows the representative images of
the cytology with 100× total magniﬁcation.
Goblet cell density was signiﬁcantly reduced
by 85 ± 151 cells per mm2 (p < 0.001)
(Figure 2). Figure 3 shows the Bland–Altman
graph showing the change in goblet cell density with the initial goblet cell density. Reduction in goblet cell density was strongly
correlated with the baseline goblet cell density
(r = 0.846, p < 0.001).
There was no signiﬁcant difference in the
baseline goblet cell density among the eyes
with different lenses (p = 0.069). As shown in
Table 3, the magnitude of the reduction in
goblet cell density was signiﬁcantly associated
with contact lens materials (p = 0.034); the
reduction was the greatest with Nelﬁlcon A
lens wear (166 ± 147 cells/mm2), while it was
least with Comﬁlcon A lens wear (32 ± 137
Clinical and Experimental Optometry 99.4 2016
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Classiﬁcation

Goblet cells

Epithelial cells

Nucleus cytoplasm ratio

Grade 0

Moderate density

Uniform size/form

1:1

Grade 1

Decreased density

Mild enlargement

1:2-1:3

Grade 2

Absent

Moderate enlargement, ﬂattened (squamoid)

1:4

Grade 3

Absent

Markedly squamoid

1:6

Grade 4

Absent

Markedly squamoid, large

Grade 5

Absent

Shrunken cytoplasm

1:8
Nucleus may be absent

Table 1. Conjunctival epithelial cell metaplasia classiﬁcation

Lotraﬁlcon B
Company
Brand name
Water content (%)
Thickness (mm)
Base curve /diameter (mm)
Oxygen Permeability (barrer)
Modulus (MPa)
Transmissibility (barrer/cm)

Nelﬁlcon A

Comﬁlcon A

Stenoﬁlcon A

Alcon

Alcon

Cooper Vision

Cooper Vision

AirOptix Aqua

AquaComfort

Bioﬁnity

MyDay

48

54

34
0.08
8.6/14.2
110
1.2
137.5

69
0.10
8.7/14
26
0.89
26

0.08
8.7/14.5
128
0.75
160

0.07
8.4/14.2
80
0.4
100

Table 2. Characteristics of the lenses used in the study
Figure 3. Bland–Altman plotting showing
the relation between changes in goblet cell
density (GCD) with the average goblet cell
density (n = 54)

Figure 1. Representative images of the conjunctival impression cytology (100× total
magniﬁcation) of subject: A. Before starting
to wear contact lenses, B. After three
months of contact lens wear.
Clinical and Experimental Optometry 99.4 2016
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Figure 2. Goblet cell density before (baseline) and after contact lens wear (ﬁnal)
(n = 54)

cells per mm2). Multiple comparisons showed
that Nelﬁlcon A lens wear had a higher reduction than Comﬁlcon A and Stenoﬁlcon A lens
wear (p < 0.05). There was no signiﬁcant difference between Nelﬁlcon A and Lotraﬁlcon
B, between Lotraﬁlcon B and Comﬁlcon A
or Stenoﬁlcon A and between Comﬁlcon A
and Stenoﬁlcon A lens wear (p > 0.05). The
reduction of goblet cell density was not associated with the wearing modality of the lenses; it
was similar with daily disposable and monthly
disposable lenses (p = 0.332). There was no signiﬁcant correlation between the decrease in
goblet cell density and age (p = 0.160) of the
subjects.
During that period, no signiﬁcant change
in epithelial cell metaplasia was observed
(p = 0.075); however, as shown in Table 4,
epithelial cell metaplasia grading increased
in 74 per cent of the eyes by at least one grade
due tocontact lens wear.Thechange inepithelial cell morphology was correlated with the
age of the subjects (Spearman’s rho = 0.286,
p = 0.036). It was not associated with wearing
© 2016 Optometry Australia
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Goblet cell density (cells/mm2)
Baseline

Final

Reduction

p values

Lotraﬁlcon B

239 ± 164

132 ± 79

107 ± 187

0.018

Nelﬁlcon A

254 ± 122

89 ± 61

166 ± 147

0.002

Comﬁlcon A

219 ± 106

188 ± 76

32 ± 137

0.414

Stenoﬁlcon A

219 ± 108

164 ± 30

53 ± 113

0.362

Total (n = 54)

233 ± 137

148 ± 67

85 ± 151

<0.001

Table 3. Reduction in goblet cell density with different types of study contact lenses

Final

Baseline

Total

Grade 0

Grade 1

Grade 2

Grade 0

8 (19.0%)

27 (64.3%)

7 (16.7%)

42 (100.0%)

Grade 1

0 (0.0%)

5 (45.5%)

6 (54.5%)

11 (100.0%)

Grade 2
Total

0 (0.0%)
8 (14.8%)

1 (100.0%)
33 (61.1%)

0 (0.0%)

1 (100.0%)

13 (24.1%)

54 (100.0%)

Table 4. Changes in conjunctival epithelial cell morphology after three months of soft
contact lens wear
modalityofthelenses(p = 0.850). Withsilicone
lens wear, 69.0 per cent of the tested eyes
changed at least one grade while for nonsilicone hydrogel lens wear the value found
was 91.7 per cent; however, changes in epithelial cell metaplasia were not signiﬁcantly related to the lens material (p = 0.158).
DISCUSSION
In this study, the effects of three months of soft
contact lens wear on conjunctival cytology
were evaluated. Subjects were neophyte contact lens wearers and different types of contact
lens (one conventional hydrogel – Nelﬁlcon
A, one silicone hydrogel lens with surface
plasma treatment - Lotraﬁlcon B, one silicone
lens without surface treatment – Comﬁlcon A
and one new contact lens recently available in
the market with smart silicone chemistry–
Stenoﬁlcon A) were used. Two of the lenses
(Nelﬁlcon A, Stenoﬁlcon A) are daily disposable lenses, while the other two (Lotraﬁlcon
B, Comﬁlcon A) are monthly disposable
lenses. Lenses were worn in a contra-lateral
manner such that one eye was ﬁtted with a
daily disposable and the other with a monthly
disposable lens.
In this study, we found a signiﬁcant reduction in goblet cell density after three months
of contact lens wear. This reduction in goblet
© 2016 Optometry Australia

cell density may explain the origins of contact
lens-induced dry eye.29 As depicted in
Figure 2, the initial goblet cell densities were
highly varied and so were the changes in goblet cell density. Consistent with our ﬁndings,
Doughty20 using meta-analysis, found a high
variation in goblet cell density ranging
between 10.5 ± 1.1 and 152.85 ± 29 cells per
mm2 in soft contact lens wearers. Eyes with
higher baseline goblet cell density were
found to suffer higher changes. The effect
of contact lens wear on conjunctival goblet
cell density may be due to the physical and
mechanical effects of the lens. Each blink induces contact lens movement, as well as some
friction of the upper lid on the superior bulbar conjunctiva, the part which was used for
conjunctival impression cytology. Our results
are consistent with studies that report a
reduction in goblet cell density induced by
soft contact lens wear.20 Simon et al22 found
a signiﬁcant decrease in goblet cell density
following six-months of soft contact lens wear,
while Knop and Brewitt21 found a decrease in
goblet cell density after three to six month of
soft contact lens wear and the degradation of
conjunctival cytology started within the ﬁrst
few weeks. In another comparative study of
conjunctival cytology in contact lens wearing
subjects and non-contact lens wearing controls, Cakmak et al30 found signiﬁcant

degradation of epithelial cell morphology
and goblet cell density. Contrary to our ﬁndings, some studies found an increase in goblet
cell density after soft contact lens wear.
Lievens, Connor and Murphy31 found an increase in goblet cell density following six
months wear of Acuvue 2 and PureVision
contact lenses. Connor et al32 also found a
nearly two-fold increase in goblet cell density
after six months of soft contact lens wear.
These authors speculated that this increase
in goblet cell density may be due to an adaptive response of the ocular surface.
Hirji, Scott and Sabel16 suggested that lens
care solution plays a role in the changes in
conjunctival cytology associated with contact
lens wear; however, in the current study, the
reduction in goblet cell density was not associated with the wearing modality of the lenses
(daily disposable versus monthly disposable).
This suggests that there is no link between reduction in goblet cell density and lens care
solution.
As shown in Table 3, the number of goblet
cells changes differently when different lens
materials are used: the reduction was maximal
for the Nelﬁlcon A lens wearers (p = 0.002),
followed by Lotraﬁlcon B (0.018) but there
was no signiﬁcant reduction in Comﬁlcon A
(p = 0.414) and Stenoﬁlcon A lens wearers
(p = 0.362). The Nelﬁlcon A lens, which was
the non-silicone hydrogel lens used in the
study, was the thickest lens with the highest water content among the contact lenses studied.
This material has the lowest oxygen permeability and a high Young’s modulus (only less
than Lotraﬁlcon B). On the other hand,
Comﬁlcon A lens has high oxygen transmissibility but low Young’s modulus. So low oxygen
permeability, high Young’s modulus and high
centre thickness might be important factors
that can affect conjunctival goblet cells.
Although, Lotraﬁlcon B has high oxygen permeability, it signiﬁcantly reduced the goblet
cell density. It is the only silicone lens used in
this study having plasma treatment on its surface. Besides oxygen permeability, surface
treatment may also affect goblet cell density.
On multiple comparisons, only Nelﬁlcon A
lens wear showed a difference in goblet cell
density reduction compared to Comﬁlcon A
and Stenoﬁlcon A lens wear. Lievens, Connor
and Murphy31 found that non-silicone hydrogel lenses create more irritation than silicone
lenses. A higher reduction in goblet cell density by Nelﬁlcon A lens wear may be due to
the higher irritation on the ocular surface. It
is interesting that the lenses, which were
manufactured by the same company had
Clinical and Experimental Optometry 99.4 2016
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similar effects on conjunctival cytology. This
highlights the effect of lens characteristics
and designs on conjunctival goblet cells. Contrary to the present ﬁndings, Simon et al22 did
not show a statistical difference in cytological
changes with different lens materials. Similarly, Lievens, Connor and Murphy31 did not
ﬁnd a difference in goblet cell density in
Acuvue 2 or PureVision contact lens wearers.
The reduction in goblet cell density associated
with contact lens material in the present study
might be due to the different characteristics of
the lens used (Table 2).
There was no signiﬁcant correlation
between the decrease in goblet cell density
and the age of the subjects. Zhu et al33 concluded that goblet cell density does not
change with age but the function of the goblet cells decreases with age. This may be the
case but testing of the function of the goblet
cells was out of the scope of this study. Moreover, age-related variation may not take place
over the narrow range of age featured in the
current study.
There was no signiﬁcant change in conjunctival epithelial cell metaplasia with contact lens
wear; however, as shown in Table 3, it was
increased by few grades in the majority of the
eyes. Before wearing contact lenses, ‘grade 0’
it was observed in 78 per cent of the eyes but
it was found in only 15 per cent of the eyes
after contact lens wear. Epithelial metaplasia
in contact lens wearers is thought to be due
to the mechanical inﬂuence of the lens on
the ocular surface.34 Increase in epithelial cell
metaplasia may be one of the causes of contact
lens-induced dry eye because increased severity of dry eye and conjunctival epithelial cell
metaplasia are associated with one other.35
Grade change did not reach a signiﬁcant level
probably due to the fact that the change was
only a single grade in the majority of the eyes
(61per cent). Epithelial metaplasia was not
associated with lens wearing modality. Silicone
lens wear was less associated with changes in
epithelial metaplasia by comparison with
non-silicone hydrogel lenses, which might be
due to the higher oxygen permeability of silicone lenses. Both the aforementioned lens
materials used in our study had similar modulus of rigidity and so the mechanical inﬂuence
of the lens on the ocular surface is thought to
be similar.34
Previous studies have found that aging
does not alter the epithelial cell morphology;33 however, a signiﬁcant correlation of
the change in epithelial metaplasia with age
was observed in the current study, indicating
that adult lens wearers are more susceptible
Clinical and Experimental Optometry 99.4 2016
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to epithelial metaplasia. An already compromised ocular surface due to age may be more
susceptible to damage by contact lens wear.
Contrary to the ﬁndings of the current
study, several studies have shown signiﬁcant
differences in conjunctival epithelial metaplasia in contact lens wearers and non-contact
lens wearers. Tomatir, Erda and Gürlü found
signiﬁcant differences in conjunctival impression cytology with contact lens wear for a
period of 6.9 ± 2.6 months (range four to
12 months);36 however, they used different
lens materials: soft hydroxyethylmethacrylate
(vinyl pyrrolidone copolymer) lenses in 40
eyes, polymacon lenses in 70 eyes and rigid
gas-permeable (RGP) lenses in 40 eyes. Similarly, Simon et al22 found signiﬁcant changes
in epithelial squamous metaplasia after sixmonth soft contact lens wear. They also found
that the magnitude of changes correlated with
the duration of lens wear and was signiﬁcantly
higher in symptomatic wearers compared to
non-symptomatic wearers; however in that
study, the number of soft contact lens wearers
was small as only 11 subjects completed the
study. Moreover, the signiﬁcant change in that
study may be due to the longer duration (six
months) in comparison to the present study.
Doughty and Naase37 found signiﬁcant differences in epithelial cell size in non-contact lens
wearers and successful daily contact lens
wearers (with duration of four to nine years).
Munshi, Sathe and Ganar24 found a signiﬁcant increase on epithelial squamous metaplasia grade in subjects, who wear soft or RGP
lenses in comparison to the control group24
but they did not ﬁnd any association of
epithelial squamous metaplasia with the duration of contact lens wear. In a recent cross-sectional study conducted in European women,
Doughty38 found signiﬁcantly higher epithelial squamous metaplasia in soft contact lens
wearers than in non-lens wearers. In this same
study,38 in addition to cell enlargement, a
larger nucleus was observed in contact lens
wearers.
In the current study, a highly signiﬁcant
reduction in goblet cell density was observed
after three months of soft contact lens wear
but the change in conjunctival epithelial
cell morphology was not signiﬁcant. This
suggests that contact lens wear probably
affects the number of goblet cells before
there are observable changes to epithelial cell
morphology.
Consistent with the study by Simon et al,22
we did not ﬁnd any snakelike chromatin
due to soft contact lens wear. Moreover, we
did not encounter any neutrophils or

lymphocytes in the sample, contrary to a
study conducted by Hirji, Scott and Sable.16
This may be due to the short duration of contact lens wear by the subjects in this study.
There are some limitations in this study.
We used a small sampling area (high power
ﬁeld of view with 400 times total magniﬁcation) to count the goblet cells and it is likely
to make some error because of the variability
in goblet cells;39 however, observations were
made in three random areas and the average
was used for analysis to minimise this error.
From this study, it can be concluded that
soft contact lens wear reduces goblet cell density, which is dependent upon the lens materials but may not signiﬁcantly change the
conjunctival epithelial cell morphology. Oxygen permeability, material strength (Young’s
modulus), surface treatment and thickness of
the contact lenses are important factors that
can induce conjunctival cytological changes.
Conjunctival impression cytology may help to
detect early changes on contact lens wearers;
however, as suggested by Munshi, Sathe and
Ganar24 cytological changes, which occur during early periods of contact lens wear may be
due to the adaptive changes of ocular surface.
To conﬁrm the ﬁndings of this study, a long
term, longitudinal study may be helpful.
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