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A B S T R A C T   

The purpose of this manuscript is to describe how vision influences contact lens discomfort and review the 
evidence supporting the hypothesis that contact lens discomfort can be caused by vision and vision-related 
disorders. Contact lens discomfort is a misunderstood and difficult to manage clinical condition. Most treat-
ments and strategies aimed at alleviating discomfort focus on optimizing the contact lens fit and its relationship 
with the ocular surface, but these strategies commonly fail at relieving discomfort symptoms. Many vision and 
vision-related disorders share symptoms with those reported by uncomfortable contact lens wearers. This paper 
will review evidence and literature that describes how these vision and vision-related disorders may influence 
comfort in contact lens wearers. Acknowledging how vision influences contact lens discomfort will improve 
future research intended to better understand the condition, allow for more effective clinical management, and 
reduce rates of discontinuation.   

Dissatisfaction with contact lens wear, no matter what the cause, 
leads to decreased or discontinued wear patterns. Contact lens dissat-
isfaction and subsequent dropout are most often attributed to contact 
lens discomfort [1–6]. Ocular discomfort can be described as an adverse 
sensation in or around the eye. Ocular discomfort could, therefore, be 
used to describe a wide variety of sensations like pain, itch, irritation, or 
mild disturbance. For most ocular pathology, the cause of discomfort is 
known and can be targeted with treatments and medication. In contact 
lens wear, however, discomfort is a poorly understood phenomenon. 

In an effort to better understand contact lens discomfort in order to 
more effectively study and treat the condition, the Tear Film and Ocular 
Surface Society (TFOS) defined contact lens discomfort in 2013 as, “a 
condition characterized by episodic or persistent adverse ocular sensa-
tions related to lens wear, either with or without visual disturbances, 
resulting from reduced compatibility between the contact lens and the 
ocular environment, which can lead to decreased wearing time and 
discontinuation of contact lens wear [3]”. This group of contact lens 
discomfort experts acknowledged that, despite significant advance-
ments in material technology and extensive research on the condition, 
much is still unknown and misunderstood about what factors influence 
discomfort and how best to manage and prevent uncomfortable contact 
lens wear. 

Contact lens discomfort, while appearing as the ubiquitous cause of 
contact lens dropout, has proven to be difficult to prevent and treat. 
Discomfort symptoms are most easily attributed to a poor relationship 
between the lens and the ocular surface and, therefore, dry-eye-type 

etiologies are usually blamed for contact lens discomfort [7–16]. The 
severity of objective signs of dryness, however, rarely correlates with the 
severity of discomfort symptoms in contact lens wearers [17–19]. This 
mismatch between subjective symptoms and objective signs makes 
discomfort treatments difficult to determine and oftentimes ineffective 
[20]. A patient’s most common self-treatment, unfortunately, is to 
decrease or completely discontinue contact lens wear [4,5]. 

While contact lens discomfort symptoms are similar to dry eye 
symptoms, they also correlate with symptoms of binocular vision dis-
orders (both accommodative and vergence disorders) [21] and have 
been shown to be associated with perceived visual compromise [22]. 
Eyestrain or discomfort associated with under/overcorrection, insuffi-
cient astigmatic correction, accommodative insufficiency, fatigue, and/ 
or presbyopic decline can affect a wide range of contact lens wearers. 
Young, pre-presbyopic wearers with accommodative deficiencies and/ 
or binocular vision disorders that are exacerbated by contact lens wear 
may assume their symptoms are caused by an incapatability between the 
contact lens and ocular surface and, after failing to treat the true cause of 
symptoms, abandon contact lens wear. Presbyopes and emerging pres-
byopes may have discomfort symptoms caused by accommodative strain 
that are mislabeled as age-associated dryness. Convergence and 
accommodative demands associated with long hours of computer and 
near work could also contribute to visual and accommodative fatigue 
that results in perceived contact lens discomfort. If discomfort treat-
ments are focused on the ocular surface and not these vision-related 
causes, wearers may discontinue contact lens wear after treatment of 
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the incorrect problem fails to alleviate symptoms. 
The TFOS concluded that contact lens discomfort was primarily a 

result of reduced compatibility between the contact lens and the ocular 
environment. It was also emphasized that contact lens discomfort is 
alleviated by contact lens removal – a fact that confirms that contact lens 
wear itself induces discomfort symptoms. At that time, it was 
acknowledged that the causation of this incompatibility was unclear. As 
well, it was acknowledged that discomfort can occur with or without 
visual disturbance, but there was minimal discussion on how vision and 
vision-related disorders may influence contact lenses discomfort. 

When one hears “ocular environment,” it is easiest to assume the 
environment being referred to is the one in which the contact lens makes 
direct contact with the ocular surface. What if the “ocular environment” 
that a contact lens interacts with included more than just the ocular 
surface? What if one considered the “ocular environment” that the 
contact lens interacts with to also include the eye’s internal accommo-
dative and vergence systems, refractive error and inherent optics, and 
the visual pathway and its associated processes? Considering how visual 
causes, in the presence or absence of observable ocular surface disrup-
tion, influence discomfort is important to continue to advance our un-
derstanding of contact lens discomfort. 

This review will summarize what is currently known about how 
vision and vision-related disorders influence ocular and contact lens 
discomfort. Other visual phenomena and factors like glare, light sensi-
tivity, fixation disparity, screen use, and viewing distance have been 
studied and reported on how they influence general visual discomfort 
[23–37], but this review will aim to describe how vision influences 
comfort in contact lens wearers, specifically. First, a distinction will be 
made between discomfort caused by ocular surface etiologies and those 
caused by visual factors, based on existing literature. Next, studies 
exploring visual discomfort will be described as they relate to conditions 
that include binocular and accommodative disorders and general blur 
and visual quality. Rationale for how vision-related discomfort origi-
nates will be described in each section. Finally, studies investigating 
visual discomfort in contact lens wearers, specifically, will be described. 
The objective of this review is to summarize the existing evidence so eye 
care providers and researchers can more effectively consider visual 
causes of discomfort when developing research to study and treatment 
plans to manage contact lens discomfort. 

1. Differentiating ocular and visual discomfort 

While many symptoms of contact lens discomfort (dryness, watering, 
burning, scratchiness, etc.) suggest a dry-eye-type etiology, other hall-
mark contact lens discomfort symptoms (eyestrain, fatigue, blurry/ 
changeable vision) do not immediately indicate a dry eye issue [3,21]. 
Considering the symptomology of uncomfortable contact lens wearers, 
one could argue that the general term “asthenopia” more succinctly 
describes an uncomfortable lens wearer’s experience. 

Asthenopia is a word that can be used to describe any discomfort 
sensation experienced in or around the eyes [38]. In fact, all of the 
following terms have been used in conjunction with “asthenopia:” 
ocular pain, headache, photophobia, diplopia, difficulty changing focus 
at various distances, burning, irritation, blur, dryness, and itch.[38,39] 
This list of symptoms describes sensations that result from quite 
different etiologies and leads one to assume that a complaint of 
“discomfort” or “asthenopia” cannot conclusively point toward one 
distinct cause. Perhaps, then, any disorder that is defined using the word 
“discomfort” will inevitably suffer from a failure to distinguish a distinct 
etiology. 

Recognizing that asthenopic symptoms can be caused by several 
different conditions, Sheedy et al. set out to develop an asthenopia 
classification system [39]. Various asthenopic symptoms were induced 
by exposing participants to different ocular environments (astigmatic 
viewing, dry eyes, glare, flickering lights, changing accommodative 
targets, etc.) while they read. Participants read until their ocular comfort 

was “barely tolerable” and then rated the severity of their asthenopic 
symptoms (burning, ache, strain, irritation, tearing, blurred vision, 
double vision, dryness, and headache) on an analog scale from 0 to 100 
(0 = no symptoms, 100 = severe). Symptoms were significantly related 
to their inducing conditions, and these relationships were statistically 
stronger when symptoms were classified into one of two groups: external 
and internal symptom factors. External symptom factors were common 
to dry eye (burning, redness, dryness, etc.) and internal symptom factors 
were associated with symptoms induced my accommodative and ver-
gence demands (eyestrain, eye fatigue, headaches, etc.) [39]. It should 
be noted that if a participant reported “barely tolerable” comfort at any 
point in the study, one could assume that the participant’s symptoms 
would be at maximum severity. Sheedy et al. did not comment on the 
correlation of participants who had “barely tolerable” symptoms and 
their subsequent symptoms severity rankings. A description of these 
results may have provided further insight into a participant’s perception 
of comfort during a viewing activity and ranking of that discomfort 
subsequently. 

The Sheedy investigation suggested that symptoms of eye discomfort 
can be caused by a disruption of the ocular surface (ocular discomfort) 
or a strain of the visual system (visual discomfort) [39]. While these two 
groups of symptoms originate from different causes, they may be diffi-
cult for a patient and/or clinician to differentiate from one another. 
Aakre et al. examined symptoms of asthenopia associated with computer 
use and found that asthenopia associated with computer use could have 
ocular and visual causes [40]. Prolonged screen viewing can lead to 
decreased blink rate and tear film disruption, causing ocular discomfort. 
Long periods of near work, however, can cause visual discomfort asso-
ciated with accommodative fatigue and eyestrain. Adults in this study 
completed a survey about ocular symptoms (dryness, burning, etc.) and 
visual symptoms (blur, eyestrain, etc.) during computer use. Symptoms 
of visual and ocular discomfort were positively correlated, suggesting 
that participants were unable to differentiate the two groups of symp-
toms from one another [40]. 

“Asthenopia” is not a word a patient is likely to use when describing 
sensations they experience with contact lens wear, but “discomfort” or 
“uncomfortable” are words that are quite likely to be used by the lay 
person to describe symptoms to an eye care provider. Acknowledging 
that Sheedy et al. reported that asthenopic symptoms can be caused by 
quite different etiologies and Aakre et al. reported that symptoms 
associated with visual and ocular symptoms are difficult to differentiate, 
it is reasonable to consider that patients complaining of discomfort could 
have symptoms originating from either etiology. Knowing that many 
contact lens discomfort treatments targeted at the ocular surface are 
unsuccessful, it is possible that some proportion of uncomfortable con-
tact lens wearers are experiencing symptoms related to a vision-based 
issue. 

2. Binocular vision causes of visual discomfort 

It has been suggested that visual discomfort may be caused by many 
different factors, including uncorrected refractive error, binocular vision 
disorders, and even hypersensitivity in cortical brain areas [41,42]. 
Previous studies have illustrated relationships between visual discom-
fort and accommodative lag. Measuring accommodative response with 
an autorefractor and using the Conlon Visual Discomfort Survey [43] to 
assess symptoms, Chase et al. reported that accommodative lag and 
symptoms of visual discomfort are positively correlated [44]. Tosha 
et al. recruited groups with high and low visual discomfort and also 
observed accommodative lag [24]. While the low discomfort group 
showed a normal accommodative response, the high visual discomfort 
group had significantly higher amounts of accommodative lag [24]. The 
higher discomfort group also had accommodative lag that increased 
over time, while the low discomfort group exerted a stable accommo-
dative response [24]. These findings support the idea that visual 
discomfort symptoms are influenced by accommodative fatigue and/or 
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insufficiency. 
Uncomfortable contact lens wearers and patients with binocular 

vision disorders both report symptoms of ocular discomfort, sore eyes, 
tired eyes, and blurry/changeable vision [7,10,21,45–48]. Importantly, 
the described symptoms in both groups are noted to be more intense and 
frequent at the end of the day [7,9,10,49]. Contact lens discomfort that 
is a result of true ocular surface and tear film disruption is likely 
multifactorial and variable from person to person [50]. An optical eti-
ology can explain how a contact lens introduces increased accommo-
dative and convergence demands and, therefore, may induce visual 
discomfort symptoms in certain wearers. 

Basic optical principles show that people with myopic refractive 
errors must exert more convergence and accommodation when they are 
corrected with contact lenses compared to spectacles [51]. The opposite 
effect (increased convergence and accommodative demand while cor-
rected with spectacles versus contact lenses) is seen with hyperopic 
refractive errors [52]. Myopic spectacle lenses produce a base-in effect 
when looking at near, resulting in a decreased convergence demand 
[51]. Myopic contact lenses eliminate this base-in effect, so a greater 
convergence effort is required when a myope looks at a near target when 
wearing contact lenses compared to spectacles [53]. 

An increased accommodative demand is also experienced when 
myopes are corrected with contact lenses. The effective power of a 
myopic lens increases as it gets closer to the corneal plane. If this 
effective power increase is not adjusted for when determining the con-
tact lens power, myopic patients will have to exert more accommoda-
tion, compared to spectacle correction, to maintain a clear image at both 
distance and near [51]. Similar to convergence, the opposite accom-
modative effect is seen in hyperopes [51]. This change in accommoda-
tive demand is significant. Hermann et al. suggested that, “It is possible 
to precipitate the state of presbyopia by placing a middle-aged myope in 
contact lenses. Conversely, it is theoretically possible to forestall the 
state of presbyopia in a hyperope by successfully placing them in contact 
lenses” [52]. 

Recognizing the optical demand changes induced by contact lenses, 
early investigations sought to prove these optical theories. These studies 
measured vergence and accommodation in myopic [52] and hyperopic 
[54] eyes and showed that less vergence and accommodation was 
exerted by contact-lens-corrected hyperopes, while more convergence 
and accommodation was used in contact-lens-corrected myopes [52]. 
These initial studies, however, employed methods that may have 
influenced the accommodative response unintentionally [52,54], so 
more recent investigations have continued to observe how accommo-
dation and vergence change with different correction types [53,55,56]. 

In 2006, Hunt et al. tested the theory that myopes converge and 
accommodate more in contact lenses [53]. As suggested by optical 
theory, myopes in this study exerted more accommodation and 
convergence with contact lens correction while hyperopes exhibited less 
[53]. In a study that examined refractive and binocular vision changes in 
myopic children wearing spectacles and contact lenses, Fulk et al. re-
ported that near heterophoria changed approximately 4.5 prism di-
opters in the exophoric direction when corrected with contact lenses 
[55]. Jimenez et al. also compared accommodative and vergence re-
sponses in myopic contact lens and spectacle wear [56]. In this study, 
higher accommodative lag and more esophoric near phoria was 
observed in contact lens-corrected myopes [56]. Recognizing the 
interaction and coupled nature of accommodation and convergence 
[57,58], this result is somewhat unexpected. 

In a study that sought to determine if uncomfortable myopic contact 
lens wearers had an abnormally high prevalence of binocular vision 
disorders, Rueff et al. tested participants for dry eye and binocular vision 
abnormalities while wearing their contact lenses. Approximately half 
(48%) of the sample had significant signs of dry eye, but the same 
proportion (48%) had signs of a binocular vision disorders [21]. This 
prevalence was higher than previously reported binocular vision disor-
der prevalences (23–32%) by Lara et al. and Porcar et al. [59,60] 

although it should be noted that these previous studies had stricter 
diagnostic criteria. The prevalences reported by Rueff et al. could, 
therefore, be an overestimate of the true population binocular vision 
disorder prevalence. In a subsequent study also evaluating the preva-
lence of binocular vision disorders and contact lens discomfort in 
myopic contact lens wearers, Tilia et al. applied diagnostic criteria more 
similar to those of Lara et al. [59] and Porcar et al. [60] and reported a 
25% prevalence of binocular vision disorders, suggesting that myopic 
contact lens wear did not significantly increase the prevalence of 
binocular vision disorders [61]. 

Rueff et al. also reported that accommodative lag ≥+1.00 D was 
observed in 48% of the sample [21]. Previous reports of non-contact lens 
wearers, for comparison, have reported accommodative insufficiency 
prevalences of 6–9% [59,60]. The authors suggested that the high 
prevalence of accommodative insufficiency in this sample could have 
been caused, at least in part, by the increased accommodative demands 
induced by myopic contact lens wear. Again, the diagnostic criteria 
applied by Rueff et al. was not as strict as the prevalence studies the 
results were compared to, and these studies used multiple tests to di-
agnose accommodative insufficiency (not accommodative lag alone). 
Similar to the overall binocular vision disorder prevalences described 
above, when Tilia et al. applied diagnostic criteria similar to Lara et al. 
[59] and Porcar et al. [60] to a group of myopic soft contact lens 
wearers, similar prevalences of accommodative insufficiency were re-
ported [61]. 

Considering the symptom similarity of contact lens discomfort and 
binocular vision disorders, it can be hypothesized that discomfort 
associated with contact lens wear may be related to accommodative 
fatigue and discomfort. Optical principles illustrate how a myopic in-
dividual may experience accommodative and vergence demands that 
are comfortable and manageable when corrected with spectacles, but 
push past a threshold of comfort when corrected with contact lenses. 
Evidence investigating prevalence of binocular vision disorders has 
mixed results, although studies that employ strict clinical diagnostic 
criteria suggest that discrete prevalences of binocular vision disorders in 
myopic contact lens wearers is not different than the normal population. 
As a somewhat newly acknowledged phenomenon, these prevalences of 
clinical signs and symptoms of binocular vision disorders in uncom-
fortable contact lens wearers should continue to be studied. 

3. Visual quality and blur causes of discomfort 

General blur may also be a cause of visual discomfort. Acknowl-
edging early evidence that blurred vision induced by defocused contact 
lenses result in ocular discomfort [29], Rao and Simpson [62,63] were 
among the first [29] to show a relationship between ocular comfort and 
vision quality. In a study that examined how participants responded to 
suprathreshold stimulation of the cornea using an esthesiometer, they 
reported that comfort ratings worsened more quickly under blurred 
conditions compared to clear conditions. They also performed a study 
that induced dioptric and spatial blur in a group of emmetropic partic-
ipants and found that comfort ratings were worse under blurred con-
ditions [62]. In this group of emmetropic participants with no history of 
contact lens wear, dioptric blur was induced by placing a +6.00 D 
contact lens on the eye. For spatial blur, a spatially filtered image (equal 
to +6.00 D of defocus) was presented with no contact lens on the eye 
[62]. Both blur conditions resulted in significantly worse comfort scores 
compared to clear vision viewing. 

What is perhaps most interesting, however, is that the two different 
blur conditions (dioptric induced with a contact lens and spatial pro-
duced with an image) did not have significantly different comfort scores 
compared to one another. This is unexpected in a group of emmetropic 
participants that had, presumably, never worn contact lenses before. 
One could hypothesize that the dioptric blur induced by the contact lens 
would be more uncomfortable simply because the participants had 
never worn contact lenses before, but that was not the case. These 
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findings suggest that blur alone was the primary instigator of perceived 
discomfort in this study [62]. It should be noted that relatively large 
amounts of blur were induced in these two studies (4 [63] and 6 [62] 
diopters), so it is unclear what a more real-word amount of under/over 
correction may induce. 

In the previous section, rationale for how accommodative and ver-
gence fatigue could influence a contact lens wearer’s perception of 
comfort was described. Understanding how a visual stimulus (blurred or 
otherwise) initiates a sensation of ocular discomfort is less clear. Pain on 
the ocular surface is initiated by stimulation of corneal and/or 
conjunctival mechanical and/or polymodal nociceptors or thermore-
ceptors [64]. The pain signal is carried by the trigeminal nerve to the 
trigeminal brainstem nuclear complex, where second-order neurons 
decussate and synapse with third-order neurons in the thalamus [64]. 
Vision, conversely, is sensed first by photoreceptors in the retina, which 
transfer the signal to retinal ganglion cell axons. Retinal ganglion cell 
axons synapse in the lateral geniculate thalamic nucleus where the vi-
sual signal is transferred and carried via higher order neurons to the 
visual cortex [65,66]. 

While ocular surface pain and visual signal transduction appear to 
travel down completely unrelated pathways, it is important to recognize 
that most signals received by the brain undergo modification and receive 
input from other brain areas before they are consciously perceived. 
Studies have shown that, during a pain signal, there is brain activity in 
the cortices, thalamus and subcortical areas [67–69]. This modification 
of the pain signal before and during conscious perception is likely why 
pain is so subjective and experienced uniquely by each individual [64]. 
The visual signal, especially after synapse in the lateral geniculate nu-
cleus, travels to areas unrelated to vision and is modified and informed 
by non-visual areas of the brain before it synapses in the visual cortex. 
Similar to pain, this signal modification alters the conscious perception 
of vision [66]. So, while stimuli that signal pain or vision may begin in 
different pathways, it is reasonable to hypothesize that they interact 
with one another before the conscious sensation of vision and/or 
discomfort is experienced. Visual discomfort in contact lenses wearers, 
therefore, could be a result of this intermingling and modification of 
multiple brain pathways in response to a blurred or degraded visual 
stimulus. 

4. Visual discomfort in contact lens wearers 

In recent years, investigations have examined how visual factors 
influence discomfort in contact lens wearers, specifically. Considering 
the rationale for how myopic contact lens wearers experience increased 
accommodative and convergence demands compared to spectacle 
correction, some studies have investigated the prevalence of binocular 
vision disorders in contact lens wearers [21,61]. As discussed in the 
previous section, Rueff et al. recruited a group of uncomfortable, 
myopic, pre-presbyopic soft contact lens wearers and found that the 
prevalence of binocular vision disorders was significantly higher than 
what is considered normal in an adult population [21]. Convergence 
insufficiency was the most common binocular vision disorder observed 
in this population and approximately half of the participants had 
accommodative lag of 1.00 diopter or more [21]. As mentioned in the 
previous section, however, Rueff et al.’s diagnostic criteria were not as 
strict as those employed by the prevalences studies that were compared 
to, so it is possible the reported prevalences were overestimated. 

Tilia et al. also recruited a group of myopic, pre-presbyopic soft 
contact lens wearers and examined how symptoms of contact lens 
discomfort (measured by the Contact Lens Dry Eye Questionaire-8 
[CLDEQ-8] [10]) and binocular vision disorders (measured by the 
Convergence Insufficiency Symptom Survey [CISS] [49]) independently 
influenced overall contact lens dissatisfaction (measured by the Ocular 
Surface Disease Index [OSDI] [70]) [61]. Tilia et al. reported higher 
OSDI scores (indicating more contact lens dissatisfaction) in those with 
contact lens discomfort (as diagnosed by the CLDEQ-8) and those with 

binocular vision disorders (as diagnosed by standard diagnostic criteria) 
[61]. As well, they reported that CISS scores were higher for participants 
with significant contact lens discomfort, suggesting that there is overlap 
of contact lens discomfort and binocular vision disorder symptoms [61]. 
This particular study is the first to differentiate between “contact lens 
dissatisfaction” (as measured by the OSDI) and “contact lens discomfort” 
(as measured by the CLDEQ-8) in this way. Because there were no sig-
nificant differences between the CLDEQ-8 scores of the participants with 
and without binocular vision disorders, the authors concluded that 
binocular vision disorders contribute to contact lens dissatisfaction (not 
contact lens discomfort), independently. 

Several studies have examined how residual astigmatism and/or 
toric contact lens correction influence subjective comfort in soft contact 
lens wearers. While spectacles typically are prescribed to correct all 
refractive astigmatism, soft contact lens wearers may or may not wear 
contact lenses that correct the majority of their astigmatic refractive 
error. Most commercial soft toric contact lenses begin correcting astig-
matism at 0.75 diopters. While about half of all soft contact lens wearers 
have ≥0.75 diopters of astigmatism in one or both eyes, only about a 
quarter of all soft contact lens wearers are utilizing an astigmatic contact 
lens design [71]. It is possible, therefore, that eyestrain and/or blur 
associated with residual astigmatism could influence a soft contact lens 
wearer’s visual comfort while wearing contact lenses and not spectacles. 

Wiggins, et al. induced residual astigmatism in contact lens wearers 
and reported that more discomfort was experienced with screen use 
under the residual astigmatism condition, concluding that all wearers 
with demanding visual near tasks (i.e. screen time) should have astig-
matism maximally corrected when wearing contact lenses [72]. Bernt-
sen et al. used electromyography, a system that records the electrical 
activity produced by the contraction of the orbicularis oculi muscle, to 
objectively compare eyestrain with single vision soft spherical and toric 
contact lenses [73]. Compared to the spherical lenses, the toric lenses 
resulted in better high and low contrast visual acuity, and 
electromyography-measured eyestrain with the toric lenses was less at 
the initial fitting visit. At the follow-up visit (approximately one week 
after fitting), however, eyestrain was the same with the toric and 
spherical lenses [73]. The authors hypothesized that while eyestrain 
with the spherical lens may have been worse upon initial fitting, wearers 
may have adapted to that vision over time [73]. 

Cox, et al. compared soft spherical and soft toric contact lenses in 
participants with low to moderate astigmatism (0.75 to 1.75 diopters) 
[74]. They reported that, even in patients with relatively mild astig-
matism, quality of life and subjective visual acuity was better with the 
toric lenses. Interestingly, this group also administered the CISS [49] to 
study participants. The CISS is a survey used to measure symptoms 
associated with convergence insufficiency in children and adults [49]. 
This instrument asks questions about symptoms and visual changes 
experienced while reading and looking up close, so it can be an indirect 
way of assessing general eyestrain. Cox et al. reported that CISS scores 
improved significantly while participants were wearing the toric lenses 
[74], suggesting that overall eye fatigue and eyestrain improved with 
full toric correction. 

Rueff, et al. investigated how multifocal contact lenses influenced 
contact lens discomfort [75]. In this clinical trial, uncomfortable soft 
contact lens wearers in their 30′s wore a single vision and low-powered 
multifocal soft contact lens. Comfort and subjective preference for vision 
and comfort were evaluated [75]. For participants who were in a 30–35- 
year-old age range, comfort scores were better with the single vision 
lens. For participants between ages 35 and 40-years-old, there was no 
difference in comfort between the single vision and multifocal lenses 
[75]. The single vision and multifocal lenses used in this study had the 
same material, diameters and base curve. Optical design was the only 
difference. These results suggested that multifocal contact lenses may be 
beneficial for some wearers as they approach presbyopia. More impor-
tantly, the differences seen in symptom scores for the different optical 
lens designs support the idea that visual factors alone can influence 
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comfort. 
While the study above evaluated how multifocal contact lenses 

influenced comfort in non– or pre-presbyopic contact lenses wearers, it 
is important to consider the impact of visual comfort in presbyopes, a 
group a contact lens wearers that have unique visual needs. It’s been 
reported that visual satisfaction has as much influence on presbyopic 
contact lens discontinuation as general discomfort [76]. Presbyopic 
contact lens wearers have several options to correct their vision. Some 
may opt to wear single vision contact lenses and utilize single vision 
reading glasses for near visual needs. Others may be fit into a mono-
vision system that corrects one eye for distance and one eye for near 
vision. Multifocal contact lens options, like those mentioned previously, 
utilize various optical designs to hypothetically allow clear vision at a 
range of distance, intermediate, and near focal points. Little evidence 
exists on what presbyopic modality is specifically most comfortable, but 
it has been reported that presbyopic contact lens wears subjectively 
prefer the overall wearing experience of multifocal designs to mono-
vision systems [77–79]. Considering the accommodative decline and 
near blur a presbyope experiences, it is rational to hypothesize that vi-
sual discomfort could occur during contact lens wear if the wearer was 
not wearing a modality that fully addressed their distance and near vi-
sual correction needs. 

Contact lens wearers have multiple unique visual factors that could 
influence their visual experience and visual comfort while wearing 
contact lenses, but not spectacles. Factors like astigmatism, emerging 
presbyopia, presbyopia, and accommodative/vergence demand could 
all be corrected differently in spectacles and, therefore, causes different 
visual comfort sensations when corrected or not corrected while wearing 
contact lenses. Future studies differentiating comfort sensations expe-
rienced from these visual factors and those experienced from true con-
tact lens and ocular surface incompatibility issue are necessary to further 
define visual discomfort in contact lens wearers. 

5. Discussion & conclusion 

Considering the relative misunderstanding of the etiology of contact 
lens discomfort and the eye care community’s lack of success in treating 
and preventing discomfort associated with contact lens wear, it is 
reasonable to look to etiologies outside of the ocular surface for possible 
discomfort causation. The literature reviewed here supports the hy-
pothesis that visual factors can influence ocular comfort and can 
uniquely influence a contact lens wearer’s perception of comfort. It is 
important to acknowledge, additionally, that ocular surface health and 
tear film stability can influence vision and vision quality [37]. A 
comprehensive assessment and treatment plan for a patient complaining 
of uncomfortable contact lens wear should, therefore, consider how both 
ocular surface and vision-related issues could be influencing that unique 
patient’s comfort experience. 

Discomfort associated with visual causes may be under-diagnosed 
because there are no meaningful ways to objectively identify and 
quantify symptoms of visual discomfort in order to manage it. Most 
survey tools designed to quantify symptoms of ocular discomfort are 
targeted at dry-eye related discomfort [10,70,80]. While symptoms 
associated with visual discomfort are similar to dry eye in some ways, 
they are markedly different in others. The development of a tool to 
accurately measure and quantify symptoms associated with vision- 
related discomfort could, therefore, be very impactful in identifying, 
treating, and preventing contact lens discomfort. 

In conclusion, although misunderstood and under-acknowledged in 
research and clinical practice, visual discomfort certainly influences 
ocular and contact-lens-related comfort and satisfaction. Future studies 
investigating contact lens discomfort should include protocols and as-
sessments that account for clinical signs that contribute to visual 
discomfort. Testing for factors like acuity, accommodation, and over 
refraction should be considered alongside ocular surface testing like 
staining and tear break up time when considering what factors may be 

influencing a contact lens wearer’s discomfort. When addressing com-
plaints of discomfort clinically, eye care providers should place as much 
emphasis and importance on evaluating the visual system as the ocular 
surface in order to most effectively alleviate symptoms. As the collective 
eye care community continues to address contact lens discomfort com-
plaints, a thoughtful emphasis should be placed on acknowledging how 
vision and the visual system impacts discomfort. 
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