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Abstract

Purpose

To utilize the Pain Sensitivity Questionnaire (PSQ) to assess the influence of pain sensitivity

on perceptions of ocular discomfort and dryness.

Methods

Subjects completed a battery of questionnaires, including history of ocular and general

health, contact lens wear history, the Ocular Surface Disease Index (OSDI) questionnaire,

visual analog scale (VAS) 100-point rating scales to assess severity and frequency of aver-

age and end of day (EOD) discomfort and dryness, and the PSQ to assess pain sensitivity

level. Masked subjects were then instructed to wear one inverted and one normally oriented

soft contact lens contralaterally for 30 minutes to induce an inter-eye difference in comfort

and dryness sensations. Subjects rated comfort and dryness in each eye on VAS every 5

minutes during contact lens wear. A slit lamp examination was performed to evaluate ocular

surface health and to assess contact lens fit.

Results

One hundred and fifty-three subjects (111 females, 42 males) completed the study. In sepa-

rate models, a higher PSQ score was significantly associated with higher OSDI score (p =

0.002), lower average and EOD comfort (p = 0.005 and 0.001, respectively), and greater

EOD dryness (p = 0.04). The minimum (0.14) and maximum (7.14) PSQ scores observed in

our subject cohort (i.e., from the subjects who were the least and most sensitive to pain,

respectively) corresponded to an estimated difference of 11 points on the OSDI, 20 points

on the VAS scale for average comfort, 31 points for EOD comfort and 17 points for EOD dry-

ness. In a mixed effects model, a higher PSQ score was significantly associated with a

greater inter-eye difference in comfort (p = 0.013) and dryness (p = 0.010) during CL wear.

Conclusions

Pain sensitivity influences perceptions of ocular discomfort and dryness, and should be

taken into account when evaluating subjective assessments of these symptoms.
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Introduction
Due to limitations with diagnostic tests that assess the ocular surface, clinicians often rely on
subjective questionnaires to assess and monitor ocular discomfort [1]. Despite such a signifi-
cant reliance, there has been limited investigation into the factors that influence inter-subject
differences in ocular discomfort reported. In response to an identical stimulus to discomfort,
individuals can differ greatly in how they perceive it and report it on a questionnaire, [2–6]
with people who are more sensitive to pain or discomfort rating the sensation more extremely
than would a less sensitive person. Therefore, an instrument that provides some insight into
how individuals perceive ocular discomfort could be of benefit in interpreting patient sympto-
mology and influencing treatment decisions.

A validated instrument that measures the level of sensitivity to discomfort could also be use-
ful in examining the often noted discrepancy between clinical signs and patient symptoms of
[7–10]. A typical example of this discrepancy can be seen in regards to dry eyes, as it is not
uncommon for patients to report dry eye symptoms but lack clinical signs or conversely, pres-
ent with signs but be asymptomatic, and many studies have found a lack of association between
signs and symptoms in dry eye disease [7,8,11–13]. Another example is found in patients with
CL discomfort. Although studies have identified a number of factors that are associated with
greater discomfort during CL wear (e.g., Asian ethnicity, inferior corneal staining, excessive
lens movement, CL surface wettability), there is still significant uncertainty regarding the
pathophysiology of CL discomfort [9,10,14–17]. The lack of progress in understanding the
relationship between signs and symptoms of ocular discomfort may be due to the failure in rec-
ognizing that the level of ocular discomfort experienced is not determined solely by the extent
of ocular surface disruption but also by how it is perceived [7,8,18,19].

This is unsurprising, as the perception of ocular discomfort is based on the following neural
pathway: (1) the signal (e.g., triggered by an irritant) originates on the ocular surface, (2) is
transmitted to the brainstem, (3) then relayed to the limbic system, and (4) finally conveyed to
the cerebrum [7,20]. At each step, the signal (and ultimately the perception of ocular discom-
fort) can either be upregulated or downregulated by nociceptive processing in the brainstem,
emotional state in the limbic system, memories of pain in the parietal lobe of the cerebrum and
the level of attention given to pain in the frontal lobe of the cerebrum, which are all influenced
by a complex interaction of factors[21–25].

This is a similar issue to that which pain researchers have faced in attempting to explain
why identical injuries can lead to a diverse range of reported pain or discomfort [2–6]. An
insight into this issue was gained with the recognition that the cognitive modulation of pain or
discomfort is highly individualized. This biopsychosocial pain model, which as Green explains,
states that “pain is ultimately sculpted by complex and dynamic interactions among biological,
psychological and sociocultural processes,”[2–4,25–32] suggests that pain sensitivity, defined
as how individuals rate painful stimuli, is the most important metric in understanding individ-
ual pain perception.[30,33,34] In addition, pain sensitivity has been linked with the level of
analgesic use after surgery, the risk of developing chronic pain, and how successful a medical
procedure is perceived to be [27,34–37]. In the literature, pain sensitivity has been experimen-
tally measured by determining the level of cold, heat or pressure stimuli a patient could with-
stand before considering it to be painful [30,33]. In such tests, an individual with higher pain
sensitivity would notice pain at a lower stimulus level. The potential of using pain sensitivity to
understand ocular discomfort was demonstrated by Vehof et al., but the logistical difficulties of
experimentally measuring pain sensitivity have prevented it from being widely studied, as the
measurements are time-intensive, expensive, depend on specially trained staff and require
inducing pain in healthy subjects [30,33,38].
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The Pain Sensitivity Questionnaire (PSQ), which was developed by Ruscheweyh et al., may
overcome some of these challenges [30]. The PSQ is a self-rating instrument, taking three to
five minutes to complete, that asks respondents to imagine themselves in painful situations
that are commonly experienced, and to rate the pain they feel they would experience (Fig 1).
The questionnaire is simple, requiring no equipment or extensive training, inducing no anxiety
in subjects or patients at the prospect of an imminent “pain test”, and being quick to complete
even with large numbers of research subjects. The PSQ provides a score that rates pain sensitiv-
ity on a 0–10 scale, with a higher score associated with greater pain sensitivity. The PSQ, which
has been validated in normal and chronic pain populations, has never been used in ocular sur-
face research [27,33,39–42].

The purpose of this study was to determine if the PSQ score is associated with common sub-
jective instruments for assessing ocular discomfort and dryness symptoms related to dry eye
and CL discomfort. We hypothesize that a higher PSQ score (i.e., greater sensitivity to pain) is
associated with greater ocular discomfort reported, even after adjustment for any other signifi-
cant factors. This study could further our understanding of how pain sensitivity may be a factor
contributing to the discrepancy between signs and symptoms of ocular discomfort: a patient
with greater pain sensitivity may report symptoms in the absence of any clinical signs, while a
less sensitive patient may suffer little or no discomfort in spite of visible ocular surface pathol-
ogy. Furthermore, an awareness of the role of pain sensitivity in patient symptomatology could
inform clinician diagnostic and treatment decisions in personalized eye care.

Methods

Subjects
Subjects were recruited from the University of California, Berkeley and the surrounding com-
munity. Subjects taking systemic or ocular medication, or with a history of systemic or ocular
disease or surgery, were excluded from the study. Subjects were also excluded if they were
smokers, or currently or previously pregnant. Contact lens wearers (CLW) and non-contact
lens wearers (non-CLW) were recruited for the study; non-CLWs were defined as individuals
that had never worn CLs before or had discontinued CLs more than one year prior to the
study.

The study population consisted of individuals who were of either Asian or Caucasian
descent. These two groups of subjects were chosen because previous research has demonstrated
inter-ethnic differences in pain sensitivity [29,43], and in both subjective and objective
responses to CLs [14,17,44–48]. Individuals were considered to be of Asian ethnicity if they
were of Chinese, Korean, Vietnamese or Taiwanese descent, and of Caucasian ethnicity if they
were of European descent. Individuals of mixed ethnicity were excluded from the study. Sub-
jects were instructed to refrain from using any eye makeup or eye drops on the day of the visit.
Informed consent, with a complete description of the goals, risks, benefits and procedures of
the study, was obtained from all participants. This study observed the tenets of the Declaration
of Helsinki and was approved by the University of California, Berkeley Committee for Protec-
tion of Human Subjects.

Instrumentation and Procedures
Subjects were administered a baseline questionnaire battery composed of the OSDI, the PSQ,
the Dry Eye Flow Chart (DEFC), a set of 100-point visual analog rating scales (VAS) for aver-
age and end-of-day (EOD) comfort (0 = poor comfort, intolerable, 100 = excellent comfort,
cannot be felt), frequency of discomfort on average and at EOD (0 = Never, 100 = All the
time), average and EOD dryness (0 = no sensation of dryness whatsoever, 100 = extremely dry,
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Fig 1. The Pain Sensitivity Questionnaire.

doi:10.1371/journal.pone.0154753.g001
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intolerable), and frequency of dryness on average and at EOD (0 = Never, 100 = All the time).
In addition, a demographics and history questionnaire was administered that included items
for age, gender, ethnic group (Asian, Caucasian), immigration status (born in the United States
or immigrated) and current or past CL wear [17]. The questionnaire battery took approxi-
mately 20 minutes to complete and the order of the questionnaires was randomized to mini-
mize any potential bias due to the effects of test fatigue.

In addition to determining whether the PSQ score is significantly related to the aforemen-
tioned measures of ocular discomfort, a second goal of the study was to determine whether dif-
ferences in subjects’ pain sensitivities, as measured by the PSQ, can be shown to partly explain
the relatively small differences in comfort and dryness between fellow eyes due to differences in
lens fit; therefore, an issue faced during the design of this study was the development of a
method to induce such an inter-eye difference. We opted to fit all subjects with a single brand
of CL in a single base curve and power (Air Optix Night and Day [B.C. 8.6, Power -1.50 DS])
for both eyes, with one inverted and one normally oriented CL inserted contralaterally based
on random assignment. Thus, a relatively small range of differences in discomfort and dryness
due solely to differences in lens fit would be induced, eliminating the possibility of more drastic
differences we felt may occur in some subjects with different lens designs, surface coatings or
soaking solutions. Subjects who indicated a strong baseline preference (on a 5-point Likert
scale) for one eye or the other prior to study CL wear were excluded, so that any inter-eye dif-
ferences in comfort and dryness would be due solely to the different CL fits.

An anterior segment examination under white light was performed prior to CL insertion to
ensure there was no evidence of active or pre-existing ocular pathology (e.g., corneal scars,
infiltrates, excessive corneal epithelial irritation). Subjects wore the normally oriented and
inverted CLs contralaterally for 30 minutes, during which time they completed VAS ratings of
comfort and dryness every 5 minutes. Subjects were masked as to which eye received the
inverted CL, and were instructed that they could have the CLs removed at any time as they
wished. After 30 minutes, a slit lamp examination with fluorescein was performed to assess CL
wettability, post-blink movement, tightness and centration. The methods for CL assessment
are described further in Tan et al. [14]

Statistical Methods
The PSQ provides three numerical values: the overall pain sensitivity score (PSQ-Total), and
scores for sensitivity to situations with minor (PSQ-min) and moderate (PSQ-mod) pain. The
PSQ scores were highly correlated, in agreement with previous studies, and we found through
preliminary exploratory analysis (not shown) that the minor pain (PSQ-min) score best
reflected the discomfort experienced with dry eye and CL wear [30,33]. Therefore, this analysis
will focus on the PSQ-min score; we will refer to the PSQ-min score as the “PSQ score” for the
remainder of the manuscript.

After a thorough exploratory and descriptive analysis, baseline questionnaire responses to the
OSDI, DEFC, and VAS for average and EOD comfort and dryness (severity and frequency) were
modeled as functions of the PSQ score, adjusted for any other significant subject characteristics
including age, gender, ethnicity (Asian, Caucasian), immigration status (United States-born, immi-
grated), history of CL wear, time awake prior to the examination, palpebral aperture size, and pres-
ence of grade 2 or greater corneal staining in either eye with white light. Our goal in building such
models was to determine whether, after adjusting for any factors that may be related to comfort or
dryness outcomes, the PSQ score would remain an additional significant explanatory factor.

After modeling the baseline subjective outcomes, we examined the paired-eye data from 30
minutes of contralateral wear of one normally-oriented and one inverted soft CL, during which
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time VAS ratings of comfort and dryness for each eye were made by the subject every 5 min-
utes. We modeled the inter-eye differences (inverted–normally-oriented) in ratings of comfort
(IED-C) and dryness (IED-D) as linear mixed effects models, in order to account for the poten-
tial within-subject correlations between fellow eyes and over repeated measurements. The can-
didate explanatory (fixed effects) variables we examined included PSQ score, baseline subject
characteristics and baseline symptom ratings, as well as post-wear CL wettability, movement,
push-up test tightness, and decentration.

For both the baseline and post-CL wear analyses, the best models were selected based on
consideration of F-test p-values, examination of residual and other diagnostic plots, and com-
parison of the log-Likelihood for nested models or Akaike’s Information Criterion for non-
nested models. A subset of subjects felt that the inverted CL was at times more comfortable
than the normally oriented CL; because we were not testing hypotheses about inverted-vs.-nor-
mally-oriented CLs, but rather simply inverting one lens to create some difference in subjective
sensation, we elected to model the absolute values of the IED-C and IED-D. In addition, many
subjects found it difficult to provide ratings of comfort or dryness during the initial period of
CL settling, which was reflected in excessively high within- and between-subject variability in
the first 10 minutes; we therefore elected to analyze subject ratings made between 10 and 30
minutes post-insertion, after the lens had settled. Finally, in order to better approximate nor-
mality, we modeled both IED-C and IED-D on the natural log scale.

Results

Subject Characteristics
A sample of 168 subjects was initially recruited for the study. Fourteen subjects did not com-
plete the study due to pre-existing corneal scar, mixed ethnicity, or a strong baseline comfort
or dryness preference for one eye over the other. One subject was unable to complete all study
measurements due to inability to tolerate 30 minutes wear of the study CLs. Further details on
the reasons for disqualification and dropout are provided in Table 1 [49]. A total of 153 sub-
jects (40 male, 113 female) with a mean (SD) age of 22.6 (3.4) years (range: 18–34 years) suc-
cessfully completed the study. The study cohort was composed of 91 Asians and 62
Caucasians; 114 subjects were born in the United States and 39 subjects immigrated to the
United States (85% of subjects who immigrated were Asian). Ninety subjects were experienced
CLW and 63 were non-CLW.

Table 1. Disposition of all recruited subjects at end-of-study.

Subjects Recruited 168

Failed to Meet Eligibility Criteria 8

Mixed Ethnicity 4

Pre-existing Corneal Scar 2

History of Iritis 1

Unable to Document Recent Eye Exam 1

Disqualified 6

Unable to Insert CLs 3

Strong Baseline Comfort Preference 3

Dropouts 1

Unable to Complete 30min CL Wear 1

Total Failing to Enter and Complete Study 15

Total Successfully Completing Study 153

doi:10.1371/journal.pone.0154753.t001
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PSQ Score
The mean (SD) PSQ score was 2.7 (1.3) with a range of 0.1 to 7.1. Fig 2 depicts the PSQ scores
stratified on gender, ethnicity, immigration status and CL history. There was no significant dif-
ference (p = 0.229) in mean PSQ score between men (2.5) and women (2.8), nor was there a
significant difference (p = 0.331) between CLW (2.8) and non-CLW (2.6). Asians had a higher
mean PSQ score (3.0) than did Caucasians (2.3), indicating significantly greater pain sensitivity
on average among Asians (p<0.001). Subjects who immigrated to America also had a higher
mean PSQ score (3.1) than those born in America (2.6; p = 0.021).

Baseline Questionnaire Response
Descriptive statistics for the baseline questionnaire responses are shown in Table 2. In multi-
variable linear mixed effects models (Table 3), a higher OSDI score was significantly associated
with higher PSQ score (p = 0.005), as well as with female gender (p = 0.016) and Caucasian eth-
nicity (p = 0.004). There was an estimated 11 point greater OSDI score for the highest (7.1) vs.
the lowest (0.1) PSQ scores observed. Lower average comfort was significantly associated with
higher PSQ score (p = 0.005), as well as with CLW (p = 0.009). There was an estimated 20 unit
lower average comfort for the highest vs. the lowest PSQ scores observed. A greater frequency
of discomfort on average was significantly associated with CLW (p = 0.015) and a higher PSQ

Fig 2. PSQ score stratified on gender, ethnicity, immigration status, and CL wearing history.

doi:10.1371/journal.pone.0154753.g002
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score (p = 0.009), with an estimated 17 unit higher rating for the highest vs. the lowest PSQ
scores observed. Lower EOD comfort was also significantly associated with CLW (p<0.001)
and a higher PSQ score (p = 0.001), with an estimated 31 unit lower EOD comfort rating for
the highest vs. the lowest PSQ scores observed. A greater frequency of EOD discomfort was sig-
nificantly associated with being a female (p = 0.009) and CLW (p<0.001), but not significantly
associated with PSQ score (p = 0.379).

Higher average dryness severity was significantly associated with being Asian (p = 0.020) and
CLW (p<0.001), but not with PSQ score (p = 0.181). A greater frequency of dryness on average
was also significantly associated with being Asian (p = 0.006) and CLW (p = 0.002), but not with
PSQ score (p = 0.251). Higher EOD dryness severity was significantly associated with higher
PSQ score (p = 0.041), as well as with female gender (p = 0.020) and CLW (p<0.001). There was
an estimated 16 unit higher EOD dryness severity rating for the highest vs. the lowest PSQ scores
observed. A greater frequency of EOD dryness was significantly associated with greater age
(p = 0.001), being female (p = 0.006) and CLW (p<0.001), but not with PSQ score (p = 0.242).
A higher DEFC score was significantly associated with being Asian (p = 0.047) and CLW
(p<0.001), and although the PSQ score approached significance at the α = 0.05 level (p = 0.069)
the effect size was clinically insignificant, with an estimated difference of 0.2 units on the 5-unit
DEFC scale between the highest and lowest PSQ scores observed.

Table 2. Descriptive statistics for baseline questionnaire responses.

Min Max Median Mean SD

PSQ Score 0.14 7.14 2.43 2.69 1.25

OSDI 0.00 45.83 6.25 8.63 8.60

DEFC 1 5 2 2.4 1.4

Avg Comfort 27 99 87.0 81.3 16.9

Avg Discomfort Freq 0 75 9.0 13.7 15.8

EOD Comfort 6 99 75.0 69.8 25.0

EOD Discomfort Freq 0 99 15.0 25.7 27.3

Avg Dryness 0 72 12.0 18.7 19.7

Avg Dryness Freq 0 75 9.0 16.3 18.3

EOD Dryness 0 87 18.0 27.2 26.6

EOD Dryness Freq 0 90 15.0 25.8 27.5

doi:10.1371/journal.pone.0154753.t002

Table 3. Separate multivariate models showing the associations between subject characteristics and subjective responses to the baseline ques-
tionnaires. The arbitrary reference groups for Gender, Ethnicity and CLWHx (CLWear History) were Female, Asian and Experienced, respectively. A higher
value in average or EOD comfort is associated with greater comfort. A higher value in average or EOD dryness is associated with greater dryness.

Outcome Intercept PSQ Gender: Male Ethnicity: Caucasian CLWHx: neophytes

OSDI 3.18 1.59 (p = 0.002) -3.25 (p = 0.016) 3.34 (p = 0.004)

Avg Comfort 85.93 -2.81 (p = 0.005) 7.02 (p = 0.009)

Avg Discomfort Frequency 9.78 2.41 (p = 0.009) -6.15 (p = 0.015)

EOD Comfort 74.10 -4.33 (p = 0.001) 17.94 (p = <0.001)

EOD Discomfort Frequency 32.87 0.65 (p = 0.379) -11.08 (p = 0.009) -14.54 (p = <0.001)

Avg Dryness 25.27 0.41 (p = 0.181) -7.91 (p = 0.020) -10.83 (p<0.001)

Avg Dryness Frequency 23.34 0.07 (p = 0.251) -8.75 (p = 0.006) -8.97 (p = 0.002)

EOD Dryness 31.38 2.32 (p = 0.040) -8.01 (p = 0.020) -20.33 (p = <0.001)

EOD Dryness Frequency -10.43 1.89 (p = 0.242) -10.13 (p = 0.006) -21.11 (p = <0.001)

DEFC Score 3.19 0.03 (p = 0.069) -0.45 (p = 0.047) 1.62 (p<0.001)

doi:10.1371/journal.pone.0154753.t003
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Subjective Response During 30 min Contact LensWear
Descriptive statistics for the CL fitting characteristics are shown in Table 4. There was no sig-
nificant difference in wettability between the inverted and normally oriented CLs (p = 0.893).
The inverted CL demonstrated more movement after a blink than the normally oriented CL
(p<0.001). The inverted CL, on average, showed less lens tightness than the normally oriented
CL (p<0.001).

There was a decrease in IED-C when comparing the values at 10 and 30 minutes post-insertion
(14.0 vs. 11.6, respectively; p = 0.02) but with an estimated difference in VAS rating of less than 3
units on the 100-point scale, it was not clinically significant. There was no significant difference in
IED-D when comparing the values at 10 and 30 minutes post-insertion (6.5 vs. 6.3, respectively;
p = 0.73). Therefore, in comparing VAS ratings to PSQ scores, the means of the IED-C and IED-D
over the twenty-minute measurement period were used for the reminder of the analysis.

Age, gender, ethnicity, immigration status, CLW history, time awake, CL wettability and
movement were all found not to be significantly related to the IED-C. The linear mixed effects
model showed that a greater comfort difference between fellow eyes was significantly associ-
ated with a higher PSQ score (p = 0.013). There was an estimated 7 unit increase in the IED-C
rating for the highest vs. the lowest PSQ scores observed.

Gender, ethnicity, CLW history, time awake, CL wettability, movement, and tightness were
all found not to be significantly related to the IED-D. The linear mixed effects model showed
that a greater dryness difference between fellow eyes was significantly associated with a higher
PSQ score (p = 0.010). There was an estimated 7 unit increase in the IED-D rating for the high-
est vs. the lowest PSQ scores observed.

Discussion
In this study we found that the PSQ provides a clinically relevant insight into the perception of
symptoms of ocular dryness and discomfort. Examining the statistical models, the PSQ score
appears to have a significant independent effect on subjective ratings of ocular comfort and
dryness, even after adjusting for significant subject demographic and ocular characteristics. As
pain sensitivity is based on how painful stimuli are rated, it is not surprising that the PSQ was
primarily associated with the severity and not the frequency of ocular discomfort and dryness.
We believe that with further work, the PSQ could be employed to provide a deeper insight into
ocular discomfort and dryness. As a key example, one of the most confounding aspects of dry
eye is the sporadic and unreliable correlation between signs and symptoms of dry eye [7,8]. It is
not uncommon for individuals to have the same clinical presentation of dry eye but have vastly
different OSDI scores; conversely, very similar OSDI scores can be observed with vastly differ-
ent clinical signs. Such discrepancies may be explained in part by pain sensitivity either ampli-
fying (in an individual with high sensitivity to pain) or weakening (in an individual with low
sensitivity to pain) the perception of dry eye symptoms. A patient with greater pain sensitivity
may suffer symptoms of discomfort when ocular surface pathology that could lead to such
symptoms is sub-clinical. A less sensitive patient may report no symptoms at all, even when
the clinician can clearly identify signs of desiccation and damage to the ocular surface.

Table 4. Mean (SD) and paired t-test p-values for fitting characteristics of the normally-oriented and inverted CLs.

Inverted CL Normally-Oriented CL p-value

Wettability 3.59 (0.43) 3.59 (0.44) 0.893

Movement (in mm) 0.62 (0.47) 0.31 (0.26) <0.001

Tightness 41.1 (8.5) 52.2 (9.4) <0.001

doi:10.1371/journal.pone.0154753.t004
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At the current time these results are suggestive only, as the purpose of this study was not to
directly examine the relationship between DE signs and symptoms, but to determine whether
the PSQ could be used to quantify the effect of individual pain sensitivity on ratings of subjec-
tive symptoms. Further suggestion of the potential for utilizing the PSQ in future studies can
be seen with CL discomfort in this study, for which the PSQ score was the only significant
explanatory variable (no CL fitting characteristics were found to be significant). With the PSQ
score now established as an independent, significant explanatory factor in our models of sev-
eral different subjective assessments of ocular discomfort and dryness, future work will include
examining the relationship between signs and symptoms in subjects with a wide range of pain
sensitivities.

Although Vehof et al. reached a similar conclusion to this study, the logistical challenges of
experimentally measuring pain sensitivity as was done in that study limit its clinical and
research utility [38]. Experimentally measuring pain poses many issues and it requires the
development of a complex plan to measure pain sensitivity, accounting for the type of pain
modality used (heat, cold or pressure) and specifications for testing (i.e., strength, placement
and timing of stimuli delivery) [30,33]. In addition, inducing pain or the fear of pain-induce-
ment can have a significant cognitive effect on subjects, potentially confounding how they per-
ceive an irritant or answer subjective questionnaires [50–52]. The PSQ overcomes many of
these challenges and the noted advantages of the PSQ over experimental pain sensitivity assess-
ments could make it a useful tool in our efforts to better understand ocular symptomatology.

An acknowledgment of the role that pain sensitivity has in influencing ocular discomfort is
important because of the limited development in treatment options for dry eye (Restasis1 is
the only FDA-approved medication for dry eye), which is partially due to the lack of associa-
tion between signs and symptoms of dry eye [53]. Fifteen companies have sought and failed to
get FDA approval for their dry eye drugs; several drugs, most recently Eleven Biotherapeutics’
EBI-005, were unable to pass Phase 3 clinical trials due to inability to show an improvement in
signs and symptoms. Meeting both prerequisites was not required when Restasis1 was FDA
approved, but now fulfilling these two criteria is hampered by low repeatability and poor corre-
lation with symptoms seen in current diagnostic tests [53–56]. Even if test repeatability was
improved, there may still be a discrepancy between signs and symptoms due to the impact that
pain sensitivity has on their relationship, as suggested by this study. Further, as the minimal
clinically important difference for the OSDI ranges from 7.0 to 9.9, which is within the effect
size seen in this study (11 points, when comparing the subjects with the least and most sensitiv-
ity to pain), this suggests that pain sensitivity should be used as a corrective factor when assess-
ing improvements of signs and symptoms in future clinical trials [57].

This study found that the PSQ was associated with factors such as ethnicity (Asians having
greater pain sensitivity) and immigration status (immigrants having greater pain sensitivity),
which is in agreement with previous studies [29,58,59]. Gender was not found to be associated
with PSQ score, which is consistent with other studies [30,33]. In this study, subjects of Euro-
pean-Caucasian descent were associated with a greater OSDI score, which is surprising as sub-
jects of Asian descent were associated with greater EOD dryness and because Asians have been
reported to have a greater prevalence of dry eye [60,61]. The discrepancy may be due to sam-
pling variation but it may also be important to consider the inherent difference between the
two questionnaires. The EOD dryness VAS consists of one question, “How would you rate the
dryness of each eye at the end of the day?” This is in contrast to the OSDI, which has twelve
questions that show significantly greater linguistic complexity compared to the VAS. It is possi-
ble that Asians, with a third being immigrants, may respond differently (i.e., report less dry-
ness) in a complicated questionnaire compared to a simpler one. This finding highlights the
need for further improvements in our understanding of inter-ethnic differences in dry eye.
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Comparing subjects with the least and greatest sensitivity to pain (as measured by the PSQ),
the inter-eye differences in comfort and dryness were estimated to be approximately 7 points
on the 100-point VAS, which is a relatively small but clinically significant difference. Neverthe-
less, it is possible that this study may offer clues as to why some patients, after years of being
asymptomatic CL wearers, suddenly become symptomatic, even without evident clinical signs.
The risk of developing dry eyes and CL intolerance increase with age, likely due to alterations
to the tear film and ocular surface that occur over time [62,63]. It is possible that minor alter-
ations to the tear film/ocular surface, which may not be considered clinically significant, that
occur with age cause symptoms to be magnified in individuals with greater pain sensitivity,
leading to CL dropout. This is supported by studies that have found no difference in tear film
properties between symptomatic and asymptomatic CLW; the exception being conflicting
reports on patients with lid wiper epitheliopathy and patients with conjunctival folds
[15,64,65]. The results from this study suggest that a cross-sectional study—and eventually a
longitudinal study—is warranted to determine if increased pain sensitivity is a risk factor for
the discontinuation of CL wear.

Conclusions
Using the PSQ, we were able to show that pain sensitivity was related to perception of ocular
comfort and dryness. Additionally, pain sensitivity was found to be associated with the subjec-
tive assessment of inter-eye differences in comfort and dryness during CL wear. The results
suggest that pain sensitivity must be considered when interpreting subjective responses to
symptom-related questionnaires. Pain sensitivity differences may also offer a partial explana-
tion for the discrepancy seen between the signs and symptoms of ocular discomfort, including
dry eye and CL intolerance or dissatisfaction.
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