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e PURPOSE: To evaluate functional vision, general health
status, and work productivity in individuals with and
without dry eye disease (DED).

e DESIGN: Cross-sectional study.

e METHODS: SETTING: General US population (2018).
StupY PoPULATION: Adults 218 years with (n = 1003)
or without (n = 1006) self-reported DED. Main
Outcome Measures: All respondents completed the Na-
tional Eye Institute Visual Function Questionnaire
(VFQ) and the EuroQol 5-dimensions 5-levels (EQ-5D-
5L). All respondents with DED completed the eye dry-
ness score (EDS) visual analogue scale, Ocular Comfort
Index (OCI), and Work Productivity and Activity
Impairment (WPAI) questionnaire. Half of respondents
with DED completed the Impact of Dry Eye on Everyday
Life (IDEEL) questionnaire; the other half completed the
Dry Eye Questionnaire 5 (DEQ-5) and Standardized Pa-
tient Evaluation of Eye Dryness (SPEED), McMonnies,
and Symptom Assessment in Dry Eye (SANDE) ques-
tionnaires. All analyses were descriptive.

e RESULTS: Respondents with DED reported more
comorbidities, greater exposure to adverse environmental
conditions, and lower (worse) mean (standard deviation)
scores on the modified Rasch-scored 28-item VFQ (VFQ-
28R) total score (68.8[11.9] vs 81.2 [12.7]) and EQ-5D-
5L (0.82 [0.13] vs 0.88 [0.14]) than respondents without
DED. Respondents with DED and EDS 260 (highest
discomfort) fared worse on OCI, VFQ-28R, and WPAI
than respondents with DED and EDS <40 (lowest
discomfort). Similar findings were observed with IDEEL,
DEQ-5, SPEED, McMonnies, and SANDE scores.

* CONCLUSIONS: There is a substantial burden of DED
on functional vision, general health status, and productiv-
ity; and further, these parameters appear to worsen with
increasing EDS. (Am ] Ophthalmol 2020;216:7-17.
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ocular surface disorder of multifactorial etiology

characterized by disturbed homeostasis of the
tear film."* DED prevalence in the United States ranges
from 5% to 15%, ° increases with age, and is higher in
women than in men.”® More than 1 in 5 individuals
between the ages of 48 and 91 years developed DED over
a 10-year period in the Beaver Dam Eye Study,’ providing
further epidemiologic evidence for DED as a commonly
occurring medical condition.

A range of symptoms are experienced by patients with
DED, including feeling of grittiness, stinging, or burning
sensation in the eyes; painful or fatigued eyes; and having
visual disturbance."® DED has a deleterious effect on vi-
sual, physical, and social functioning that can compromise
an affected individual’s ability to perform everyday tasks
such as reading, watching television, using a computer,
driving, and performing in the workplace.”"’ Time
trade-off analysis indicated that patients with less severe
DED are willing to forego a greater amount of life expec-
tancy in return for perfect health than patients with mild
psoriasis, while patients with severe DED would trade a
similar amount of time as patients with moderate-to-
severe angina.'* Productivity lost as a consequence of the
impact of DED is substantial.'®!'*"”

In a US population-based study, DED was ranked as the
sixth most common ocular disorder leading patients to seek
medical attention and treatment.” Indeed, the annual
$3.84 billion (2008 values) cost of DED to payers'” is pri-
marily driven by pharmacotherapy and surgical
expenditures.'”'

In the US, a comprehensive assessment of the impact of
DED on patients’ health-related quality of life (QoL) and
other patient-reported outcome measures (PROM:s) is lack-
ing. Nine publications describing the impact of DED on
QoL and productivity in the United States are limited in
scope with regard to scale and breadth of PROMs
studied. ! M0 The  sample sizes of most US
studies were too small to accurately estimate the effects
of DED on health-related QoL and work productivity and
to quantify those differences between people with and
without DED.”!"! %1719 The findings of 2 large US
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studies were limited by the finite number of PROMs used to
assess health-related QoL and work productivity.”” In
addition, the findings reported in 6 publications were

restricted to optometry/ophthalmology
11,13,14,17-19

prac-
tices.

In recognition that DED affects multiple aspects of daily
life, a more comprehensive approach is needed to estimate
its overall burden. Therefore, we conducted a cross-
sectional survey to evaluate vision-related QoL, ocular
symptoms, general health status, and work productivity in

individuals with and without DED.

METHODS

e STUDY DESIGN AND CONDUCT: This was a cross-
sectional study of adults with and without DED residing
in the United States during 2018 using an online survey.
A targeted literature review was performed to provide
appropriate context for the study in consultation with a
panel of clinicians. The review provided minimal evidence
to justify the choice of using only 1 specific PROM to assess
DED burden. Hence, the most frequently used PROMs
were used.

The online web-based screener, consent form, and study
questions were developed and approved by a central institu-
tional review board (New England Independent Review
Board). The study was conducted in accordance with market
research ethical codes and data privacy regulations and re-
ported according to best practice.”’ The convenience sample
was recruited from panels of individuals who previously
agreed to participate in online research regarding
healthcare-related issues. The online study was advertised
directly to potential respondents. The study invitation
included a unique link to complete the online survey without
including any information about the topics. Potential re-
sponders gave informed consent and were compensated
nominally after survey completion for their participation.
Data were anonymized before being sent for analysis.

To reduce participant completion burden, a main survey
was developed with a unified set of questions, supplemented
with 1 of 2 unique sets of additional symptom and impact
instruments (survey A and survey B). The main survey
was completed by respondents with and without DED
and comprised a sociodemographic form (including racial
designation, level of education, working status, description
of daily living environment) and medical history, the Na-
tional Eye Institute 25-item Visual Function Questionnaire
(NEI VFQ-25) with 6 additional items,”” and the EuroQol
5-dimensions 5-levels (EQ-5D-5L).> Respondents indi-
cating a diagnosis of DED or with >2 of the symptoms
were assigned on an alternating basis to also complete sur-
vey A or survey B. Time to complete the main survey was
20 minutes, and time to complete the main survey plus
either survey A or survey B was approximately 45 minutes.
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All patients with DED (survey A and B) were adminis-
tered the following assessments: eye dryness score (EDS) vi-
sual analogue scale (VAS), symptom severity/frequency
VAS, Ocular Comfort Index (OCI),”* and Work Produc-
tivity and Activity Impairment (WPAI) questionnaire.”’
Respondents assigned to survey A completed the Impact
of Dry Eye on Everyday Life (IDEEL) questionnaire'’
exclusively, while only those assigned to survey B
completed the Dry Eye Questionnaire 5 (DEQ-5)’° and
Standardized Patient Evaluation of Eye Dryness
(SPEED),?” McMonnies index,”®*” and Symptom Assess-
ment in Dry Eye (SANDE) questionnaires.””

Survey contents, as well as the features and properties of
all but 2 of the questionnaires (McMonnies and SANDE),
have been described previously (P. Hossain, unpublished
data, 2019). The most recent scoring algorithm (modified
Rasch-scored 28-item Visual Function Questionnaire
[VEQ-28R]) was applied to the data collected in the NEI
VEFQ-25 and 6 additional items to evaluate activity limita-
tion and socioemotional functioning associated with dry
eye.”” Higher scores on the EQ-5D-5L represent better
health states (0 = dead; 1 = full health).’!

Because eye dryness varies over time and respondents
likely answer questionnaires based on their most recent
experience of DED, respondents with DED completed the
EDS VAS over the previous 24 hours. The EDS VAS was
developed in conjunction with clinical trials of patients
with DED. Eye dryness has been reported by many patients
as an important symptom of DED,’*”” and the EDS iden-
tifies the severity of this component of DED symptom-
atology.”’* The EDS and symptom severity/frequency
VAS was rated according to level of discomfort (0 = no
discomfort; 100 = maximal discomfort). For the other
PROMs, a score of >6 on the DEQ-5 suggests dry eye (range
0-22),°° higher OCI scores (range 0-72) represent more se-
vere or frequent discomfort,”* higher SPEED scores indicate
more frequent and/or more severe symptoms (range 0-28),”
and higher WPAI scores (range 0%-100%) indicate greater
impairment and less productivity.”” IDEEL scores on each
dimension range from O to 100, with higher impact scores
representing less impact, satisfaction scores indicating
greater satisfaction, symptom bother scores indicating
greater bother, and treatment-related bother scores indi-
cating less treatment-related bother.'’

The McMonnies index is a 14-item questionnaire that as-
sesses symptoms and risk factors common to people who expe-
rience dry eye.”” Weighted scores are summed to give an
overall index that ranges from O to 45, where a higher score
is more suggestive of DED than a lower score.”” The SANDE
incorporates 2 questions with answers presented in a 100-mm
horizontal linear VAS that assesses the frequency and inten-
sity of DED.” The measurement of symptom frequency ranges
from “rarely” to “all of the time,” while symptom severity
ranges from “very mild” to “very severe.””” The SANDE global
score is calculated by multiplying the frequency score by the
severity score and obtaining the square root.”
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e RESPONDENTS: Individuals were aged >18 years and
resided in the United States at the time of survey comple-
tion. All individuals spoke, read, and understood English.
Those assigned to the DED group self-reported either a
diagnosis of DED or symptoms of DED. We aimed to recruit
1000 individuals with self-reported DED and 1000 individ-
uals without DED via e-mail. Individuals without DED
were identified based on having <2 common signs or symp-
toms of dry eye.

Potential respondents answered study eligibility ques-
tions via a web-based screener and consented electronically
before beginning the survey. Screening included questions
about sex and age to fulfill recruitment targets, as well as 1
multiple-choice question regarding specific medical condi-
tions that included DED. If the respondent indicated that
they did not have a DED diagnosis, follow-up questions
were asked to determine if they experienced symptoms of
DED (ie, eye discomfort, including feelings of dryness, grit-
tiness, or soreness; burning sensation; feeling like some-
thing is in the eye; eyelids that stick together upon
awakening; or temporary blurred vision that usually im-
proves when blinking).

o STATISTICAL ANALYSIS: The response rate was defined
as the number of surveys completed divided by the number
of individuals who received the online screener questions.
Demographic characteristics and health-related QoL
(VFQ-28R and EQ-5D-5L) were described in respondents
with and without a self-report of DED. The crosswalk
method, based on nonparametric calculations, was used
to map the EQ-5D-5L data to the EQ-5D-3-Levels US
value set before calculating the utility index score.’’

Respondents with DED were classified as follows: EDS
<40, 40< EDS <60, and EDS >60. Scores for PROMs
relating to functional vision, health status, ocular discom-
fort, and work productivity were calculated in each EDS
category among respondents with DED. For categorical
variables, data were reported by frequencies; for continuous
variables, data were reported by means (standard deviation
[SD]) and medians (interquartile range [IQR]). Missing
data and/or missing assessments in the questionnaires
were not imputed. All data analysis was performed using
SAS version 9.4 (SAS Institute Inc, Cary, North Carolina,
USA).

RESULTS

e DISPOSITION: A large number of individuals did not
qualify for the survey after completing the screener (n =
1134; DED n = 637, non-DED n = 497). In addition,
817 individuals started the survey and did not complete it
(DED n = 300; non-DED n = 24; unknown n = 493). A
total of 2009 respondents completed the survey. Hence,
the response rate to the survey was 51%.
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Of these 2009 respondents, 1003 reported they had DED
or symptoms of DED (herein referred to as the DED group)
and 1006 reported they did not. More than half of the DED
group (52.9%) were identified as having DED because they
endorsed symptoms of the disease in the screener, while the
remaining 47.1% reported having DED in the screener.
Surveys A and B were completed by 501 and 502 respon-
dents with DED, respectively. Nearly half of the respon-
dents with DED (n = 492, 49.1%) had an EDS <40,
while 199 (19.8%) and 312 (31.1%) respondents with
DED had EDS values between 40 and <60 and >60,

respectively.

e DEMOGRAPHICS AND CLINICAL CHARACTERISTICS:
Respondents with and without DED were well matched
with respect to age and sex distributions (owing to recruit-
ment targets) and race/ethnicity distribution. The mean
(SD) age of survey respondents was 55 (15) years. Most re-
spondents were female (63.5%) and white (89.5%). Clin-
ical characteristics that were common to respondents
with and without DED included the use of digital screens
(~89% in both groups), daily activities such as reading
(~82% to 86% across groups), and regular exposure to air
conditioning or recirculated air (~64% to 66% across
groups) (Table 1). However, daily exposure to low humid-
ity, wind or moving air, and polluted air or tobacco smoke
was more commonly reported among respondents with
DED.

Medical comorbidities were more frequently reported by
respondents with DED than respondents without DED
(Table 1), with arthritis (43.8% vs 19.6%) being the
most commonly reported comorbid medical condition on
the screener form overall. Cataracts, which were the only
ocular comorbidity assessed directly in the screener, were
more frequently reported by respondents with DED
(16.4%) than respondents without DED (3.0%).

Patterns of diagnosis, eye-related comorbidities, and eye-
related procedures by EDS score among respondents with
self-reported DED are summarized in Table 2. Of the
1003 respondents with DED, 688 (68.6%) were diagnosed
by a healthcare professional. This frequency increased as
the EDS increased (EDS <40, 61.4%; 40< EDS <60,
71.4%; EDS >60, 78.2%). Of respondents with DED who
were diagnosed by a healthcare professional, 86.8% (597/
688) were diagnosed by an ophthalmologist or optometrist.

Of 1003 respondents with DED, 180 (17.9%) reported
that they had never been treated for DED. All 1003 respon-
dents with DED provided data regarding dry eye treatment
in the 12 months before survey administration: 76.2% and
25.6% reported use of artificial tears and ocular gels/oint-
ments, respectively. Over the same timeframe, the percent-
age of respondents with DED who reported that they had
used prescription-only medicines (topical cyclosporine and
lifitegrast) were 19.2% and 10.6%, respectively. More than
one-quarter of respondents with DED had used oral treat-
ments containing fish oil (28.8%) or omega-3 fatty acids
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TABLE 1. Survey Respondent Sociodemographics at Screening

Variable Respondents With DED? (n = 1003) Respondents Without DED (n = 1006)
Age, years
Mean (SD) 56.0 (14.7) 54.5 (15.6)
Median (IQR) 60 (47-67) 59 (44-66)
Female, n (%) 652 (65.0) 623 (61.9)
Race/ethnicity, n (%)”
White 907 (90.4) 892 (88.7)
Hispanic/Latino 63 (6.3) 37 (3.7)
Black/African American 46 (4.6) 54 (5.4)
Asian 38(3.8) 42 (4.2)
Other 28 (2.8) 25 (2.5)
Preferred not to answer 6 (0.6) 8(0.8)
Typical daily environment, n (%)°
Using digital screens 887 (88.4) 891 (88.6)
Activities (eg, reading) 859 (85.6) 820 (81.5)
Air conditioning/recirculated air 661 (65.9) 644 (64.0)
Forced air/heat 625 (62.3) 579 (57.6)
Low humidity (very dry) 405 (40.4) 231 (23.0)
Wind/moving air 273 (27.2) 175 (17.4)
Polluted air/tobacco smoke 113( 1.3) 68 (6.8)
Other factors 33(3.3) 24 (2.4)
Reported medical conditions, n (%)°
Dry eye disease 531 (52.9) 0(0.0)
Arthritis 439 (43.8) 197 (19.6)
Hearing loss 232 (23.1) 82 (8.2)
Cataracts 164 (16.4) 30 (3.0)
Asthma 146 (14.6) 74 (7.4)
Irritable bowel disease 133 (13.3) 36 (3.6)
Psoriasis 102 (10.2) 39 (3.9)
COPD 50 (5.0) 21 (2.1)
Multiple sclerosis 22 (2.2) 6 (0.6)
Parkinson disease 4 (0.4) 2(0.2
None of the above 145 (14.5) 633 (62.9)

COPD = chronic obstructive pulmonary disease; DED = dry eye disease; IQR = interquartile range; SD = standard deviation.
@A total of 501 respondents completed survey A and 502 respondents completed survey B.

bSeveral answers were possible; thus total percentage is >100%.

(28.4%). Fifty-six respondents with DED (5.6%) had used
an ocular device and 31 (3.1%) had undergone eye-related
procedures. For respondents with DED who were undergo-
ing treatment at the time of the survey, 80.6% (663/823)
were treated by an ophthalmologist or optometrist. Most re-
spondents with DED sought care because of “burning eyes”
(54.8%) or problems with their vision (40.5%).

The most frequently reported eye-related conditions
were cataract (23.9%) and glaucoma (11.3%). The most
frequently reported eye-related procedures were cataract
surgery (23.5%) and refractive procedures (13.0%). More
than half of respondents with DED (58.9%) reported hav-
ing none of the eye-related conditions listed in Table 2, and
approximately two-thirds (65.6%) reported not having
eye-related procedures. Respondents who reported having
uveitis (58.3%), meibomian gland dysfunction (58.0%),
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and Sjogren syndrome (57.9%) were most likely to have
an EDS score >60.

e VISION-RELATED FUNCTIONING AND HEALTH STATUS
IN RESPONDENTS WITH AND WITHOUT DRY EYE DISEASE:

Figure 1 shows the VFQ-28R scores in respondents with
and without DED. The respondents with DED had a lower
(worse) mean total VFQ-28R score than respondents
without DED (68.8 [11.9] vs 81.2 [12.7]). Consistent find-
ings were observed for mean VFQ-28R domain scores for
activity limitations and socioemotional functioning
(Figure 1).

Respondents with DED, compared with respondents
without DED, had greater problems with mobility, self-
care, usual activities, pain/discomfort, and anxiety/depres-

sion, as measured by the EQ-5D-5L items (Figure 2). The
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TABLE 2. Respondents With Dry Eye Disease: Diagnosis and Medical History

EDS Group

40< EDS <60 (n = 199)

EDS >60 (n = 312) All Respondents With DED (N = 1003)

Variable EDS <40 (n = 492)

Diagnosed by HCP, n (%) 302 (61.4)

Mean (SD) time since diagnosis of DED, 6.4 (8.2)

years

HCP-diagnosed DED, n (%)?
Ophthalmologist 148 (49.0)
Optometrist 101 (33.4)
Primary care doctor 3(1.0)
Eye care specialist’ 38 (12.6)
Nurse 3(1.0)
Pharmacist 1(0.3)
Other 8 (2.6)

Eye-related conditions, n (%)
Cataracts 99 (20.1)
Glaucoma 45 (9.1)
Meibomian gland dysfunction 11 (2.2)
Macular degeneration 16 (3.3)
Sjogren syndrome 9(1.8)
Ocular graft-vs-host disease 18 (3.7)
Blepharitis 12 (2.4)
Diabetic retinopathy 7(1.4)
Uveitis 7(1.4)
None of the above 317 (64.4)

Eye-related procedures, n (%)
Cataract surgery 99 (20.1)
Refractive procedures/surgeries 50 (10.2)
Glaucoma surgery 27 (5.5)
None of the above 342 (69.5)

142 (71.4) 244 (78.2) 688 (68.6)
5.7 (8.6) 6.5 (7.5) 6.3 (8.1)
78 (54.9) 138 (56.6) 364 (52.9)
50 (35.2) 82 (33.6) 233 (33.9)
2(1.4) 2(0.8) 7(1.0)
10 (7.0) 17 (7.0) 65 (9.4)
1(0.7) 1(0.4) 5(0.7)
0 1 (0.4) 2(0.3)
1(0.7) 3(1.2) 12 (1.7)
62 (31.2) 79 (25.3) 240 (23.9)
23 (11.6) 45 (14.4) 113 (11.3)
10 (5.0) 29 (9.3) 50 (5.0)
12 (6.0) 16 (5.1) 44 (4.4)
7 (3.5) 22 (7.1) 38 (3.8)
2(1.0) 18 (5.8) 38 (3.8)
5 (2.5) 13 (4.2) 30 (3.0)
6(3.0) 12 (3.8) 25 (2.5)
3(1.5) 14 (4.5) 24 (2.4)
101 (50.8) 173 (55.4) 591 (58.9)
44 (22.1) 93 (29.8) 236 (23.5)
26 (13.1) 54 (17.3) 130 (13.0)
16 (8.0) 31 (9.9) 74 (7.4)
133 (66.8) 183 (58.7) 658 (65.6)

DED = dry eye disease; EDS = eye dryness score; HCP = healthcare professional; SD = standard deviation.

@For participants diagnosed by HCP.
bType of eye care specialist is unknown.

proportion of respondents who had any problems associated
with all 5 dimensions was higher in respondents with DED
than those without DED. The mean EQ-5D index score
based on the 5 items was lower (worse) among respondents
with DED than respondents without DED (0.82 [0.13] vs
0.88 [0.14]), suggestive of slightly lower health status in
the former group.

e SYMPTOMS, VISION-RELATED FUNCTIONING, HEALTH
STATUS, AND WORK PRODUCTIVITY IN RESPONDENTS
WITH DRY EYE DISEASE: The 24-hour mean (SD) EDS in

respondents with DED was 41.7 (30.6). Other than eye dry-
ness, the highest 24-hour mean VAS score for DED symp-
toms was tired eyes (34.8 [30.0]). Mean VAS scores
pertaining to DED symptoms over the past 24 hours and
past week increased with an increase in the EDS. Distribu-
tions of both “past 24 hours” and “past week” mean VAS
scores were highly comparable for each symptom with
respect to EDS category. Over the past 24 hours and during
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the past week, eye discomfort and eyes sensitive to light
were the symptoms that showed the greatest difference in
mean VAS score when respondents with an EDS <40
were compared with those with an EDS >60.

Burden associated with DED worsened as a function of
EDS category based on scores for commonly used PROMs
(Figures 3-5). The mean (SD) OCI score in respondents
with DED was 30.9 (15.0), with eye discomfort worsening
with respect to increasing EDS (Figure 3). Among respon-
dents with DED who completed survey B, mean scores for
the DEQ-5, SPEED, McMonnies, and SANDE question-
naires worsened with an increase in EDS.

As summarized in Figure 4, the mean VFQ-28R total
score as well as the domain scores were found to decrease
with an increase in the EDS, signifying worsening of
vision-related QoL. Similarly, the EQ-5D index scores
also decrease with increasing disease severity as measured
by EDS. The mean (SD) EQ-5D index scores were 0.84
(0.13), 0.80 (0.14), and 0.79 (0.14) for respondents with
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FIGURE 1. Vision-related quality of life in respondents with and without dry eye disease (DED; n = 2009). Higher score represents
better vision-related quality of life. The box signifies the interquartile range, the band (“-”) inside the box is the median, the plus
(“+”) inside the box is the mean, and the whisker ends denote the minimum and maximum values. SD = standard deviation;
VFQ-28R = modified Rasch-scored 28-item Visual Functioning Questionnaire.

DED with an EDS <40, >40 to <60, and >60, respectively.
Among respondents with DED, mean (SD) WPAI score for
“percent activity impairment due to a problem” was 22.4
(24.6), for “percent impairment while working due to a
problem” was 25.6 (26.3), for “percent overall work impair-
ment due to a problem” was 28.5 (29.5), and for “percent
work time missed due to problem” was 7.9 (18.7). Mean
WPAI scores increased as EDS increased for “percent activ-
ity impairment due to a problem,” “percent impairment
while working due to a problem,” and “percent overall
work impairment due to a problem” (Figure 5).

Among respondents with DED who completed the IDEEL
questionnaire, mean (SD) scores were 77.5 (19.8) for Impact
on Daily Activities, 77.3 (22.3) for Impact on Work, and
78.6 (21.9) for Emotional Impact score. Mean (SD) IDEEL
scores were 53.1 (25.1) for Satisfaction with Treatment
Effectiveness score, 44.9 (19.6) for Symptom Bother, and
76.6 (21.9) for Treatment-Related Bother. Mean scores
from each IDEEL domain deteriorated with increasing EDS.

DISCUSSION

TO OUR KNOWLEDGE, THIS CROSS-SECTIONAL STUDY OF
survey respondents with and without self-reported DED
represents the most comprehensive study assessing patient
burden in the United States to date. By capturing the
patient’s voice and perspective on overall disease burden,
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the findings add to the existing evidence base that DED
is associated with decreased vision-related and disease-
specific QoL, #1719 general (beyond ocular) health
status, "' and work productivity.'""!?'%?% Our data are
broadly consistent with information on the overall burden
of DED reported in previous studies conducted in North
America,” 1720 Eyrope, ' and Asia.'%°

One of the main findings was the extent to which func-
tional vision and health status in respondents with DED
deviated from those without DED, as assessed by the VFQ-
28R and EQ-5D-5L scores. The mean VFQ-28R total score
was 12.4 points lower among respondents with DED than
among those without DED. Although no minimally impor-
tant difference has been established for VFQ-28R total score
in the DED population, the difference between respondents
with and without DED exceeds half a standard deviation (11
points) and thus may represent clinically meaningful worse
functional vision. In addition, respondents with DED re-
ported greater problems in all 5 dimensions of the EQ-5D-
5L than respondents without DED. Pain/discomfort was
the dimension with which most respondents with DED
had more problems, compared with respondents without
DED (73% patients with DED reported having slight, mod-
erate, severe, or extreme pain/discomfort vs 46% without
DED). Although it is plausible that these between-group dif-
ferences on the EQ-5D-5L may be accounted for by the pres-
ence of DED, the higher frequency of comorbidities in the
DED group is likely a contributing factor. For instance,
arthritis, a known risk factor for DED,” was reported by a
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FIGURE 2. Proportion of respondents for different levels of the EuroQol 5-dimensions 5-levels questionnaire by dimension and pres-
ence/absence of dry eye disease (DED). Percentage values not shown in figure were <3%.
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FIGURE 3. Ocular Comfort Index (OCI) questionnaire scores by eye dryness score (EDS) severity category in respondents with dry
eye disease (DED; n = 1003). Higher OCI score represents more severe or frequent discomfort. The box signifies the interquartile
range, the band (“-”) inside the box is the median, the plus (“+”) inside the box is the mean, and the whisker ends denote the min-
imum and maximum values. SD = standard deviation.
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severity category in respondents with dry eye disease (DED; n = 1003). Higher VFQ-28R score represents better vision-related qual-
ity of life. The box signifies the interquartile range, the band (“-”’) inside the box is the median, the plus (“+”) inside the box is the
mean, and the whisker ends denote the minimum and maximum values. SD = standard deviation.
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FIGURE 5. Work Productivity and Activity Impairment (WPAI) subscale questionnaire scores by eye dryness score (EDS) severity
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and the whisker ends denote the minimum and maximum values. SD = standard deviation.
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greater proportion of respondents with DED than respon-
dents without DED (43.8% vs 19.6%).

Increased EDS was associated with a greater negative
impact on common DED scales measuring the frequency
and intensity of dry eye symptoms (OCI, DEQ-5, SPEED,
and SANDE), presence of dry eye (McMonnies), vision-
related QoL (VFQ-28R), disease-specific QoL (IDEEL),
general health status (EQ-5D-5L), and work productivity
(WPAI). The burden of DED among our US respondents
was very similar to a related survey in the United Kingdom
(P. Hossain, unpublished data, 2019), in which respondents
with DED and an EDS >60 had worse discomfort, vision-
related functioning, and productivity than respondents
with DED and an EDS <40. The same relationship was
observed between EDS category and patient-reported
outcome scores for dry eye symptoms and impact (IDEEL),
dry eye symptom frequency and intensity (DEQ-5, SPEED,
and SANDE), and presence of dry eye (McMonnies). The
differences in scores between EDS groups were approxi-
mately equivalent to or greater than half a standard devia-
tion of the score, a common distribution-based indicator
of meaningfulness. In addition, previous studies have shown
that the degree of health-related QoL impairment (vision-
related, disease-specific, and overall) and work productivity
impairment increases with worsening DED, 'O 113-15:17-19

Given the uniform trend of worse outcomes as a function
of increasing EDS, our preliminary findings indicate that
the EDS may have utility as a single-item question for
assessing severity of dry eye symptoms in individuals with
DED. Further research needs to be conducted nonetheless
to evaluate the relative value of EDS compared to the ques-
tionnaires included in the survey, which have proven to be
suitable to categorize patients with DED based on severity.
However, some of the PROMs—for example, the McMon-
nies questionnaire—are not likely to correlate with the
EDS, since the former was not designed to categorize the
participants as mild, moderate, or severe.”” This property
could explain the smaller differences observed between
EDS severity categories in the McMonnies questionnaire
than observed with other questionnaires.

Cutoffs for EDS categories may require further refine-
ment when classifying individuals as having mild, moder-
ate, or severe DED. In survey B, mean DEQ-5 scores were
>6 in all 3 EDS categories, indicating that DED was heavi-
ly present in all groups. This finding validates our sample of
respondents with DED to some extent, because the DEQ-5
discriminates between patients with a DED diagnosis at
this threshold score.’® However, close examination of the
DEQ-5 score distribution in the cohort with an EDS <40
revealed that the first-quartile DEQ-5 score was 7 (ie,
25% of respondents with DED and an EDS <40 had a score

<7). In addition, a non-negligible proportion of survey B re-

spondents with DED and an EDS <40 had a DEQ-5 score
<6, indicating that those respondents may not have DED.

The study sample was well balanced, as enrollment tar-
gets were applied to obtain comparable samples of respon-
dents with DED as respondents without DED. However,
some caution is required when interpreting the findings
of this study. Although the breakdown of sex and age was
broadly similar to those observed in other large observa-
tional studies of DED,”® nonwhite individuals were
underrepresented in our study.*® Additionally, a greater
proportion of respondents with than without DED reported
being exposed to air conditioning/recirculated air, low hu-
midity, wind or moving air, and polluted air/tobacco
smoke. It is not possible to determine if respondents with
DED were exposed to more of these environmental factors
or were more sensitive to them. As this was an online study,
recruitment was skewed toward individuals with internet
access, and survey completion was skewed toward individ-
uals motivated to respond to a 45-minute survey and whose
DED was not severe enough to prevent looking at a digital
screen for this time period. Thus, the sample may not be
entirely representative of the DED population.

Because all of the data presented in this study come from
self-reported information from respondents with or without
DED, accuracy may be limited by recall bias and by individ-
ual abilities to report health-related information accu-
rately. Although respondents with or without DED were
screened for age and sex to ensure balance, matching or
adjusting for other sociodemographic variables and comor-
bidities was not undertaken. Of note, the EDS is not vali-
dated as an instrument to discriminate between levels of
DED severity. An inherent limitation of our study is that
the relationship between DED and burden can only be
inferred.

In summary, the burden of DED reported by patients on
functional vision, general health status, and productivity is
substantial. DED symptom severity and impact, functional
vision, and productivity worsened with increasing EDS.
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