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The Epidemiology of Dry Eye Disease:
Report of the Epidemiology Subcommittee of
the International Dry Eye WorkShop (2007)

ABSTRACT The report of the Epidemiology Subcommit-
tee of the 2007 Dry Eye WorkShop summarizes current
knowledge on the epidemiology of dry eye disease, providing
prevalence and incidence data from various populations. It
stresses the need to expand epidemiological studies to ad-
ditional geographic regions, to incorporate multiple races
and ethnicities in future studies, and to build a consensus
on dry eye diagnostic criteria for epidemiological studies.
Recommendations are made regarding several characteristics
of dry eye questionnaires that might be suitable for use in
epidemiological studies and randomized controlled clinical
trials. Risk factors for dry eye and morbidity of the disease
are identi ed, and the impact of dry eye disease on quality of
life and visual function are outlined. Suggestions are made for
further prospective research that would lead to improvement
of both eye and general public health.
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I. INTRODUCTON
pidemiologyis the branchof biomedicakeseech
that involves the study of the digtribution and
determinants of health and disease in human
populations. The frequencies and types of disease in a
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populationandthe factorsthat in uence the distribution
of the diseasén the populationandits subgoupscanbe
identi ed through epidemiologic styd
In the mid-1990s,the extentof the dry eyeproblem

worldwide waspoorly understood A workshopco-spon
saed by the National Eye Institute (NEI) and Industry
brought togethersomeof the leadingscientistan ocular
surfacereseech and concludedthat, “There is a paucity
of dataconcening the frequencyof dry eyestatesn the
population and how that frequency varies according to
age, sex and rack.”

Considerablg@rogesshasbeenmadesincel1994 and
multiple reports have been published that address the
challengeof providing epidemiologicablataon dry eye,
including data from the Salisbury Eye Evaluation, the
BeaveDamEyeStudy, the Melboune VisuallImpairment
Project, and the Women’s Hedlth Sudy and Physicians
HealthStudy, amongothers.It isthe purposeof thisreport
to summarizehe availablesvidenceon the epidemiology
of dry eyedisease and to make recommendationsfor future
needs andeseech opportunities.

Il. GOALS OF THE EPDEMIOLGGY
SUBCOMMITTEE

The goalsof the EpidemiologySubcommitteeof the
2007 Dry EyeWorkShop(DEWS) were 1) to assesand
summarizeurrentknowledgeon the epidemiologyof dry
eye obtainingprevalencandincidencedatafrom various
populations2) to describeherisk factorsfor dry eye,and
3) toreview and evaluateyleye questionnees.

A. Goal 1: Assess and Summarize Current Knowledge
on the Epidemiology of Dry Eye Disease
1. Dry Eye De nitions and Ascertainment
To characteriz¢he prevalencef adiseaséie, the pro-
portion with diseaseavithin a populationat a givenpoint
in time) or its incidence(ie, the number of new caseof
diseas¢hat emeagefrom a populationof initially disease-
freeindividualsoverade ned periodoftime), it is neces
say to ageeuponade nition. Dry eyeis a multifactorial
diseasethat can result from and present in avariety of ways.
In 1995,the NEI/Industy workshopbroadlyde ned dry
eyeas‘“a disarder of the tear Im dueto tearde ciency
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or excessivéearevaporatiorwhich causeslamageo the
interpalpebrabcularsurfaceassociatedith symptomsof
oculardiscomfort.? In this de nition, the termtearde -
dency implied ade ciency of aqueoustears secreted by the
lacrimal gland. Therequirement of symptomsin thede ni-
tion isnoteworthy, asit wasnotincludedin thede nitions
establishedh all nations;for instancejt wasabsentfrom
the Japanese de nition ofyl eye untilrecenty.?

2. Challenges in Dry Eye Epidemiology
No singlediagnostidestcanbe performedin the eld
or in the clinic to reiably distinguish individuals with
and without dry eye.Furthermae, althougha variety of
diagnostidestsare in commonclinical usagethere is no
consensusn which combinationof testsshouldbe used
tode nethediseasg, either in theclinic or for the purposes
of areseech protocol. A major stumblingblock hasbeen
thereportediackof corelationbetweerpatientsirritative
ocularsymptomsand the resultsof selectectlinical tests
for dry eye.Much of this disaepancycan be explained
by the lack of repeatabilityof manyof the clinical testsin
commonuse,with theimplicationthatrepeatedneasues
of the samaeston the samesubjectsat differenttimesare
not strongly corrdlated. Thus, it isnot unexpected that such
tests will fail to caelate with each othe
Anotherplausiblereasorfor a lack of correlationbe-
tween clinica testsand irritative symptoms may bethenat-
urd variability of thedisease process, the“subjective’ nature
of symptomsandvariabilityin painthresholdsandcogni
tiveresponsesto questionsabout the physica sensationsin
the eyes Other factorscould include the developmenbf
relativecarnealanesthesiavith agingandwith worsening
diseaseand the possibilitythat symptomsare relatedto
parametersiot measued by the testscumrentlyemployed.
Dry eyeis a symptomatiadiseaseand, at the present
time, symptomquestionnaiesare amongthe mostrepeat
able of the commonly used diagnostic tests. They may
provide a more integratedview of the clinical condition
over time. Irritative symptomsarelargely responsiblefor the
public healthburdenandfor the cae-seekindehaviorof
dry eyepatientsand their desirefor therapy. Dry eye symp-
tomsalsoaffectactivitiesof daily living, adverselympact
ing importanttaskssuchasdriving. With theseémportant
issuesn mind, it shouldbenotedthatindividual reseech
groupsin variousreportshaveuseddifferent operational
de nitions of dry eyethat are appropriatefor their par
ticular purpose |t is of greatimportanceto considerthese
differenceswhen interpreting and comparing such studies.
The Subcommittee examined data from a number of
large cohort studies and paid particular atention to de ni-
tions employed and criteria used, including the require-
ment for a certain number, frequency, and intensity of
symptoms. It was dso noted whether a clinica examina
tion was performed, or whether the study diagnosis was
based on the history of dry eye diagnosed by a clinician.
In some cases, measurements from objective tests were
recorded, such as tear production, staining of the ocular
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Table 1. Summary of population-based epidemiologic studies of dry eye

Study ] Age range Dry eye assessment Prevalence
US Studies

Salisbury Eye Study?® 2420 resy At least 1 of 6 symptoms (dryness, 14.6%
gritty/ sandiness, burning, redness,
crusting on lashes, eyes stuck shut in
morning), occurring at least often.

Beaver Dam® 3722 rag8y “For the past 3 months or longer have 14.4%
you had dry eyes?” (If needed, described
as foreign body sensation with itching,
burning, sandy feeling, not related to allergy.)

Women'’s Health Study” 36995 ragy Severe symptoms of dryness and irritation, 7.8%
either constantly or often, and/ or the physician’s
diagnosis of dry eye as volunteered by the patient.

Physician’s Health 25655 r50,55y Severe symptoms of both dryness and irritation

Studies | and 118:9:14 either constantly or often and/ or the physician’s
diagnosis of dry eye as volunteered by the patient.

Australian Studies

Blue Mountains®® 1075 r50y At least 1 of 4 symptoms regardless of 16.6% (at least
severity, or at least 1 symptom with a 1 symptom)
moderate to severe ranking (dryness, 15.3%(3 or more
grittiness, itchiness, discomfort). symptoms)

Melbourne Visual 926 r40y At least 1 of 6 “severe” symptoms, not 5.5%

Impairment Project!!

attributed by the subject to hay fever

(discomfort, foreign body; itching, tearing,
dryness, photophobia).

Asian Studies

Shihpai'? 2038 resy At least 1 of 6 symptoms, often or all 33.7%
of the time (dryness, gritty/ sandiness,
burning, sticky, tearing, redness, discharge,
eyes stuck shut in morning).

Sumatral? 1058 r2ly At least 1 of 6 symptoms, often or all of 27.5%

the time (dryness, gritty/ sandiness,
burning, redness, crusting on lashes,
eyes stuck shut in morning).

surface, and tear  Im breakup time. The prevaence of dry
eye, using these varying de nitions, was tabulated for each
epidemiologic study and is listed in Table 1, dong with
the corresponding estimates of population prevaence.

3. Summary of Dry Eye Epidemiology Data
a. Prevalence of Dy Eye
1) Combined Prevalence Data

Basedon datafrom the largeststudiesof dry eyeto
date,the Womers Health Study (WHS), and the Physi
cians Hedth Sudy (PHS), and other studies,®1 it has
beenestimatedhat about3.23 million womenand 1.68
million men,for atotalof 4.91million American$0years
andolderhavedry eye”** Tensof millions more haveless
sevee symptomsandprobablyamore episodiananifesta
tion of the diseas¢hatis notableonly during contactwith
someadverseontributingfactor(s) suchaslow humidity
or contact lens wea

Comparisorof age-speci aataon the prevalencef

dry eyefrom largeepidemiologicastudiesrevealsarange
of about5%'! to over35%'? at variousagesHoweve, it

must be noted that different de nitions of dry eyewere
employedin thesestudies,and, therefare, cautionis ad

visedin interpreting direct comparisonof thesestudies.
Althoughvery limited dataexiston the potentialeffect of

raceor ethnicity on dry eye prevalence, datafrom the WHS
suggest that the prevalence of severe symptoms and/or

clinica diagnosisof dry eyemay begreater in Hispanic and

Asian,ascompaedto Caucasiarnwvomen.Thecombined
datafrom largepopulation-base@pidemiologicastudies
indicateghat the numberof womenaffectedwith dry eye
appears to exceed that of men.

2) Discussion/Comments

Eachof the population-basedtudiesevaluatediseda
different de nition of dry eye. Some studiesincluded objec-
tive examinationput manydid not. Neverthelessn view
of the poor performance (inconsistency, lack of repeatability;
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etc)of commonlyusedclinicaltestsandtheimportanceof
symptomsasan indicator of both the clinical and public
impactof dry eye,thesedatafrom large epidemiological
studieshaveprovided much neededinformation on the
prevalence ofy eye.

The studieswere performedin different populations
across the world and, therefore, provide some vauable
informationregading potentialdifferencesn dry eyeac
cording to geographiaegion.In particula, datafrom the
two studiesperformedin Asiasuggesthe possibilityof a
higher pevalence ofy eye in those populatiorig13

Theweightof the evidencdrom largeepidemiological
studiesndicateghatfemalesexandolderageincreasehe
risk for dry eye;the Salisbuy EyeEvaluationstudyis the
most notable exceptioh?

An overallsummay of datasuggestshat the preva
lenceof dry eyelies somewhee in the rangeof 5-30%
in the populationaged50 yearsand older. It is thought
that a proportion of the variationin obseved prevalence
betweenstudiesrelategto differencesn the de nition of
diseasaused;it is obseved that the higher estimatesre
derivedfrom studiesin which alessrestrictivede nition
wasused,andthe lower estimatesre derivedfrom those
studiesin which a more restrictivede nition wasused.
Thus,onemight surmisethatthe true prevalencef mod-
erate-to-seve dry eyelies somewhee closeto the lower
boundof therange whereasinclusionof mild or episodic
casesvould bring the estimaten closerproximity to the
higher estimates obsed.

Datafrom the largestUS studies,the WHS and the
PHSE? yield estimateghat 3.2 million womenand 1.6
million menageds0 yearsor older suffer from moderate-
to-sevee dy eye.

b. Incidence of Dy Eye

Epidemiologicdataon dry eyecanbe extractedfrom
datarepositoriesand federalor public databasesg, the
Medicare/Medicaid databases or other datasources, such as
healthmaintenancerganizationsEllweinand colleagues
found that thedry eyecaseincidence per 100 fee-for-service
Medicae bene ciariesincreasedoy 57.4%from 1.22 in
1991t0 1.92in 199815 For comparisoncataractasean-
cidenceancreasedrom 23.44t0 27.29(16.4%),while that
of diabetic retinopathy increased from 1.36 to 2.55 (87.5%)
in thesametimeperiod. Caseincidencemay beparticularly
usefulin evaluatinghe prevalencéor chronic conditions
for which yearlyor more frequentvisits are common?®

c. Natural History

There is a paucity of data on the natura history of
untreatedandtreateddry eye.Dataregading the clinical
courseof dry eyeof varying severityand ratesof proges
sion from mild to severe disease are aso lacking. Such
informationcould be obtainedfrom clinic-basedoopula
tionswith use of standardized tests, and, similarly, basdine
datafrom clinicaltrialsandotherclinical studiescould be
employedto obtain usefuldata.Howeve, suchinforma

tion is not yetavailableDatafrom randomizeccontolled
trias(RCTs) includeawedyth of information, which could
be ganered from the placeboor vehicle-teatedgroups,
both at baselineand at end of study; this would provide
some crude natura history data, abeit from a selected
population. At the DEWSmeetingin Miami, Florida, in
May 2006, industry representativeso the DEWSgroup
and attendees were invited to work collaboratively to
establish procedures for sharing this valuable clinical
data without compromise to proprietary information.
Thenaturalhistary of dry eyeremainsto be determined,
including prognostidactorsthelikelihood of diseas@ro-
gressionandtheratesof treatmentadheenceanddiscon
tinuation andthe long-termeffectof the useof lubricants.

Epidemiologidatacanalsobe ganered from medical
clamsdata. Thisshould beinterpreted with the caveat that
prevalence estimates based on claims providedifferent data
than population-based studies, because clamsaremadefor
symptomaticdiseasdor which diagnosisor treatmentis
sought from themedical care system. Yazdani et a reviewed
the PharMetricdntegratedOutcomegiatabasef medical
claimsfor 10 million patientsfrom 22 manageaae plans
and reporteda prevalenceof dry eyeof 0.39% (27,289
cases)n 198916 International Classi cationof Disease,
Ninth RevisionClinical Modi cation (ICD-9 CM) codes
were usedto identify casedasedn adiagnosiofdry eye
(tear Im insuf ciency 375.15, keratoconjunctivitissicca
(KCS) 370.33,and siccasyndome 710.2), and Current
ProceduralTerminology(CPT-4) procedue codesfor clo-
sureofthelacrimalpunctumby thermocauterizatioriga:
tion, lasersurgeay, or plug were usedto identify surgically
treated casad dry eye.n this managedae population,
dry eyewasdiagnosedr treatedin 0.65% of womenvs
0.26% of men (P < 0.001), and dry eyeratesincreased
with age reachinghe highestamongwomen75-79years
of ageand men 80-84 yearsof age.This is one of a few
paperghatreportaregionalvariationin the prevalencef
dry eye,with a high rate of 0.8%in the midwesten US,
not explained by ahigher proportion of women or ederly16
There are severalCD-9-CMcodesthat canbe appliedto
dry eyecases, including: 370.33 keratoconjunctivitissicca,
non-Sjogensyndome(SS); 370.34keratoconjunctivitis,
exposuie; 372.52 xerosis,conjunctival;375.15tear Im
insuf ciency, unspeci ed(dry eyesyndome);and710.20
keratoconjunctivitis sicca, SS.

d. Effects of Magnitude of Pevalence of Disease in
Population on Positive and Negative Predictive Value
Community level surveysmay overestimateratesof dry

eye,dueto higherresponseaatesfrom ill, asopposedto

hedthy, individuals. Medical insurance or pharmacy claims
collectdatarelatedto diagnosemadeby ahealthcare pro-
vider, proceduesperformed,and medicationgdispensed
withinaspeci ¢ population, such asamanaged care popu-
lation. Minority and low-income populations may bediffer-
entidly affected by under-reporting associated with reduced
acces$o healthcaeor deaeasegbarticipationin reseech
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studies. Epidemiologic studiesreport varying prevaence of

dry eyebecausef all of thesefactorsand, aso, differences
in study populations (community-, clinic-, manageccae-
based)differencesn diseasele nition, andthelackof a
standadized diagnostidestor clinical algorithmof tests.

4. Morbidity of Dry Eye

Thepublichedth signi canceof dry eyeisraised by the
high prevalencef dry eyeamongthe olderagegroupsin
multiple population-basedtudiescombinedwith the ag
ing of thepopulation.USCensuBureauestimatesuggest
thatin the periodbetweer2000and2050,the numberof
peoplein the USaged65-84 yearswill increaseoy 100%,
andthe numberof peopleagedd5 yearsandolderwill in-
creasdy 333%(Souce:U.S.CensuBueau,2004,“U.S.
Interim Projectionsby Age,Sex,Raceand HispanicOri-
gin,” http://wwv.census.gov/ipc/www/usintegjhimternet
Release Date: March 18, 2004). Smilar trendsare expected
in many other parts of the world.

a. Financial Costs of DOry Eye

Fewdataexiston the directand indirect costsof dry
eye.The economicimpactof dry eyeincludescostsdue
to health care system utilization, including of ce visits,
surgicalinterventions prescriptionmedicationspva-the-
counterand complementey and alternativetherapeutics,
and purchaseof specializedtyewearand other nonphar
macologitherapeuticssuchashumidi ers. Indirectcosts
includelostwork time andproductivity, alterationin work
typeor environment, decreased work timeand days of work
with dry eyesymptomsIn additionto the painofdry eye,
intangiblecostsinclude deaeasedeisure time, impaired
physicalfunctioning and quality of life, impacton social
interactions, and mental and general heélth.

b. Impact of Dry Eye on Quality of Life

Theimpactof dry eyeon quality of life (QoL) is medi
atedthroughl) painandirritative symptoms2) effecton
ocularand generahealthand well-being(generalQoL),
3) effect on perceptionof visualfunction (visiontelated
Qol),and4) impacton visualperformanceFor example,
theirritative symptomsof dry eyecanbe debilitatingand
result in both psychological and physicd effectsthat impact
QoL 18 Dry eyealsolimits and degradegperformanceof
commonvision+felateddaily activities,suchasdriving.*®
Theneed for frequent ingtillation of lubricant eyedropscan
affectsocialandworkplaceinteractions Thecostof treat
mentandthe lack of acure for dry eyeaddto the impact
of this important public healthnoblem.

Variousmethodsare availableo assesthe effectof dry
eyeonvisualfunctionandQoL.Non-disease-speci ¢ge
neric”instrumentdike the MedicalOutcomeStudyShort
Form-36 (SF-36) have been applied to dry eye. Utility
assessmeng tool usedwidely in medicinethat permits
the comparisorof the effect of different diseasesn QoL
basedon strategiesuch asstandad gamble,or trading
yearsof life for diseaseréeyears,and other techniques,

hasalsobeenappliedto dry eye?® Interestingy, the util-

ity scaesfor dry eyewere similarto thosefor moderate
angina?! Genera vision-related questionnaires, such as

the NEIVisualFunctionQuestionnaie (NEI-VFQ), have
beenused.Disease-speci instruments,like the Ocular
SurfaceDiseaséndex (OSDI) andthe the Impactof Dry

Eye on Everyday Life (IDEEL) questionnaire have aso

beendevelopedand validatedspeci callyfor reseech on

theimpactof dry eye??2 Theseare discussedn detailand

refeenced in Section C.

c. Burden of Dry Eye

In arecentstudyamongsubgoupsof 450 participants
in the WHS and 240 participantsin the PHS??2 investi
gators used a supplementary dry eye syndrome (DES)
guestionnaie to ascertairhow much a patients everyday
activities were limited by symptoms of dry eye and to
what degee problemswith their eyeslimited themin a
number of commonactivitiesof moden living, includ-
ing reading, driving, working at the computer, profes-
sional activity, and watching TV. By design, the study group
consistedof one-thrd with clinically diagnosedDESor
severe symptoms and two-thirds without these charac-
teristics.In pooled analyseontolled for age,diabetes,
hypertensionand other factors,patientswith DESwere
signi cantly more likely to reportproblemswith reading,
carying out professionalvork, usinga compute, watch
ing televisiondriving duringthe day, anddriving atnight.
Overall, patientswith DESwere aboutthreetimes more
likely to report problemswith common activitiesthan were
thosewithout DES(P < 0.001). Thesedataadd further
weightto the consideratiorof DESasa signi cant public
health problem that deserves attention in the clinic.??2

Mertzanistal describedherelativeburdenof dry eye
by comparing a measure of genera health-related QoL,
the SF-36responsefrom personswith and without dry
eyeagainsthe USnorm.18 The IDEELquestionnaie was
administeedto dry eyepatientswith non-SKCS(deter
minedby ICD-9CMcodespr SSrelatedKCS(determined
by SanDiegodiagnosticcriteria) and to control subjects
not meetingdry eyediagnosticcodes.The SurveyManual
andInterpetationGuideprovidedthe US normativedata.
Theseauthorsfound that while non-SSKCSconsistently
limited daily roles,causedodily pain or discomfort,and
deaeasedsitality or enagy, this impactbecameclinically
signi cant when symptomsbecamemoderaten severiy.
With increasedeverityof symptomsptherdomainswere
adverselffected, suchasperceptionsof health,physical
functioning,sociafunctioning,androle-emotionalimita-
tion. Non-SXCShadlowerrole-physicaleffectsize[ ES]
=-0.07), bodily pain (ES=-0.08), and vitaity (ES=-0.11)
scaesthan norms, but higher scaesfor generalhealth,
physical functioning, role-emotiona and menta hedlth,
andsocialfunctioning.All SF-36domainswere lower (ES
ranged from —0.14 to 0.91) for the SSpatientsthan adjusted
normsexcept menta hedth (ES=0.12) and role-emotiona
(ES= —0.13). Regadlessof severityof dry eye,patients
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reportedmore limitations in rolesdue to physicalprob-
lemsand bodily pain likely to affectdaily activities.With
increasedseveriy, patientsalsoreportedde cits in general
hedlth perception and vitdity, and the most severely affected
patientsreportedworsehealthrelatedQol overall scales.
The|DEEL showed greater discriminative vdidity for sever-
ity levelsof dry eyethan the SF-36 or EuroQoL (EQ)-5D.%

d. Quality of Life in Sjogren Syndome

Yogren syndromeisan autoimmuneexocrinopathy that
maybe associate@ith immunologicabnormalitiesanda
sevee form of dry eye.Vitale et al useda disease-speci ¢
instrument, the ODI, and agenericinstrument developed
for ocular disease, the NEI-VFQ, to evaluatethe effect of dry
eyein patientswith SSonvision-tagetedQoL.Despitehe
lessheterogeneous study population of asingle disease with
sevee dry eye,they found comrelationsof ocular surface
parametersvith vision-tagetedhealthrelatedQoL to be
weakor nonexistentconsistentwith other studiesdem
onstratingpoor correlationsbetweersignsand symptoms
of dry eye.Interestingy, the NEI-VFQ correlationswith
objective ocular surface parameterswere higher than those
of the OSDI,which mayhavebeendueto the captue of
symptomintensityin additionto frequencyin the generic
instrument. Furthermore, the OSDI is targeted to how
symptomsaffect current statuswith a1-week recall period,
whereasthe NEI-VFQ may be more suitedto capturing
overallimpact of chronic ocular diseaselt is important
to include assessments Vision-TargetedHealth-Related
Quality of Life (VT-HRQ) and visua function to fully char-
acterizethe impactof dry eyeon healthstatus.The poor
correlationswith conventionallymeasued signsindicate
that an additionalcomponentof diseasenot captued by
clinical examination is being capad

Sjogensyndomecanaffectmanyorgansystemsand
af icted patients have a reduced quality of life. Severa
studieshave measured various aspects of thisreduced QoL.
Fatigue,anxiet, and depressionare major aspectof SS.
Thomaset d?® studied theimpact of SSin termsof disability
and QoL in a community-basedample.The majority of
womenwith SSreportedinterfeencein leisue activities
and lifestyle.?® Higher levels of depression/anxiety and
fatiguewere evidentin SSpatientscompaedwith non-SS
patients.SSpatientshad signi cantly lower scaeson the
SF-36,indicating a greaterimpact on health status.The
SF-36hasheenusedby Sutclife etal 27 Strombecketal 28
andotherg?® to showthatdisablingfatigueis animportant
symptom for many of these patients.

Godaert et a used the multi-dimensional fatigueinven-
tory (MFI) to con rm that SSpatientshad substantially
higher levels of daily fatigue and that their fatigueincreased
in the evening®® Gilesand Isenbeg alsonotedincreased
fatiguein SSpatients,evencompaed to a population of
lupus patients3! Depressionis alsoa prominent featue
of SS.Stevensort al usedthe Hospital Anxietyand De-
pressionScalgHADS) to evaluatet0 SSpatientsand 40
controls. SSpatientsshowedsigni cantly higherscaes??

98

Valtysdottir et al also observed more psychiatric symptoms
and worse well-being in patients with prirya5S

e. Impact on Visual Function

Knowledges increasingabouthow dry eyelimits and
degrades visud performance, including the conduct of
commonvision+elateddaily activities.New methodsof
measurindunctionalvisualacuityhavedemonstratedhe
effect of dry eyeon visual performance. Distinct from high-
contrastvisualacuity, measued in a standadizedway at
apractitioneis of ce, visualfunctionis a measue of ones
ability to performvision-intensivdasks,suchasreading,
usinga compute, professionaivork, driving at night, or
watchingtelevision. Visua complaintsare highly prevaent
amongdry eyepatients??34.35Theseare usuallydescribed
asdisturbedvisionor blurry, foggyvisionthat clearsem
porarily with the blink.2* Thesetransientchangesanbe
profound,resultingin markeddropsin contrassensitivity
and visualacuity;3®¢ thus affectingworkplaceproductivity
and visionrelated Qol1?37

Cornealsurfacerregularitydue to epithelialdesicca
tion, tear Imingability, and evaporation can bevisuaized
and quanti ed with useof toolsrangingfrom cornealto-
pography (surfaceregularity index) to complex instruments
likewavefront analysisthat quantify optical aberrationsthat
candegradehe quality of visionand affectnon-acuityvi-
sualfunction.Anunevengdisruptedtear Im in thecentral
corneacanresultin transientvisionchange#n thedry eye
patient.37:38 Opticd aberrationscrested by tear Im breskup
between blinkscontributeto adeclinein retinal image qual-
ity that canbe measuwed by both objectiveand subjective
methods. The Shack-Hartmann aberrometer measuresreal-
time changesn whole eye,higherorder aberrationghat
canbeattributedto thetear Im, 383°whereasaberrations
modéeled by changesin corneal topography are based on the
front surfaceof the eyeonly.° Subjectivanethodscanalso
beusedto track changesn contrastsensitivityandvisual
acuity duetotear Imdisruption.*!Both topica application
of arti cial tearsandpunctalocclusionin dry eyepatients
havebeendemonstratedo improvevisualacuity, contrast
sensitiviy, and caneal epitheliategulari36.42:43

f. Ocular Morbidity Associatedwith Dry EyeDisease

Dry eye is associated with contact lens intolerance
and discontinuation of contact lens wear,*+*5 can ad-
versely affect refractive surgery outcomes,*647 and may
be associated with increased risk of infection and com-
plications with ocular surgery. Few data exist on therisk
of infection due to dry eye. Cataract surgery in patients
with dry eye can be associated with ocular morbidity,
especialy in patients with connective tissue disorders.*®
The large incision required for extracapsular cataract
extraction was associated with decreased corned sensa-
tion, which can impair wound healing, interrupt normal
trophic factors, and render the corneamore vulnerableto
epithelial breakdown in predisposed cases.*® In contrast,
small incision cataract surgery with phacoemuls cation
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Table 2. Risk factors for dry eye

Level of Evidence

Mostly consistent* Suggestive’

Older age Asian race

Unclear*
Cigarette smoking

Female sex Medications

Hispanic ethnicity

Postmenopausal estrogen therapy

Tricyclic antidepressants

Omega-3 and Omega-6 fatty acids

Selective serotonin reuptake inhibitors

Anticholinergics

Medications Diuretics Anxiolytics
Antihistamines Beta-blockers Antipsychotics

Connective tissue disease Diabetes mellitus Alcohol
LASIK and refractive excimer laser surgery HIV/ HTLVL infection Menopause
Radiation therapy Systemic chemotherapy Botulinum toxin injection
Hematopoietic stem cell transplantation Large incision ECCE and penetrating keratoplasty

Isotretinoin Acne
Vitamin Ade ciency Low humidity environments Gout

Hepatitis C infection Sarcoidosis

Oral contraceptives

Androgen de ciency

Ovarian dysfunction

Pregnancy

* Mostly consistent evidence implies the existence of at least one adequately powered and otherwise well-conducted study published in a peer+eviewed
journal, along with the existence of a plausible biological rationale and corroborating basic research or clinical data.

T Suggestive evidence implies the existence of either: 1) inconclusive information from peer+eviewed publications or 2) inconclusive or limited informa-
tion to support the association, but either not published or published somewhere other than in a peer+eviewed journal

* Unclear evidence implies either directly con icting information in peer+eviewed publications, or inconclusive information but with some basis for a

biological rationale

in patients with dry eye has not been associated with a
higher risk of complicationsin dry eye patients; Ram et
al reported postoperative punctate epitheliopathy in 8/25
eyes, epithelia defect in 8/25 eyes of 23 patients, and no
cases of infection or keratolysis.®0

g. Future Reseech Directions

A numberof questionsshouldbe addressedn future
reseech on the epidemiology ofrg eye.

Whatisthe naturalhistory of dry eyesyndomedsthe
tissuedamageto theocular surfaceprogressive?Doirritative
symptomsprogress, or might they wane over timewith the
development ofelative coneal anesthesia?

Can we quantify the risk of ocular surface infection
among patientswith dry eye?Istheamount of cornea stain-
ing correlated with visual function/functiona visud acuity?

What is the incidence of dry eye syndrome in the
population, and are there any identi able demographic
correlates (eg, age, sex, race/ethnicity)?

Suggestedisk factorsfor dry eyeneedto be veri ed
and quanti ed (diabetesmelitus, HIV/HTLV1, medications,
menopause, alcohol, smoking, pollution, low humidity,
variousmedicalconditions, refractivesurgey, androgen
de ciency, andothers).It needgo bedeterminedvhether
predisposing genetic factors contribute ty dye.

Theeffectsof dry eye should befurther de nedinterms
of QoL, impact on vision, impact on driving, psychologica
issuescostof care,impacton the healthcare systemand
overall economic impact.

Newdiagnostidestsanddiseasdiomarkersshouldbe
developed to facilitate epidemiological and clinica ressarch.

B. Goal 2. Describe the Risk Factors for Dry Eye Disease

In 1995, the NEI/Industy Workshopfound “virtually
no datain refegenceto risk factorsfor the developmenbf
dry eye."* Sncethat time, epidemiologica sudieshaveonly
begun to addressthe evidencefor potentid lifestyle, dietary,
behavioraland otherrisk factorsfor dry eye,andfurther
studyis clearlyneededThe EpidemiologySubcommittee
notedthatrisk factorsmightdifferamongcertainsubtypes
of dry eye,which could dilute associations population-
basedstudiesjn which all formsof dry eyeare consideed
together. Findingsfrom studiesin which apurdy statistical,
non-hypothesis-drivemppoachwasusedto study risk
factorsmustbe viewedcautiousy, asspuriousresultsare
likely, and,atthe sametime, importantassociationsould
have easily been overlooked.

The Subcommitteeecommendshat future studiesof
risk factorsfor dry eyeshould concentrateon the exami
nationof biologicallycompellinghypothese@ adetailed
fashion,with appropriateattentionto all aspectof good
epidemiologicabktudy design(including suf cient study
power), analysis, and datagsentation.

SQubstantiated risk factorsfor dry eyeincludefemaesex,
older age, postmenopausal estrogen therapy,®! adiet that is
low in omega 3 essentid fatty acids or has a high ratio of
omega 6 to omega3 faity acids,>2 refractive surgery; vitamin
A de ciency, radiation therapy, bone marrow transplanta
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tion, hepatitis C,> and certain classes of systemic and ocular
medications, including anti-histamines (Table 2). Vitamin
A de ciency is awell-recognized risk factor for dry eye,®
and the etiology of the nutritional de ciency now extends
from inadequate intake due to unavailability of food to d-
coholism-related nutritiond de ciency, bariatric surgery,®®
malabsorption, eating disorders,>” and vegan diet.>8

Other risk factors may include diabetes mellitus,>®
humanimmunode ciencyvirus, HIVE andhumanT cell
lymphotropic virus-1 infection,5! connectivetissuediseases,
systemic cancer chemotherapy, and other medications, such
asisotretinoin,2 antidepressants, anxiolytics, beta-blockers,
anddiuretics.Howeve, systematiccomprehensivestudy
of manyofthesdactorsslacking.Con icting resultshave
beenreportedon the associationbetweendry eyeand
some factors, including acohal, cigarette smoking, caf-
feing, acne,® and menopausa status. Very few reportsexist
on therisk of dry eyewith useof oral contraceptivesnd
pregnancy and theole of ethnicity in dy eye®*

1. Bone Marrow Transplantation and Cancer
Allogeneic bonemarrow transplantation hasincreased in
frequency; theindicationsfor the procedure have expanded,
and thesurvivd rateishigher than ever before. Conditioning
regimensand the use and amount of radiation therapy have
aso changed, which hasdtered theclinica spectrum of ocu-
lar graft vs host disease. Dry eye dueto radiation therapy;5°
systemic chemotherapy, or ocular graft vs host discase asa
complication of bonemarrow transplantation can beseenin
cancer survivors.5667 A signi cant pediatric population has
undergone bone marrow trangplantation and issurvivingto
develop chronic graft vs host disease and dry eye.®®

2. Menopausal Hormone Therapy (MHT)

In astudyof over25,000women,postmenopausas
trogen therapy wasfound to be associated with an increased
prevalencefdry eyetheprevalencefdry eyewass.93%
in womennot receivingherapy, 6.67%in thosereceiving
estogencombinedwith progesteone,and9.05%in those
taking estogenalone®! In post-menopausakomen,for
each additiond 3 yearsof MHT, the oddsratio (OR) for risk
of dry eyewas1.16(1.09-1.24)afteradjustingfor ageand
otherpossibleconfoundingfactors A prospectiveanalysis
of datafrom this studyshowedthatthe initiation of esto-
gentherapyprecededhe diagnosiof dry eyesyndome.
Corraoborating evidence was subsequently found in the
Shihpaistudy,!? in which menopausahormonetherapy
wasassociatedith anincreasedisk of dry eye,OR=1.28,
and in the Blue Mountains Eye Sju®R=1.7:0

3. Sex Hrmones

Theroleof sex hormonesin ocular surface homeostasis
hasbeenrecognizedindthe pathologicmechanism(shpy
which disturbancesnayresultin dry eyeare beinginves
tigated.Androgenlevelsdeaeasewith agingin both men
andwomen®® Sexstaoid de ciency, speci callyinvolving
androgens, has been associated with dry eye in severd
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digtinct clinical entities, such ascongenita androgen insuf-
ciency syndome’%71 SS/? prematue ovarianfailure,”®
and anti-androgen medication treatment.”#76 The complex
role of sexhormonesn ocularsurfacehealthand disease
warrants further study. There are con icting reports of
smallstudiesof the risk of dry eyewith oral contraceptive
use,and minimal dataare availableregading the effect
of pregnancy, hysterectomy, oophorectomy and ovarian
dysfunction on the ocular surfa¢ge’®

4. Essential Fatty Acids

Arolefor essentid fatty acidsin dry eyeis supported by
largely consigent evidence. In astudy of over 32,000 women,
Miljanovic et d demonstrated about a 30% reduction in
risk for dry eye with each additional gram of omega-3 fatty
acids consumed per day.>2 Those who consumed 5 or more
4-ounce servings of tuna per week had a> 60% reduction
in risk of dry eye. A higher ratio of omega-6 to omega3
fatty acid consumption in the diet was associated with asig-
ni cantly increased risk of DES(OR 2.51; 95% con dence
interval [Cl]: 1.13, 5.58) for > 15:1 versus<4:1 (Pfor trend
=0.01). Thus, thehigher theleve of intake of omega-3 fetty
acidsin relation to the most commonly consumed types of
omega-6 faty acids, thelower therisk of dry eye. In support
of arolefor essentid fatty acids, another study showed that
women with SShad asigni  cantly lower intake of omega-3
fatty acids (with or without adjustment for energy intake), as
compared to age-matched controls.2 Furthermore, intake of
omega-3 fatty acids has been correlated with the polar lipid
pattern of meibomian gland secretionsin women with SS81

5. Low Humidity Envi ronments

Ocular irritative complaints, such as burning, dryness,
gtinging, and grittiness, are often reported in epidemiologic
studies of indoor environment, especidly in of ces where
highly demandingvisud and cognitivetasksare performed.&
While the exact cause of these symptoms remains unclear,
ocular drynessduetoincreased tear evaporation may bedue
tolow humidity; high room temperatureand air velocity, de-
creased blink rate, or indoor pollution or poor air quality8384
Other ultralow humidity environments, such as aircraft
cabins, havedso been associated with dry eye symptoms 8586

6. Computer Use

Computer users often complain of eye strain, eye
fatigue, burning, irritation, redness, blurred vison, and
dry eyesamongotherrepetitivestrain symptoms®” This
constdlation of ocular complaints resulting from video
displayterminal operationand sustainedvisual attention
to acomputemonitor, with anassociatedeaeasedlink
rate, can beregarded asarepetitive strain disorder, computer
visonsyndrome(CVS). While asthenopia, glare, and accom-
modativedif culty areal aspectsof CVS dry eyeappearsto
contributeto amajorcomponenbf symptomseportedss

7. Contact Lens Wear
Contact lens (CL) wear has often been reported to
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be associateavith dry eye®® and a signi cant numberof
CL-wearingpatientsexperiencerynessSymptomofdry
eyeare commonin CL weaers,with 50-75%of weaers
reportingsymptomsof ocularirritation.*4.29-931f aconser
vative estimatels used(50%), approximately17 million
Americanshave CL-related dry eye. A comprehensive study
of 415 CL weaersrevealedhat severafactorsare assogi
ated with dry eye statusin multivariate regression analyses,
including female gender (P = .007), lenses with higher
nominalwatercontent(P = .002), rapid prelenstear Im
thinningtime (P=.008), frequent usage of over-the-counter
pain medication(P = .02), limbal injection (P = .03), and
increased tear Im osmolalityP(= .05)4°

Symptomsof drynessand discomfort are often reported
asfactorscontributingto contactlensdiscontinuation.In
a study by Prichad and coworkers,12% of contactlens
patientsdiscontinuedenswearwithin 5 yearsof the ini-
tial tting dueto thesesymptoms?* Similar ndings have
beenreportedin otherstudiesIn onestudyperformedat
a university-baseaphthalmicclinic, 109 (24%) of 453
subjectswith a history of contactlensweardiscontinued
lenswear permanently and 119 current contact lenswearers
expressedatontactiensdissatisfactioroth groupsranked
dryness as the most common ocular symptém.

8. Refractive Surgery

Dry eye is recognized to occur following refractive
surgay, andour understandingf its etiologyandclinical
signi canceis evolving.Deaeasedcorneal sensatiorhas
beenproposedasthe basisof reductionin blinking® and
lacrimalsecetior? afterlaserassistedh situ keratomileu
sis(LASIK) surgey, both of which may contributeto an
aqueous-de cient state. Alternatively, it hasbeen proposed
thatthis symptomaticonditionis dueto the disruptionof
trophic sensory support to thedenervated region. Thiscon-
dition hasbeentermedLASIK-InducddeuoEpitheliopathy
(LINE).®” An analogousondition of milder degee may
occurfollowing photarefractivekeratoplastyPRK). Lim-
ited epidemiologiclataare availableon refractivesurgery-
induced dry eye, and the magnitude, severity, and duration
ofthediseaseequrefurther controlled prospectivestudy.
Reports of the prevalence of dry eye in LASK patients
without a prior histary of dry eyevay accading to the
de nition of dry eye but rangefrom 0.25%¢8 up to 48%53

Therate of dry eye appearsto be highest in the period
immediately following surgery; some, but not dl, authors
report areturn of the Schirmer 1 to basdineleve by 1 year
postoperatively.539.9 De Paiva and co-authors, using a
de nition of corned staining of 3 or more in asmall sudy
of 35 patients, found an incidence of dry eye of 33.36% a 6
monthsafter LASK, and therisk of dry eyewassigni cantly
associated with extent of preoperative myopia (0.88/D. p=
0.04) and ablation depth (RR 1.01/micometer, p = .01).10
Interestingly, surface ablation appearsto be associated with
a decreased risk of post-LASK dry eye.l®! Dry eye may
compromise wound heding and has been associated with
an increased risk of refractiveregresson. Someauthorshave
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reported agreater risk of dry eyeand refractiveregression in
women than in men and ahigher prevalencein Asian (28%)
than in Caucasian (5%) persons.*47 Dry eye before LAIK
and long-term CL wear before LASK may be associated an
increased prevalence of dry eye after LAIK.102

Furtherreseech is neededo identify the risk factors
for dry eyeafterrefractivesurgey, to examinethe effect
of pre-existingconditions (CL wea, tear instability, and
ocularsurfacalisease)andto distinguishtrue LASIKdry
eyefrom LINE?” Thereis alsoa needto identify the value
of pretreatment strategiesto reducetheincidenceand dura-
tion of LASIK-induced ocular surface disease.

More informationis neededregading otherrisk fac
tors, suchasdirectly comparativedatato assespossible
racialand/orethnicdifferencesptherpossiblenutritional
andenvronmentalrisk factors the role of sexhormones,
and the possible contribution of an underlying genetic
predisposition to dy eye.

C. Goal 3. Review of Dry Eye Questionnaires

Questionnaires are employed in clinical research to
saeenindividualsfor the diagnosif dry eyeor in clini-
cal practiceto assesthe effectsof treatmentsr to grade
diseasseveriy. In epidemiologiaeseech, questionnaies
canbe usedfor population-basedtudiesor to studythe
naturalhistory of diseaseThe purposeof a questionnaie
affects the content and nat of the instrument.

At the Puerto Rico DEWSmeetingin 2004, the Epidemi-
ology Subcommittee evauated published dry eye symptom
guestionnaies. Eachmemberof the committeereceived
electronic lesof the publicationsprior to themeeting. The
guestionnaiesand publicationswere reviewedbefae the
meeting, and theinstrumentswere presented and reviewed
atthe PuertoRicomeeting(Table3). Theterms“dry eye”
AND “guestionnaie” were seachedin PubMedandlimits
of “English language” and “human”neepplied.

Thefollowing genera criteriafor questionnaire selection
were employed foreview.

1) The questionnaire has been used in randomized

clinical trials RCTSs).

2) Thequestionnaie hasbeentestedor usedin epide

miologic studies.

3) Thequestionnarehashad somepsychometrictesting.

4) The questionnaie is availableand appropriate for

generic, non-disease-speci cydeye populations.

5) Thequestionnairemust havemet 1 OR2, and 3and 4.
Fourteen questionnaires were identi ed that met these
criteria:

1) McMonniesDry Eye History Questionnaire (Nichols,

McMonnies)©3.104
2) Canada Dry Eye Epidemiology Sudy (CANDEES
[Doughty] P*

3) Ocular Qurface Disease Index (OSDI [Schiffman])19

4) SHishury EyeBvdudion (Schein, Bandeen-Roche)106.107

5) Dry Eye Epidemiology Projects (DEEP) questionnaire

(Oden)08
6) Women'sHedth Sudy questionnaire (Schaumberg)”
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Table 3. Symptoms and quality of life instruments

Instrument Title/ Description/ Reference

Authors/ Report

Questionnaire Summary

Description/ Use

McMonnies
Key questions in a dry eye history
(McMonnies)t03

McMonnies. J Am Optomet-
ricAssoc 1986;57(7):512-7

15 questions

Screening questionnaire—
used in a clinic population

McMonnies
Reliability and validity of McMonnies
Dry Eye Index. (Nichols et al)t04

Nichals, Nichols, Mitchell.
Cornea 2004;23(4):365-
71

Previously described

Screening questionnaire
Dry eye clinic population

* CANDEES

A patient questionnaire approach to
estimating the prevalence of dry eye
symptoms in patients presenting to
optometric practices across Canada
(CANDEES)**

Doughty, Fonn, Richter,
et al. Optom Ms Sci
1997;74(8):624-31

13 questions

Epidemiology of dry eye
symptoms in a large random
sample

OSDI
The Ocular Surface Disease Indext0>

Schiffman, Christianson,
Jacobsen, et al. Arch Oph-
thalmol 2000;118:61521

12-4tem questionnaire

Measures the severity of dry
eye disease; end points in
clinical trials, symptoms, func-
tional problems and environ-
mental triggers queried for the
past week

OSDI and NEI-VFQ comparison?*

Vitale, Goodman, Reed,
Smith. Health Quality Life
Qutcomes 2004,2:44

Comparison of existing
guestionnaires

Tested in Sjogren Syndrome
population

IDEEL Comparing the discriminative
validity of two generic and one
disease-sspeci c health+related
quality of life measures in a sample
of patients with dry eye??

Rajagopalan, Abetz, Mertz-
anis, et al. Value Health
2005 Mar-Apr;8(2):168-74

3 modules (57 questions):
1. Daily Activities
2. Treatment Satisfaction
3. Symptom Bother

Epidemiologic and clinical
studies

Salisbury Eye Evaluation
Relation between signs and symptoms
of dry eye in the elderly6

Schein, Tielsch, Munoz
B, et al. Ophthalmology
1997;104:1395-1401

Standardized 6-question
guestionnaire*

Population-based prevalence
survey for clinical and subjec-
tive evidence of dry eye

Salisbury Eye Evaluation
Self+eported assessment of dry eye
in a population-based setting'©”

Bandeen-Roche, Munoz,
Tielsch, et al. Ophthalmol
\is Sci 1997;38(12):
2469-75

Standardized 6-question
guestionnaire*

Population-based prevalence
survey for clinical and subjec-
tive evidence of dry eye

Dry Eye Epidemiology Projects (DEEP)
Sensitivity and speci city of a
screening questionnaire for dry eye'08

QOden, Lilienfeld, Lemp,
et al. Adv Exp Med Biol
1998;438; 807-20

19 questions

Screening

Women'’s Health Study questionnaire
Prevalence of dry eye syndrome
among US women’

Schaumberg, Sullivan,
Buring, Sullivan. Am

J Ophthalmol 2003
Aug;136(2):318-26

3 items from 144tem
original questionnaire

Women'’s Health Study/
Epidemiologic studies

National Eye Institute Visual Func-
tion Questionnaire (NEI-VFQ)10°

Mangione, Lee, Pitts,
et al. Arch Ophthalmol
1998;116:1496-1504

25-tem questionnaire:
2 ocular pain subscale
questions

Useful tool for groupdevel com-
parisons of visiontargeted,
health+elated QOL in clinical
research; not in uenced by
severity of underlying eye
disease, suggesting use for
multiple eye conditions.

Dry Eye Questionnaire (DEQ)
Habitual patientreported symptoms
and clinical signs among patients
with dry eye of varying severity®4

Begley, Chalmers,
Abetz, et al. Invest
Ophthalmol Vis Sci 2003
Nov;44(11):475361

21 items on prevalence,
frequency, diurnal severity
and intrusiveness of sx

Epidemiologic and clinical
studies

Dry Eye Questionnaire (DEQ)

Use of the dry eye questionnaire to
measure symptoms of ocular irrita-
tion in patients with aqueous tear
de cient dry eye!10

Begley, Caffery, Chalmers, et
al. Cornea 2002;21(7):664-
70

As above

As above

Table 3 continues on following page
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Table 3. Symptoms and quality of life instruments (continued)

Instrument Title/ Description/ Reference

Contact Lens DEQ
Responses of contact lens wearers
to a dry eye survey?®?

Authors/ Report

Begley, Caffery, Nichols,
Chalmers. Optom Ms Sci
2000; 77(1): 406

Questionnaire Summary

13 questions

Description/ Use

Screening questionnaire for
dry eye symptoms in contact
lens wearers

MelbourneVisual Impairment Project
The epidemiology of dryin Melbourne,
Australialt

McCarty, Bansal, Living-
ston, et al. Ophthalmology
1998;105:11149

Selfreported symptoms
elicited by interviewer-ad-
ministered questionnaire

Epidemiologic studies

National Eye Institute 42-tem
Refractive Error Questionnaire!!

Hays, Mangione, Elwein,
et al. Ophthalmology
2003;110(12):2292-301

424tem questionnaire:

4 related questions: ocular

pain or discomfort, dryness,
tearing, soreness or tiredness

QoL due to refractive error

Siccal/ SS questionnaire
Validation of the Sicca symptoms
inventory for clinical studies of
Sjogren’s syndrome!12

Bowman, Booth, Platts,
et al. Sjogren’s Interest
Group. J Rheumatol
2003;30(6):1259-66

Inventory of both symptoms
and signs of Sjogren
Syndrome

Epidemiologic studies for
Sjogren Syndrome

Bjerrum questionnaire
Study Design and Study Populations*3

Bjerrum. Acta Ophthalmo-
logica (Scand) 2000:10-3

3-part questionnaire which
includes an ocular part
with 14 questions

QOL due to SSdry eye, diagnosis
of dry eye, epidemiology of SS

Test and symptoms in keratoconjunc-
tivitis sicca and their correlation3®

(Scand) 1996:74:436-41

Bjerrum questionnaire Bjerrum. Acta Ophthal- As above Screening questionnaire

Dry Eye Symptoms in patients and mologica (Scand) 2000,

normalstt4 145.

Bjerrum questionnaire Bjerrum. Acta Ophthalmol | Dry eye tests Examine correlation between

Ccular symptom questionnaire
(14 questions)

dry eye test and ocular symp-
tom questionnaire responses

Utility assessment questionnaire
Utility assessment among pts with
dry eye disease?!

Schiffman, Walt, Jacob-
sen, et al. Ophthalmology
2003;110(7):14129

Utility assessment

Utility assessment

Japanese dry eye awareness study
Results of a population-based

questionnaire on the symptoms and
lifestyles associated with dry eye1>

Shimmura, Shimazaki,
Tsubota. Cornea 1999;
18(4):40811

30 questions relating to
symptoms and knowledge
of dry eye

Population-based, self-diag-
nosis study to assess public
awareness and symptoms of
dry eye

Sicca/ SLE questionnaire

Oral and ocular sicca symptoms and
ndings are prevalent in systemic

lupus erythematosus!16

Jensen, Bergem, Gilboe,
et al. Oral Pathol Med
1999;28:317-22

6-question symptom ques-
tionnaire

Screening for dry eye symp-
toms in SLE patients

American-European Consensus Group
Classi cation criteria for Sjogren’s
syndrome: a revised version of the
European criteria proposed by the
AmericanEuropean Consensus Group!t’

Vitali C, Bombardieri S,
Jonnson R, et al. Ann
Rheum Dis 2002;1:554-8

6 areas of questions:
Ocular symptoms; oral
symptoms; ocular signs;
histopathology; oral signs;
auto-antibodies

Clari cation of classi cation
of primary and secondary
Sjogren syndrome, and of
exclusion criteria.

The Eye Care Technology Forum
Impacting Eye Care!18

Ellwein. Ophthalmology
1994;101:199-201

Issues: Standardizing

clinical evaluation

Decree for change

7) National Eye Institute-Visual Function Questionnaire

(NEI-VFQ [Mangione])!%

8) Dry Eye Questionnaire (DEQ [Begley et al])3*110
9) Contact Lens DEQ (Begley et al),”
10) Melbourne Visual Impairment Project (McCarty)!!
11) NEI-Refractive Error questionnaire 1!
12) Sicca Symptoms Inventory (Bowman)!'!2

13) Bjerrum questionnaire3>!13.114

14) Japanese dry eye awareness questionnaire (Shimmura)!>

The Impact of Dry Eye on Everyday Life (IDEEL) was

added to the list when it became publicly available.

A number of questionnaires were selected for detailed
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review, and these are summarized below. Appendix I, avail-
able at www.tearfilm.org, provides additional details of the
McCarty symptom questionnaire, Ocular Surface Disease
Index (OSDI), Salisbury Eye Evaluation questionnaire,
Impact of Dry Eye on Everyday Life (IDEEL) questionnaire,
and the McMonnies questionnaire.

During the meeting, the strengths and weaknesses of
existing surveys were discussed, and it was noted that
information is limited for each of them. The group agreed
that a set of several standardized, validated questionnaires
suitable for a variety of purposes and available to investi-
gators would be desirable. Data from completed clinical
trials could be used to validate existing instruments and
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maximize the ability to improve instruments for use in
clinical trials and epidemiologic studies.

1. Features of Dry Eye Questionnares

Theinstrumentsvariedin length,intendeduse,popu-

lation in which they were tested modeof administration
(sdf, interviewer, and phone) and extent of validation.
Commonelementsn questionnaies(two or more instru-
ments) included query of: clinician-based or other diagnosis
of dry eye;frequencyand/orintensityof symptomsgffect
of symptomson activitiesof daily living; effectof environ-
mental triggerson symptoms; presence of dry mouth; effect
of visualtaskson symptoms(eg,computeruse);effect of

treatmenton symptoms;contactlenswear;medications;

and alergies. Items infrequently included were queries
relatedto the useof drops, arthritis, thyroid diseasedry

noseor vagina.emotionaltriggers,and globalassessment

by the patient. Therecallperiodwasnot speci edin most
guestionnaies,but it rangedfrom 1-2 weeksin thosein
which a period wasspeci ed. Belowis a summay of the
general feates of ten questionmnas:

a.

d.
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McMonnies Dy Eye Histay Questionnare

12 items-mostdichotomousyes/noweightedscoring
Sceening, used iny eye clinic population
Includes age, sex, contact lens wear
Previousdiagnosisof dry eye,triggers(envronment,
swimming, alcohol)

Frequency of symptoms: dryness, grittiness, soreness, red-
ness, tiredness(Answvers. Never, sometimes, dften, aongtantly)
Medications, arthritis, @ mouth, thyoid status

Canadian Dry Eye Epidemiology Study
(CANDEES)

13 questions. age, sex, CL wear and effect on symptomes,
dry eye diagnosis

Epidemiologic study ofnqevalence of symptoms
Frequencyand intensity of symptomscombined(An-
swers. Occasonal and mild, Occasonal and moderate,
Constanandmild, ConstandandmoderateSeve)
Medicationstime of day, allergies,dry mouth, itchy/
swollenfed eyelids

Ocular Suface Disease Index (OSDI)

12 items: visua function (6); ocular symptoms (3);

envronmental triggers (3)

Frequencywith 1-weekrecallperiod (AnswersNone
ofthetime,Somefthetime,Half ofthetime,Mostofthe
time,All ofthetime[0-4])

Scoring dgorithm published:100 = completedisability;

0 = no disability

Validatedin dry eyepopulationand usedasoutcome
measue in RCT

Impact of Dry Eye on Eveyday Life (IDEEL)
3 moduleg(Daily activities,Treatmensatisfactionand
Symptom bother) with a total of 57 questions

e.

h.

2-weekrecall period

5-point scaleson frequeng, bothe, or limitation for
most questions

Daily Activitiesincludesvision, environmental triggers,
emotional triggers, and work

Validatedin dry eyepopulationof 210 subjectswith
range of dy eye severity

Questionnaire is now available from MAPI Values,
Boston, MA

Salisbury Eye Evaluation Questionnaé

6 items:Frequencyf symptomsand3 signg/Answers:
Rael, Sometime®ften All ofthetime

Do your eyes ever fealy?

Gritty or sandy sensation in eyes?

Burning sensation?

Red, crusting lashes, stuck shut innmiag
SHf-reported population-based prevaence survey in
elderly for signs and symptoms

Latent class analysis of symptom paise

Low corelations with dy eye signs

Dry Eye Epidemiology ®ject Questionnaie

19 items: teatments, symptoms, others

Sceening questionne (phone inteview)

Use of eye washes, corapses, iips

Frequency of symptoms

Itchy, sore, dry, scratchy; gritty, burning, irritated, water-
ing, photophobia,red, sticky, achy(Neve Sometimes,
OftenConstantly

Dry mouth, ocular dlergies, contact lenswear frequency;
physician diagnosis ofrd eye

Womeris Health Study Questionnaie

3 items(AnswersConstany Often,.Sometimeblevey
Previousdiagnosi®f dry eyefrom clinician—yer no
How often eyes feeld (not wet enough)?

How often eyes feel irritated?

Large population-basedrpvalence swey

Casede nition: Bothdrynessandirritation constantly
or often

Smilar engtivityand spedi city as14itemsinduding: san-
dy or gritty, burningor ginging pain, itching, light sendtiv-
ity blurry vison, tiredness, soreness, scratchiness, redness,
gtickiness, achy fedling watery eyes and swollen eyelids
Validated against standkzed clinical exam

National Eye Institute-Visual Function
Questionnare (NEI-VFQ)

25 items of frequencyand severityof symptomand
effects on activities of daily living

Multipledomains. ie, near vision, generd hedlth, socia
problems, distance vision...

How oftendoespain or discomfortaffect activitiesof
daily living (AnswersAll, Most,SomeA little, Noneof
thetime[5-point scale])

—How much pain (ie, burn, itch, ache)? (Answers.
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None, Mild, Moderate, Severe, Very severe [5-point scale])

* Not developed for dry eye; however, tested in several
dry eye populations

¢ Useful for group level comparisons of vision-targeted
health related QoL

* Can be useful for multiple eye conditions

i. Dry Eye Questionnaire (DEQ) and Contact Lens DEQ
¢ 21 items: includes contact lens wear, age, sex
* Categorical scales of prevalence, frequency, diurnal
severity and intrusiveness of symptoms in typical day
of one week recall period
Frequency and intensity of symptoms: comfort, dry-
ness, blurry vision, soreness and irritation, grittiness
and scratchiness, burning and stinging, foreign body
sensation, light sensitivity, itching
Never, infrequent, frequent, constantly
Time of day worsening
Effect on activities of daily living
* Medications, allergies, dry mouth, nose or vagina, treat-
ments, patient global assessment, dry eye diagnosis

j. Melbourne, Australia, Visual Impairment Project
Questionnaire
Symptoms of discomfort, dryness, foreign body sensa-
tion, itching, tearing and photophobia were graded on a
scale from 0 to 3 (0 = no history, 1 = mild, 2 = moderate,
3 = severe). For each symptom, a definition was supplied
for mild, moderate and severe.

2. Summary

The Subcommittee agreed on several characteristics of a
dry eye questionnaire that contribute to its suitability for use
in epidemiologic studies and RCTs. The instrument must
be responsive, ie, able to detect and measure a change in
symptoms with effective treatment or disease progression.
It should be sufficiently sensitive to detect therapeutic
response by a drug. It must be reproducible; the changes
detected must be real and not due to poor repeatability. The
recall period should be specified, as symptoms over time
are commonly integrated by patients. For example, “how do
your eyes feel now?” vs “on average, over the past week, how
have your eyes felt?” Other important points included the
ability to set a threshold of severity of disease as an inclu-
sion criterion (ceiling and floor effects). One may elect to
use a particular instrument as a screening tool for the study
qualification visit and a different questionnaire to perform at
baseline and the primary outcome study visit. Specific items
within the instrument may be more appropriate for screen-
ing, whereas others may be responsive to treatment effects
and more relevant for efficacy analysis. Because of the pos-
sibility of worsening of dry eye symptoms over the course of
the day, dry eye examinations and the questionnaire should
be administered at the same time of day in clinical trials.

Vision-targeted health-related quality of life instruments
quantify an aspect of dry eye disease that is not measured
in other ways. Both generic and disease-specific instru-

ments are available; utility assessment is an alternative
strategy. The group recommended inclusion of an item on
visual function in the definition of dry eye—for example,
fluctuating vision or transient blurred vision—to capture
visual effect from dryness and assist in defining a clinically
meaningful situation. This is another manifestation of dry
eye distinct from “irritative” symptoms.

3. Future Reseach

Clinically meaningful changes in questionnaire scores
need to be defined. If a particular symptom is improved,
does the ability to perform common activities of daily living
or visual function improve as well?

The concept of the “worst” symptom, which might be
defined as the most intense, the most frequent, or the most
bothersome symptom, warrants further study.

The relationship between frequency and severity of dry
eye symptoms must be better understood to identify a clini-
cally meaningful change in dry eye symptoms. How does
a constant but low-intensity irritative symptom compare
to a periodic, severe, highly intense but infrequent pain?
Although frequency and intensity of symptoms are highly
correlated, frequency is relevant to RCTs, because it would
be difficult to demonstrate a change in an infrequent but
severe symptom.

Psychometric analysis of existing questionnaire data
from interventional clinical trials or epidemiologic studies
may be useful in identifying specific parameters, questions,
or subscales that might be more responsive or more ap-
propriate to demonstrate therapeutic effects from different
types of treatment modalities or for dry eye of a particular
type or severity. Patient satisfaction with ocular health,
therapy, and impression of improvement or worsening with
treatment could be explored for use in clinical research

Although important progress has been made since
the 1994/1995 Dry Eye Workshop about the available
evidence on the epidemiology of dry eye, there is still a
need for widely accepted diagnostic criteria of dry eye for
epidemiological studies and a need to conduct such studies
in different geographical populations and in different races
and ethnicities. We still need to clarify the role of individual
dry eye questionnaires and vision-targeted and general QoL
assessment tools. While certain risk factors, such as age,
sex, dietary factors, refractive surgery, and others, have been
related to ocular morbidity in dry eyes, the impact of other
factors such as cigarette smoking, alcohol, menopause, oral
contraceptives, and pregnancy, still remain unclear and will
need further prospective research.

[1l. CONCLISIONS

There remains a need to build consensus on appropri-
ate dry eye diagnostic criteria for epidemiologic studies.
The role of subjective assessment and vision-targeted and
general QoL assessments can be clarified. More incidence
studies are needed, and epidemiologic studies should be
expanded to include additional geographic regions and
multiple races and ethnicities. Some modifiable risk fac-
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torshavebeenidenti ed for dry eye,andpublic education

resultingthis regad shouldleadto improvementin both
eyeandgenerahealth,while further, prospectivestudyis
needed to elucidate other risk factors.

Detailedtemplatesof questionnaies can be accessed

at: www.tear Im.org.
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