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Abstract Dry eye disease (DED) is a growing public
health concern causing ocular discomfort, fatigue, and
visual disturbance that interferes with quality of life (QoL),
including aspects of physical, social, and psychological
functioning, daily activities, and workplace productivity.
This article assesses the current understanding of the
impact of DED on QoL and vision. The full impact of DED
on a patient’s QoL is not easily quantifiable, but several
methods and techniques have been evaluated to measure
the decreased quality of vision from DED, and a number of
questionnaires have been developed to quantify the impact
of DED on various aspects of patient QoL. We summarize
available evidence on the impact of DED from a review of
published literature.
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Introduction

According to the International Dry Eye WorkShop in 2007,
“dry eye is a multifactorial disease of the tears and ocular
surface that results in symptoms of discomfort, visual
disturbance, and tear film instability with potential damage
to the ocular surface” [1¢]. Dry eye disease (DED) is one of
the most prevalent ocular surface diseases in the world.
The prevalence of DED has been reported to occur in the
range from approximately 4.4 % to as high as 50 % [2-7,
8+, 9] among middle-aged and older people throughout the
world. In the USA, estimates from the largest studies
suggest that DED affects around five million people aged
50 years or older [8¢]. Symptoms of DED are a common
motivation for patients to seek eye care, and have emerged
as crucial outcome measures for clinicians as well as in
studies assessing the impact of DED treatments. Accord-
ingly, measurement of the impact of DED on patients’
daily lives is now recognized as a critical aspect of disease
characterization.

Researchers in the field have worked to develop
increasingly robust ways of measuring patient-reported
outcomes in DED. With the improvement and expansion of
available techniques to evaluate the impact of DED on
people’s lives, there is a growing body of evidence
detailing the depth and breadth of the impact of DED on
quality of life (QoL) and vision. A major impact of DED,
as included in its definition, is its effect on visual function.
People with DED often report visual disturbances such as
blurred or foggy vision, fluctuating vision, and glare; often
in spite of normal visual acuity using standard testing
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techniques. The resulting reductions in visual function can
be measured by questionnaires [10—12], contrast sensitivity
tests [13, 14], functional visual acuity (FVA) tests [15-21],
and measurement of higher-order optical aberrations [22-
25]. DED also impacts other aspects in the everyday QoL
of patients, including physical, social, and psychological
functioning and workplace productivity. The physical
impact of DED seems most closely related to the concept
of DED as a type of chronic pain syndrome, which results
in chronic symptoms of ocular surface discomfort with
subsequent effects on a number of aspects of QoL.

QoL as Assessed by Questionnaires Developed
Specifically for DED

In recent years, a number of patient-reported outcomes
questionnaires have been developed to assess patients’
experience in DED [10, 12, 26]. These questionnaires
include those directed at measuring ocular surface comfort
symptoms, e.g., the Symptom Assessment in Dry Eye
(SANDE) questionnaire, which is based on a visual ana-
logue scale approach, and the Ocular Comfort Index (OCI)
questionnaire, which was developed using the technique of
Rasch analysis, as well as those aimed at measuring both
ocular surface comfort symptoms and the impact of DED
on other aspects of a patient’s QoL. We describe a few
such questionnaires below.

For example, the Ocular Surface Disease Index (OSDI)
[10] consists of 12 questions and has been frequently used
to measure the severity of DED, including in the setting of
clinical trials. The OSDI contains three subscales: ocular
discomfort symptoms, vision-related function, and envi-
ronmental triggers, which are all queried by three or more
questions which direct patients to their experience over the
past week. More specifically, the OSDI includes three
items related to ocular discomfort (feeling sensitive to
light, gritty, and painful or sore eyes) and six questions
related to visual disturbance (blurred vision or poor vision)
or visual function (problems reading, driving at night,
working with a computer, or watching TV), and three
questions related to possible symptom triggers (windy
conditions, low humidity, or areas that are air-conditioned).

The OSDI was shown to validly distinguish among
patients with no DED and patients with mild, moderate, and
severe DED [10]. It has since been used in a number of
research articles and randomized trials [27-29], and data
from the OSDI demonstrate the higher level of ocular sur-
face symptoms in patients with DED. For example, a com-
parative study including 87 patients with DED showed that
the dry eye patient group had higher (worse) OSDI com-
posite and subscale scores of ocular symptoms, vision-
related function, and environmental triggers (all P < 0.001)
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than a group of 71 patients without DED [27]. A study with
40 participants with clinical evidence of DED showed that
the OSDI total score was significantly greater in patients
with DED than in normal subjects [30].

The Dry Eye Questionnaire (DEQ) [26] includes 21 items
developed to evaluate the prevalence, frequency, diurnal
severity, and intrusiveness of dry eye symptoms for use in
epidemiologic and clinical studies. The questions inquire
about the frequency of ocular discomfort, dryness, visual
changes, soreness and irritation, grittiness and scratchiness,
burning and stinging, foreign body sensation, light sensi-
tivity, and itching. It also includes questions on age, gender,
daily activities, computer use, use of systemic and ocular
medications, allergies, self-assessment, and previous diag-
nosis of dry eye. There are four questions in the DEQ related
to visual disturbance, such as frequency of visual changes,
how noticeable the changes are during the morning or before
bed, and how much the visual fluctuation bothers the
patients. A study with 100 patients using the DEQ found
symptoms of ocular irritation were frequent and intense
among patients with Sjogren syndrome and keratoconjunc-
tivitis sicca compared with controls. These symptoms often
increased in intensity over the day, suggesting that open-eye
conditions affect the progression of symptoms [26].

Another questionnaire used for epidemiologic and
clinical studies, the Impact of Dry Eye on Everyday Life
(IDEEL) [12],consists of 57 questions comprising three
modules: dry eye symptom bother; impact on daily life,
including daily activities, emotional impact, impact on
work; and treatment satisfaction (both effectiveness and
treatment-related bother/inconvenience). The questions
items to visual disturbance are two items on how much the
person is bothered by “blurry vision” or “sensitivity to
light, glare, and/or wind.” Authors have observed statisti-
cally significant differences in responses to the IDEEL
questionnaire across differing levels of DED severity [12].
One study with 74 subjects found IDEEL-symptom bother
significantly discriminated dry eye severity, and after the
treatment of DED the IDEEL-symptom bother dropped
among subjects with improvement [31].

In the clinical setting, in addition to symptoms of ocular
surface pain and discomfort, physicians often encounter
patient complaints of blurred vision even though the
patient’s best-corrected visual acuity is normal when
measured with a Snellen or other standard visual acuity
chart. Consistent with this, studies of patients with DED
using patient-reported outcome instruments have consis-
tently identified problems with performance of daily
activities that require sustained visual attention. For
example, a study using the DEQ found that 10 % of
patients with non-Sjogren syndrome DED and 30 % of
patients with Sjogren syndrome DED [32] complained
about impaired vision. Others have reported that between
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experienced “disturbed vision” [33, 34]. In addition, a Man (PHS) i 373 (1L96-7.47)
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study from Japan showed that blurred vision was reported <> pooled
in 22 % of DED patients [35]. |
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95 % CI 1.58-4.96), and nighttime driving (OR 2.20, 95 %
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is that utility scores that are anchored at perfect health
(utility 1) and death (utility O) can be compared across
various health outcomes using a time trade-off (TTO)
method [39]. Two studies used the technique of utility
assessment to estimate the impact of DED on QoL, finding
that for patients with severe DED, the impact of their
disease on their lives was similar to the impact of moderate
to severe angina [40, 41]. Schiffman et al. [41] found that
for the severest DED cases (requiring tarsorrhaphy), the
impact was worse than that reported for disabling hip
fracture. Buchholz et al. [40] from the UK showed a similar
result; 44 patients with moderate to severe dry eye were
surveyed via interactive utility assessment software. Utility
values were measured by TTO and standard gamble
methods. With the TTO method, the mean score for
asymptomatic dry eye (0.68) was similar to that for “some
physical and role limitations with occasional pain” and
severe DED requiring surgery scored 0.56, similar to
hospital dialysis (0.56-0.59) and severe angina (0.5).
Utilities described for scenarios of dry eye severity levels
were slightly higher (less severe impact) for patients self-
reported as having mild to moderate DED versus those
self-reported as having severe DED.

Odds Ratio, 95% Confidence Interval

Fig. 1 Impact of dry eye disease on vision-related quality of life. CI
confidence interval, PHS physicians’ health study. (From [37¢] with
permission)

Use of Generic Health or Generic Eye Health
Questionnaires in DED

The 36-Item Short Form Health Survey (SF-36) [42] ques-
tionnaire is a widely accepted generic metric for assessment
of health-related QoL that has been applied in the setting of
DED. The SF-36 is a multipurpose, short-form health survey
with 36 questions. It yields an eight-scale profile of func-
tional health, including physical functioning, role limitation
because of physical disability, bodily pain, general health,
vitality, social functioning, emotional limitation because of
emotional disability, and mental health. These measures are
summarized by a physical component summary score and
mental component summary score. Patient responses to the
SF-36 showed that DED has a measurable negative impact
on such general health assessments. Indeed, in one study,
even patients with mild DED had consistently lower
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physical role functioning and bodily pain scores than normal
patients, whereas patients with moderately severe disease
experienced not only these losses but also measurable
reductions in reported vitality and poorer general health. The
group with severe DED scored lower than the normal group
across all SF-36 domains except emotional role functioning
and mental health [43]. A link of DED with emotional and
mental health has also been demonstrated with other meth-
ods, for example, an association between the use of antide-
pressant medication and risk of DED was observed in the
Physicians’ Health Study [36], and this finding is also con-
sistent by data from at least two other epidemiologic studies
[44, 45].

Generic visual function questionnaires such as the
National Eye Institute’s Visual Function Questionnaire 25
(NEI VFQ-25) have also been used in many studies of DED
[27, 46-48]. The NEI VFQ-25 is a 25-item questionnaire
with five nonvisual domains—general health, mental health,
dependency, social function, and role limitations—and
seven visual domains—general vision, distance vision,
peripheral vision, driving, near vision, color vision, and
ocular pain. It has been shown to be a useful tool for group-
level comparisons of vision-targeted, health-related QoL in
clinical research for multiple eye conditions. Of specific
interest for DED, the questionnaire contains items on vision-
related QoL as well as two ocular pain subscale questions.
Nichols et al. [48] used the NEI VFQ-25 to study vision-
related QoL among predominantly mild to moderate DED
patients, particularly in relation to reported ocular pain. In
these patients, the pain and discomfort subscale of this
instrument had the lowest score of all the subscales
(83.8 %). Further, a population-based cross-sectional study
from China with 229 patients shows that NEI VFQ-25 scores
were significantly lower in subjects with DED (P = 0.003).
Moreover, this study found the subscale scores of ocular
pain and mental health were significantly lower in those with
either DED or dry eye symptoms only (both P < 0.001)
[47]. Another study showed that the DED group had worse
NEI VFQ-25 scores for the subscales of general health,
general vision, ocular pain, short-distance-vision activities,
long-distance-vision activities, vision-related social func-
tion, vision-related mental health, vision-related role diffi-
culties, vision-related dependency, and driving [27]. The
NEI VFQ-25 subscale scores were generally low, with sig-
nificantly lower scores for general health, general vision,
and ocular pain [27]. The low NEI VFQ-25 scores reported
by patients with DED in that study correspond well to those
reported by Nichols et al. [48] and Vitale et al. [49].

It also deserves mention that patients with topically
treated glaucoma present with DED more often than a
similar control group, and the presence of DED negatively
influences QoL in this group of patients over and above the
presence of glaucoma itself [50].
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The prevalence and the risk of DED appears to be higher
in glaucoma patients [51], and an observational cross-
sectional study with 61 patients who were treated with
glaucoma medications showed that QoL measured by the
NEI VFQ-25 was significantly reduced among glaucoma
patients who also developed DED [50].

Contrast Sensitivity Measurement

Contrast sensitivity tests measure the ability of the eye to
discern between aspects of different brightness in an
image; patients with poor contrast sensitivity may have
difficulty identifying details in patterns or distinguishing
facial features. In fact, the visibility of an object is often
limited more by its contrast than by its size, which can be
demonstrated on certain contrast sensitivity charts. Insofar
as contrast sensitivity tests measure the ability to distin-
guish objects from their background, they provide addi-
tional information about the visual system than can be
obtained by visual acuity measurement alone. With the use
of Vistech chart, which presents sine-wave gratings at set
contrast levels, Rolando et al. [52] found a significant
decrease in contrast sensitivity in DED patients with
punctuate epithelial keratopathy compared with patients
without it. Using a chart-based system that presented sine-
wave gratings of fixed contrast, Huang et al. [13] reported
that contrast sensitivity in DED patients decreased
regardless of the presence of punctuate epithelial keratop-
athy. Ridder et al. [53] employed computer-generated sine-
wave gratings that were briefly presented (16-ms duration),
and demonstrated that DED patients exhibit a decrease in
contrast sensitivity when the tear film breaks up. These
measurable changes in contrast sensitivity are indicative of
some level of visual impairment in patients with DED,
which is consistent with findings using alternative methods.

Functional Visual Acuity Measurement

Functional visual acuity tests measure visual acuity during
and after sustained visual activity. In this way, the tests are
thought to be more representative of visual function in real-
life situations such as driving, reading, and using a com-
puter which require prolonged gazing [16, 17]. A purported
advantage of FVA assessments is that they correlate with
measures of optical surface irregularities, tear film breakup
time, corneal opacity, and corneal vascularization [17, 18].
FVA tests appear to have some value in the assessment of
visual impairment in patients with DED [16].

One FVA measure was first introduced in 2002, and
showed a significant decrease in patients with non-Sjogren
syndrome and Sjogren syndrome associated DED, despite
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no change in normal subjects [17]. The modification of the
original FVA methods to make possible measurement from
a greater distance and accommodate patients with lower
baseline visual acuity scores demonstrated that patients
with DED had significantly lower FVA compared with
normal controls and the rate of decrease in FVA over time
was faster in DED patients [19, 20]. In one such study, the
reported average FVA of DED patients was 20/71 [17],
which is just less than the acuity generally required for
licensure for daytime driving in most US states (20/70),
and worse than the widely accepted FVA cut point of 20/40
for unrestricted driving.

A study comparing patients with DED with normal
subjects showed that FVA in DED was significantly lower
than in control subjects at all time points (10, 20, and 30 s).
This study also showed that FVA significantly improved
after insertion of punctal plugs in DED patients at all time
points [19]. A further study showed that not only the
diagnosis of dry eye, but also the existence of superficial
punctuate keratopathy resulted in deterioration of the visual
function as measured by FVA [21]. The study showed a
significant correlation between the severity of epithelial
damage at the center of the cornea and variation of visual
function, as well as coma-like and total higher-order
aberrations (HOAs) [21].

Measurement of Higher-Order Optical Aberrations

There are two general classes of optical aberration: lower-
order aberration, which results from refractive errors, and
HOA. A HOA is a distortion acquired by a wave front of
light when it passes through an eye with irregularities of its
refractive components such as the tear film, cornea, aque-
ous humor, crystalline lens, and vitreous humor. Optical
aberration can be measured by both objective and sub-
jective methods. Wave-front aberrometers assess real-time
changes in the optics of the whole eye by measuring
refractive anomalies at multiple locations using wave-front
technology. Montes-Mico et al. [22] showed that, com-
pared with normal controls, DED patients have greater
optical aberrations due to increased tear film irregularity,
which leads to an uneven corneal surface. Lin et al. [23]
found that after laser-assisted in situ keratomileusis, eyes of
DED patients have more rapid disruption of the tear film.

Koh et al. [24] found that the sequential postblink
changes in the HOAs had a reverse sawtooth pattern when
there was an excessive tear volume in a patient with dry
eye who complained of paradoxical visual impairment with
epiphora despite an improvement of the dry eye after
punctal plug insertion. Denoyer et al. [25] proved that
third-order aberrations, in particular, significantly increased
over the 10-s period in DED patients, whereas no change

occurred in controls. Analysis of the modulation transfer
function revealed a progressive degradation of ocular
optical quality resulting from loss of contrast sensitivity at
intermediate and high spatial frequencies in DED patients.

The Economic Impact of DED

The burden of DED on the patient and society also includes
a substantial economic burden, which can be divided into
two categories: direct costs such as medical fees and
indirect costs such as low employment, absence from work,
and impaired productivity. Assessment of the economic
burden of DED in the USA based on survey data collected
from 2,171 respondents with DED showed that the average
annual direct cost of treating a patient with DED is $783
(range, $757 to $809), resulting in an overall annual burden
of direct costs for DED for the US health care system of
$3.84 billion [54] Evaluating the cost-effectiveness of dry
eye treatment is quite challenging owing to the multifac-
torial nature of the disease and potential limitations of
techniques available to evaluate therapeutic outcomes of
the multipalliative treatment modalities used. Treatment
costs would be predicted to be affected by the availability
of various treatments, the quality of the health care system,
and the propensity of patients to seek and receive treat-
ment, among other factors. Such predicted differences may
be borne out in data such as those from a study that
involved six European countries (France, Germany, Italy,
Spain, Sweden, and the UK) showing that the total annual
health care cost of treating 1,000 DED patients by oph-
thalmologists ranged from US$0.27 million in France to
$1.10 million in the UK [55]. The cost included the cost of
specialist visits, diagnostic tests, and pharmacological and
nonpharmacological treatment. In Asia, Mizuno et al. [56]
found in a multicenter study evaluating 118 dry eye
patients that the annual drug cost was US$323 + US$219,
the clinical cost was US$165 4+ US$101, and the total
direct costs, including punctal plug treatment, amounted to
US$530 + US$384. Investigators from the Singapore
National Eye Centre evaluated the cost data from 54,052
patients and found that total annual expenditure on dry eye
treatment for 2008 and 2009 exceeded US$1.5 million, and
the total expenditures per patient visit in 2008 and 2009
were US$22.11 and US$23.59 [57].

The indirects cost of DED due to work absenteeism
(absence, early leaving) and presenteeism (equivalent lost
work days because of affected performance, as proposed by
Auren [58] in 1955 to describe productivity loss when
employees come to work but are not fully productive) were
estimated to average $11,302 per year per patient with DED,
with a corresponding overall US annual indirect cost burden
of $55.4 billion [54]. Absenteeism from work averaged
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8.4 days for patients with mild DED, to 14.2 days per year
for patients with severe DED [54]. Presenteeism was
equivalent to 91 days for patients with mild DED, 94.9 days
for patients with moderate DED, and 128.2 days for patients
with severe DED [54]. Reddy et al. [59] also reported that
patients with dry eye take 2-5 days off work annually,
whereas they were present at work having symptoms for
191-208 days annually, indicating that presenteeism is a
greater issue than absenteeism among those having dry eye.

A study from Japan evaluated the impact of dry eye on
work productivity of office workers, especially in terms of
presenteeism, using a work-limitations questionnaire, an
established tool for evaluation of presenteeism [60]. Among
396 individuals aged 20 years or older, the investigators
showed that productivity in the group with self-reported
DED was significantly lower than that in the control group
(P < 0.05). The annual cost of work productivity loss
associated with DED was estimated to be US$741 per person
[61]. Another cross-sectional, Web-based survey adminis-
tered to 9,034 individuals aged 18 years or older using the
OSDI and the Work Productivity and Activity Impairment
Questionnaire [62] showed work productivity loss was
related to the severity of DED. Patients with moderate DED
(18 %) and severe DED (35 %) had significantly greater
reductions in work productivity than patients with mild DED
(11 %) . Similarly, impairment in the ability to perform daily
activities was significantly greater among respondents with
severe DED (34 %) than respondents with moderate DED
(19 %) or mild DED (12 %) [63].

Conclusion

DED is a common and growing problem that results in a
multifaceted degradation of patients’ QoL and visual per-
formance. In this review, we have summarized the literature
describing the impact of DED on patients’ QoL. Such
studies consistently show that DED has a measurable impact
on several aspects of patients’ QoL, including pain, vitality,
ability to perform certain activities requiring sustained
visual attention (e.g., reading, driving), and productivity in
the workplace. Research also shows a substantial economic
impact of DED as a result of these QoL impacts. Treatment
of DED should therefore aim to improve patients’ QoL as
this aspect of the disease appears to be the primary driver of
its importance to both individual patients and society as a
whole. It may be important to enhance awareness of dry eye
among society by educational activities.
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