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Abstract

Purpose: To determine which sensory (symptom persistence and intensity) and reactive (activity and affective interference)
domains of symptom analysis are essential for assessing symptom burden in dry eye disease (DED) patients.

Methodss: A symptom domain tool was developed to investigate all four symptom domains in DED. In a cross-sectional pilot
study, we administered the symptom burden tool and the Ocular Surface Disease Index (OSDI) questionnaire to 48 DED
patients. Total and domain scores from the symptom burden tool and the OSDI were normalized to achieve comparability.
Spearman correlation coefficients were calculated to measure the relationship between domains and subscales. Agreement
between the symptom burden tool and OSDI was assessed by Bland-Altman plot. Assigned treatments were compared by
symptom burden to determine whether treatment aggressiveness is linked to symptom intensity.

Results: There was high agreement between the symptom burden tool and the OSDI. Symptom persistence had a stronger
correlation with affective interference (r = 0.62 for the symptom burden tool and r=0.73 for the OSDI) than activity
interference (r=0.58 for the symptom burden tool and r=0.60 for the OSDI). Symptom intensity correlated weakly with
affective interference (r=0.38) and activity interference (r=0.37) in the symptom burden tool (OSDI does not have a
subscale for intensity). In patients with equal persistence of symptoms, those having high symptom intensity were receiving
more aggressive treatment (66.7%) than those with lower symptom intensity (33.3%).

Conclusions: Persistence of symptoms correlates better with affective interference than activity interference. Intensity of
symptoms may be important for treatment decisions.
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Introduction as a “burden,” and are measured in domains to encompass both
the persistence and intensity of the symptoms and the patient’s
perception of the impact of the symptoms [6,7]. The total
assessment of symptoms in similar domains is not often used in

5% to over 35% at various ages [1], DED is one of the leading DED. While there are tools that measure the entire scope of DED,
causes of patient visits to ophthalmologists and optometrists in the

United States due to its debilitating symptoms [2,3]. Several
clinical tests are available to measure the aspects of DED.

Dry eye disease (DED) is a complex symptomatic disease with
inexplicable clinical variations. With a prevalence ranging from

their utility is limited to clinical research. Developing a brief tool
that comprehensively measures the symptom burden of DED
without increasing respondent burden is needed for daily clinical
However, there is no gold standard for diagnosis, and clinicians use and diagnosis. A starting point is to adopt concepts used to

rely on patient .reported symptoms of ocular discomfort to make measure symptoms in other diseases, and tailor them to symptoms
treatment decisions. of DED.

The reported symptoms of DED include pain, dryness,
grittiness, itchiness, redness, burning or stinging, foreign body
sensation, and light sensitivity. These symptoms have been

The method of domain assessment of symptoms is used in
chronic diseases such as symptom control of cancer, especially
when cure or remission is no longer possible [7]. Pain question-
reported to negatively impact the quality of life, with a greater naires, such as the Brief Pain Inventory (BPI), the Brief Fatigue
risk of depression and anxiety for those with more symptoms [4,5]. Inventory (BFI), and the M. D. Anderson Symptom Inventory
Given the variability of clinical tests, assessing DED symptoms in were developed to measure pain and discomfort. These tools
their entirety becomes fundamentally important to guide treat- are designed to assess symptoms in multiple dimensions and

ment decisions. In other chronic diseases, symptoms are thought of domains (7). The domains include intensity and severity (sensory
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dimension), and affective and activity interference (reactive
dimension) [7,8]. The rationale for use of a four domain tool is
that it is specifically tailored to measuring multiple patient-reported
symptoms and their impact. This applies very well to DED, given
the underlying neurophysiological mechanisms of pain, and that
DED is a chronic progressive disease. We therefore hypothesize that
a more complete symptom assessment using 4 domains that
characterize the “symptom burden” of DED will be more reflective
of the disease, and will better indicate optimal treatment.

In this study, we developed a tool to investigate the four domain
symptom burden of DED for ease of use in clinical settings, to
determine the roles of symptom persistence and symptom intensity
of DED, and their impact on activity and affective interference.
We also performed a cross-sectional pilot study administering both
the DED symptom burden tool and the Ocular Surface Disease
Index (OSDI) questionnaire for cross comparison.

Methods

Study approval was obtained from the Institutional Review
Board of the University of Illinois at Chicago. Symptomatic
patients with DED were enrolled and written informed consent
was obtained from all patients after the nature and possible
consequences of research were explained. Research was conducted
in accordance with the requirements of the Health Insurance
Portability and Accountability Act and tenets of the Declaration of
Helsinki.

Developing a Four Domain Symptom Burden Tool

Based on our findings from the literature regarding DED
symptoms, a four domain DED symptom burden tool was
developed adapting methods from well-established and validated
symptom burden tools. For example, the affective interference
domain included the same questions from the M.D. Anderson
Symptom Questionnaire (mood, enjoyment of life, and social
relations with others).

Classification _into dimensions and domains: The two main
dimensions assessed were sensory and reactive dimensions. Based
on these dimensions the symptom burden was classified into four
main domains (Figure 1A): (i) Sensory Dimensions — Symptom
Persistence and Symptom Intensity, and (ii) Reactive Dimensions —
Activity Interference and Affective Interference. Symptom persis-
tence can be defined as the continuous occurrence of symptoms,
whereas symptom intensity is the severity of symptoms. Activity
interference is the effect of dry eye symptoms on day-to-day
activities of an individual. Affective interference is the effect on the
emotional and social wellbeing of an individual due to dry eye
symptoms.

Scales used in domains: Various scales were used that organized
symptoms into domains (Figure 1B). These scales can be described
as follows: (i) Verbal Descriptive Scale (VDS), which classifies
symptoms according to the methods of assessment that include
measurements of mild/moderate/severe symptoms, (i) Visual
Analog Scale (VAS), a scale used frequently in the measurement of
DED symptoms [8], VAS is used for describing pain that cannot
be characterized by words with the use of visual images on a scale
of one to ten, (iii) Numerical Rating Scale (NRS) classifies
symptoms based on numerical scales such as 0 to 20 or 0 to 75,
and is used as a mode of assessment of symptoms in dry eye
studies, and (iv) Verbal Rating Score (VRS), which describes the
occurrences of symptoms as none of the time, some of the time,
most of the time, or all of the time.

The four-domain symptom burden tool that we developed is
shown in Figure 2. A visual rating scale was used for the
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persistence, activity, and affective interference domains, and a
combination of scales (visual analog and numerical) was used for
the intensity domain. The visual analog scale is commonly used for
assessing severity of symptoms (acuteness of pain) in a variety of
settings. After generating the symptom burden tool, a cross-
sectional pilot study was performed where the DED symptom
burden tool and the Ocular Surface Disease Index (OSDI)
questionnaire were administered to 48 patients.

Data Collection and Patient Population

Patients were recruited from the Dry Eye Clinic of the
Department of Ophthalmology and Visual Sciences, University
of Illinois at Chicago. New and established patients, diagnosed
with DED through the assessment of symptoms and clinical signs,
were recruited over the course of a 6 month period, from October
2012 through March 2013. The symptom burden tool and the
OSDI questionnaires were administered to patients in an interview
during one visit. Subjects were asked about the persistence of their
symptoms over the past week to minimize recall limitation.

Clinical examination included measuring tear production by the
Schirmer’s test (without anesthesia) at 5 minutes, using Whatman
filter strips #41 (Haag-Streit, Essex, UK). Severity of ocular
surface disease was assessed using Rose Bengal dye. Saline
moistened (1%) Rose Bengal-impregnated strips were used to
mstill the dye on the inferior palpebral conjunctiva, and scoring of
corneal and conjunctival staining was performed by a slit lamp
examination after 15 seconds.

The inclusion criteria were patients with Schirmer’s test results
of < 10 mm in either eye and Rose bengal corneal and
conjunctival staining of = 1. Patients who were less than 18 years
and women who were pregnant were excluded from the study.

To determine whether intensity of symptoms correlated with
treatment decision, out of the 48 subjects included in the study, we
randomly selected 9 pairs (18 patients), where each pair had equal
symptom persistence scores but varying intensity scores. Pre-
scribed treatments for each patient pair were collected. We scored
each treatment option as either 1 point or 2 points as follows:
Artificial tears (1 point); Restasis (1 point); Doxycycline/Erythro-
mycin eye ointment (I point); Steroids (2 points); therapeutic
contact lens use (2 points); serum/DNase/other (2 points). Total
treatment scores were then computed for each patient.

A weighted item response analysis was performed for the
symptom burden tool: items from the persistence domain were
summed and multiplied with the intensity, and the sum of activity
and affective scores was then added to compute a total symptom
burden score. Intensity scores were computed by multiplying the
overall intensity with the number of times a patient reported
waking up at night due to symptoms. The OSDI (index) score was
calculated from OSDI item responses following standard proce-
dures [9].

Statistical Analysis

Items in each domain were summed to generate domain scores.
Domain scores were then standardized by subtracting the mean
from each individual score in each domain and dividing by the
standard deviation to generate normalized comparative scores. Q-
Q plots and Shapiro Wilk tests were run to determine whether the
data is normally distributed. Inter-domain correlations were
performed using the non-parametric Spearman test for each of
the symptom burden and OSDI questionnaires, to determine
whether persistence of symptoms with or without intensity
correlated with activity and affective interference. Pearson
correlation was not utilized because the data were not normally
distributed; however fitted lines with scatter plots are shown for
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Figure 1. Symptom burden domains and measurement scales. (A). Domains of Symptom Burden of Dry Eye Disease. The symptom burden of
dry eye disease is divided into two main dimensions: sensory dimension and reactive dimension. The sensory dimension is divided into two domains,
symptom persistency and symptom intensity, while the reactive dimension is divided into activity interference and affective interference [Adapted
from reference # 7]. (B). Scales for Measuring Symptoms. The visual analog and numerical scales are used to measure intensity of symptoms, whereas

the visual rating scale is used to measure persistence of symptoms.
doi:10.1371/journal.pone.0082805.g001

data representation. Cross domain and subscale correlations were
also performed. Subscales A and B in the OSDI were considered
to represent persistence of symptoms and activity interference,
respectively.

To determine whether intensity of symptoms correlated with
treatment decision, the total treatment score assigned to subjects in
cach pair were compared using a matched paired t-test.

Bland-Altman analyses were performed to determine agree-
ment between normalized symptom burden scores and normalized
OSDI scores. A range of agreement was defined as mean * 2 SD.
All analyses were performed using SAS software (SAS Institute
Inc., Cary, NC) and STATA (StataCorp LP., College Station, TX)
software. Confidence intervals at the 95% level were computed,
and significance was determined if the interval did not include 0.

Results

The patient population consisted of 32 females and 16 males
with mean age of 52.8 years. Ten patients were diagnosed with
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auto-immune DED, 32 with non-autoimmune DED, and 7 with
graft-versus-host disease related DED.

Within the symptom burden tool, higher correlations were
observed between persistence of symptoms and affective interfer-
ence than persistence of symptoms and activity interference (r =
0.62; 95% CI [0.39, 0.77] versus r = 0.58; 95% CI [0.35, 0.75])
(Table 1). The correlation between the OSDI persistence subscale
and affective interference domain in the symptom burden tool was
r 0.73; 95% CI [0.56, 0.84] (Table 1). Multiplying the
persistence of symptoms with the intensity did not improve the
correlation in the symptom burden tool for activity interference
(r = 0.54) and for affective interference (r = 0.56). Correlations
between intensity of symptoms alone, and activity and affective
interference were low, r = 0.37 [95% CI 0.08, 0.60] and r = 0.38
[95% CI 0.09, 0.60], respectively, with the symptom burden tool.

Figures 3A—D show the scatter plots, with the best fitted lines
and the 95% confidence interval (CI), between scores of
persistence of symptoms and affective interference and persistence
of symptoms and activity interference with the symptom burden
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Domain 1: Symptom Persistence

Symptom Burden in Dry Eyes

In the table below, check the persistence of your symptoms, at its worst, over the past week.

None Some of

Half of the
the days days

Most of the All of the
days days

Dryness

Irritation / Burning or Stinging /
Grittiness or Foreign body
sensation

Light sensitivity /
Blurred or Poor Vision

Pain, Soreness or Discomfortin
eye

Domain 2: Symptom Intensity

On a scale of 0 — 10 what was the intensity of your symptoms, at its worst, over the past 24 hours?

Overall Morning Afternoon Evening

Night
Do you wake up at night due to
symptoms?

Intensity
0-10

YES/ NO
Number of times:

Domain 3: Activity Interference

How much have the symptoms interfered with how you function?

Not“at A little bit Somewhat CGuite a bit Very Much
Reading 2
Watching television or movies
Using a computer
Daytime Driving
Might Driving
Performing Household Work
Performing Professional Work
Domain 4: Affective Interference
How much have the symptoms interfered with how you feel?
N(;l"at A little bit Somewhat Quite a bit | Very Much

Mood

Enjoymentof Life

Relations with others / socializing

Figure 2. Dry Eye Symptom Burden Tool consisting of four domains: Symptom persistence, symptom intensity, activity

interference, and affective interference.
doi:10.1371/journal.pone.0082805.9g002

tool and OSDI questionnaires. The best fitted linear relationship is
shown between persistence of symptoms as measured by the OSDI
subscale A and affective interference as measured with the
symptom burden tool (R*> = 0.49) (Figure 3B).

Bland-Altman analysis showed that most values are between +/
— 2 SD of the mean difference between the symptom burden tool
scores and OSDI scores. The 95% confidence limits of agreement
between the two methods ranged from —1.7 to 1.7, depicting good
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agreement between OSDI total scores and the symptom burden
total scores (Figure 4).

With regards to the effect of intensity of symptoms on treatment
decision, six out of the nine pairs (66.7%) had patients reporting
high intensity symptom burden 33.3% (3 of 9 pairs) were patients
reporting low intensity symptom burden (A difference between
high and low intensity of > 4 was used as a cutoff point). The
mean difference in symptom burden score between high and low
10.56 (SD=5.68) (14.89 high vs. 4.33 low,

Intensity was
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0.64 [0.43,0.79]
0.55 [0.30,0.72]

1.00

0.73 [0.56,0.84]

1.00

1.00

0.68 [0.48,0.81]
0.60 [0.37,0.76]
0.79 [0.65,0.88]

0.56 [0.32,0.74]
0.76 [0.59,0.86]
0.55 [0.30,0.73]

0.38 [0.09,0.60]
0.47 [0.21,0.67]

0.62 [0.39,0.77]
0.76 [0.60,0.86]
0.53 [0.29,0.72]

Affective Interference SB

0.73 [0.56,0.84]
0.64 [0.43,0.79]

Persistence OSDI
Activity OSDI

0.55 [0.30,0.72]

0.26 [—0.03,0.52]

SB: Symptom Burden; OSDI: Ocular Surface Disease Index.

doi:10.1371/journal.pone.0082805.t001
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p < 0.0001). The mean treatment score for patients with high
intensity symptoms was 6.33 (SD =1.32) and 3.78 (SD = 1.92) for
patients with low intensity symptoms, for a mean difference in
treatment score of 2.56 (SD = 2.96, p = 0.03). There were three
patients with low intensity who received aggressive treatment,
were mainly due to either neuropathic pain (one patient with post-
LASIK DED reported high intensity), or due to a marginal
difference in intensity with equal persistence.

Discussion

Our study revealed three main findings: (i) Affective interference
correlates more strongly with persistence of DED symptoms, (ii)
the synergistic effect of intensity of symptoms with persistence of
symptoms did not increase the correlation, and (ii1) intensity of
symptoms may play a role in treatment decisions. The persistence
of symptoms in the OSDI did show a moderate correlation with
activity interference. However, activity interference alone may not
be a good index of the overall suffering of DED patients because it
overlooks the emotional and psychological aspects (affective
mterference). Our results showed that the persistence of symptoms
in OSDI actually correlates better with affective interference in the
symptom burden tool rather than with activity interference.
Therefore, our pilot data makes a case for including affective
interference in tools which assess DED symptoms. Evaluating the
“symptom burden” of DED in its entirety will allow us to better
delineate responses to treatments.

DED has been shown to negatively impact the quality of life of
patients, including general quality of life and vision-related quality
of life [10,11]. Furthermore, DED has been shown to be
correlated with anxiety and depression [4,5,12]. The negative
impact on the quality of life is mainly due to the progression of dry
eye symptoms, creating a complex situation that interferes with
daily activities and the emotional state of DED patients [1]. The
OSDI activity interference has been utilized by studies to measure
the impact of DED on quality of life [13]. However, the OSDI
does not include an affective component. It is a disease specific
questionnaire which includes three subscales or domains: ocular
discomfort (OSDI symptoms, equivalent to persistence), function-
ing (OSDI function, equivalent to activity interference), and
environmental triggers (OSDI triggers) [9,14]. In addition to the
OSDI, studies have also used more generic instruments such as the
National Eye Institute Visual Function Questionnaire (NEI-VFQ)
to measure the quality of life of DED patients [13,15]. The NEI-
VFQ is a 25 item questionnaire with 11 subscales/domains, of
which mental functioning is one. Vitale et al compared the use of
the NEI-VIQ) and the OSDI to examine the associations between
vision-targeted health related quality of life and ocular surface
parameters in patients with Sjogren’s syndrome [13]. They
examined subscale/domain correlations between the two instru-
ments. Associations between OSDI and NEI-VFQ) subscales were
modest and the report concluded that both instruments were
similar in their ability to measure the impact of Sjogren’s
syndrome-related dry eye on vision-targeted health related quality
of life [13]. Li et al have simultaneously used both the OSDI and
NEI-VFQ instruments to measure the quality of life [12], and
more recently a new instrument known as the Impact of Dry Eye
on Everyday Life IDEEL) has been developed [16]. The IDEEL
questionnaire includes 57 items that assess dry eye impact in three
modules: symptom-bother, impact on daily life, and dry eye
treatment satisfaction. The impact on daily life module included
an emotional aspect. While the IDEEL was described as the only
comprehensive questionnaire that assesses the entire scope of dry
eye on patient outcomes, it is more useful in research settings as its
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Figure 3. Scatter Plots Between Persistence Domain in the Symptom Burden Tool or Persistence Subscale in the OSDI
Questionnaire versus Affective and Activity Interference. Persistence calculated from the OSDI subscale A plotted with affective interference
shows the highest linear agreement with a coefficient of determination R® of 0.49. The coefficient is comparable to that of persistence from the
symptom burden tool and its relationship with affective interference (R? = 0.44). Activity interference showed lower coefficients of determination R?
of 0.34 and 0.35 for symptom persistence calculated from the symptom burden tool and symptom persistence from the OSDI subscale.

doi:10.1371/journal.pone.0082805.9g003

regular clinical utility is limited by the time required to administer
the questionnaire. Abetz et al do mention the reduction of items
and the use of specific, but not necessarily all modules, to assess
dry eye related quality of life [16].

The concept of symptom assessment of dry eye has been used
elsewhere. Schaumberg et al developed and evaluated a short
questionnaire based on a visual analog scale called the “Symptom
Assessment iN Dry Eye (SANDE)” to quantify the frequency and
severity of DED. While this instrument exhibited good reliability,
it did not measure the symptom burden of DED in its entirety. In
this study, we developed a tool adapting a variety of scales (visual
analog scale, visual rating scale, and numerical rating scale) to
measure the entire symptom burden of DED in domains used in
other chronic studies that deemed to be necessary components to
measure the impact of symptoms on quality of life. We believe that
persistence and intensity of DED symptoms affect daily activities
and the “mood” of individuals. However, our results show that
intensity of symptoms did not correlate with activity and affective
interference, whereas the persistence of symptoms showed much
higher correlations, especially with affective interference. The

PLOS ONE | www.plosone.org

importance of measuring the impact of DED symptoms on
affective interference is consistent with recent studies showing an
assoclation between depression, anxiety, and DED [4,5,17].7

To further understand the role of intensity of symptoms, we
determined whether intensity of symptoms would correlate with
physician treatment of choice (aggressive versus non-aggressive).
Our results showed that, irrespective of clinical signs, the majority
of patients reporting more intense symptoms received aggressive
treatments, whereas patients reporting low symptom intensity
received less aggressive treatments. Physicians rely upon symptom
analysis to make treatment decisions. The more symptomatic a
patient is during a clinical visit, the more aggressive treatment he/
she will receive. It becomes fundamentally important to analyze
symptoms reliably and in their totality to guide treatment
decisions.

The problems in evaluating efficacy of treatment in DED are
related to incomplete understanding of symptom burden analysis.
Traditional therapies for DED replace or conserve the patient’s
tears without correcting the underlying disease process. These
include tear replacement by topical artificial tears and punctal

December 2013 | Volume 8 | Issue 12 | 82805
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indicating good agreement between the OSDI and Symptom Burden Scores.

doi:10.1371/journal.pone.0082805.9g004

occlusion to prevent the drainage of natural or artificial tears [18].
The development of pharmacological therapies has been limited
by our incomplete understanding of the mechanism, pathogenesis,
and clinical manifestation of DED. Whether treatment is helpful
or not is based on improvements in signs and symptoms. However
there is a well-established disconnect between signs and symptoms
[10,19,20]. The disconnect makes it difficult to determine whether
the treatment is efficient. In addition, recent outcome studies and
reviews on dry eye therapies have shown that dry eye treatment
needs to be tailored to the type and severity of dry eye disease [21].
This can only be done by effectively developing a multi-symptom
patient-reported outcome tool for DED. Dry eye symptoms can
persist for years and may worsen over time. Thus, there is a need
to collectively assess the symptoms of dry eye and measure its
symptom burden.

The symptom burden tool for DED, developed in our study,
provides an efficient and easy method to measure the impact of
symptom persistence and intensity on activity and affective
mterference and treatment decisions, respectively. There are
several limitations to this study including the assessment of
symptoms at one time point only and the small sample size. This is
a pilot study and results cannot be broadly generalized. Studies
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with a larger sample size, in this population as well as other dry eye
population groups, are required to further determine the content,
construct and criterion validity of the symptom burden tool.
Specifically, a predictive validity study is required to measure the
association between the burden domains with one or two outcome
measures over time, such as changes in symptoms over time or the
effects of treatment. Additionally, prospective studies where the
symptom burden is measured at several time points are needed to
measure the reliability of the symptom burden tool. Despite these
limitations, we believe that adding an affective component to
standardized questionnaires for DED, such as the OSDI, may
allow us to determine the effect of persistence of DED symptoms
on psychological and social wellbeing. Measuring the intensity of
symptoms will allow us to further understand treatment responses
and develop treatment decisions.

Author Contributions

Conceived and designed the experiments: JAH S. Jassim VK S. Jain.
Performed the experiments: JAH S. Jassim VK S. Jain. Analyzed the data:
JAH S. Jassim. Contributed reagents/materials/analysis tools: JAH S. Jassim.
Wrote the paper: JAH S. Jain.

7. mdanderson website Cleeland CS (2010) The M.D. Anderson Symptom
Inventory User Guide. Available: http://www.mdanderson.org/education-and-
research/departments-programs-and-labs/departments-and-divisions/
symptom-research/symptom-assessment-tools/ MDASI_userguide.pdf (Accessed
October 2, 2013).

8. Schaumberg DA, Gulati A, Mathers WD, Clinch T, Lemp MA,et al (2007)
Development and validation of a short global dry eye symptom index. Ocul
Surf;5(1):50-7.

9. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. (2000)
Reliability and validity of the Ocular Surface Disease Index. Arch Ophthal-
mol;118(5):615-21.

10. Mertzanis P, Abetz L, Rajagopalan K, Espindle D, Chalmers R, et al (2005) The
relative burden of dry eye in patients’ lives: comparisons to a U.S. normative
sample. Invest Ophthalmol Vis Sci;46:46-50.

11. Miljanovic B, Dana R, Sullivan DA, Schaumberg DA (2007) Impact of dry eye
syndrome on vision-related quality of life. Am J Ophthalmol;143:409-415.

December 2013 | Volume 8 | Issue 12 | 82805



. Li M, Gong L, Chapin WJ, Zhu M. (2012) Assessment of vision-related quality

of life in dry eye patients. Invest Ophthalmol Vis Sci;53(9):5722-7.

. Vitale S, Goodman LA, Reed GF, Smith JA. (2004) Comparison of the NEI-

VIFQ and OSDI questionnaires in patients with Sjogren’s syndrome-related dry
eye. Health Qual Life Outcomes.;2:44.

. Walt JG, Rowe MM, Stern KL (1997) Evaluating the functional impact of dry

eye: the Ocular Surface Disease Index [abstract]. Drug Inf J;311436.

. Mizuno Y, Yamada M, Miyake Y, Dry Eye Survey Group of the National

Hospital Organization of Japan (2010) Association between clinical diagnostic
tests and health-related quality of life surveys in patients with dry eye syndrome.

Jpn J Ophthalmol;54(4):259-65.

. Abetz L, Rajagopalan K, Mertzanis P, Begley C, Barnes R (2011). Development

and validation of the impact of dry eye on everyday life IDEEL) questionnaire, a

PLOS ONE | www.plosone.org

20.

21.

Symptom Burden in Dry Eyes

patient-reported outcomes (PRO) measure for the assessment of the burden of
dry eye on patients. Health Qual Life Outcomes, 8;9:111.

. Fernandez CA, Galor A, Arheart KL, Musselman DL, Venincasa VD (2013)

Dry Eye Syndrome, Posttraumatic Stress Disorder, and Depression in an Older
Male Veteran Population. Invest Ophthalmol Vis Sci, 54(5):3666-3672.

“alonge M (2001) The treatment of dry eye. Surv Ophthalmol.;45 Suppl
2:5227-39.

. Nichols KK, Nichols JJ, Mitchell GL. (2004) The lack of association between

signs and symptoms in patients with dry eye disease. Cornea;23(8):762-70.
Johnson ME (2009) The association between symptoms of discomfort and signs
in dry eye. Ocul Surf;7(4):199-211.

Dogru M, Tsubota K (2011) Pharmacotherapy of dry eye. Expert Opin
Pharmacother;12(3):325-34.

December 2013 | Volume 8 | Issue 12 | 82805



