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A B S T R A C T

Purpose: Describe trial design and baseline characteristics of participants in the DRy Eye Assessment and
Management (DREAM©) Study.
Design: Prospective, multi-center, randomized, double-masked “real-world” clinical trial assessing efficacy and
safety of oral omega-3 (ω3) supplementation for the treatment of dry eye disease (DED).
Methods:

• Setting: Multi-center study (27 sites) consisting of academic and private practices led by ophthalmologists
and optometrists throughout the United States.

• Study Population: 535 subjects with symptoms and signs of moderate to severe DED were randomized in a
2:1 ratio to ω3 or placebo. All participants, clinical staff, and laboratory personnel were masked to treatment
assignment.

• Intervention: 3000mg ω3 (2000mg eicosapentaenoic acid(EPA) and 1000mg docosahexaenoic acid(DHA))
per day or placebo (5000mg olive oil per day)

• Primary Outcome: Change in dry eye symptoms (change from baseline to follow-up in the Ocular Surface
Disease Index(OSDI) score).

Results: Mean age of participants was 58.0 ± 13.2 years. Mean OSDI score at baseline was 44.4 ± 14.2. Mean
conjunctival staining score (scale 0–6) was 3.0 ± 1.4, corneal staining score (scale 0–15) was 3.9 ± 2.7, tear
break-up time was 3.1 ± 1.5 s, and Schirmer test was 9.6 ± 6.5mm/5min.
Conclusions: DREAM© participants mirror real world patients who seek intervention for their DED-related
symptoms despite their current treatments. Results regarding the efficacy of omega-3 supplementation will be
helpful to clinicians and patients with moderate to severe DED who are considering omega-3 as a treatment. This
trial design may be a model for future RCT's on nutritional supplements and DED treatments seeking to provide
useful information for clinical practice.
Trial registration: ClinicalTrials.gov number NCT02128763.

1. Introduction

Dry eye disease (DED) is a multifactorial condition that causes
symptoms of ocular discomfort, fatigue, and visual disturbance that
interfere with quality of life, and can be described as a chronic pain
syndrome [1, 2]. DED affects approximately 14% of adults in the United
States [3] and is one of the most common reasons patients seek eye care
treatment [4, 5].

The economic burden of DED is significant. The average cost of DED
is estimated to be over $59 billion to the US society overall per year,
taking into account both healthcare costs and loss of productivity costs

[6]. In addition, DED presents an unmet medical need where current
treatments are inadequate and expensive. Better treatments are needed
that target the underlying pathophysiologic causes of the disease.

Although the pathogenesis of DED is not fully understood, it is re-
cognized that inflammation has a prominent role in its development
and chronicity [7, 8]. Regardless of the instigating etiology, DED
eventually leads to inflammation of the ocular surface via various me-
chanisms leading to ocular surface damage and further exacerbation of
DED inflammatory processes, thus creating a self-perpetuating vicious
cycle of inflammation and DED [8]. Anti-inflammatory therapies may
break this cycle of DED and chronic inflammation [9]. Clinicians and
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their DED patients continue to seek better methods to control in-
flammation and often are particularly attracted to “natural” treatments,
such as nutritional supplements like omega-3 fatty acids (ω3).

Clinical trials on the role of poly-unsaturated fatty acids (PUFAs) in
various inflammatory diseases have shown anti-inflammatory benefits
of supplementation with ω3 PUFAs [10–15]. However, the evidence for
the efficacy of ω3 for treating DED is inconsistent, and the studies were
of short duration, often had small sample sizes, or were not re-
presentative of the general DED population due to restrictive eligibility
criteria [9, 16]. Larger, long-term studies with objective measures of
compliance are needed to clarify whether or not ω3 supplements are
effective and safe for the treatment of DED given that ω3 is normally
used on a long term basis. To address this need, the Dry Eye Assessment
and Management (DREAM©) Study was carefully designed to provide
reliable data on the safety and efficacy of ω3 for the treatment of DED
and at the same time improve our understaning of DED. In addition, the
methods used in this DED protocol can be applied to other trials to
evaluate safety and efficacy of nutritional supplements. Key methodo-
logical issues in the protocol design for DREAM© are discussed.

2. Methods

2.1. Overview of trial design

The DREAM© study was a multi-center, double-masked, placebo-
controlled, randomized clinical trial (Clinicaltrials.gov Identifier
NCT02128763) that provided evidence on the efficacy and safety of ω3
in DED, as well as longitudinal data over one year of observation on a
well-defined cohort of typical DED subjects with moderate to severe
DED. A one-year course of treatment was selected to diminish the ef-
fects of seasonal changes on DED symptom and signs and also to pro-
vide safety information on the long-term use of ω3. A total of 535 pa-
tients with DED were enrolled across 27 sites throughout the United
States. Subjects were randomized in a 2:1 ratio to ω3 (2000mg eico-
sapentaenoic acid (EPA), 1000mg docosahexaenoic acid (DHA)= total
3000mg ω3 per day) versus placebo (5000mg olive oil per day)
(Fig. 1). Patients were examined at 3, 6 and 12months. The primary
outcome measure was a mean change in symptoms as measured by the
Ocular Disease Surface Index (OSDI) from baseline compared to 6 and
12months. The DREAM© study protocol and informed consent were
approved by the respective clinical center institutional review boards or

a centralized institutional review board (University of Pennsylvania).
The DREAM© study was in compliance with the Health Insurance
Portability and Accountability Act, and accepted by the US Food and
Drug Administration under an investigational new drug (IND) appli-
cation (IND 106,387).

2.2. Study treatment

Although various doses have been used in clinical trials to study the
role of ω3 supplementation in a variety of diseases [16–30], the dose of
3 g was chosen to achieve a maximal therapeutic effect without added
risks, such as bleeding, even when patients were already taking sup-
plements with 1.2 g or less per day of ω3 [31, 32]. A ratio of EPA to
DHA of 2:1 was selected because this ratio is found in many natural
foods [33, 34], and many studies examining the role of ω3 in DED have
used this ratio [16, 17, 35, 36]. Fish oil was chosen over other ω3
sources, such as flaxseed oil, because fish oil is well metabolized in
humans and the re-esterified triglyceride form, rather than the ethyl
ester form, was chosen because of greater absorption, bioavailability,
and stability [37–39]. Participants were instructed to take 5 softgel
capsules per day. Each active capsule contained 400mg EPA and
200mg DHA, providing a daily dose of 2000mg EPA and 1000mg
DHA.

Each placebo capsule contained 1000mg of refined olive oil, which
is the most common placebo used in other randomized clinical trials on
ω3 supplementation [16, 18, 36, 40–44]. Refined olive oil is much
lower in polyphenols as compared to extra virgin olive oil, which is the
staple of the Mediterranean Diet. Some studies have shown that poly-
phenols are the source of the beneficial health effects seen from olive oil
[45, 46]. Since the DREAM© placebo is refined olive oil that is low in
polyphenols, we did not expect to see an effect on dry eye disease. In
addition, the total daily dose of olive oil in DREAM© was 5 g per day, or
about 1 teaspoon. Studies testing the benefits of olive oil, usually as part
of the Mediterranean Diet, have supplied daily doses of at least 60 g
[47], and sometimes as high as 100 g [48], over 20 times higher than
the DREAM© placebo. Furthermore, the DREAM© olive oil was 68%
oleic acid, an omega-9 fatty acid considered neutral with respect to
inflammation. In addition, an objective measurement of systemic fatty
acid levels by measuring the levels of fatty acids in erythrocytes (red
blood cells) at randomization, 6 and 12month visits, including oleic
acid levels was used to measure how well the fatty acid was

Fig. 1. CONSORT Diagram for the DRy Eye Assessment and Management (DREAM©) Study.
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incorporated into the body. Overall, this dose of olive oil was expected
to act as a true placebo due to oleic acid's lack of effect on inflamma-
tion, the lack of polyphenols in refined olive oil, and the small daily
dose compared to the Mediterranean Diet.

Masking flavor and lemon essence was added to both active and
placebo gelcaps to maintain masking. Active and placebo capsules both
contained 3mg of vitamin E (alpha-tocopherol) as an antioxidant pre-
servative. The manufacturer evaluated several formulations to produce
a placebo that was identical in smell and appearance to the active
supplement. The dose was reduced or withheld when patients reported
side effects or developed a contraindication to the full dose of supple-
mentation. If the side effect or contraindication resolved, the full dose
was restarted. Otherwise the participant continued taking the reduced
dose or stayed off of the supplement for the remainder of the study.

Capsules were manufactured by Access Business Group, LLC (Ada,
MI). Active supplements contained fish oil concentrate in the re-ester-
ified triglyceride form supplied by EPAX Norway AS (Alesund, Norway)
and derived primarily from mackerel and anchovy. Content of the ac-
tive and placebo capsules was verified by an independent laboratory
(Nutrasource Diagnostics Inc., Guelph, Ontario). The Investigational
Drug Service of the University of Pennsylvania distributed masked
supplements directly to randomized subjects via mail.

2.3. Subject selection

To enhance the generalizability of the study findings, the DREAM©
study aimed to have minimally restrictive inclusion and exclusion cri-
teria to capture a broad spectrum of typical DED patients seeking ad-
ditional treatment for their symptoms. A complete list of all inclusion
and exclusion criteria is shown in Table 1A. The study included patients
with moderate to severe DED symptoms, as defined by OSDI [49], and
who also demonstrated some repeatable signs of DED on slit lamp ex-
amination and by Schirmer test with anesthesia [50]. In addition,
participants needed to have dry eye symptoms for at least 6 months and
the desire to use artificial tears an average of 2 times per day in the
2 weeks prior to the screening visit.

The eligibility criteria regarding the use of other dry eye treatments
during the study are summarized in Table 1B. Participants were al-
lowed to continue to use their current dry eye treatments, such as ar-
tificial tears, lid scrubs or Restasis® throughout the study as they would
in normal clinical practice. Participants were instructed to continue all
of their current dry eye treatments throughout the duration of the study
without starting or stopping new treatments. Also, to accommodate
those who were currently taking over-the-counter ω3 supplements prior
to entry into the study, additional supplementation of up to 1200mg/
day of ω3 was permitted because the total dose would still be within a
safe level [31, 32]. Treatment usage was recorded at each study visit so
that changes in treatment could be summarized for each treatment
group as a secondary outcome measure. Although patients agreed to
continue their current medications, discontinuing other treatments
when symptoms improved and starting new treatments when symptoms
worsened was anticipated.

Subjects with mild DED symptoms (OSDI<25 at Screening Visit
and<21 at Eligibility Confirmation Visit) were excluded because they
might not have DED or would not be able to improve because of OSDI
floor effects. In contrast, subjects with severe symptoms (OSDI ≥80)
may need very large improvement in order to record a change in their
OSDI scores and therefore were also excluded [51].

Other key exclusion criteria included the following: acute allergic
conjunctivitis, infection, or inflammation; contact lens wear within the
past 30 days; a history of corneal surgery including laser-assisted in situ
keratomileusis (LASIK), ocular surgery within 6months of the screening
visit, use of glaucoma medications, eyelid abnormalities, or ocular
surface scarring.

2.4. Randomization procedures

After obtaining written informed consent, participants were ex-
amined at a screening visit, and if all entry criteria were met, were
given placebo supplements to determine compliance with the protocol
during a two-week run-in period, particularly regarding the use of 5

Table 1A
Inclusion and Exclusion Criteria for the DRy Eye Assessment and Management
(DREAM©) Study.

Inclusion Criteria
1. Sign and date the informed consent form approved by the IRB
2. ≥18 years of age
3. Demonstrate at least 2 of the 4 following signs in the same eye at two consecutive

visits. The same signs must be present in the same eye on both visits. ((Screening
Visit): 7–21 days prior to randomization, and Visit 00 (Baseline Visit): day of
randomization)
a. Conjunctival staining present ≥1 (out of possible score of 6 per eye)
b. Corneal fluorescein staining present ≥4(out of a possible score of 15 per eye)
c. Tear film break up time (TFBUT)≤ 7 s
d. Schirmer's test ≥1 to ≤7mm/5min

4. Demonstrate symptoms of dry eye disease (OSDI score of at least 25 (≥25 TO≤80)
at Screening Visit and at least 21 (≥21 TO ≤80) at randomization visit

5. Patient reported dry eye-related ocular symptoms for at least 6 months before the
Screening Visit and use or desire to use artificial tears on average 2 times per day in
the 2weeks preceding the screening visit

6. Intraocular pressure (IOP)≥ 5mmHg and≤ 22mmHg in each eye
7. Women of child-bearing potential must agree to use a reliable method of

contraception during study participation and must demonstrate a negative urine
pregnancy test at the Screening Visit

8. Be willing/able to return for all study visits and to follow instructions from the
study investigator and his/her staff

9. Be able to swallow large, soft gel capsules
10. Demonstration of compliance with taking softgels as directed during the run-in

period (≥90% taken, by pill count)

Exclusion Criteria
1. Allergic, by patient report, to ingredients of the active or placebo pills (fish, olive

oil)
2. Contact lens wear:

• Discontinuation of use of contact lenses within the last 30 days prior to the
Screening Visit.

• Unwilling to commit to no use of contact lenses for the next year.
3. Pregnant or nursing/lactating
4. Participation in a study of an investigational drug or device within the 30 days

preceding the Screening Visit
5. Current diagnosis of any of the following ocular conditions:

i). acute allergic conjunctivitis
ii). infection (e.g. bacterial, viral, protozoan or fungal infection of the cornea,

conjunctiva, lacrimal gland, lacrimal sac or eyelids)
iii). inflammation (e.g., retinitis, macular inflammation, choroiditis, uveitis,

scleritis, episcleritis, keratitis)
6. History, by patient report, of ocular herpetic keratitis
7. Ocular surgery (including cataract surgery), by patient report, within 6months of

Screening Visit
8. Previous LASIK surgery or any other corneal surgery, by patient report.
9. Use of glaucoma medication or history of filtering surgery for glaucoma

10. Eyelid abnormalities that affect lid function (e.g., lagophthalmos, blepharospasm,
ectropion, entropion, severe trichiaisis, etc.)

11. Extensive ocular surface scarring or condition that may compromise ocular surface
integrity such as Stevens-Johnson syndrome, prior chemical burn, recurrent corneal
erosions, persistent corneal epithelial defects, prior ocular trauma, etc.)

12. Use of EPA/DHA supplements. Cod liver oil is considered an EPA/DHA supplement.

• Current use of EPA/DHA supplements in excess of 1200mg/day.

• Reduction in dose within the past 30 days of EPA/DHA from above 1200mg/day
to under 1200mg/day.

13. History of liver disease, by patient report.
14. Currently on anti-coagulation therapy such as heparin and warfarin including the

novel anticoagulants like dabigatran, apixaban and rivaroxaban. Use of aspirin,
clopidogrel (Plavix) or ticagralor and prasugrel (anti-platelets) does not exclude the
patient.

15. Patients with hemophilia, thrombocytopenia or other bleeding tendencies, by
patient report.

16. History of atrial fibrillation, by patient report.
17. Uncontrolled ocular or systemic disease, by patient report.
18. Cognitive or psychiatric deficit that precludes informed consent or ability to

perform requirements of the investigation.
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capsules per day. Subjects who returned for an eligibility confirmation
visit were enrolled into the study if they demonstrated compliance
(< 10% of capsules returned that should have been taken) and still
met all inclusion criteria. Study coordinators invoked an online treat-
ment assignment module to generate an assignment of active or placebo
supplements that was automatically sent electronically to the
Investigational Drug Service. Randomization schedules were stratified
by clinical center. All subjects, clinical staff, and laboratory personnel
were unaware of the assignment to active or placebo supplements.

2.5. Clinical centers

Investigators at 27 Clinical Centers located throughout the United
States participated in the DREAM© study. The practices included a mix
of academic medical centers (N=12) and private practices (N=15)
that were led by board certified ophthalmologists (N=16) and opto-
metrists (N=11) who had experience in clinical trials and a special
interest in DED (Clinical Centers listed in Appendix under DREAM©
Research Group).

To ensure standardization of all study protocols, clinicians, oph-
thalmic technicians and coordinators at each site were required to
complete a certification program before conducting study visits. The
program consisted of reading study documents, review of slide sets,
successful completion of role-specific knowledge assessments, demon-
stration of proficiency either during observation or through submission
of completed case report forms, and completion of patient-oriented
research and good clinical practices training. Training in biomarker
sampling, storage, and shipping was accomplished through online
training with web-based materials.

2.6. Outcome measures

The primary outcome was a change in dry eye symptoms from
baseline (average of the values from the screening and eligibility

confirmation visits) to follow-up (average of the values from the visit at
6 and 12months) as measured by the OSDI score. Averaging of the
scores at baseline and in follow-up when little change was expected
between 6 and 12months, decreased the standard deviation of the
change in OSDI score, thereby increasing statistical power. A change in
symptoms was selected as the primary outcome because patient
symptoms are largely responsible for the public health burden and for
the care-seeking behavior of dry eye patients and their desire for
therapy. Both the Dry Eye WorkShop (DEWS) and the NEI/Industry
Workshop on Dry Eyes concluded that the evaluation of subjective
symptoms, as measured through a well-designed and validated ques-
tionnaire, may be the best way to determine clinical efficacy of treat-
ments and that symptom questionnaires are among the most repeatable
of the commonly used diagnostic tests [50, 52, 53].

The OSDI was chosen as the primary outcome because it is the most
widely used questionnaire for outcome assessment in clinical trials of
DED [20, 54–61], and is one of the few validated questionnaires for
DED trials [62, 63]. In addition, a survey study with 241 subjects from
19 sites assessing the OSDI and two other dry eye questionnaires
showed that neither of the two other questionnaires had psychometric
properties uniformly superior to those of the OSDI [64, 65].

Secondary outcomes included changes in the following clinical signs
of DED: 1) tear film break-up time (TBUT); 2) Schirmer test with an-
esthesia; 3) fluorescein corneal staining using the National Eye Institute
[NEI]/industry-recommended guidelines (0–15) [52], and 4) lissamine
green conjunctival staining using a modified version of the NEI/in-
dustry-recommended guidelines – the entire temporal and the entire
nasal section of each eye are graded on a scale of 0 to 3 (0: no staining,
3: severe staining) for a total possible score of 6 in each eye.

Other secondary outcomes included DED symptoms measured by
the Brief Ocular Discomfort Inventory (BODI) (a modified version of the
Brief Pain Inventory [66]), treatment compliance (measured via blood
testing for ω3 levels), ≥10 point decrease in OSDI, use of artificial tears
and other DED treatments, DED-related quality of life, cost and cost-
effectiveness, and the economic impact of DED (assessed by Short Form-
36, Work Productivity and Activity Impairment Questionnaire, and
questionnaire on Healthcare Utilization). The incidence of ocular and
systemic adverse events was also included as a secondary outcome. All
measures of clinical signs were assessed by DREAM©-certified clin-
icians who followed a standard protocol, including the order of eva-
luation and testing, with standardized color photos used for grading of
vital dye staining, meibum quality and meibomian gland drop out.

Exploratory endpoints were included to determine their usefulness
in diagnosing DED, determining severity and/or evaluating improve-
ment in DED (Table 2). These included contrast sensitivity testing,
standardized assessment of meibomian gland secretions using the
Meibomian Gland Evaluator (TearScience, Morrisville, NC), tear os-
molarity as measured by the TearLab Osmometer (TearLab, San Diego,
CA), and the presence of matrix metallopeptidase-9 (MMP-9) in tears
using InflammaDry® test (Rapid Pathogen Screening Diagnostics, Inc.,
Sarasota, FL). Noninvasive measures using the OCULUS keratograph
(OCULUS, Inc., Arlington, WA) included the following: non-invasive
tear breakup time, bulbar redness, tear meniscus height, and meibo-
graphy. In addition, tear and conjunctival impression cytology samples
were collected for analysis by the Ocular Biomarker Research Labora-
tory at the Icahn School of Medicine at Mount Sinai (New York, NY) in
order to measure other biomarkers (listed in Table 2) with a possible
relationship to DED. Safety was evaluated by recording the incidence of
ocular and systemic adverse events, change in visual acuity, and mea-
surement of intraocular pressure. All serious adverse events were re-
viewed by a Medical Monitor.

To objectively assess compliance with the treatment regimen and to
determine whether effective levels of ω3 were reached, blood samples
were collected at the eligibility confirmation(baseline), 6, and
12month visits to test the systemic levels of fatty acids in erythrocytes
(red blood cells). Erythrocytes are the best indicator of fatty acid

Table 1B
Eligibility Criteria Regarding Use of Other Dry Eye Treatments for the DRy Eye
Assessment and Management (DREAM©) Study.

1. Ongoing Dry Eye Treatments allowed if used regularly and participant commits to
use for the next year

• Lid scrubs/warm soaks

• Lacriserts

• Artificial tears (commit to using same brand)

• Doxycycline (must have used for ≥90 days)

• Topical cyclosporine (must have used for ≥90 days)

• Topical steroid eye drops or ointment (must have used for ≥90 days)

• Regular use of antibiotic eye drops/ointment (must have used for ≥90 days)

• Autologous serum eye drops (must have used for ≥90 days)

• Systemic corticosteroids or other immunosuppressive agents (must have used for
≥90 days)

• Systemic medications known to cause ocular dryness (e.g., isotretinoin
(Accutane), anti-depressants): drops (must have used for ≥30 days)

• Punctal plugs (in place for ≥2 weeks)

2. Recent discontinuation of the following Dry Eye treatment disqualifies participant

• Doxycycline within the last 30 days

• Topical steroid eye drops or ointment within the last 30 days

• Topical cyclosporine discontinued within 30 day

• Regular use of antibiotic eye drops/ointment discontinued within 30 days

• Autologous serum eye drop discontinued within 30 days

• Punctal plug replaced/removed within 14 days

• Antihistamine eye drops discontinued within 14 days

• Systemic medications known to cause ocular dryness discontinued within 30 days

3. Use of the following Dry Eye treatments disqualifies participant:

• Antibiotic eye drops/ointment for an acute infection within 30 days

• Eyedrops other than those covered above

• Prokera amniotic membrane device (current use or discontinuation within
90 days)

• LipiFlow or intense light treatment (current use or discontinuation within
90 days)
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composition of biological tissue due to a lipid bilayer with a more
complete spectrum of phospholipid classes which gives an accurate
indication of whether the subjects are compliant with the treatment
regimen, and provide an accurate view of the systemic fatty acid levels
over the previous 4months and is not affected by what the participant
recently ingested [67, 68].

Blood was also collected to test for autoimmune markers, including
the traditional (SS-A/Ro, SS-B/La, antinuclear antibody (ANA), rheu-
matoid factor (RF)) and novel antibodies (salivary gland protein-1 (SP-
1), parotid secretory protein (PSP), carbonic anhydrase VI (CA6)) that
are associated with autoimmune diseases such as Sjogren's Syndrome
and included in the Sjo test (IMMCO Diagnostics, Buffalo, NY) [69–71].

2.7. Visit procedures

After randomization, study visits were conducted at 3, 6 and
12months. Visit procedures were conducted in a specific order to en-
sure that one measurement would not affect any subsequent measures
and to ensure that each eye was examined in a standardized way across
all clinicians, sites, and protocol visits (Table 3). The use of artificial
tears or any other topical treatment was not permitted for at least 2 h
before any study visit. All symptom questionnaires were completed
before any other procedures or examination to avoid influencing the
participant's responses.

2.8. Standardization of testing procedures

All testing was conducted following a standardized protocol.
Standardized supplies were used at all sites, including vital dyes (2%
fluorescein and 1% lissamine green) made by a central compounding
pharmacy - Leiter's (San Jose, CA), Compounded Solutions in Pharmacy
(Monroe, CT), and the University of Pennsylvania Investigational Drug
Service (Philadelphia, PA). Preset micropipettes (5 μl) were used to
administer the dyes, and cobalt yellow filter was used to during the slit-
lamp examination to assess fluorescein corneal staining. TearLab os-
molarity machines were calibrated daily to ensure accurate measure-
ments and Meibomian Gland Evaluators were provided to each center

to ensure standardized lid pressure was used when evaluating meibum
secretions. Standardized hard copy photos of grading scale reference
images were used by each site for grading ocular surface staining, for
the evaluation of meibum, and for assessing meibomian gland dropout
from meibography images.

2.9. Sample size and statistical analysis

Sample size was estimated for comparing the two treatment groups
on the mean change in OSDI score, as defined above, with a two-sample
t-test and an alpha level of 0.05. Assuming a standard deviation for
change in OSDI score of 18 points and missing data for 15% of patients,
we determined that a sample of 505 patients would provide statistical
power of 90% to detect a 6-point mean difference between treatment
groups. Although the minimal clinically meaningful difference in OSDI
scores for individuals is 10, a difference in means between active and
placebo groups was set at 6, representing a small to moderate effect size
0.33. The study protocol specified that each secondary outcome mea-
sure would be tested at the 0.05 level. All patients are analyzed in the

Table 2
Study Outcomes for the DRy Eye Assessment and Management (DREAM©)
Study.

Primary

• Mean change from baseline in OSDI score at 6 and 12months

Secondary

• Compliance with the study treatment protocol as measured by changes in blood
levels of fatty acids and pill counts

• ≥10 point change in OSDI-decrease for Primary Trial, increase for Extension Study

• Change in signs of DED (conjunctival and corneal staining, TBUT, Schirmer's test)

• Use of artificial tears and other treatments for DED

• Quality of life as measured by the SF-36

• Score on the Brief Ocular Discomfort Inventory (BODI)

• Cost and incremental cost-effectiveness

• Incidence of ocular and systemic adverse events, changes in visual acuity and
intraocular pressure

Exploratory

• Contrast sensitivity

• Meibomian gland secretion evaluation

• Signs measured by keratography: Non-invasive tear break-up time, tear meniscus
height, bulbar redness, meibography

• Tear osmolarity

• Biomarker levels: Mixed metalloproteinase 9 (MMP-9) in tears, tear cytokine levels
(interferon-γ (INF-γ), interleukin-10 (IL-10), IL-17A, IL-1β, IL-6, IL-8, tumor
necrosis factor-α (TNF-α)), expression of HLA-DR and other inflammatory markers
(epithelial cells, white blood cells, dendritic cells, T regulatory cells, cytotoxic T
cells, T helper (Th) cells, Th1, Th2, Th17, Th1/17) on conjunctival cells, and serum
autoantibodies (SS-A/Ro, SS-B/La, antinuclear antibody (ANA), rheumatoid factor
(RF), salivary gland protein-1 (SP-1), parotid secretory protein (PSP), carbonic
anhydrase VI (CA6)) associated with Sjögren's Syndrome and other autoimmune
diseases

Table 3
Study Procedures Order of Testing for the DRy Eye Assessment and
Management (DREAM©) Study.

Primary study Visit (Month)

Procedure −2 wks
SV

00 03 06 09 12

Obtain informed consent X Y
OSDI & BODI questionnaires X X X X X
Health economics questionnaires (SF-36,

WPAI, Healthcare Use)
X X X

Medical history and events X X X X X
Concomitant medication query X X X X
Adverse event query X X X X
MMP-9 testing X X
Tear osmolarity Xb Xb Xb

Keratograph: Break-up time, tear meniscus
height, redness and meibomian gland
evaluation

Xb Xb Xb

Manifest refraction X
Best corrected VA (if change in VA≥ 10

letters, do refraction)
X X X X

Contrast sensitivity X X X
Tear collection for cytokines Xb Xb Xb

Slit lamp evaluation (SLE) X X X X X
Tear break-up time (TBUT) e X X X X X
Corneal fluorescein staining e X X X X X
Meibomian gland examinatione X X X X X
Lissamine green staininge X X X X X
IOP X X X X X
Schirmer's tear test (with anesthetic) X X X X X
Urine pregnancy test Xa Ya

Eligibility determination X X X
Impression cytology X X X
Blood collection (Mon-Thurs) for fatty acid

determination
X X X

Blood collection (Mon-Thurs) for antibody
determination

X X

Collection of unused study supplements X X X X
Randomization X Y
Dispense run-in supplements X
Reminder calls (2 weeks before each visit) X X X Xc

“Check-In” telephone call X Xd

Letter to encourage compliance (sent 1month
after each visit)

X X X Y

SV: Denotes screening visit; 00: Denotes eligibility confirmation visit.
Y: Only patients in the Extension Study.

a Only women of childbearing potential.
b Only at centers with required equipment.
c Call should include information about the Extension Study.
d Call for final adverse event assessment if not in Extension Study.
e Do all 4 procedures OD, then restart for OS.
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treatment group to which they were assigned, regardless of compliance.
Four sets of subgroups, as defined below, were pre-specified to as-

sess variation in treatment effect. Variation in subgroups is assessed by
including and testing interaction terms in a regression model of change
in ODSI score.

• Severity of symptoms as measured by the baseline OSDI score.
Severe symptoms are considered as an OSDI score (average of
Screening and Baseline Visit scores) ≥40

• Severity of signs based on the 4 signs used for eligibility determi-
nation. Severe signs are considered present if one or both eyes of a
patient had scores (average from the Screening and Baseline Visits)
meeting each of the 4 criteria below:

▪ Conjunctival staining ≥2
▪ Corneal staining ≥4
▪ TBUT<5 s
▪ Schirmer ≤7mm/5min

• High DHA/EPA level. Participants with both their DHA level and
EPA level above the mean value from the Kennedy Krieger Institute
adult control group [N=147; mean age= 49.5 +/− 17.0] (DHA:
3.7%, EPA: 0.6%)

• Inflammation status as measured by the percent of HLA-DR posi-
tive epithelial cells from impression cytology at baseline. High in-
flammation status is considered as a percentage of HLA-DR positive
cells greater than the median from the DREAM© study population.

3. Results

Between November 2014 and July 2016, 535 subjects were enrolled
in the DREAM© study. The baseline characteristics for the entire cohort
are summarized in Table 4, with the average and standard deviation for
each characteristic.

4. Discussion

This trial design methodology paper demonstrates an approach to a
real-world clinical trial for both dry eye disease (DED) and nutritional
supplements. The design of the DREAM© Study is unique in that it is
designed so that results will be applicable to typical patients seen in
clinical practice. This is in contrast to a typical FDA trial seeking ap-
proval for a new treatment: strict inclusion and exclusion criteria are
used which do not correlate with typical clinical practice. Nearly all
past RCT's for treatments of DED have had very restrictive inclusion and
exclusion criteria that would have excluded many of the DREAM©
participants, and have required that other treatments or artificial tears
be suspended before and during the trial. Subjects in the DREAM©
study had symptoms of DED despite current treatment, but were al-
lowed to continue current therapies, such as artificial tears, as would be
done in clinical practice. In addition, characteristics of DREAM© may
also be helpful for other trials studying nutritional supplements to
provide high quality, generalizable information. This paper highlights
the clinical trial elements that make DREAM© a real-world trial, and
provides information to those interested in conducting RCT's on DED or
nutritional supplements.

The DREAM© study is the first large-scale, real-world, double-
masked, randomized clinical trial (RCT) that studies the long-term ef-
ficacy and safety of omega-3 (ω3) supplementation for symptomatic
DED. The inclusion and exclusion criteria are designed to enroll a po-
pulation of DED patients that mirrors typical symptomatic DED patients
who request further treatment from eye care providers despite current
dry eye treatment. The DREAM© study has the largest sample size and
study duration, and utilized the highest safe dose of ω3 fish oil-derived
supplements as compared to other DED trials. In addition, the length of
DREAM© (1 year) diminished seasonality as a possible factor impacting
a subject's DED severity, and also provided valuable longitudinal data
on DED.

Selecting an appropriate placebo is key to any quality RCT. After an
extensive review of past ω3 RCT's and consultation with a review
counsel and experts in the field of nutritional supplements, refined olive
oil was selected as the placebo for DREAM©. Olive oil has been used as
a placebo in almost all other ω3 RCTs [16, 18, 36, 40–44], since it was
not expected to have an effect on inflammation or DED. Refined olive
oil is very low in polyphenols which are considered the primary source
of the beneficial health effects seen from olive oil [45, 46]. In addition,
the daily dose of olive oil in DREAM© was only 5 g per day, or about 1
teaspoon. Studies testing the benefits of olive oil, usually as part of the
Mediterranean Diet, have supplied daily doses of at least 60 g [47], and
sometimes as high as 100 g [48], over 20 times higher than the
DREAM© placebo. Furthermore, the DREAM© olive oil was 68% oleic
acid, an omega-9 fatty acid considered neutral with respect to in-
flammation. In addition, testing fatty acid content of erythrocytes

Table 4
Baseline Characteristics of all participants in the DRy Eye Assessment and
Management (DREAM©) study.

Characteristic Overall 535 patients

Age (years) 58.0 ±13.2

Gender - no. (%)
Female 434 (81.1)
Male 101 (18.9)

Race - no. (%)
White 398 (74.4)
Black 64 (12.0)
Other 73 (13.6)

Ethnicity - no. (%)
Hispanic or Latino 68 (12.7)
Other 467 (87.3)

OSDI score, mean
Total 44.4 ±14.2
Vision-related function subscale 37.8 ±17.7
Ocular symptoms 46.6 ±17.1
Environmental triggers subscale 55.6 ±24.5

Short Form-36 score, mean
Physical health 47.5 ±9.7
Mental health 52.3 ±9.4

Brief Ocular Discomfort Index scorea, mean
Discomfort subscale 44.2 ±16.6
Pain interference subscale 27.0 ±17.6

Use of dry eye treatments, no. (%)
Artificial tears, drops or gel 424 (79.3)
Cyclosporine drops 205 (38.3)
Warm lid soaks 114 (21.3)
Lid scrubs or baby shampoo 83 (15.5)
Any other treatment 268 (50.1)

Systemic diseaseb

Sjogren syndrome 56 (10.5)
Thyroid disease 108 (20.2)
Rheumatoid arthritis 49 (9.2)
None of the above 357 (66.7)

Fatty acid in red blood cells, %,meanc

Eicosapentaenoic 0.6 ±0.4
Docosahexaenoic 3.9 ±1.1
Omega-3 index(EPA+DHA) 4.5 ±1.5
Oleic acid (omega-9) 11.1 ±1.2
ω6 to ω3 ratio, meanc 4.8 ±1.4

1022 Eyes
Conjunctival staining scorea, mean 3.0 ±1.4
Corneal staining scorea, mean 3.9 ±2.7
Tear break-up timea, secs, mean 3.1 ±1.5
Schirmer testa, mm, mean 9.6 ±6.5

Plus-minus values are means ± SD.
a Average of values from screening and eligibility confirmation visits.
b Ongoing or past history by patient report; may have> 1 disease.
c Missing values for 15 subjects.
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provided an objective measure of systemic levels of multiple fatty acids,
including EPH, DHA, and oleic acid.

The DREAM© real-world clinical trial design offers a new approach
for trials on DED treatments. The DREAM© trial design differs from
typical RCTs on new treatments for DED by including participants who
continue to be symptomatic despite current treatment, and allowing
them to continue their current treatment throughout the study. This
approach should allow for greater usefulness in clinical practice where
patients are not restricted in which therapies they are allowed to con-
tinue when beginning a new treatment. DREAM© was also designed to
enroll real world patients seen in optometry and ophthalmology, aca-
demic and private practices throughout the USA, which in turn in-
creased the generalizability of its results. Utilizing a study length of one
year was expected to decrease the effect of external factors, such as
climate and seasonal changes on the signs and symptoms of DED. In
addition, the highest safe dose and most bioavailable formulation of ω3
was used, and compliance was assessed both by pill count and ery-
throcyte analysis to provide objective verification of systemic levels
reached. The placebo was olive oil, which is a commonly used placebo
in RCT's studying ω3 supplementation for DED and other diseases [16,
18, 36, 40–44]. Significant efforts to mask active and placebo supple-
ments were incorporated. Finally, clinical examinations were standar-
dized including teaching of all trial personnel, verification of study-
specific training, utilization of standardized supplies and well described
exam procedures including grading scales.

The DREAM© study is also strengthened by its exploratory out-
comes, such as the collection of biomarkers, tear osmolarity, percent
HLA-DR positive cells and tear cytokines. The DREAM© study's ex-
ploratory outcomes go beyond what is normally tested in FDA trials for
new DED treatments, and may provide objective metrics that could aid
in classifying disease severity and be useful for determining treatment
response and outcome measures for clinical trials. Biomarkers may also
contribute to our understanding of the pathology that occurs on the
ocular surface with DED and offer potentially new targets for treatment.
These results will be useful to other clinicians and researchers inter-
ested in DED and ocular surface pathology as they continue investiga-
tions into disease mechanisms and design future clinical trials for new
treatments.

In addition to setting the standard on how a dry eye trial should be
designed, DREAM© is also an ideal role model on how to design a
nutritional trial. The placebo treatment mimics the common diet and is
expected to be neutral with respect to the disease being studied. All
components of the active and placebo treatment (i.e. other fatty acids)
were analyzed and defined by both the manufacturer and an in-
dependent lab and deemed that they will not have any interference with
the active supplement or have an effect on the disease being studied.
Erythrocytes were chosen to measure systemic levels of the

supplements being given to patients since erythrocytes provide an ac-
curate picture of the levels over the previous 4months, whereas plasma
can fluctuate extensively based on what is recently ingested [67, 68].

To date, there have been 8 large (> 100 participants) RCT's eval-
uating ω3 supplementation for DED [16, 17, 19, 40, 41, 72–74].
However, some of these RCTs had significant differences from the
DREAM© study design. For example, Brignole-Baudouin et al. 2011 and
Wang et al. 2016 used a combination of ω3 and omega-6 (ω6), while
the DREAM© study supplements only contained ω3 fatty acids.
DREAM© study participants could not wear contact lenses during the
study, but Bhargava et al. 2015 and Wang et al. 2016 required contact
lens for eligibility. Finally, Bhargava et al. 2013 did not list baseline
values for several of their outcomes and therefore preclude comparisons
with the present study. In addition, the studies led by Bhargava et al.
were held in India where participants likely have a very different diet
compared to the USA participants, as well as differences in ethnicities.
We compared the baseline characteristics of the DREAM© study to the
remaining large RCT's in which baseline data were reported and those
for which DREAM© subjects may have been eligible (Table 5);
DREAM© participants had more severity as measured by OSDI scores
and ocular surface findings.

The DREAM© study population's baseline systemic levels of ω3 and
oleic acid (Table 4) mirror the values reported for the US population
[75]. Harris et al. [75] defined fatty acid norms in the general popu-
lation by measuring systemic fatty acid levels in nearly 160,000 people.
The baseline ω3 index (EPA+DHA) of the DREAM© study population
approximately corresponds to the 50th percentile found by Harris et al.
[75] In addition, personal communication with Kennedy Krieger In-
stitute indicate that their mean systemic oleic acid clinical laboratory
control values are nearly identical to the mean DREAM© baseline
systemic oleic acid levels (Kennedy Krieger Institute= 11.3%;
DREAM©=11.1%).

In summary, the DREAM© study was a carefully designed RCT that
will provide generalizable information on the use of ω3 that can be
applied to clinical practice. DREAM© will also fill an acknowledged gap
in understanding DED by collecting longitudinal data on a well-char-
acterized dry eye population. Exploratory endpoints may provide
guidelines for future research to improve our understanding of DED and
possibly point to new targets for treatment.
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