
Accepted Manuscript

Effects of Omega-3 Supplementation on Exploratory Outcomes in the DREAM Study

Marko Oydanich, MS, Maureen G. Maguire, PhD, Maxwell Pistilli, MS, Pedram
Hamrah, MD, Jack V. Greiner, OD, DO, PhD, Meng C. Lin, OD, PhD, Penny A.
Asbell, MD, MBA, for the Dry Eye Assessment and Management (DREAM) Study
Research Group

PII: S0161-6420(19)31297-7

DOI: https://doi.org/10.1016/j.ophtha.2019.07.009

Reference: OPHTHA 10857

To appear in: Ophthalmology

Received Date: 17 May 2019

Revised Date: 1 July 2019

Accepted Date: 9 July 2019

Please cite this article as: Oydanich M, Maguire MG, Pistilli M, Hamrah P, Greiner JV, Lin MC, Asbell
PA, for the Dry Eye Assessment and Management (DREAM) Study Research Group, Effects of
Omega-3 Supplementation on Exploratory Outcomes in the DREAM Study, Ophthalmology (2019), doi:
https://doi.org/10.1016/j.ophtha.2019.07.009.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ophtha.2019.07.009
https://doi.org/10.1016/j.ophtha.2019.07.009


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 1

Effects of Omega-3 Supplementation on Exploratory Outcomes in the DREAM Study  1 

 2 

Marko Oydanich, MS1; Maureen G. Maguire, PhD2; Maxwell Pistilli, MS2;  Pedram Hamrah, 3 

MD;3  Jack V. Greiner, OD, DO,  PhD;4 Meng C. Lin, OD, PhD;5 Penny A. Asbell, MD, MBA 6   4 

for the Dry Eye Assessment and Management (DREAM) Study Research Group7 5 

 6 

1 Department of Cell Biology & Molecular Medicine, Rutgers – New Jersey Medical School 7 

Newark NJ 8 

2 Department of Ophthalmology, University of Pennsylvania, Philadelphia, PA 9 

3 Cornea Service, New England Eye Center, Department of Ophthalmology, Tufts Medical 10 

Center, Tufts University School of Medicine, Boston, MA 11 

4 Schepens Eye Research Institute of Massachusetts Eye and Ear Infirmary, Department of 12 

Ophthalmology, Harvard Medical School, Boston, MA 13 

5 Clinical Research Center, Berkeley Optometry, University of California, Berkeley, CA 14 

6 Hamilton Eye Institute, University of Tennessee Health Science Center (UTHSC), Memphis TN 15 

7 The members of the Dry Eye Assessment and Management (DREAM) Research Group are 16 

listed in the online-only Credit Roster. 17 

 18 

Corresponding Author: Maureen G. Maguire, PhD,  19 

University of Pennsylvania, 3535 Market Street, Philadelphia, PA 19104    20 

email:  maguirem@pennmedicine.upenn.edu   Phone: 215-615-1501 21 

 22 

The information in this article was presented at the annual meeting of the Association for 23 

Research in Vision and Ophthalmology, May 1, 2019, in Vancouver, British Columbia, Canada. 24 

Supported by cooperative agreements U10EY022879 and U10EY022881 from the National Eye 25 

Institute, National Institutes of Health, Department of Health and Human Services. Additional 26 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 2

support provided by the Office of Dietary Supplements National Institutes of Health, Department 27 

of Health and Human Services.   28 

The sponsor participated in overseeing the conduct of the study. 29 

EPAX Norway AS (Alesund, Norway) contributed the fish oil and the Access Business Group, 30 

LLC (Ada, MI) manufactured, packaged and delivered study supplements to the central 31 

pharmacy. OCULUS Inc. (Arlington, WA) provided discounted equipment, customized software, 32 

and user support for the keratograph used in the study.  RPS Diagnostics, Inc. (Sarasota, FL) 33 

provided  InflammaDry Detector test kits to the clinical centers for testing MMP-9.TearLab 34 

Corporation (San Diego, CA) provided a discount to the study for testing materials for their 35 

TearLab Osmolarity System. 36 

 37 

Conflict of Interest: - Dr. Asbell reports personal fees from Santen, personal fees from Shire, 38 

grants and personal fees from Novartis, personal fees from Medscape, grants and personal fees 39 

from MC2 Therapeutics, grants, personal fees and non-financial support from Valeant, Bausch& 40 

Lomb, personal fees from Allergan, personal fees from ScientiaCME, grants and personal fees 41 

from Rtech , personal fees from Oculus , grants and personal fees from Miotech, personal fees 42 

and non-financial support from Shire , personal fees and non-financial support from Santen, 43 

personal fees and non-financial support from CLAO, personal fees from Vindico,  outside the 44 

submitted work.  Dr. Lin report, grants from Amorphex Therapeutics, grants from CooperVision, 45 

Inc, grants from Essilor USA, grants from GLIA LLC, grants from Johnson & Johnson, grants 46 

from Leo Lens, Inc, grants from Orinda Pharma, grants from Verily Life Science, grants from 47 

Viewpoint Pharmaceuticals, personal fees from Google X, personal fees from Health Advances, 48 

personal fees from Novartis, personal fees from Shire,  during the conduct of the study. No 49 

disclosures from the other authors. 50 

 51 

;Running head: Exploratory Outcomes in the DREAM Clinical Trial of Omega-3  52 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 3

 53 

The following should appear online-only: Tables 1, 2, 3 and the Credit Roster. 54 

Word count: 999 55 

 56 

Abbreviations 57 

DREAM is Dry Eye Assessment and Management  58 

DED is dry eye disease 59 

NIKBUT is non-invasive keratography tear break-up time  60 

MMP is matrix metalloproteinase 61 
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ABSTRACT  63 

We report results from a multicenter, randomized clinical trial (N=535) of the effect of ω-3 64 

supplementation, relative to placebo, on exploratory and minimally invasive outcome measures 65 

for moderate to severe dry eye disease.  66 

  67 
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The Dry Eye Assessment and Management (DREAM) Study was a multicenter 68 

(27 sites), randomized, double-masked, clinical trial for people with moderate to severe 69 

dry eye disease (DED).1  Between October 2014 and July 2016, 535 participants were 70 

assigned in a 2:1 ratio to either active omega-3 fatty acid daily supplements (2 gm 71 

eicosapentaenoic acid (EPA) and 1 gm docosahexaenoic acid (DHA)) or placebo (5 gm 72 

refined olive oil).  One-year results showed no difference between ω-3 and placebo 73 

groups for the primary outcome of symptoms, as measured by the Ocular Surface 74 

Disease Index, or the traditional signs of DED (conjunctival and corneal staining, tear 75 

break-up time, and Schirmer’s II test results).1 76 

Additional signs of DED acquired through use of devices were assessed in 77 

DREAM as exploratory outcome measures. Clinical staff completed a certification 78 

program including review of the protocol and instructional slides and a written test for 79 

each device.  Measurements were made according to the manufacturer’s instructions.  80 

Testing was performed on both eyes with the right eye first.  Tear osmolarity was 81 

measured using the TearLab Osmolarity System (TearLab, San Diego, CA).The 82 

Keratograph 5M (Oculus, Arlington, WA) was used for non-invasive keratographic tear 83 

break up time (NIKBUT), tear meniscus height, bulbar conjunctival redness, and 84 

meibomian gland imaging.  The examiner everted each eyelid and used the 85 

keratograph’s infrared photography system to capture images of meibomian glands.   86 

Examiners graded meibomian gland dropout on the Pult scale.2  When lid eversion or 87 

image quality was insufficient to judge dropout area, the result was “missing”. MMP-9 88 

testing was performed with the Inflammadry system (RPS Diagnostics, Sarasota, 89 

Florida). Keratography and tear osmolarity testing was conducted only at centers 90 
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equipped with the devices.  Testing was at baseline, 6, and 12 months except for MMP-91 

9 testing (screening and 3 months). 92 

Differences between treatment groups were estimated with regression models 93 

using a generalized estimating equations approach to account for inter-eye correlation.  94 

Subgroups were defined based on the baseline values of the measures for signs, using 95 

category bounds to form tertiles or, for tear osmolarity, a previously defined threshold 96 

for abnormal (≥308 mOsms/L).  Variation in treatment effects across subgroups was 97 

assessed with tests of interaction.  98 

The DREAM study protocol was approved by each center’s institutional review 99 

board, was in compliance with HIPAA, and adhered to the tenets of the Declaration of 100 

Helsinki. Patients provided written informed consent. The trial was registered on 101 

ClinicalTrials.gov (NCT02128763). 102 

The baseline mean value [±SD] of tear osmolarity in the active group (303.9 103 

[±17.2] mOsm/L) was higher than in the placebo group (300.6 [±14.5] mOsm/L; p=0.02; 104 

Table 1 (available at www.aaojournal.org)). The mean change was a decrease of 0.7 105 

mOsm/L in the active group and an increase of 3.6 mOsm/L in the placebo group, 106 

yielding a difference of 4.3 mOsm/L (p=0.02; Table 2 (available at www.aaojournal.org); 107 

Figure 1A).  108 

The baseline keratography measurements were similar between treatment 109 

groups (Table 1). The mean NIKBUT decreased by 0.5 sec in each group (p=0.97; 110 

Table 2; Figure 1B). The change in mean tear meniscus height was near zero in the 111 

active (0.00 mm) and placebo (-0.01 mm) groups (p=0.71; Table 2; Figure 1C). The 112 

mean change in bulbar conjunctival redness score was near zero in the active (0.00) 113 
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and placebo (-0.01) groups (p=0.81; Table 2; Figure 1D).  The percentage of eyes with 114 

Pult scale scores indicating improvement, stability, or worsening by 1 or more 115 

categories was similar for the upper lid (p=0.34) and lower lid (p=0.21; Table 2). 116 

At baseline, the MMP-9 test was positive for similar proportions of eye in the 117 

active (33%) and placebo (30%) groups. Between baseline and 3 months, 10% of eyes 118 

in the active group and 13% of eyes in the placebo group converted from negative to 119 

positive, and 13% of each group converted from positive to negative (p=0.69; Table 2).   120 

Results of analyses of the mean difference between active and placebo groups 121 

within subgroups are displayed in Table 3 (available at www.aaojournal.org). None of 122 

the tests of interaction were statistically significant (all p≥0.39).   123 

 In this randomized, double-masked clinical trial, there were no significant 124 

differences between daily supplementation with ω-3 versus refined olive oil 125 

supplementation in NIKBUT, tear meniscus height, bulbar conjunctival redness, 126 

upper/lower lid meibography, and MMP-9 positivity (all p>0.21). Only the mean change 127 

in tear osmolarity yielded a statistically significant difference, with slight improvement in 128 

the active treatment group (-0.7 mOsm/L) when compared to the worsening in the 129 

placebo treatment group (+3.6 mOsm/L). The mean changes over time within each 130 

treatment group were small for keratography measures and the net change in 131 

classification of meibomian gland dropout and MMP-9 positivity was small. When 132 

subgroups were examined, there was no evidence of a greater benefit of ω-3 133 

supplementation among eyes with more abnormal values at baseline. 134 

 Although a small improvement was observed in the mean change in tear 135 

osmolarity for the active group and a worsening in the placebo group, there was no 136 
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difference between the active and placebo groups at 12 months (303.1 [±18.4] vs. 303.3 137 

[±17.5] mOsm/L; P=0.90).  These findings are difficult to interpret given the high 138 

variability among readings from the TearLab system and lack of correlation changes in 139 

tear osmolarity with changes in symptoms or corneal fluorescein staining.3,4 140 

While several clinical trials have tested the efficacy of ω-3 in treating symptoms 141 

of DED, only three addressed the exploratory outcomes used in DREAM.5-7 Three 142 

studies measured tear osmolarity using the TearLab system, showing improvements 143 

relative to placebo after shorter periods (90 days) with lower doses of ω-3 144 

supplementation than in DREAM.  MMP-9 positivity and bulbar conjunctival redness 145 

were also measured in two small (n < 55) studies and showed improvement within 90 146 

days of ω-3  supplementation.6,7 147 

In conclusion, ω-3 supplementation was not beneficial relative to placebo for 148 

most of the exploratory measures. While there was a difference in the mean change in 149 

tear osmolarity in favor or the ω-3 group, the clinical significance of the difference is 150 

unclear. These findings are consistent with the results of no difference between ω-3 and 151 

placebo groups for the primary and secondary outcomes of the DREAM Study.  152 

153 
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Figure Legend 172 
 173 
Figure 1.  Mean level of continuous exploratory outcomes at baseline and through 12 174 

months by treatment group.  Red line denotes the active group and blue line denotes 175 

the placebo group.  Vertical bars denote 95% confidence intervals. A) tear osmolarity; 176 

B) keratograph tear break-up time; C) tear meniscus height; and D) bulbar conjunctival 177 

redness score. 178 

 179 
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