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Meibomian glands are large sebaceous glands 
found in the tarsal plates of the upper and lower 
eyelids. Meibomian glands are termed tarsal glands 
in Terminologia Anatomica, 1997. Meibomian 
glands form a single row of about 25 glands in the 
upper eyelid and 20 glands in the lower eyelid. 
Meibomian gland function is important to the 
health and stability of the ocular surface.1 Healthy 
meibomian gland produces sebum, which provides 
a buffer against the evaporation of the tear film and 
protects the ocular surface from microbial and 

environmental threats such as dust and pollen. In 
many patients, these glands become dysfunctional 
and cease to produce their secretion.

Meibomian gland dysfunction (MGD) is the 
leading cause of dry eye symptoms (DES).2 Many 
ocular disorders, including dry eye symptoms, 
blepharitis, and chalazia can be linked to MGD.3–5 
MGD’s high prevalence and its multiple patholo-
gies suggest that it is a multifactorial disease.6,7  
If we treat the MGD, we can easily treat the 
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Abstract
Introduction: Meibomian gland dysfunction (MGD) is the leading cause of dry eye syndrome 
(DES). Many ocular disorders including DES and blepharitis can be linked to MGD. If we treat 
MGD, we can treat related diseases easily.
Purpose: This systematic review is intended to determine the efficacy of omega-3 
supplementation in MGD patients.
Methods: This systematic review included an electronic search on PubMed and 
Clinicaltrials.gov to include all randomized clinical trials (RCTs) using omega-3 as a 
treatment for MGD.
Results: Database search yielded to one RCT and six clinical trials through the MEDLINE of a 
total of 350 participants for the systematic review and meta-analysis study. The investigated 
treatment group (omega-3 group) had a positive effect on MGD protection in the invasive sodium 
fluorescein-tear break up time (NaFl-TBUT) score compared with the placebo group (odd ratio 
= 8.72, 95% confidence interval: 4.73, 16.09; p < 0.001). These data suggest that the odd ratios 
of the omega-3 group to control group increased the likelihood of the improved stated outcome 
tear break up time (TBUT) being achieved in the treatment group. No evidence of publication 
bias was detected in the funnel plot inspection or the Egger’s statistical test (p = 0.2944).
Conclusions: A moderate daily dose of omega-3 may be a beneficial therapeutic for MGD. 
Omega-3 has been beneficial in many diseases, such as heart attack prevention and 
agerelated macular degeneration, and this systematic review emphasizes its protection 
against MGD. In addition, this review emphasizes the precision of noninvasive TBUT 
(NITBUT) compared with invasive NaFl-TBUT which may suggest the importance of NITBUT 
in the clinic.
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related diseases. Omega-3 has been proposed to 
treat MGD.8–10 This systematic review is intended 
to determine the effectiveness of omega-3 supple-
mentation on MGD patients.

Methods

Identification of trials and consideration of data
This meta-analysis study has followed the 
standards and guidelines of Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses (PRISMA). Randomized clinical trials 
(RCTs) that included nontreated groups versus 
treated groups selected by searching the 
MEDLINE and Clinicaltrials.gov. The follow-
ing keywords were used in MEDLINE research: 
“Randomized Clinical Trials,” “Meibomian 
gland dysfunction,” “Omega-3” AND “Adults.” 
For Clinicaltrials.gov database: “Meibomian 
gland dysfunction,” “Omega-3,” “Adults” 
AND “Completed.” The selected studies 
applied no language or other restrictions. 
Database search was done to include only stud-
ies that had a nontreated group versus a treated 
group. RCTs that did not include placebo 
groups, and studies that have not being com-
pleted or terminated or are still under recruit-
ment, or have not yet been officially approved, 
have been excluded.

For bias detection, in each eligible study a 7-point 
predefined quality control was used. The corre-
sponding risk of bias was categorized as low (L), 
high (H), or unknown (U) for each quality item 
according to Higgins et al., 2011 & Liberati et al., 
2009.11,12 Unknown is used to judge insufficient 
information if the author does not report the 
required data. The complete outcome data were 
judged as “low risk” or “high risk” or “unknown.” 
The “low risk” is used when follow-up percentage 
of participants lost was lower than 5% and “high 
risk” when follow-up loss percentage was more 
than 20%. For other potential sources of bias, 
including the bias source, including the funding 
source reported in each protocol, the term “other 
bias” has been used.

The overall treatment effect was calculated and 
the study weight for each study was calculated. 
Due to the larger sample size of some of the stud-
ies, the study weight was calculated and the “true 
effect” for each study was shown. The larger sam-
ple size provides more information than the 
smaller sample size.

Data extraction. Inclusion criteria. The studies to 
be included had to

1. Report the effect of omega-3 on dry eye 
management,

2. Compare omega-3 and placebo drugs,
3. Report at least one of the outcome measures 

mentioned (TBUT, tear osmolarity, and 
Ocular Surface Disease Index [OSDI]), and

4. Include a follow-up period of 3 months.

Exclusion criteria. The following criteria have been 
used to rule out studies from our study:

1. Studies where findings of the interest out-
comes have not been published.

2. Studies in which the period of follow-up is 
longer than 3 months, and no recording of 
the length of 3 months.

Quality of the comparative studies. Assessment of 
quality characteristics used the following criteria: 
(1) random sequence generation; (2) allocation 
concealment; (3) blinding of participants; (4) 
blinding of outcome assessment; (5) follow-up 
⩾80%; (6) free of selective reporting; and (7) free 
of other bias. Each study was labeled with the 
right item either adequate (low risk of bias), 
unclear (unknown risk of bias), and inadequate 
(high risk of bias).

Statistical analyses
The odd ratios (OR) was calculated in each study 
protocol to distinct the comparison of placebo 
group to the omega-3 in MGD. OR values more 
than 1 mean that the investigated treatment has a 
positive effect in the MGD protection and treat-
ment compared with placebo. The pooled ORs 
were calculated using a random effect model.

The equivalent Z test was done to test the null 
hypothesis for each pooled OR and if p < 0.05 
shows that the comparison between the two 
groups is statistically significant which leads to 
null hypothesis rejection.

The study heterogeneity was assessed with the 
Cochran Q and I2 statistics. For the heterogeneity 
qualitative interpretation, the I2 values of at least 
50% were considered to reflect considerable 
heterogeneity, while values of at least 75% indi-
cated large heterogeneity, as per the Cochrane 
Handbook. Publication bias was evaluated using 
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both the graphical funnel plot and the Egger’s  
statistical test. The Comprehensive Meta-
Analysis Version 3 software was used for statisti-
cal analysis.

Results

Selection and characteristics of the study
MEDLINE and Clinicaltrials.gov database 
searches resulted in six and one results, respec-
tively. The CENTRAL Register of Controlled 
Trials database identified no additional RCTs. 
Duplicate studies were removed, titles and 
abstracts from the remaining seven studies were 
evaluated, one study was excluded, and six eligi-
ble studies were assessed for the systematic 
review, and four were assessed for meta-analysis 
study. Two articles were excluded from the meta-
analysis study due to missing data of the primary 
outcome (TBUT in seconds) or the endpoint was 
12 months instead of 90 days. Six studies were 
retained for qualitative eligibility,13–18 and four 
studies were retained for quantitative eligibility 
primary outcome (TBUT)13,14,17,18 and two stud-
ies were retained for secondary outcome 
(OSDI13,17 & tear osmolarity13,14). The flowchart 
presenting the selection of eligible studies is sum-
marized in Figure 1. The Studies that met the 
inclusion criteria and the characteristics of the 
included studies are summarized in Table1. All 
the enclosed studies included placebo group and 

approved doses of omega-3 treatment. The 
approved doses of omega-3 used that are included 
in the present analysis: Deinema and colleagues13 
(1000 mg/day eicosapentaenoic acid (EPA), 
500 mg/day docosahexaenoic acid (DHA) for 90 
days.), Epitropoulos and colleagues14 (1680 mg 
of EPA/560 DHA daily for 12 weeks), Korb and 
colleagues15 (combination treatment, 100 mg 
omega-3 for 3 months).

Malhotra and colleagues17 (1.2 g omega-3 fatty 
acids for 12 weeks), Macsai16 (6 1000 mg cap-
sules of flaxseed oil daily for 12 months). The 
studies duration varied from 12 weeks13–15,17,18 to 
12 months.16

Independent studies bias risk
The risk of bias of the included studies is summa-
rized in Table 2. Random sequence generation 
was sufficient in all studies except for two.17,18 
Allocation concealment was adequately reported 
in three trials,13,15,16 two trials were not reported in 
the article,14,18 and one was high.17 The blinding 
of participants and personnel was sufficient in two 
studies13,16 except for four studies.14,19–21 The 
blinding of the outcome assessment was sufficient 
in three studies except for three, one was unknown, 
and two were high risk. All of the study protocols 
reported a follow-up percentage loss between 5% 
and 20%.19,22 Selective bias and other bias were 
not detected in any of the six studies. The study 

Figure 1. Flowchart presenting the selection of eligible studies.
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protocols are supported financially, partly, or 
solely by the pharmaceutical companies that pro-
duce and market the drug under consideration in 
each study. Sources of funding were disclosed in 
all six study protocols to provide enough informa-
tion to permit fair judgment.

Overall final analyses
The systematic review of the selected six articles 
showed that omega-3 treatment solely or with 

combination treatment as artificial tears or vita-
mins improved from baseline in MGD patients. 
Combination treatment included lid hygiene, 
artificial tears with nonpreservatives, oral vita-
min supplements, and 1000 mg of omega-3 fatty 
acids. The meta-analysis primary outcome was 
invasive NaFl-TBUT improvement from the 
baseline of the treatment group compared with 
control group. The secondary outcome was 
Schirmer I, Ocular Surface Disease Index 
(OSID), and tear osmolarity test.

Table 1. Characteristics of included studies.

Study ID Study 
type

A M Intervention dosage Pt group Time 
frame

Age 
(years)

Actual 
enrollment

Primary 
outcome

Deinema 
and 
colleagues13

I R D Placebo (Olive oil 1500 mg/
day) or 
Krill  Oil (945 mg/day EPA + 510 
mg/day DHA), 
Fish oil (1000 mg/day EPA +500 
mg/day DHA) 

Mild to 
moderate 
DED

90 days ⩾18 60 Mean change in 
tear osmolarity 
and DED 
symptoms 
(OSDI) score

Epitropoulos 
and 
colleagues14

I R D 4 Soft gels total
Treatment Group: 1680 mg of 
EPA /560 mg of DHA or
control group = 3136 mg of 
linoleic acid daily

DED
MGS STAGE 
1 OR 2

12 
weeks

⩾18 105 Tear osmolarity, 
TBUT, OSDI, 
Fluorescein 
corneal staining, 
Schirmer test

Korb and 
colleagues15

I R D Group A = Treatment Group
lipid emulsion eye drops, 
omega-3 supplements, and lid 
hygiene with eyelid wipes
Group B = Apply warm, wet 
compresses once daily,  
8 minutes per day.

MGD 3 
Months

⩾18 26 Meibomian 
gland 
functionality

Macsai16 I R D Group A: Oral omega-3 dietary 
supplementation:
two 1000-mg capsules 3 times 
a day.
Group B = Placebo (olive oil)

Blepharitis 
and simple 
obstructive 
MGD

12 
Months

⩾18 38 TBUT, meibum 
score, and OSDI 
score

Malhotra 
and 
colleagues17

I R D Both groups received warm 
compresses, lid massage, and 
artificial tear substitutes.
Treatment group: Oral 
supplements of 1.2 g volatile 
FAs per day

Moderate 
MGD

3 
Months

⩾18 60 Measure 
contrast 
sensitivity 
under photopic 
and scotopic 
conditions

Olenik and 
colleagues18

I R D Group A:
Cleaning the lid margins, 
artificial tears, a placebo oral 
agent.
Group B
Cleaning the lid margins with 
neutral baby shampoo and 
artificial tears, omega-3 FA oral 
supplementation

MGD and 
no tear 
stability

3 
Months

23–85 61 TBUT, Schirmer 
I test, OSDI, 
MG Expression, 
Evaluation 
of lid margin 
inflammation, 
interpalpebral 
and corneal 
staining

Abbreviations: A, allocation; D, double (participant, investigator); DED, dry eye disease; FA, fatty acid; I, interventional (clinical trial);  
M, masking; MG, meibomian gland; MGD, meibomian gland dysfunction; OSDI: Ocular Surface Disease Index; P, prevention; PA, parallel 
assignment; Pt, patient; Q, quadruple (participant, care provided, investigator outcome assessor); R, randomized; T, treatment;  
TBUT, tear break up time.
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Patients receiving omega-3 treated group had sig-
nificantly better improvement outcome NaFl-
TBUT compared with patients receiving placebo 
(OR = 8.72; 95% CI: 4.73, 16.09; p < 0.001; 
Figure 2). Heterogeneity was not statistically sig-
nificant using the I2 value of 18.60% and 
p = 0.383. In addition, no publication bias was 
detected using the funnel plot inspection 
(Supplemental S1-Figure 1) and the Egger’s sta-
tistical test (p = 0.15).

The secondary outcome was Schirmer I test, 
OSID, and tear osmolarity. For the Schirmer 
test, Malhotra and colleagues,17 Epitropoulos 
and colleagues,14 and Deinema and col-
leagues13 showed that the Schirmer I score 
improvement are not statistically significant 
in either group.

For OSID, patients receiving omega-3 had a 
significant improvement compared with 
patients receiving placebo, p < 0.005 (Figure 
3). Only two studies included tear osmolarity, 
and both studies showed a statistically signifi-
cant improvement in tear osmolarity in the 
omega-3 group compared with placebo.13,14 
These data suggest that omega-3 improves the 
signs and symptoms of MGD.

Discussion
This systematic meta-analysis review summarized 
the studies that evaluated the effect of omega-3 on 
MGD. This meta-analysis showed that omega-3 
lead to an improvement in MGD signs and 
symptoms using the Na-TBUT data. Statistical 
heterogeneity was not found, with a nonstatisti-
cally significant heterogeneity between estimates 
(I2 = 18.60%, p = 0.383). Finally, the publication 
bias was not detected using the funnel plot inspec-
tion or the Egger’s statistical test (p = 0.15).

The purpose of pooling the studies together is to 
show how effective omega-3 in treating MGD and 
our findings are in line with most of the published 
clinical trials that omega-3 improve the MGD. 
One published article showed that there is a decline 
in the red blood cells and plasma ratios of omega-6 
to omega-3 in patients taking omega-3 nutritional 
supplementation relative to the control group and 
improvements in their overall OSDI score, TBUT, 
and sebum score.16 This is the first evidence of an 
induced change in the saturation content of fatty 
acids in meibum as a result of dietary supplemen-
tation with omega-3 fatty acids.16 Another publica-
tion showed that 1.5 g of oral omega-3 fatty acids 
per day can be beneficial in the treatment of MGD, 
mainly by enhancing tear stability.18

Table 2. Risk of bias summary. Review author’s judgments about each risk of bias item for each included study.

Study ID Deinema  
et al., 2017

Epitropoulos  
et al., 2016

Korb et al., 
2015

Macsai  
2008

Malhotra  
et al., 2015

Olenik et al., 
2013

Random Sequence 
Generation (Selection Bias) 

L L L L H U

Allocation Concealment 
(Selection Bias) 

L U L L H U

Blinding of Participants and 
Personnel (Performance 
Bias) 

L U H L H U

Blinding of Outcome 
Assessment (Detection Bias) 

L U H L H L

Incomplete Outcome Data 
(Attrition Bias) 

L L L L L L

Selective Reporting 
(Reporting Bias)

L L L L L L

Other Bias L L L L L L

U=Unkown risk of bias, Insufficient information, L= Low risk of bias, H= High risk of bias, High= 75 % & Low=25 %
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Epitropoulos and colleagues14 showed that statis-
tically significant improvements in tear osmolar-
ity, omega-3 index levels, invasive Na-TBUT, 
MMP-9, and OSDI symptom scores are corre-
lated with oral consumption of re-esterified 
omega-3 fatty acids. Schirmer test with anesthesia 
of the treated group versus the placebo group was 
not statistically significant.

Deinema and colleagues13 showed that both 
forms of long chain omega-3 in moderate daily 
dose for 3 months led to lower tear osmolarity 
and improved tear stability in individuals with dry 
eye disease. In addition, there was statistically sig-
nificant improvement in invasive NaFl-TBUT 
and no change in noninvasive TBUT (NITBUT) 
between the two groups. Furthermore, Schirmer 

Model Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-Value p-Value

Dienema 5.021 2.747 9.178 5.244 0.000
Malhotra 2.185 1.228 3.885 2.660 0.008

Fixed 3.249 2.142 4.927 5.545 0.000
Random 3.295 1.458 7.449 2.866 0.004

0.01 0.1 1 10 100

Favours A Favours B

Meta Analysis

Figure 3. Forrest plot depicting pooled analysis of the % of OSDI improvement of the treated group versus the 
control group.

Figure 2. Forrest plot depicting pooled analysis of the % of TBUT improvement of the treated group versus the 
control group.
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test score was not statistically significant—the use 
or nonutilization of topical anesthetics was not 
disclosed.

Malhotra and colleagues17 showed that oral supple-
mentation of omega-3 fatty acids considerably 
enhanced contrast sensitivity in patients with mod-
erate MGD under photopic and mesopic testing 
conditions. The stability of the tear film significantly 
improved while there was no impact on aqueous 
tear production.17 In addition, the invasive NaFl-
TBUT showed statistically significant improve-
ments between the two groups. The Schirmer test 
score without anesthesia was not significant.

Korb and colleagues15 have shown that the com-
bination treatment regimen of lipid emulsion eye 
drops, eyelid cleansing wipes, and omega-3 vita-
min supplements has resulted in significant 
improvements in the functionality of meibomian 
gland and dry eye symptoms.

Olenik and colleagues18 showed that the treatment 
group had significantly improved the OSID score, 
NaFl-TBUT, and Schirmer test without anesthe-
sia in 3 months. This is the only article that showed 
significant improvements in the Schirmer test 
without anesthesia in the six studies.

Macsai16 was the only study that evaluated the 
MGD signs and symptoms at 1 year, rather than 
3 months. It was the longest study period of the 
studies assessed here. This study showed that 
there was an improvement in OSID score and 
NaFl-TBUT, but no improvement in Schirmer 
test with anesthesia in 12 months.

This meta-analysis review confirmed some limita-
tions on the interpretation of the results of our 
study results that need to be acknowledged. One 
study only showed the results in 12 months and 
did not show the 3 months results, so it could not 
be included in the present meta-analysis. In addi-
tion, invasive NaFl-TBUT data were used in this 
review due to the lack of data of NITBUT in the 
selected RCTs. It has been shown that NITBUT 
had higher sensitivity and more precision than 
invasive NaFl-TBUT.23–28 It is suggested that 
future studies should consider noninvasive or 
other less variable measures for TBUT.

The meta-analysis suggests that omega-3 supple-
ments are indicated. In addition, this systematic 
review provides enough evidence to show the impor-
tance of omega-3 intervention in MGD patients.

Omega-3 has been beneficial in many diseases 
such as cardiovascular disease, cancer, Alzheimer’s 
disease, dementia, and rheumatoid arthritis. In 
addition, omega-3 has been beneficial for eye dis-
eases such as age-related macular degeneration, 
and this systematic review emphasizes its protec-
tion against MGD and DES. Most clinical tests 
used in clinics to help diagnose MGD are TBUT, 
Schirmer’s test, tear osmolarity, and OSDI. One 
of the important tests used is TBUT; this review 
emphasizes the precision of NITBUT compared 
with invasive NaFl-TBUT which may suggest the 
importance of NITBUT in clinical practice.

Our study combined the data from the six studies 
that passed the inclusion criteria; hence, we are 
confident that our findings are accurate. However, 
it is important to discuss the meta-analysis limita-
tions, which are as follows: first, the sample size is 
only 350 subjects, which may represent a small 
sample size that may suggest a publication bias 
compared with larger sample size.29 However, 
this highlights the lack of studies in this area. On 
the other hand, the larger the sample size, the 
more heterogeneity in selecting participants.30 
Second, the included studies had the longest fol-
low-up period of 3 months, because most studies 
had 3 months follow-up. The next step will be to 
understand the longer-term impact of omega-3, 
for instance, at 6 and 12 months post-treatment. 
This concludes that the limited number of studies 
highlights the lack of research in this field, as well 
as the need for further potential research to study 
the short-term effect of omega-3 in dry eyes.

Conclusions
A moderate daily dose of omega-3 may be benefi-
cial therapeutic for meibomian gland dysfunction.
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