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Effects of dietary supplementation with fish oil on dry eye syndrome sub-
jects: randomized controlled trial
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ABSTRACT
The purpose of this study was to evaluate the efficacy of fish oil supplementation added to usual 
dry eye treatment in dry eye subjects in a randomized controlled trial. Twenty-seven typical dry 
eye subjects were selected from 43 candidates by the diagnostic criterion for dry eye in this study. 
They were assigned to the randomized fish oil group (n = 15) or the placebo group (n = 12). Fish 
oil group ingested fish oil capsules containing eicosapentaenoic acid (EPA, 1245 mg/day) and doc-
osahexaenoic acid (DHA, 540 mg/day) for 12 weeks. Placebo group ingested placebo capsules 
without EPA or DHA. A visual analog scale test estimating subjective symptoms, the Schirmer I 
test, tear film break-up time (BUT) measurement, fluorescein staining, and rose bengal staining 
were performed every 4 weeks during the 12-week supplementation period and 4-week washout 
period. The subjective symptom of “eye pain”, BUT, and changes in rose bengal staining score of 
the fish oil group were significantly improved after 8–12 weeks of supplementation and/or 4 
weeks of washout, compared to those of the placebo group. These results suggest that fish oil sup-
plementation added to usual care may be effective in the treatment of dry eye.

Dry eye disease is a multifactorial disease of the 
tears and ocular surface that results in symptoms of 
discomfort, visual disturbance, and tear film instabil-
ity with potential damage to the ocular surface (4). 
Based on data from the largest epidemiologic stud-
ies of dry eye to date, the Women’s Health Study 
(11), and other studies (10, 12), it has been estimat-
ed that about 3.23 million American women 50 
years and older have dry eye disease (13). A recent 
study estimated the prevalence of definite dry eye 
disease to be 10.1% in male subjects and 21.5% in 
female subjects among young and middle-aged Jap-
anese office workers (17). This discrepancy by sex 

may be explained by the dysfunction of tear and oil 
secretion from the lacrimal and meibomian glands, 
which has been reported to be regulated by sex hor-
mones (9, 15, 16).
　Recently, there have been reports noting that nu-
trients from diets were involved in the pathogenesis 
of dry eye. Miljanović et al. reported that the preva-
lence rate of dry eye was significantly lower in peo-
ple with a high n-3 polyunsaturated fatty acids 
(PUFA) intake compared to those with a low n-3 
PUFA intake in the analysis of 32,470 healthy wom-
en from 45 to 84 years old (5). Moreover, they re-
ported that the diagnosis of dry eye was significantly 
lower in the population with a high intake of tuna 
containing n-3 PUFA, and the diagnosis of dry eye 
was significantly higher in the population with a Address correspondence to: Tetsuya Kawakita, MD, 
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years old, and informed consent for study participa-
tion was obtained from all subjects before the 
screening test. Dry eye subjects were selected by 
the following inclusion and exclusion criteria. In the 
supplemental period, taking of supplements other 
than the experimental supplements was prohibited. 
Subjects were instructed to maintain their normal 
food and exercise habits. All eligible subjects were 
randomly allocated to the fish oil or placebo group 
by using a random number table. All usual dry eye 
treatments such as eye-drops, but not supplementa-
tion, were maintained during this experiment in all 
subjects. These treatments were different among in-
dividuals.

Inclusion criteria. Both new patients and previous 
dry eye patients were included in this study. The di-

high ratio of n-6 PUFA/n-3 PUFA. Furthermore, 
other groups reported that the composition of the 
lipid layer of tear fluid was involved in the tear film 
break-up time (BUT) and the rate of tear evapora-
tion (8) and that n-3 PUFA such as eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA) were 
delivered to the lacrimal gland and retina from diets 
containing n-3 PUFA in rats (14). Thus, we hypoth-
esized that supplementation with fish oil containing 
n-3 PUFA such as EPA and DHA improves dry eye 
syndrome by affecting the tear lipid layer and en-
hancing tear stability.
　Subjective symptoms including dryness and irrita-
tions were added in diagnosis criteria of dry eye 
disease from 2006 in Japan (18). Therefore, tear sta-
bility, fluorescein staining, rose bengal (RB) stain-
ing, and subjective symptoms of dry eye were 
selected as the primary evaluation item for this 
study. In this study, we evaluated the efficacy of fish 
oil supplementation for dry eye patients.

MATERIALS AND METHODS

Experimental supplements. For the fish oil group, 
we used a commercially available fish oil supple-
ment that contains EPA and DHA in the form of a 
soft gel capsule (Nippon Suisan Kaisha, Ltd., To-
kyo). For the placebo group, we made a placebo 
supplement that did not contain EPA or DHA. The 
placebo supplement contained mainly middle chain 
triglycerides as edible oil. The fatty acid composi-
tion of capsules and the daily dose of EPA and 
DHA of experimental supplements are shown in Ta-
ble 1.

Experimental design. This study was a double-blind, 
randomized, parallel-group, and placebo-controlled 
trial. The supplementation period was 12 weeks, and 
the washout period was 4 weeks. Measurements were 
carried out before supplementation and after 4, 8, 
and 12 weeks of supplementation and after 4 weeks 
of washout. Subjects took five capsules (460 mg/
capsule) at breakfast, lunch, and dinner every day 
(15 capsules/day). We evaluated the changes in the 
objective and subjective symptoms of dry eye by 
the visual analog scale (VAS) test, tear BUT mea-
surement, Schirmer I test, fluorescein staining score, 
and RB staining score. This study was performed 
according to the Helsinki Declaration and was ap-
proved by the institutional review boards at Keio 
University School of Medicine (Tokyo).

Subjects. Subjects were males and females over 40 

Table 1�　Fatty acid composition (weight percent of total fat-
ty acids) of dietary supplement and the daily dose of EPA 
and DHA

Fish oil Placebo
Fatty acid

8:0 (%)  0.3 83.3
10:0 (%)  0.3 15.5
12:0 (%)  0.2  0.2
14:0 (%)  4.6 ND
15:0 (%)  0.2 ND
16:0 (%)  5.7 ND
16:1 (%)  8.2 ND
16:2 (%)  1.7 ND
16:3 (%)  3.1 ND
16:4 (%)  6.0 ND
17:0 (%)  0.2 ND
17:1 (%)  0.2 ND
18:0 (%)  0.4 ND
18:1 (%)  8.3  0.7
18:2n-6 (%)  1.1  0.3
18-3n-3 (%)  0.8 ND
18-4n-3 (%)  4.8 ND
20:1 (%)  0.3 ND
20:2n-6 (%)  0.3 ND
20:4n-6 (%)  1.0 ND
20:4n-3 (%)  1.0 ND
20:5n-3 EPA (%) 29.6 ND
21:5n-3 (%)  1.2 ND
22:5n-6 (%)  0.4 ND
22:5n-3 (%)  2.6 ND
22:6n-3 DHA (%) 12.9 ND
24:1 (%)  0.2 ND
unidentified (%)  4.4  0.0

EPA mg/day 1245 0
DHA mg/day  540 0

*ND, not detected.
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ment, and time × treatment were evaluated by two-
way repeated-measures ANOVA. To compare the 
groups at certain times, we used a Mann-Whitney U 
test. Statistics were calculated using the StatView 
software package (Windows Version J 5.0, Abacus 
Concepts, Berkeley, CA). The significance level was 
set at P < 0.05.

RESULTS

Analyzed subject number
Twenty-seven dry eye subjects were selected from 
43 candidates by the inclusion and exclusion crite-
ria. During the supplementation period, one subject 
dropped out because of the reason other than the 
present experiment, and final data were calculated 
from 26 subjects (20 females and 6 males). Thirty 
eyes from 15 subjects in the fish oil group (10 fe-
males, 5 males; mean age: 52.5 ± 2.5 years) and 22 
eyes in the placebo group (10 females, 1 male; mean 
age 51.9 ± 2.2 years) were evaluated in this study.

Subjective symptoms
The VAS score of eye pain after 12 weeks of sup-
plementation in the fish oil group was significantly 
improved compared with the placebo group (Fig. 1a). 
In the dry sensation score, there were no significant 
differences between the two groups (Fig. 1b).

Tear film break-up time
In the BUT score, significant differences were ob-
served at 12 weeks after supplementation and after 
the 4-week washout period between the two groups 
(Fig. 2a).

Schirmer test
There were no significant differences between the 
two groups in the Schirmer I test results (Fig. 2b).

Fluorescein staining score
In the fluorescein staining score, there was no sig-
nificant difference between the two groups (Fig. 3a). 
Changes in the fluorescein staining score were also 
not significantly different between the two groups 
(Fig. 3b).

Rose bengal staining score
In the RB staining score, there was no significant 
difference between the two groups (Fig. 3c). Chang-
es in the RB staining score after 8 and 12 weeks of 
supplementation in the fish oil group were signifi-
cantly improved compared to those in the placebo 
group (Fig. 3d).

agnosis of dry eye was made by the following Japa-
nese criteria: 1) presence of symptoms of dry eye, 2) 
abnormality of tear production as determined by the 
Schirmer I test (<5 mm after 5 min) or presence of 
tear film instability as determined by tear film BUT 
(<5 s), and 3) positive ocular surface RB (>3 points) 
or fluorescein vital staining (>3 points).

Exclusion criteria. Subjects with a severe disorder 
of the ocular surface such as Stevens-Johnson syn-
drome or ocular pemphigoid, with a systemic illness 
such as diabetes, hypertension, or autoimmune dis-
ease, taking supplements containing EPA or DHA, 
with hemophilia, gastrointestinal ulceration, urinary 
tract hemorrhage, hemoptysis, vitreous hemorrhage, 
or hemorrhagic tendency, treated by an ophthalmo-
logic surgery within the previous 6 months, treated 
by punctal plug within the previous 1 month, or 
wearing contact lenses were excluded.

Measurement of subjective symptoms. We examined 
the changes of the subjective symptoms of eye pain 
and dry sensation before and after the supplementa-
tion period by a VAS test. In the case of eye pain, 
we used the form written as “I have no eye pain” (0) 
and “I feel extreme eye pain” (100) on the extreme 
ends of a 100-mm line.

Tear function tests and ocular surface vital staining. 
The standard tear film BUT measurement was per-
formed. One percent fluorescein dye was instilled 
into the conjunctival sac as previously reported (3, 
6). The interval between the last complete blink and 
the appearance of the first corneal black spot in the 
stained tear film was measured three times, and the 
mean value of the measurements was calculated. 
This was followed by staining with 1% RB solution. 
Fluorescein and RB stainings of the ocular surface 
were noted and scored. Both fluorescein and RB 
staining scores ranged between 0 and 9 points. Any 
score above 3 points was regarded as abnormal. For 
further evaluation of tears, the Schirmer I test with-
out anesthesia was performed. The standardized 
strips of filter paper (ZONE-QUICK; Showa Yakuhin 
Kako Co., Ltd., Tokyo) were placed in the lateral 
canthus away from the cornea and left in place for 
five minutes with the eyes closed (6). Readings 
were recorded in millimeters of wetting for five 
min. A reading of less than 5 mm was referred to as 
an aqueous deficiency.

Statistical analysis. Data are expressed as the means
± the standard error (SE). The effects of time, treat-
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the washout of fish oil supplementation. Moreover, 
side effects and dropouts caused by supplementation 
were not observed in this study. These results sug-
gest that fish oil supplementation is a safe and 
worthwhile additional treatment for dry eye.
　Wojtowicz et al. recently reported that average 
tear production and tear volume were increased in a 
group of patients taking an n-3 PUFA supplement 
containing 450 mg EPA, 300 mg DHA, and 1000 mg 
flaxseed oil for 90 days (19). However, since these 
improvements did not achieve statistical signifi-
cance, the efficacy of n-3 PUFA for dry eye was not 
clear in that study. In the present study, we showed 
the efficacy of n-3 PUFA supplementation for the 
improvements of subjective symptoms, BUT, and 
RB staining score in the dry eye patients.
　In the Schirmer I test, although there were no sig-

DISCUSSION

In the present study, supplementation with fish oil 
containing EPA and DHA appeared to improve dry 
eye symptoms in the patients. We examined the ef-
fectiveness of fish oil supplementation for dry eye 
patients alongside usual dry eye treatment such as 
eye-drops in this study. Although the symptoms of 
the placebo group were also improved because of 
the usual treatment and/or placebo effects, it was 
suggested that fish oil supplementation accelerates 
recovery from dry eye symptoms compared to the 
recovery time with the usual treatment in this study. 
Furthermore, the improvement of the BUT in the 
fish oil group was also observed after the 4-week 
washout period. This result suggests that the treat-
ment effect of fish oil continues for 4 weeks after 

Fig. 2　(a) Tear break-up time and (b) Schirmer I test scores before and after supplementation for 12 weeks and after 4 
weeks of washout in the fish oil group (n = 30 eyes) or the placebo group (n = 22 eyes). Each value is the mean ± SE. *P <
0.05 vs. placebo group by Mann-Whitney U test. There were no significant differences between the two groups overall by 
two-way ANOVA.

Fig. 1�　Subjective symptoms of (a) “eye pain” and (b) “dry sensation” before and after supplementation for 12 weeks and 
after 4 weeks of washout in the fish oil group (n = 15) or the placebo group (n = 11). Each value is the mean ± SE. *P <
0.05 vs. placebo group by Mann-Whitney U test. There were no significant differences between the two groups overall by 
two-way ANOVA.
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nificant differences between the two groups, the 
BUT score in the fish oil group was significantly 
extended compared with the placebo group. These 
results suggest that tear stability was improved by 
fish oil supplementation, although tear volume was 
not affected in the present experimental condition. 
Wojtowicz et al. reported that tear stability was not 
changed by the n-3 PUFA supplementation for 90 
days (EPA 450 mg/day, DHA 300 mg/day, and flax-
seed oil 1000 mg/day) (19), and Craig et al. report-
ed that tear stability was enhanced by increasing the 
thickness of tear lipid layer (2). Thus, the lipid layer 
of tears may have been thickened by the present fish 
oil dose (EPA 1245 mg/day and DHA 540 mg/day), 
because the tear stability was improved in this study. 
We are planning the study to examine whether fish 
oil supplementation thickens tear lipid layer in mice. 
Furthermore, since the patients with poor lipid se-
cretion from the meibomian gland exhibited in-
creased tear evaporation and decreased BUT (7), the 
improvement of BUT in the fish oil group in this 
study may have been achieved by enhancing lipid 

secretion from the meibomian gland. We are also 
planning the study to elucidate whether fish oil sup-
plementation is effective for meibomian gland dys-
function patients.
　In the present study, the improvement of BUT in 
the fish oil group after 12 weeks of supplementation 
did not reach the normal level (>5 s). Further re-
search is needed to determine whether fish oil sup-
plementation for longer than 12 weeks can accelerate 
the treatment effects and improve the BUT score to 
a normal level. However, since additive effects for 
usual treatments of dry eye were confirmed in this 
study, clinical value of fish oil supplementation is 
thought to be high in dry eye patients. Although 
there are some treatment approaches for dry eye 
such as artificial tears, punctal plug therapy, and au-
tologous serum application (1), fish oil supplementa-
tion may have additive effects for these dry eye 
treatment approaches.
　The changes in RB staining score in the fish oil 
group were significantly improved compared with 
those in the placebo group. This result suggests that 

Fig. 3　(a) Fluorescein staining scores, (b) changes in fluorescein (FS) staining scores, (c) rose bengal staining (RB) 
scores, and (d) changes in RB staining scores before and after supplementation for 12 weeks and after 4 weeks of wash-
out in the fish oil group (n = 30 eyes) or the placebo group (n = 22 eyes). Each value is the mean ± SE. *P < 0.05 vs. place-
bo group by Mann-Whitney U test. There were no significant differences between the two groups overall by two-way ANOVA 
(a, b, c). There was a significant difference between the two groups overall by two-way ANOVA (d).
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fish oil supplementation improves mucin disorders 
of the keratoconjunctival epithelium. The improve-
ment mechanism is thought to be the result of the 
improvement of tear stability observed in the BUT 
score changing. Moreover, it is possible that fish oil 
supplementation directly affects conjunctival goblet 
cells secreting mucin. We are studying the precise 
mechanisms of the improvement of mucin layer by 
fish oil supplementation in experimental animals.
　In summary, our results suggested that daily oral 
administration of EPA 1245 mg and DHA 540 mg 
for 12 weeks improved “eye pain” subjective symp-
tom, BUT score, and discontinuity of the mucin lay-
er assessed by RB staining in the dry eye patients. 
The improvement of the “eye pain” subjective 
symptom was presumed to be induced by the en-
hancement of tear stability and the improvement of 
the mucin disorders. We believe fish oil supplemen-
tation is a clinically valuable additional treatment 
for dry eye patients.
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