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Purpose: To evaluate the efficacy of oral antioxidant supplementation in the treatment of
patients with dry eye syndrome (DES).
Methods: A prospective, randomized, double-blinded study compared the effects of an
antioxidant supplement (containing anthocyanosides, astaxanthin, vitamins A, C, and E, and
several herbal extracts, including Cassiae semen and Ophiopogonis japonicus) with placebo
on patients with DES. We assessed dry eye symptoms, visual acuity, Schirmer’s test, tear film
breakup time, cornea and conjunctiva fluorescein staining, serum anti-SSA/anti-SSB antibodies,
and the level of reactive oxygen species (ROS) in tears. The supplementation period was 8 weeks
and patients were followed up every 4 weeks for 16 weeks. A linear mixed model was used to
compare the groups, while within-group differences were tested by repeated-measures analysis
of variance.
Results: Forty-three patients, 20 and 23 in treatment and placebo groups, respectively, completed the study. Liver and renal functions were normal. Diastolic blood pressure decreased in
the treatment group. There were no significant differences in systolic blood pressure, dry eye
symptoms, serum anti-SSA and anti-SSB, visual acuity, intraocular pressure, or fluorescein
corneal staining between the groups. Tear film breakup time scores and Schirmer’s test without
topical anesthesia significantly improved in the treatment group. Tear ROS level differed between
the groups and decreased after treatment. Overall subjective impression revealed a significant
improvement with treatment compared with placebo.
Conclusion: Oral antioxidant supplementations may increase tear production and improve tear
film stability by reducing tear ROS. The vegetable-based antioxidant supplement used in this
study is safe and can be utilized as an adjuvant therapy to conventional artificial tear therapy
for patients with DES.
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Dry eye syndrome (DES) is a disorder of tear deficiency or excessive tear evaporation
resulting in an unstable tear film. Typical symptoms comprise dryness, burning
sensation, visual disturbance, and sandy-gritty eye irritation. Dry eye is associated
with chronic inflammation in the functional unit of the lacrimal gland–ocular surface
and can damage the ocular surface. The prevalence of DES increases with age and
affects approximately one-third of the elderly population.1,2 Traditional treatments for
DES are supplementation of artificial tears or punctal occlusion, in order to increase
the volume of the tear film or reduce drainage.3 However, artificial tear substitutes can
only temporarily relieve dry eye discomfort. Inflammation has been shown to play a
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role in DES; therefore, anti-inflammation medications, such
as short-term steroids or long-term cyclosporine A, have
demonstrated promising results.3–5
Dietary nutrients have been shown to be involved in the
pathogenesis of DES.6,7 Essential fatty acids play a role in
the inflammation process.8 Systemic omega-3 can mediate
inflammation and has been used to treat DES, particularly
in cases associated with meibomian gland dysfunction.9,10
Oral antioxidants, such as vitamin A or multivitamins, can
improve tear film stability and the health of the conjunctival
surface.11,12 Free radicals can attack the cellular plasma
membrane and cause cell damage and death.13 They can also
damage the epithelial tissues of the conjunctiva, the lacrimal
glands, and tear-secreting tissues. Exposure to ozone can
degrade tear proteins and cause chronic dysfunction of the
tear film.14 Antioxidants can protect against free radicals and
may help conjunctival tissues in the provision of a stable
tear film.15
In this study, we evaluated the efficacy of an oral antioxidant supplement (a combined formula of antioxidants and
crude extracted additives from several herbal plants) in the
treatment of DES, compared with placebo. We also evaluated
the activity of its antioxidants by measuring reactive oxygen
species (ROS) in tears.

Patients and methods
This prospective, randomized, double-blinded study was
performed at the National Taiwan University Hospital,
and the study protocol (ID: 201101005MA) was approved
by the Institutional Review Board of the National Taiwan University Hospital. The study was conducted in
accordance with the tenets of the Declaration of Helsinki.
After obtaining written informed consent from patients
and clinical screening, patients with DES were enrolled
in the study and randomized into either the treatment or
placebo group.

Experimental supplements
For the oral antioxidant group, we administered a commercially available antioxidant supplement containing anthocyanosides, astaxanthin, vitamins A, C, and E, and crude
extracted additives from several Chinese herbal extracts
(including Cassiae semen and Ophiopogonis japonicus) in the
form of caplet (Acrobio Healthcare Inc., Taichung, Taiwan).
These herbal extracts possessed some anti-inflammatory
properties. The composition of caplets is shown in Table 1.
For the placebo group, we created a placebo supplement
containing starch with natural food coloring; it did not contain
any antioxidants.
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Table 1 Oral antioxidant supplement caplet composition
Component

Weight (mg)

Lycii fructus extract (10:1)
Astaxanthin (10%)
Bilberry extract (40% anthocyanosides)
Vitamin A 1,500 IU
Vitamin C
Vitamin E (50%)
Selenium yeast (0.22%)
Zinc gluconate (12.5%)
Vitamin B complex
Herbal food additives (Cassiae semen,
Ophiopogonis japonicus)
Starch and magnesium stearate

200
20
120
3
50
30
5
10
3
200
274

Experimental design
This study was a double-blinded, randomized, parallelgroup, and placebo-controlled trial aimed to evaluate the
efficacy and safety of an oral antioxidant supplement in
the treatment of DES. Patient inclusion criteria comprised:
age above 20 years and below 75 years and at least two of
the following five symptoms: burning sensation, dry eye
sensation, itching, pain, or foreign body sensation. Also,
they were required to meet one of the following criteria in at
least two examinations: basal Schirmer’s test values 5 mm
at 5 minutes after topical 0.5% proparacaine anesthesia, tear
film breakup time (TFBUT) 10 seconds, or positive corneal
fluorescein staining. The exclusion criteria comprised ocular
trauma within the 4 weeks prior to screening, previous ocular
surgery, nasolacrimal obstruction, known hypersensitivity
to traditional Chinese herbal or any other ingredient in the
formula, pregnancy, lactation, and use of oral contraceptive
drugs. During the study period, the intake of the following
drugs or health food supplements was forbidden: any formula
containing supplements of lutein, zeaxanthin, vitamin A, or
omega-3; topical azithromycin; steroids; cyclosporine A;
pilocarpine eye drops; tetracycline ointment; oral tetracycline; doxycycline; and androgen supplements. All patients
took ordinary diet as usual and did not change it much during
this trial period.
After undergoing screening at an outpatient clinic, all
enrolled patients entered a washout period for 2 weeks.
During washout and supplementation periods, artelac (0.32%
hypromellose; Bausch & Lomb Incorporated, Bridgewater,
NJ, USA) was administered four times daily or the patients’
previously prescribed artificial tears were continued. Each
patient received a caplet of the supplement or placebo twice
daily for 8 weeks. Patients were followed up for an additional
8 weeks after discontinuing supplementation. Patients were
followed up every 4 weeks for 16 weeks. They received
regular physical and ocular examinations, and laboratory
Clinical Ophthalmology 2016:10
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testing of ROS levels in tears was performed at every visit.
Physical examinations included blood pressure of the right
arm, heart rate, and body temperature. Ocular examinations
included best-corrected visual acuity (BCVA), intraocular
pressure (IOP), slit-lamp biomicroscopy, fluorescein staining,
TFBUT, and Schirmer’s tests with and without 0.5% proparacaine anesthesia. Blood tests, including complete blood
cell count, liver transaminases, creatinine, and serum value
of anti-SSA and anti-SSB antibodies, were performed just
before the initiation of treatment, at the end of the 8-week
treatment period, and at the end of the 16-week study.

ROS measurements by luminoldependent chemiluminescence assay
Tears were collected by cellulose acetate filter paper from
Schirmer’s test and immediately stored in liquid nitrogen
after Schirmer’s test for ROS measurement. ROS formation was measured by a chemiluminescence assay using
luminol (5-amino-2,3-dihydro-1,4-phthalazinedione). The
luminometer measured chemiluminescence after luminol
was added. ROS production of tear samples was counted in
a dark chamber of the chemiluminescence analyzing system
(CLD-FS1; Tohoku Electronic Industrial Co., Sendai, Japan).
The total amount of chemiluminescence was calculated by
integrating the area under the curve and subtracting it from
the background level. Samples were assayed, and the output
was expressed as chemiluminescence counts/10 seconds for
samples in luminol. Negative results of chemiluminescence
counts were labeled zero and indicated no response. The
output of each sample was divided by the total length
(millimeters) of cellulose acetate filter paper containing
tears, for further comparison of the severity of ROS-induced
oxidative stress in samples.
Subjective evaluation included the following five
symptoms: burning sensation, dry eye sensation, foreign
body sensation, itching, and pain. The severity of these
symptoms was scored according to four levels: 0 (none),
1 (mild), 2 (moderate), and 3 (severe). Objective evaluation
included Schirmer’s tests with and without 0.5% proparacaine anesthesia, BCVA, IOP, TFBUT, and ocular surface
examination by biomicroscopy. An overall impression for the
treatment effect was also evaluated at the end of the study.
Records of ocular surface presentation included discharge,
foamy tears, conjunctival redness, and fluorescein staining
of the conjunctiva and cornea. The severity of these parameters was also scored according to four levels: 0 (none),
1 (mild), 2 (moderate), and 3 (severe). Biomicroscopic
examinations and the evaluation of these parameters were
all performed by Dr Hou at each visit. Subjective evaluation
Clinical Ophthalmology 2016:10
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and measurements of BCVA, IOP, and blood pressure were
performed by clinical technicians. Tear ROS measurements
were performed by laboratory technicians. These different
observations were all in masked fashion.

Sample size estimation
Because there was no similar study to evaluate the effect of
the same antioxidant in dry eye management, we assumed
that the results of Schirmer’s test would be improved
after treatment with 8-week oral antioxidant supplement.
We proposed a sample size of 23 eyes from 23 subjects
in each group will have 80% power to detect a difference
of 1.5 mm/5 minutes in Schirmer’s test and by assuming a
common standard deviation of 2.0 mm/5 minutes using a
two group t-test at a one-sided significance level of 0.05.
By assuming a 20% dropout rate, we planned to recruit
28 patients in each group in our study.

Statistical analysis
Statistical analysis was performed using Statistical Package
for the Social Sciences for Windows Version 19.0 (IBM
Corporation, Armonk, NY, USA). Measurements of both
eyes from the same individual were included for data
analysis. Since the measurements obtained from the right
and left eyes of a patient are often correlated, a linear mixed
model was used to determine significant differences in
scale variables between groups. Within-group differences,
before and after treatment, in scale variables were tested by
repeated-measures analysis of variance. If there was a significant difference, post hoc analysis was performed using
the Bonferroni method. Since the serum values of anti-SSA
and anti-SSB antibodies did not follow a normal distribution,
intergroup differences of these parameters were analyzed
by Mann–Whitney U-test. For categorical variables, the
chi-square test was used. A P-value 0.05 was considered
to be statistically significant.

Primary endpoint
The primary aim of this study was to evaluate the efficacy of
this antioxidant supplement in dry eye patients compared with
placebo. Therefore, the primary endpoints were improvement
of TFBUT and Schirmer’s test at week 8.

Secondary efficacy endpoint
The secondary efficacy endpoints were to evaluate the
changes in physical examinations, the results of blood
tests, and the level of ROS in tears, subjective symptoms,
and objective signs including severity scores of slit-lamp
microscopy, conjunctival and corneal fluorescein staining
submit your manuscript | www.dovepress.com
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before treatment, during treatment, and after the discontinuous
treatment.

Visit

Placebo
group

Treatment
group

P-valuea

A total of 66 patients were enrolled in this study and 43 of
these completed the study, comprising 20 patients in the
treatment group and 23 patients in the placebo group. The
reasons for discontinuation were personal or family wish
(16 patients), protocol deviation (five patients), and the
occurrence of adverse events (two patients). Of the two
cases of adverse events, one patient presented symptoms of
gastritis and the other had unrelated acute tonsillitis after
upper respiratory infection. Due to the significant dropout
rate in both groups, a per-protocol analysis was used to
evaluate the efficacy of oral antioxidant supplementation
in this study.
At baseline, there were no differences in demographic
data and measurement parameters between the treatment
and placebo groups. There were no significant differences
of severity grading of the dry eye at baseline between the
two groups. The mean patient age was 58.09±10.5 years
in the placebo group and 62.2±8.9 years in the treatment
group (P=0.177, independent t-test). There was no significant difference in sex distribution between the two groups
(ten men and 13 women in the placebo group, seven men
and 13 women in the treatment group; P=0.571). The blood
cell results showed no difference between the two groups in
relation to white blood cells, red blood cells, platelets, and
the hemogram (data not shown). The liver transaminases
and blood creatinine levels were normal and did not change
after supplementation treatment in both groups. There were
no differences in body weight or temperature between the
two groups and no changes between before and after treatment (data not shown). Blood pressure measurements did
not reveal any differences in systolic pressure between the
groups; however, a significant reduction in diastolic pressure
was recorded in the treatment group at visit 2 (Tables 2 and 3).

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

78.5±12.6
79.6±12.9
76.8±11.3
76.7±12.2
79.2±14.1
0.883

78.9±13.7
73.3±5.1
73.8±11.2
76.0±10.3
75.5±15.7
0.682

0.921
0.032
0.399
0.851
0.443

Table 2 Systolic blood pressure (mmHg) given as mean ±
standard deviation

Table 4 Schirmer’s test without 0.5% proparacaine anesthesia
(mm/5 minutes) given as mean ± standard deviation

Visit

Placebo
group

Treatment
group

P-valuea

Visit

Placebo
group

Treatment
group

P-valuea

Visit 1 (day 0)
Visit 2 (week 4)

134.8±23.5
129.5±24.3

130.6±15.3
125.5±14.9

0.500
0.365

Visit 3 (week 8)

126.0±21.5

122.7±15.6

0.569

Visit 4 (week 12)

129.2±20.8

129.9±18.5

0.897

Visit 5 (week 16)
P-valueb

133.3±23.2
0.659

126.1±16.6
0.615

0.250

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

7.11±5.64
8.00±6.42
5.72±3.80
6.48±5.52
7.13±4.43
0.487

6.58±4.81
7.63±5.56
7.79±4.50
7.95±7.32
8.60±5.42
0.729

0.638
0.772
0.027
0.302
0.177
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Notes: aIndependent t-test; brepeated-measures analysis of variance.
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Notes: aIndependent t-test; brepeated-measures analysis of variance.

Although there were no significant differences at visit 3, the
mean diastolic pressure was relatively reduced in the treatment group. There was no significant difference in heart rate
between the groups.
The BCVA (logarithm of the minimum angle of resolution) and IOP did not significantly change before and after
treatment in both groups (data not shown). In the scores of
the five subjective symptoms (burning sensation, dry eye
sensation, itching, pain, and foreign body sensation), there
were no significant differences between the two groups.
Schirmer’s test without topical anesthesia was significantly
different between the treatment group and the placebo group
at 8 weeks of supplementation (7.79±4.50 vs 5.72±3.80
mm/5 minutes, P=0.027) (Table 4); however, there was no
difference in Schirmer’s test under topical 0.5% proparacaine anesthesia between the two groups (Table 5). There
were no significant differences in the clinical assessments
of discharge, foamy tears, conjunctival redness, and fluorescein staining of the conjunctiva and cornea between the
two groups; however, corneal fluorescein staining improved
after 2 months of supplementation (Table 6). With regard
to TFBUT scores, significant differences were observed
between the two groups at 4 weeks after supplementation;
the scores showed significant improvement after treatment in the treatment group, but not in the placebo group
(Table 7).

Notes: aLinear mixed model; brepeated-measures analysis of variance.
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Table 5 Schirmer’s test with 0.5% proparacaine anesthesia
(mm/5 minutes) given as mean ± standard deviation

Table 7 Tear film breakup time (seconds) given as mean ±
standard deviation

Visit

Placebo
group

Treatment
group

P-valuea

Visit

Placebo
group

Treatment
group

P-valuea

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

3.70±3.66
3.61±2.11
3.13±2.00
3.50±2.38
3.91±2.83
0.601

3.35±2.64
3.43±2.39
3.82±2.79
3.60±2.93
3.60±2.57
0.973

0.614
0.708
0.209
0.864
0.592

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

3.22±2.09
3.41±1.61
4.00±2.06
3.46±1.76
3.30±2.06
0.328

3.80±2.27
4.70±2.68
4.33±2.06
3.38±1.68
2.53±1.30
0.001*

0.221
0.010
0.467
0.827
0.037

Notes: aLinear mixed model; brepeated-measures analysis of variance. *Post hoc
analysis (Bonferroni method) showed a significant difference between visit 2 and visit
4 (P=0.043), visit 2 and visit 5 (P0.001), and visit 3 and visit 5 (P=0.001).

Notes: aLinear mixed model; brepeated-measures analysis of variance.

The levels of ROS in the tears without topical anesthesia
significantly reduced after 8 weeks of treatment in the treatment group, but not in the placebo group (Table 8). The levels
of tear ROS in the treatment group reduced after treatment and
increased after the treatment was discontinued. The levels of
ROS in the tears under 0.5% proparacaine anesthesia showed
a significant difference between the two groups at 8 weeks
of supplementation (Table 9). Although the mean values of
serum anti-SSA and anti-SSB antibodies decreased after
treatment and increased after the treatment was discontinued
in the treatment group, this was not statistically significant
(Table 10). The overall subjective impression for treatment
effect revealed a significant improvement in the treatment
group compared with the placebo group (Table 11).

Discussion
DES is a multifactorial tear and ocular surface disease
associated with increased osmolality of the tear film and
inflammation of the ocular surface. The Dry Eye Workshop
demonstrated that the pathophysiology of DES was associated with an inflammatory mechanism.4 Inflammation may
cause dysfunction in the cells responsible for tear secretion or
retention and leads to ocular surface disease. Artificial tears
Table 6 Severity of corneal fluorescein staining given as mean ±
standard deviation
Visit

Placebo
group

Treatment
group

P-valuea

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

1.61±0.86
1.33±0.99
1.00±0.99
1.22±1.03
1.48±1.00
0.033*

1.23±0.77
1.15±0.80
0.88±0.85
1.15±0.92
1.55±1.01
0.018**

0.031
0.365
0.531
0.750
0.743

Notes: Severity is graded as 0, no staining; 1, mild; 2, moderate; 3, severe. aLinear
mixed model; brepeated-measures analysis of variance. *Post hoc analysis (Bonferroni
method) showed a significant difference between visit 1 and visit 3 (P=0.031). **Post
hoc analysis (Bonferroni method) showed a significant difference between visit 3
and visit 5 (P=0.007).
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are traditionally the most common form of DES therapy; they
provide temporary symptomatic relief, but are unable to treat
the vicious cycle of the underlying inflammatory mechanism.
Treatment with topical anti-inflammatory agents, such as
steroid, cyclosporine A, and tetracycline, has shown significant clinical improvement in patients with DES through a
reduction in the expression of inflammatory cytokines and
decreased activity of matrix metalloproteinases.16,17
Schirmer’s test without anesthesia measures basal tear
secretion and reflex tears from the main lacrimal gland,
whose secretion is stimulated by an irritation such as filter
paper. Schirmer’s test after anesthesia application measures
basal tear secretion. Basal tears are secreted and spread
continuously by the eyes. In the present study, the results of
Schirmer’s test showed an increase in tear secretion without anesthesia, but not under anesthesia. This suggests that
oral antioxidant supplementation can improve the function
of the main lacrimal gland. Corneal fluorescein staining
and TFBUT score improved after treatment with this oral
antioxidant supplement, indicating that tear film stability
increased and corneal epithelial cell damage decreased.
Although we did not detect any improvement in the scores of

Table 8 Reactive oxygen species (chemiluminescence counts per
10 seconds) in tears without anesthesia given as mean ± standard
deviation
Visit

Placebo
group

Treatment
group

P-valuea

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

14.97±11.92
15.81±16.08
14.94±9.01
13.23±12.94
12.91±8.85
0.754

18.49±12.30
13.40±13.82
11.14±11.24
15.77±13.87
13.37±10.42
0.024*

0.198
0.461
0.113
0.391
0.830

Notes: aLinear mixed model; brepeated-measures analysis of variance. *Post hoc
analysis (Bonferroni method) showed a significant difference between visit 1 and visit 3
(P=0.014).
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Table 9 Reactive oxygen species (chemiluminescence counts per
10 seconds) in tears under 0.5% proparacaine anesthesia given as
mean ± standard deviation
Visit

Placebo
group

Treatment
group

P-valuea

Visit 1 (day 0)
Visit 2 (week 4)
Visit 3 (week 8)
Visit 4 (week 12)
Visit 5 (week 16)
P-valueb

8.15±10.35
8.19±7.60
9.94±11.28
6.35±8.80
8.71±6.94
0.455

10.58±12.75
8.88±8.67
4.73±5.63
10.74±11.67
9.89±14.69
0.115

0.340
0.701
0.008
0.056
0.645

supplement in DES.24 In the present study, our antioxidant
supplement that did not contain omega-3 also reduced the
activity of ROS in the tears, particularly in basal secretion
tears. Increased generation of ROS-induced oxidative stress
can trigger inflammasome activation and leads to elevated
interleukin-1β secretion.25 This suggests ROS activity plays
an important role in the development of DES.26,27 Increased
ROS generation is associated with ocular surface epithelial
damage and can induce lacrimal gland dysfunction.28 An
imbalance between a radical scavenging system and ROS
generation in the tears of patients with DES may cause ocular
surface injury.29 Antioxidants can limit the harmful effect
of ROS.30–32 Our findings were consistent with those of the
aforementioned studies.
The oral antioxidant supplement investigated in the
present study contained lycii fructus extract, astaxanthin,
anthocyanosides, vitamins C and E, and several herbal
extracts. Lycii fructus can reduce ROS and oxidative damage
and directly scavenges hydroxyl and superoxide radicals.33
Astaxanthin is a powerful antioxidant that can inhibit cell
viability loss and ROS elevation.34 Vitamin C is a well-known
cell protective natural antioxidant. Antioxidant vitamin E
protects against retinal cell injury through a reduction in
the formation of ROS.35 The seeds of Cassia tora (Cassiae
semen) have been shown to possess strong antioxidant
activity in lipid peroxidation.36,37 O. japonicus, a traditional
Chinese medicine for treating cardiac disorders, is also an
antioxidant and can repair oxidative damage in the brain.38,39
These herbal extracts can prevent oxidative stress damage
and may be beneficial to patients with DES.
The pathophysiological mechanisms of hypertension are
complex and involve multiple biological systems. Oxidative
stress plays an important role in the pathogenesis of hypertension. It can result in an excessive generation of ROS,
promoting inflammation and damage in endothelial cells.
Antioxidant supplementation may have a protective effect
in cardiovascular diseases by reducing ROS production.40,41
However, the findings on the effects of antioxidant

Notes: aLinear mixed model; brepeated-measures analysis of variance.

the five subjective symptoms, overall subjective impression
of treatment effect was significantly positive in the treatment group.
Anti-SSA and anti-SSB antibodies are associated with
Sjögren syndrome. The role of anti-SSA and anti-SSB antibodies is not yet understood; however, they are thought to
potentially play a role in the immunopathogenesis of Sjögren
syndrome.18,19 In the present study, the anti-SSA and anti-SSB
antibody serum values were not significantly different between
the two groups, or before and after treatment in either group.
Therefore, antioxidant supplementation does not appear to
have an effect on serum anti-SSA and anti-SSB antibodies.
The cornea is protected from oxidant damage by
several primary scavengers in the tears, such as glutathione
peroxidase, superoxide dismutase, and catalase.20 The protection of the cornea or conjunctival epithelial cells by this
antioxidant mechanism may be limited in patients with DES.
Several studies have shown that, in patients with DES, oxidative stress markers increase in tears and the conjunctival cells,
and the levels of antioxidant enzyme decrease.21,22 Oxidative
stress could potentially play a causative role in the inflammatory process and pathogenesis of dry eye.23
Essential fatty acids are necessary for health and must
be obtained from a dietary source. Among these, omega-3
fatty acid is a natural anti-inflammatory agent that has
been demonstrated to have beneficial effects as a dietary
Table 10 Anti-SSA and anti-SSB given as mean ± standard deviation
Visit

Anti-SSA

Visit 1 (day 0)
Visit 3 (week 8)
Visit 5 (week 16)
P-valueb

Anti-SSB

Placebo
group

Treatment
group

P-valuea

Placebo
group

Treatment
group

P-valuea

50.98±145.45
58.66±167.98
49.21±142.65
0.975

74.66±172.63
47.60±116.69
118.97±265.67
0.541

0.632
0.805
0.324

50.44±172.84
54.37±192.60
38.42±115.77
0.943

8.25±8.83
6.54±6.90
9.53±18.53
0.770

0.255
0.247
0.251

Notes: aMann–Whitney U-test (two-sided); brepeated-measures analysis of variance, the mean difference is significant at the 0.05 level.
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Table 11 Subjective improvement of dry eye after supplementation
Symptom

Placebo
group (%)

Treatment
group (%)

P-valuea

Not improved
Improved

15 (65.2)
8 (34.8)

6 (30.0)
14 (70.0)

0.021

Note: aChi-square test (asymptomatic, two-sided).
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supplementation on hypertension are inconsistent in the
literature. The antioxidants administered in the present study,
including astaxanthin, vitamin E, and Cassiae semen, have
demonstrated antihypertensive effects through a reduction
in oxidative stress.42,43 This may explain the lower diastolic
blood pressure recorded in the treatment group after antioxidant supplementation.
Limitations of our study include the relatively small
sample size and high rate of patient dropout. Furthermore,
the severity between symptoms and signs of dry eye may
be inconsistent in this study. Yeh et al44 demonstrated a low
agreement between clinicians and patient assessments in dry
eye severity, which may explain the inconsistency. Because
the results of the differences between groups and before and
after treatment are inconsistent in some parameters, it is hard
to make a strong conclusion. Other drawback is that we did
not evaluate participants’ diet nor did we strictly control
their diet. Many natural foods contain high antioxidants,
such as grapes, blueberries, dark green vegetable, nuts, and
fishes. These high antioxidant-rich foods might influence our
results. However, our study still provides some information
and trends about the treatment effect of oral antioxidant
supplementations in patients with DES.

Conclusion
In the present study, overall patient assessments, objective
measurements, and tear ROS results may indicate that
this antioxidant supplement can improve general dry eye
symptoms and increase the tear production and tear film
stability through its anti-inflammatory effect in patients with
DES. Since it only contains vegetable components, it is also
suitable for vegetarians. Oral antioxidant supplementations
may be utilized as an adjuvant therapy to conventional topical
artificial tear treatment for patients with DES. Further large
and long-term studies are needed to determine the benefits of
oral antioxidant supplementations in patients with DES.
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