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Abstract: Dry eye syndrome (DES) has become increasingly prevalent due to the prolonged use of
digital devices in modern society. Individual supplementation with lutein or docosahexaenoic acid
(DHA) demonstrated potential benefits for eye health. This study aimed to investigate the effects of
lutein plus DHA complex supplementation on DES, visual function, and memory in healthy
individuals. Thirty-four participants, aged 40~60 years, received lutein/DHA complex supplements
(containing 10 mg free-form lutein, 200 mg DHA, 30 mg red algae extract (astaxanthin),
phosphatidylserine, and vitamin A) for 12 weeks. Ophthalmological examinations and memory
tests were carried out, and a questionnaire was administered at weeks 0, 6, and 12 of the study. After
12 weeks of the intervention, the tear break-up time had significantly increased, and intraocular
pressure (IOP) had significantly decreased. This suggests that lutein/DHA complex
supplementation may reduce the IOP and offer potential benefits for DES, as indicated by improved
tear stability.

Keywords: lutein; docosahexaenoic acid; dry eye syndrome; visual function; memory function.

1. Introduction

In modern society, people stare for long periods at digital devices, such as mobile phones,
computers, and tablets, and stay in air-conditioned environments, which have led to an increase in
the risk of dry eye syndrome (DES). DES is a common ophthalmological syndrome. According to the
Asia Dry Eye Society, DES is a multifactorial disease characterized by an unstable tear film that causes
a variety of symptoms and/or visual impairments, potentially accompanied by ocular surface
damage[1]. DES is subdivided into two forms, aqueous-deficient (tear secretion deficiency) and
hypervaporative (increased evaporation). However, mixed forms are also frequently observed. In
addition, DES is usually accompanied by ocular symptoms, such as eye strain, heavy eyelids, itching
eyes, thick eye discharges, a foreign-matter sensation in the eyes, and visual disturbances, resulting
in a patient's decreased quality of life[2]. A previous study reported that the global prevalence of DES
was 29.5%[3]. In Taiwan, a population-based cross-sectional survey showed that 33.7% of elderly
were symptomatic, defined as frequently or always reporting one or more dry eye symptoms[4]. The
incidence rate of DES in 2015 in Taiwan was 4.26%, and the incidence rates of DES generally increase
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with age[5]. Nowadays, a common method for treating DES is artificial tears, but this method can
only temporarily relieve symptoms, and extended usage may lead to potential adverse effects such
as elevated intraocular pressure (IOP), and the development of glaucoma and cataracts. Therefore, it
is crucial to find effective alternative strategies to improve DES and prevent its worsening.

Lutein is one of the carotenoids which is present in the macula of the human retina. Many
previous studies reported that lutein might have beneficial effects on visual performance, such as
improving visual acuity or contrast sensitivity[6]. Moreover, lutein also protects the eyes against age-
related macular degeneration, diabetic retinopathy, and cataracts due to its antioxidant and anti-
inflammatory properties in the eye[7-10]. However, lutein supplementation alone appears to have
little effect on improving DES. In addition, humans cannot synthesize lutein, and it must be obtained
from the diet[11]. A previous study showed that the availability of lutein increased when consumed
together with fat[12].

Docosahexaenoic acid (DHA) belongs to omega-3 long-chain polyunsaturated fatty acids (n-3
PUFAs) and is also an essential fatty acid. Humans cannot synthesize it, but it is very important for
maintaining certain physiological functions and must be obtained from food. It is found in high
amounts in the gray matter of the brain and in the outer rod segments of the retina[13]. Its main health
benefits are anti-inflammation, increased cell membrane fluidity, and promotion of neuronal
differentiation[14]. It is also one of the important nutrients associated with the development of the
brain and eyes in infants[15]. Numerous studies demonstrated that supplementation with n-3 PUFAs
enhances cognitive and memory functions[16,17]. Moreover, n-3 PUFAs are known to be effective in
alleviating the signs and symptoms of DES[18,19].

Considering the evidence that lutein supplementation can protect the eyes and DHA can
improve DES and memory function and to the best of our knowledge, the effects of lutein/DHA
complex supplementation on DES, visual function, and memory function in healthy subjects are still
unclear. Thus, in this study, we aimed to explore effects of the combination of lutein and DHA on
dry eye-related indicators and symptoms, visual function, and memory function in healthy
individuals.

2. Materials and Methods

2.1. Study Participants

In this single-arm clinical study, inclusion criteria were as follows: 40~60-year-old, healthy, male
or female volunteers, who had subjective symptoms of dry eye or were frequent eye users. Exclusion
criteria were defined as follows: pregnant, breastfeeding, having been treated or were taking
medications, or had contingent infections, hypertension, diabetes, cerebrovascular disease,
cardiovascular disease, liver disease, kidney disease, gastrointestinal disease, special ocular disease,
or an allergy to products that contain the study components.

2.2. Trail Design

This study was conducted at Taipei Medical University Hospital (Taipei, Taiwan) and was
approved by the Joint Institutional Review Board of Taipei Medical University (N202209063). In this
study, all of the subjects provided written informed consent before participation. The study was
conducted in accordance with principles of the Declaration of Helsinki. The duration of the study
was 12 weeks. All subjects received two lutein/DHA complex supplements (soft gels) daily with
water after dinner for 12 weeks. At the baseline, week 6, and week 12, ophthalmological examinations
and a memory function test were performed, and a subjective symptom questionnaire was
administered. In addition, participants were instructed to maintain their habitual diet, exercise
routines, and sleep during the study. Compliance with lutein/DHA complex supplementation was
assessed at the study visits by counting the soft gel supplements that were returned.


https://doi.org/10.20944/preprints202311.1609.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2023 doi:10.20944/preprints202311.1609.v1

2.3. Test Supplement and Dosage

The lutein/DHA complex supplement was a product produced and supplied by Uni-President
Enterprises (Tainan, Taiwan). Table 1 shows the composition of the lutein/DHA complex
supplement, which included free-form lutein, DHA, astaxanthin, phosphatidylserine (PS), and

vitamin A.
Table 1. Ingredient list of the lutein/DHA complex supplement
Ingredient Amount per serving Daily intake (2 servings)
Free-form lutein 5mg 10 mg
Docosahexaenoic acid (DHA) 100 mg 200 mg
Red algae extract (astaxanthin) 15 mg 30 mg
Phosphatidylserine (PS) 25 mg 50 mg
Vitamin A 70 ug RE 140 ug RE

RE, retinol equivalent.

2.4. Dry Eye Syndrome (DES)

Several methods were used to assess DES, including the tear break-up time (TBUT) and a strip
meniscometry test. The TBUT was used to assess the stability of the tears, and the strip meniscometry
test was used to measure tear secretions. To determine whether lutein/DHA complex
supplementation could attenuate DES, the TBUT and strip meniscometry test were conducted. All
data associated with the eyes are presented as the average of both eyes.

2.4.1. Tear Break-Up Time (TBUT)

The TBUT was mainly used to observe the stability of the tear film. After fluorescein dye was
instilled into the eyes of a subject, the subject was asked to blink a few times to ensure adequate
mixing of the fluorescein dye and then to stop blinking. The time between the last blink and the
appearance of the first black spot was measured with a slit lamp. A value of the TBUT below 10
seconds indicated tear instability.

2.4.2. Strip Meniscometry Test

The strip meniscometry test (Echo Electricity, Fukushima, Japan) was used to evaluate tear
secretions. After topical anesthesia was applied, calibrated filter paper strips were placed in the lower
eyelid for 5 seconds, and readings were measured in millimeters (mm) of the wet strip after 5 seconds.
Values of less than 5 mm indicated insufficient tear secretion.

2.5.Visual Function

At each visit, subjects underwent a complete ophthalmologic examination to assess the visual
function, including corrected visual acuity, contrast sensitivity, IOP, and central macular thickness.
All data associated with the eyes are presented as the average of both eyes.

Corrected visual acuity and IOP were measured using an Auto Ref/Kerato/Tono/Pachymeter
TONOREF™ III (Nidek, Gamagori, Japan). Contrast sensitivity (%) indicates an individual’s ability
to distinguish an object’s lightness or darkness compared to the background in a picture with
different levels of contrast changes (Figure 1). The central macular thickness was measured using
optical coherence tomography (OCT) (Heidelberg Engineering, Heidelberg, Germany). OCT is a
noninvasive imaging technique and was established to measure and assess structural parameters
within the eye bulbus, such as the macular thickness.
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Figure 1. Contrast sensitivity test picture.

2.7. Questionnaire of Subjective Symptoms associated with Ocular Comfort

Items of the subjective symptom questionnaire included eye strain, heavy eyelids, eye dryness,
itching eyes, thick eye discharges, swollen eyes, sore eyes, foreign-matter sensation in the eyes,
photophobia, blurred vision, blurred vision at night, and the eyes tearing involuntarily. The
questionnaire consisted of 12 questions. Possible answers to the questions as to the frequency of

"non

symptoms within a 1-week recall period were “never", "rarely

non "non

, "sometimes", "often”, and "everyday”.
Each frequency was assigned a score from 4 to 0. Possible answers to the questions as to the severity
of symptoms within a 1-week recall period were “never", "mild", "moderate", and "severe”. Each
severity level was assigned a score from 3 to 0. Scores for the frequency and severity of each symptom
were summed to give a total score for that symptom. In addition, the total score of each subjective
symptom represented the score of eye fatigue and dry eye-related symptoms. A higher summary

score indicated less eye fatigue and fewer dry eye-related symptoms.

2.8. Memory Function

We used a paired association test to evaluate memory function, which included six black and
white portraits. Each portrait was presented for 9 seconds in a random order, with a 2-second interval.
Simultaneously, a test subject was provided with information about the name, occupation, and
hobbies of the individuals depicted in the images. This information was repeated twice, and the
participants were asked to remember the associations between the portraits and the provided details.
Subsequently, the same images were presented in a different order, and the participants were
required to immediately recall the names, occupations, and hobbies of the individuals in each portrait.
A total of 30 seconds were allowed for each portrait's recall. Each correct name was worth 2 points,
and each correct occupation or hobby was worth 1 point, with a total score calculated by summing
these three categories (maximum score of 24 points).

2.9. Statisical Analysis

Data are presented as the mean + standard deviation (SD) and were analyzed by GraphPad
Prism vers. 8.0 software (GraphPad Software, San Diego, CA, USA). During the intervention period,
differences among weeks 0, 4, and 8 were compared using a repeated-measures one-way analysis of
variance (ANOVA), followed by Tukey's test. Statistical significance was accepted at p < 0.05.

3. Results

3.1. Subject Characteristics and Participation

A flow diagram is given in Figure 2, and baseline characteristics of participants in this study are
shown in Table 2. In total, 34 participants were initially enrolled in the study at the baseline, including
17 males and 17 females. During the experimental period, five subjects dropped out without
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completing the experiment, and the remaining 29 participants completed the experiment (Figure 2).
Compliance over the 12-week supplementation period was 98.6% +2.08% for the 29 participants who

completed the study.
Screened for eligibility

N=34
Eligible
N=34

Dropped out

N=5
Finished study
N=29
Figure 2. Participant enrollment.
Table 2. Characteristics of enrolled subjects.
All subjects (N=29)
Male 14
Female 15
Age (years)
40~50 15
51~60 14
Average age of subjects (years) 50.03 +4.77

Average age is presented as the mean + standard deviation (N = 29).

3.2. Effects of Lutein/DHA Complex Supplementation on DES in Healthy Subjects

As shown in Figure 3a, after 6 weeks of the intervention, no difference was found in the TBUT
between weeks 0 and 6. However, after 12 weeks of the intervention, the TBUT had significantly
increased by week 12, compared to weeks 0 and 6 (week 0: 4.66 + 1.63 s; week 6: 4.84 + 1.35 s; week
12: 526 + 1.33 s). As shown in Figure 3b, after 6 and 12 weeks of the lutein/DHA complex
supplementation intervention, there were no significant differences in the strip meniscometry test in
healthy subjects (week 0: 2.52 + 0.76 mm; week 6: 2.48 + 0.69 mm; week 12: 2.38 + 0.44 mm).
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Figure 3. Effects of lutein/DHA complex supplementation on (a) the tear break-up time (TBUT) and
(b) strip meniscometry test in healthy subjects. All values are presented as the mean + standard
deviation (N=29). Different letters indicate a significant difference between different time points at p
<0.05 by a repeated-measures one-way ANOVA with Tukey's test.

3.3. Effects of Lutein/DHA Complex Supplementation on Visual Function in Healthy Subjects

After 6 and 12 weeks of the intervention, no changes were seen in corrected visual acuity (week
0: 0.94 + 0.12; week 6: 0.94 = 0.08; week 12: 0.95 + 0.07), contrast sensitivity (week 0: 2.76% + 0.97%;
week 6: 2.50% = 0%; week 12: 2.59% + 0.32%), or central macular thickness (week 0: 261.79 + 14.89 um;
week 6: 265.07 + 16.33 um; week 12: 263.43 + 14.82 um) in healthy subjects between different time
points (Figure 4a,b,d). However, compared to week 0, the IOP was significantly lower in both weeks
6 and 12 (week 0: 15.56 + 2.10 mmHg; week 6: 14.78 + 2.33 mmHg; week 12: 15.00 + 2.29 mmHg)

(Figure 4c).
(a) (b)
Corrected visual acuity Contrast sensitivity
0.432 0.335
— 0.65
0.05 0.384 4- 0.335
0.955
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o 34
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S | -
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Figure 4. Effects of lutein/DHA complex supplementation on (a) corrected visual acuity, (b) contrast
sensitivity, (c) intraocular pressure (IOP), and (d) central macular thickness in healthy subjects. All
values are presented as the mean + standard deviation (N=29). Different letters indicate a significant
difference between different time points at p < 0.05 by a repeated-measures one-way ANOVA with
Tukey's test.

3.4. Effects of Lutein/DHA Complex Supplementation on Subjective Symptoms Associated with Dry Eyes
and Eye Fatique in Healthy Subjects as Assessed by a Questionnaire

As shown in Table 3, after the intervention period, significant differences were not observed in
any items of the subjective symptom questionnaire between different time points. In addition, there
were no significant differences in summary scores of subjective symptoms associated dryness of the
eyes or eye fatigue.

Table 3. Effects of lutein/DHA complex supplementation on subjective symptoms associated with
dryness of the eyes and eye fatigue in healthy subjects as assessed by a questionnaire.

Subjective symptoms associated

. Week 0 Week 6 Week 12
with ocular comfort (score)

Eye strain 4.59 +1.84 493 £1.65 514 +1.83

Heavy eyelids 6.17 +1.67 590 +1.47 6.07 +1.60

Eye dryness 528 +£1.83 524+2.05 5.34+1.93

Itching eyes 5.59 +1.64 5.76 +1.38 597 +1.57

Thick eye discharges 597 £1.57 5.72£1.69 5.86+1.71

Foreign-matter sensation in the 579+1.72 576 +1.55 5.83+2.00

eyes

Photophobia 6.17 +1.49 5.93 +1.58 5.86+1.75

Blurred vision 4.45+1.80 476 +1.77 4.86+1.79

Swollen eyes 6.34 +1.56 6.21 +1.50 6.38 +1.50

Sore eyes 576 +1.48 6.00 +1.65 5.66 +1.91

Eyes tearing involuntarily 6.03+1.43 6.17 +1.39 5.86 £1.57

Blurred vision at night 4.83 £2.00 517 +£2.22 514 +1.81
Summary score 66.97 +14.27 67.55 +14.92 67.97 £16.33

All values are presented as the mean * standard deviation (N=29). Differences between time points were
determined by a repeated-measures one-way ANOVA with Tukey's test.
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3.5. Effects of Lutein/DHA Complex Supplementation on Memory Function in Healthy Subjects

As shown in Figure 5, compared to week 0, scores of the memory function test had significantly
increased by week 6 by 1.26-fold (126%). However, compared to week 0, only an increasing trend
was shown in week 12, with an increase of 1.06-fold (106%).

Cognitive abilities test
0.003

0.544
0.001
20
a
b T b
154
B
S 10-
2}
5_
0_
0 6 12

Figure 5. Effects of lutein/DHA complex supplementation on memory function in healthy subjects.
All values are presented as the mean * standard deviation (N=29). Different letters indicate a
significant difference between different time points at p < 0.05 by a repeated-measures one-way
ANOVA with Tukey's test.

4. Discussion

In this prospective, one-group, pretest-posttest clinical study, results indicated that after a 12-
week intervention with lutein/DHA complex supplementation, there was a significant increase in the
TBUT. However, there were no significant differences in the strip meniscometry test. These results
suggested that while lutein/DHA complex supplementation might not increase tear secretion, it could
enhance tear film stability and reduce tear film evaporation, thus improving DES. Taking lutein alone
seemed to have little effect on improving DES, but previous studies found that some nutrients and
antioxidants, including DHA and astaxanthin, were related to the alleviation of DES. Previous studies
indicated that the pathogenesis of dry eye disease was associated with an imbalance in tear film
stability which was accompanied by elevated levels of proinflammatory cytokines, such as
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-a[20,21]. However, DHA is one of the n-3
PUFAs. Supplementation with n-3 PUFAs inhibits the production of the precursor to inflammatory
mediators, arachidonic acid (AA). It also promotes the generation of anti-inflammatory substances
like resolvins and protectins, and inhibits the production of IL-1 and TNF-g, thereby exerting an anti-
inflammatory effect, including on the surface of the eye[22]. In addition to regulating the
inflammatory response on the eye surface, n-3 PUFAs can also improve meibomian gland
dysfunction. The meibomian glands are responsible for secreting the lipid components of tears, and
the lipid content in tears is associated with tear stability, which can help prevent rapid tear
evaporation. Li et al. found that the inflammatory response in the corneal stroma was reduced in a
dry eye mouse model with the DHA-derived molecule, resolvin E1. Simultaneously, the density of
surface epithelial cells returned to a level comparable to the control group, thereby improving corneal
epithelial integrity[23]. Bhargava et al. showed that after supplementation with 1n-3 PUFA capsules
(650 mg/day eicosapentaenoic acid (EPA) and 250 mg/day DHA) for 3 months, dry eye-related
subjective symptom scores and the TBUT in DES patients significantly increased. In other words, n-
3 PUFAs can improve subjective symptoms of DES and also improve objective clinical indicators of
DES[24]. In addition, the supplement in our study contained red algae extract (containing
astaxanthin), which is also a potential treatment for DES. Previous studies showed that astaxanthin
can increase retinal capillary blood circulation, regulate ciliary muscle contractions, and improve eye
comfort. Another study found that supplementation with 12 mg of astaxanthin for 30 days in mild to


https://doi.org/10.20944/preprints202311.1609.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2023 doi:10.20944/preprints202311.1609.v1

moderate DES patients caused the tear film break-up time to increase, the blink frequency to
significantly decrease, and the ocular surface disease index (OSDI) questionnaire to improve.
Therefore, we speculated that an intervention with supplements in this experiment could improve
DES, which may have been related to DHA and astaxanthin [25].

In this experiment, participants were given 10 mg of free-form lutein and 200 mg of DHA for 12
weeks. Results indicated that there was no impact on the best-corrected visual acuity or contrast
sensitivity in healthy individuals aged 40 to 60 years. In a previous study, compared to a placebo
group, there was no significant difference in visual acuity or contrast sensitivity in healthy adults
(18~40 years old) with 12 mg lutein and 1 mg zeaxanthin for 12 months[26]. Another study observed
no changes in the best-corrected visual acuity in a healthy Mediterranean population supplemented
with 6 mg of lutein plus 700 mg of DHA for 3 months[27]. A meta-analysis of supplementation with
lutein and/or zeaxanthin in patients with age-related macular degeneration (AMD) for 6 months to 3
years showed improved visual acuity and contrast sensitivity after supplementation; that study
mentioned that impacts of short-term experiments on improving visual function were not significant.
It was observed that supplementation with lutein had a positive effect on visual function only after
at least 6 months of an intervention [28]. While Liu et al.'s study did not focus on healthy individuals,
further research can still explore longer intervention periods to verify the relationship between
lutein/DHA and visual function. Furthermore, results of this experiment showed that most healthy
participants had an optimal level of contrast sensitivity of 2.5%, and their vision was also normal.
Therefore, the degree of improvement in contrast sensitivity and visual function was relatively minor.

IOP is crucial for eye health and function. Numerous factors can influence IOP, including
systemic blood pressure and ischemia of the retinal nerve fiber layer, among others, which can lead
to an increase in IOP. Ischemic tissue damage can result in a sudden decrease in IOP. Prolonged,
chronically high IOP is associated with a higher probability of damaging retinal ganglion cells,
causing structural abnormalities, chronic degeneration of the optic nerve, visual field loss, a reduction
in the range of vision, and ultimately a significantly increased risk of developing glaucoma. Severe
glaucoma can lead to irreversible and permanent blindness. High IOP is considered a modifiable risk
factor for glaucoma, and early treatment was proven to have protective benefits for preserving vision.
Therefore, reducing the IOP to prevent the onset of glaucoma is considered critically important[29,30].
In this study, the IOP was significantly decreased in healthy subjects with lutein/DHA complex
supplementation for 12 weeks. Although IOP levels of participants in this study were within a normal
range, lowering the IOP can prevent glaucoma. Currently, there is little research on the effect of lutein
supplementation alone on IOP, but results show that it is less effective. However, previous studies
suggested that DHA or astaxanthin might be associated with improvements in the IOP. Astaxanthin
is a natural carotenoid. Previous studies suggested that astaxanthin might have the potential to
reduce the IOP, which was attributed to its potent antioxidant capacity[31]. It can alleviate protein
oxidation, lipid peroxidation, and apoptosis caused by elevated IOP, thereby inhibiting apoptosis of
retinal ganglion cells and protecting the retinal integrity from damage due to high IOP[32]. DHA also
appears to have potential protective effects. Another study indicated that DHA supplementation
suppressed plasma malondialdehyde (MDA) and IL-6 levels, thus inhibiting oxidative and
inflammatory responses, leading to a significant reduction in the IOP in patients with glaucomal[33].
However, the effects of DHA or astaxanthin on IOP in healthy individuals remain unclear, requiring
further research to confirm their efficacy. Nevertheless, we speculated that the reduction in IOP
observed in this experiment might have been related to the presence of DHA and astaxanthin in the
formulation.

DHA accumulates in substantial amounts in both the retina and brain, playing crucial roles in
cognitive abilities, which include neuronal cell growth, differentiation, signal transmission, and
memory[34]. In our present study, we observed that after 6 weeks of the intervention, the memory
function was significantly enhanced in healthy subjects. After 12 weeks of the intervention, the
memory function showed an upward trend, although the differences did not reach statistical
significance. These findings were inconsistent with the study by Stonehouse et al., in which a high-
dose (1.16 g) DHA intervention for 6 months improved memory in healthy adults. A possible reason
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for our different results could be the use of a smaller dose or a relatively shorter intervention duration.
It is possible that more than 6 months might be needed to achieve measurable effects on cognitive
function in adults. [35]. As a result, by increasing the dosage of lutein/DHA complex supplementation
or the intervention time, one might be able to observe more-significant effects of lutein/DHA complex
supplementation on memory function.

This study had some limitations. It was a single-group, pre-post clinical experiment, which
overlooked the placebo effect. However, as it remains unclear whether the combination of lutein and
DHA justifies resource investment, this study opted for a simpler design to assess the efficacy of
lutein/DHA complex supplementation. In the future, double-blind, randomized clinical trials with a
placebo group, lutein supplementation group, DHA supplementation group, and lutein/DHA
complex supplementation group are necessary to ascertain the effectiveness of lutein/DHA complex
supplementation on DES, visual function, and memory function.

5. Conclusions

Lutein/DHA complex supplementation enhanced tear stability and reduced the IOP in healthy
subjects with subjective dry eye symptoms. Consequently, lutein/DHA complex supplementation
may be a beneficial strategy for alleviating eye dryness and increasing eye comfort in healthy
individuals.
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