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Abstract: Introduction: To investigate the effects of a lutein complex supplementation on ocular blood flow in healthy subjects. Materials and
Methods: Sixteen healthy female patients (mean age 36.8 ± 12.1 years) were enrolled in this randomized, placebo-controlled, double-blinded,
two-period crossover study. Subjects received daily an oral dose of the lutein with synergistic phytochemicals complex (lutein (10 mg), ascorbic
acid (500 mg), tocopherols (364 mg), carnosic acid (2.5 mg), zeaxanthin (2 mg), copper (2 mg), with synergistic effects in reducing pro-
inflammatory mediators and cytokines when administered together in combination) and placebo during administration periods. Measurements
were taken before and after three-week supplementation periods, with crossover visits separated by a three-week washout period. Data
analysis included blood pressure, heart rate, intraocular pressure, visual acuity, contrast sensitivity detection, ocular perfusion pressure,
confocal scanning laser Doppler imaging of retinal capillary blood flow, and Doppler imaging of the retrobulbar blood vessels. Results: Lutein
complex supplementation produced a statistically significant increase in mean superior retinal capillary blood flow, measured in arbitrary
units (60, p = 0.0466) and a decrease in the percentage of avascular area in the superior (�0.029, p = 0.0491) and inferior (�0.023, p = 0.0477)
retina, as well as reduced systolic (�4.06, p = 0.0295) and diastolic (�3.69, p = 0.0441) blood pressure measured in mmHg from baseline. Data
comparison between the two supplement groups revealed a significant decrease in systemic diastolic blood pressure (change from pre- to
post-treatment with lutein supplement (mean (SE)): �3.69 (1.68); change from pre- to post-treatment with placebo: 0.31 (2.57); p = 0.0357)
and a significant increase in the peak systolic velocity (measured in cm/sec) in the central retinal artery (change from pre- to post-treatment
with lutein supplement: 0.36 (0.19); change from pre- to post-treatment with placebo: �0.33 (0.21); p = 0.0384) with lutein complex
supplement; data analyses from the placebo group were all non-significant. Discussion: In healthy participants, oral administration of a lutein
phytochemicals complex for three weeks produced increased ocular blood flow biomarkers within retinal vascular beds and reduced diastolic
blood pressure compared to placebo.
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Introduction

Age-Related Eye Disease (ARED) is a group of conditions
that are associated with an increased risk of manifesting
later in life and include: age-related macular degeneration
(AMD), cataract, diabetic retinopathy, glaucoma, dry eye,
and low vision. AMD and cataract are the leading causes
of visual impairment in the United States [1]. According to
the National Eye Institute (NEI), approximately 1.7million
Americans suffer from some type of AMD, and over 1.5mil-
lion cataract surgeries are performed annually [1, 2]. Addi-
tionally, the NEI estimates that glaucoma may affect over
6million Americans by the year 2050 [3, 4].

AmongARED,AMD, adegenerative andprogressive dis-
ease of the macula, is the leading cause of irreversible cen-
tral vision loss in developed countries. Specifically, AMD is
expected to affect over 288 million people worldwide by
2040 [5]. Recently, vascular abnormalities have been pos-
tulated to play a contributory role in AMD pathophysiology
[6]. Themore common and less severe form is the atrophic
subtype, in which extracellular deposits called drusen dis-
rupt the flow of blood and nutrients from the choroid to
the retinal pigment epithelium, resulting in retinal cell
death and atrophy [7]. In approximately 10-20% of cases,
atrophic AMD progresses to exudative AMD via choroidal
neovascularization (CNV), where new vessels form around
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drusen deposits that result in fluid and blood leakage into
the retina causing functional and anatomical disruption of
the overlying structures [7]. Exudative AMD is rapidly pro-
gressive and is responsible for the majority of the severe
vision loss associated with AMD [7]. While anti- vascular
endothelial growth factor (VEGF) agents benefit patients
with exudative AMD, there is currently no definite preven-
tative or curative treatment for atrophic AMD [7].

The severity and irreversibility of ARED pathology has
createdan interest in researchingmethods to eitherprevent
or slow its progression. Nutritional methods have demon-
strated improvements in microvascular function in hyper-
tensive patients [8], and consequently, the influence of
vitamin supplementation has been studied in both healthy
volunteers and thosewithAREDtodetermine its role indis-
ease prevention and progression. Although it has not been
confirmed tobebeneficial inglaucomapatients, theAREDS
vitamin formulation study found that high-risk patients
with AMDmay experience up to a 25%risk reductionwhen
taking certain vitamin combinations [9].

Although the incidence of ARED including AMD contin-
ues to rise, often the pathogenesis of AREDare not fully elu-
cidated. Among potential mechanisms, studies have shown
that systemic inflammation, which affects choroidal blood
flow and results in vascular disturbances, is involved in the
pathophysiologyofAMD[10, 11].Asakey inducerof inflam-
matory pathways, tumor necrosis factor-α (TNF-α) causes
increased endothelial permeability through activation of
VEGF and nuclear factor κβ (NF-κβ) that results in the
upregulation of other inflammatory mediators [12, 13]. The
role of carotenoids (beta-carotene, lutein, and zeaxanthin)
in thepreventionofAMDhas recentlybeenhighlightedwith
focus onmacular pigments (MP) such as lutein and zeaxan-
thin, which are hypothesized to function as potent antioxi-
dants [14–16]. A study by Hadad et al. demonstrated a
significant synergistic effect of lycopene, lutein, beta-
carotene, and carnosic acid in reducing pro-inflammatory
mediators and cytokines such as TNF-α and interleukin-1
[17]. Multiple studies have also demonstrated that carote-
noids have an anti-inflammatory effect on endothelial and
vascular smooth muscle cells by suppressing NF-κβ activa-
tion, suggesting that carotenoids may decrease vascular
perturbations and modify CNV formation via their anti-
inflammatory properties [12, 17–19]. Additionally, carote-
noids may improve ocular blood flow by modifying the
production of vascular activating molecules, such as nitric
oxide (NO) and endothelin-1 (ET-1), which are potent
vasodilators and vasoconstrictors, respectively. Further, ET-1
has been shown to be amajor determinant of choroidal blood
flow, and higher blood concentrations have been found in
patients with AMD compared to healthy subjects [12, 20].

Carotenoids and phenolic compounds are hypothe-
sized to attenuate AMD through their inhibitory actions

on NF-κβ, stimulatory effects on endothelial function, and
their preservative influence in ocular perfusion homeosta-
sis [12, 17–20]. Furthermore, studies have shown that lutein
supplement of � 4 mg/day significantly increases MP
levels in AMD patients, and at doses of 10 mg/day, it can
improve visual acuity [21, 22]. The purpose of this present
study is to quantify the effect of lutein complex supplemen-
tation on retinal capillary and retrobulbar blood flow (RBF)
in healthy subjects to better understand the potential
impact of these frequently taken supplements on ARED
vascular-related risk.

Materials and Methods

This investigation was conducted at the Glaucoma
Research andDiagnostic Center within the Glick Eye Insti-
tute in Indianapolis, Indiana in conjunction with the Divi-
sion of Biostatistics at the Indiana University School of
Medicine (IUSM) from December 2014 to January 2015.
This studywas conducted following the guidelines outlined
in the Declaration of Helsinki. All procedures involving
human subjects were approved by the Institutional Review
Board at IUSM (Protocol number: 1311824589). Written
informed consent was obtained from all subjects.

Subjects

This study was open to all healthy subjects (free of eye
disease or uncontrolled blood pressure/diabetes, self
reported)withone randomly selectedeye fromeachsubject
examined. Subjects had tomeet the following inclusion cri-
teria: healthymales or females of� 18 years of age, no diag-
nosis of eye disease (other than myopia) or uncontrolled
systemic disease, willingness to sign an informed consent
statement, and ability to comply with the examination
requirements. Participants were excluded for the following
self-reported reasons: women who were pregnant, lactat-
ing, or planning to become pregnant during the study dura-
tion or within one month after study completion; patients
receiving medications or dietary supplements with known
interaction with the study supplements; smoking during
the last ten years; concurrent participation or prior partici-
pation in any other clinical trial during the past 30 days
involving an investigational drug or device; and concurrent
use of any of the components of the study supplement.

Study Design

The study was a randomized, double-blinded, placebo-
controlled, two-period crossover study with comparisons
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of administration of a lutein complex supplementation
(lutein (10 mg), ascorbic acid (500 mg), tocopherols (364
mg), carnosic acid (2.5 mg), zeaxanthin (2 mg), copper
(2mg)) versus placebo, which were identical in appearance
to the lutein complex supplement. Treatment and placebo
capsules were provided by Lycored Ltd., Beer Sheva, Israel.
Testing took place over a period of 6 months. Participants
were given detailed medication instructions and were
instructed to avoid caffeine intake, smoking, and exercise
for 3 hours before each study visit. The first clinic visit
obtained pre-supplementation measurements and a ques-
tionnaire regarding the participant’s medical history and
demographic information. Each participant was then
randomly assigned to lutein complex or placebo group
(Figure 1). Randomization was accomplished with a ran-
domization table and was maintained in a double-blind
manner. For each subject (16), one qualified eye (N = 16; 8
right eyes, 8 left eyes) was randomly assigned as the obser-
vational studyeye. Participantswere instructed to take their
Period 1 supplement doseoncedaily and return for a follow-
up visit three weeks later to repeat testing. After a washout
period of three weeks, participants returned for a second
pre-supplementation visit and were given the other study
supplement to take daily for three weeks during Period 2
before returning for a final evaluation.

Objective measures

For consistency and bias limitation, allmeasurements were
taken in the same order at the same time of day and by the
same examiner for each patient. At each visit, any changes
in health ormedication history were recorded, and subjects
were questioned for any adverse effects of the supplemen-
tation. The followingmeasurementswere obtained at every
visit: best corrected visual acuity (VA)using theEarlyTreat-
ment Diabetic Retinopathy Study (ETDRS) eye charts, con-
trast sensitivity with Vector vision analysis, and intraocular
pressure (IOP) via Goldmann applanation tonometry.

Brachial artery systolic and diastolic blood pressure (SBP
and DBP, respectively) and heart rate were also assessed
in the seated/supinepositionaftera5-minute restingperiod
using a calibrated automated sphygmomanometer at the
beginning of each study visit. Ocular perfusion pressure
(OPP) was calculated as OPP = ((2/3 MAP) – IOP), where
MAP ismeanarterial pressure.MeanOPP(MPP)wascalcu-
lated by subtracting IOP from MAP. Systolic ocular perfu-
sion pressure (SOPP) and diastolic ocular perfusion
pressure (DOPP)were determinedby subtracting IOP from
SBP and DBP, respectively.

Velocities and vascular resistance of the retrobulbar vas-
culature and the blood vessels supplying the optic nerve
head and choroid weremeasuredwith Doppler ultrasonog-
raphy in the central retinal artery (CRA), nasal (NPCA) and
temporal (TPCA) posterior ciliary arteries andwith angle of
measurement in the ophthalmic artery (OA). In each vessel
peaksystolic velocity (PSV)andenddiastolic velocity (EDV)
were assessed, and Pourcelot’s resistivity index (RI) was
calculated (RI = (PSV-EDV)/PSV). Perfusion within peri-
papillary retinal capillary beds was assessed by confocal
scanning laser Doppler flowmetry, providing mean retinal
capillary blood flow in superficial retinal vascular beds
and the degree of vascularity of the retina by differentiating
avascular tissue (measured as zero flow pixels) from per-
fused tissue.

Statistical analysis

The primary statistical endpoint, accomplished using
paired t-tests, was to evaluate the efficacy of lutein complex
supplement in increasing ocular vascular biomarkers com-
pared toplacebo. Secondaryeffects due to supplementation
sequence and study period were analyzed with repeated
measures analysis of variance (ANOVA). A two-tailed
p-value of 0.05 was set as the threshold of statistical
significance.Previous studiesofpopulations and test/retest
variability ofDopplermeasurements ofRBFvelocities have

Figure 1. Study design: this experiment involved a randomized, placebo-controlled, double-blinded, two-period crossover study as shown in the
figure. Subjects received lutein complex supplement or placebo orally and daily during treatment periods, which were 3 weeks in duration. The two
periods were separated by a 3-week washout period.
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shown that a sample size of 16 individual provides 90%
power to detect a > 12% difference in PSV and EDV and a
6% difference in RI between groups. Normality was evalu-
ated using Shapiro-Wilk tests and visual examination of the
residual plots. Equality of variancewas not assumed for this
analysis; variances were allowed to vary by treatment.
Because this is a pilot study, no multiple comparisons
adjustment was employed because adjustment may be too
conservative in this setting, obscuring important explora-
tory differences worthy of further follow-up in a larger
study.

Results

Sixteenhealthy female patients (age 36.8± 12.1 years; range
20-56 years) were recruited, and there were no patient
dropouts throughout the study. The remaining baseline
demographic data can be found in Table 1. Patients with
hypertension and diabetes were well controlled and com-
plied with the inclusion criteria. No adverse events with
either lutein complex supplementorplacebowere reported.

Minor differences were detected between groups within
thepre-lutein complex supplementationdata, suchas lower
starting values of IOPbefore treatmentwith lutein complex
(p =0.0058), higher starting values of VA before treatment
with lutein complex (p = 0.0321), lower starting values of
Row D contrast sensitivity before treatment with lutein
complex (p = 0.0465), lower starting values of CRA EDV
before treatment with lutein complex (p = 0.0101), and
higher starting values of CRA RI before treatment with
lutein complex (p = 0.0011). Additional pre-treatment dif-
ferences were found between study periods for contrast
sensitivity (lower contrast sensitivity values of Row C and
Row D in period 1 compared to period 2, p = 0.0037 and
p = 0.0386, respectively) and CDI-CRA-DYS (higher CRA
EDV in period 1 compared to period 2, p = 0.0405). Pre-
supplementation sequence effects were seen with MAP
(lutein complex-placebo lower than placebo-lutein com-
plex) and OPP (lutein complex-placebo lower than pla-
cebo-lutein complex). However, as the lutein complex
supplement had less of an effect on these values than pla-
cebo, it is unlikely to adversely affect conclusions.

Changes in measurements from pre-supplementation to
post-supplementation with lutein complex supplement
demonstrated significance (Table 2) including increased
mean retinal capillary blood flow in the superior retina
(Figure 2), decreased percentage of avascular area in the
superior and inferior retina (Figure 3), and reduced systolic
and diastolic arterial blood pressures (Figure 4). None of
these parameters changed significantly in the placebo
group. Lutein complex administration also increasedmean
retinal capillary blood flow in the inferior retina, but did not

reach statistical significance (Table 2). There were no sig-
nificant differences inRBFvelocities orRIwith either lutein
complex or placebo administration; however, there was a
trend increase in the PSV of the OA in the lutein complex
group. There were also no significant differences in IOP
reduction, visual acuity, contrast sensitivity detection, or
OPPs with either supplement.

Data comparison between the two supplement groups
revealed a significant decrease in systemic DBP (p =
0.0357) andan increase inCRAPSV(p=0.0384)with lutein
complex supplement (Table 2). Data analyses from the pla-
cebo group were all non-significant. Within the study peri-
ods a decrease in MPP during period 1 (p = 0.0428), an
increase in CRA PSV during period 2 (p = 0.0282), and a
decrease in CRA EDV in period 1 (p = 0.0159) were
observed. An increase in IOP (p = 0.0412) was demon-
strated in the lutein complex-placebo arm while the pla-
cebo-lutein complex arm showed a non-significant IOP
decrease. This finding was determined to not have
adversely affected data interpretation upon further exami-
nation of the IOP trends, as we further discussed in the
Discussion section.

Discussion

AREDpatients are susceptible to ocular tissue and vascular
damage, and previously the beneficial effects of carote-
noids on various aspects of ocular health have been
reported by numerous studies [12, 14-19, 22, 31-32]. In
patients who develop cataracts and glaucoma, evidence
that supports nutritional supplementation to counteract
disease pathways have not been confirmed. However,
although the pathogenesis ofAMD isnot completely under-
stood, carotenoids andphenolic compoundshavebeenpro-
posed to interfere with AMD disease pathways through
reductions in TNF-α and interleukin-1, inhibition of

Table 1. Patients’ characteristics at baseline. The numbers in paren-
theses represent percentage of total study group.

N (% of subjects)

Female 16 (100%)

Race White: 12 (75%)

African American: 2 (13%)

Asian: 1 (6%)

Other: 1 (6%)

Hypertensive 6 (38%)

Diabetic 5 (31%)

Eye examined Left: 8 (50%)

Right: 8 (50%)

N, number. The diabetic or hypertensive statuses of the subjects were
defined as self-reported physician-diagnosed conditions.
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NF-κβ, stimulation of endothelial function, and preserva-
tion of ocular blood flow [12–23].

The relationship of ARED and ocular blood flow have
been investigated in several studies. Previously, a longitudi-
nal study byMetelitsina et al. found that AMDpatients who
progressed to CNV had a 24% lower choroidal blood vol-
umeanda 20%lower choroidal blood flowat baseline com-
pared to AMD patients who did not progress [24].
Furthermore, AMD eyes with reduced baseline choroidal
blood flow and volume were found to have a 2.3 times the
risk of significant visual loss compared to AMD eyes
with above-average baseline choroidal blood flow [24]. In

glaucoma patients, Tobe et al. demonstrated that increased
avascularity of the retina correlated with an increased cup/
disk ratio over an 18-month period [25]. Our study analyzed
retinal blood flow over 3 weeks in healthy patients taking
oral lutein complexsupplementsand found thatmeansupe-
rior retinal capillary blood flow (p = 0.0466) increased by
5.6%, and the percentage of avascular area in the inferior
(p = 0.0477) and superior (p = 0.0491) temporal retinal
decreased by 8.5% and 10% following lutein complex
administration (Table 2). This supports the hypothesis that
lutein and/or other ingredients of the complex (i.e. zeaxan-
thin, beta carotene, carnosic acid), over several weeks may

Table 2. Comparison of change from pre- to post-treatment in lutein complex supplement and placebo groups. The numbers in parentheses
represent mean or standard error.

Change from pre- to
post-treatment with lutein
supplement: mean (SE)

P-value Change from pre- to
post-treatment with
placebo: mean (SE)

P-value Comparison of change
of lutein to placebo

group (p-value)

HR �3.31 (1.59) 0.0552 0.00 (3.39) 1.000 0.4334

Systolic BP �4.06 (1.69) 0.0295 0.06 (2.29) 0.9786 0.0506

Diastolic BP �3.69 (1.68) 0.0441 0.31 (2.57) 0.9048 0.0357

MAP �1.52 (1.50) 0.3265 �1.02 (2.55) 0.6947 0.6447

IOP 0.50 (0.41) 0.2396 �0.38 (0.34) 0.2875 0.0546

OPP �1.01 (1.00) 0.3265 �0.68 (1.70) 0.6947 0.6447

Systolic OPP �0.19 (2.73) 0.9461 0.44 (2.23) 0.8469 0.7419

Diastolic OPP �2.94 (1.67) 0.0989 �1.19 (3.13) 0.7094 0.4331

Mean OPP �2.02 (1.49) 0.1955 �0.65 (2.61) 0.8078 0.3984

VA �0.029 (0.020) 0.1777 �0.006 (0.018) 0.7326 0.3022

Row A �0.018 (0.034) 0.6128 �0.009 (0.038) 0.8084 0.7162

Row B 0.064 (0.039) 0.1252 0.010 (0.042) 0.8165 0.3074

Row C �0.006 (0.058) 0.9158 �0.019 (0.061) 0.7635 0.9598

Row D �0.003 (0.061) 0.9597 �0.107 (0.052) 0.0559 0.0908

OA PSV 1.46 (0.70) 0.0545 0.89 (0.57) 0.1360 0.2813

OA EDV �0.02 (0.18) 0.9183 0.36 (0.21) 0.1002 0.2931

OA RI 0.012 (0.008) 0.1459 �0.009 (0.011) 0.4233 0.1870

CRA PSV 0.36 (0.19) 0.0714 �0.33 (0.21) 0.1444 0.0384

CRA EDV �0.11 (0.16) 0.5254 �0.24 (0.15) 0.1145 0.6906

CRA RI 0.022 (0.014) 0.1494 0.016 (0.014) 0.2859 0.5786

NPCA PSV �0.11 (0.15) 0.4977 0.29 (0.21) 0.1729 0.0990

NPCA EDV �0.01 (0.13) 0.9637 0.16 (0.12) 0.2177 0.3771

NPCA RI �0.010 (0.016) 0.5501 �0.008 (0.015) 0.5982 0.8144

TPCA PSV 0.06 (0.12) 0.6587 �0.09 (0.27) 0.7375 0.7280

TPCA EDV �0.03 (0.17) 0.8860 �0.07 (0.22) 0.7465 0.9241

TPCA RI �0.001 (0.020) 0.9622 �0.004 (0.023) 0.8635 0.8518

SUP zero flow �0.029 (0.014) 0.0491 �0.007 (0.008) 0.3710 0.1994

SUP mean FV 60 (28) 0.0466 �56 (72) 0.4498 0.1639

INF zero flow �0.023 (0.011) 0.0477 �0.003 (0.016) 0.8658 0.3894

INF mean FV 47 (24) 0.0747 �52 (57) 0.3792 0.1672

P-values of statistical significance (p < 0.05) are in bold.

BP, blood pressure (mmHg); CRA, central retinal artery; EDV, end diastolic velocity (cm/sec); FV, flow volume (arbitrary units); HR, heart rate (beats per
minute); INF zero flow, inferior zero flow (arbitrary units); IOP, intraocular pressure (mmHg); MAP, mean arterial pressure (mmHg); NPCA, nasal posterior
ciliary artery; OA, ophthalmic artery; OPP, ocular perfusion pressure (mmHg); PSV, peak systolic velocity (cm/sec); RI, resistivity index (dimensionless
quantity); SUP zero flow, superior zero flow (arbitrary units); TPCA, temporal posterior ciliary artery; Row A/B/C/D refers to contrast sensitivity (Log Units);
VA, visual acuity (Early Treatment Diabetic Retinopathy Study, ETDRS Log score).

�2019 Hogrefe Int J Vitam Nutr Res (2019), 89 (1–2), 5–12

A. Harris et al., Lutein Complex Effect on Ocular Blood Flow 9



influence the retinal vasculaturewithmild increases seen in
several biomarkers in healthy subjects free from eye
disease.

Several studies have emphasized the importance of
retrobulbar blood flow in the development and progression
of ARED. Galassi et al. found that glaucoma patients were
6 times more likely to develop visual field deterioration
when their baseline OA RI was above 0.78 [26]. Martinez

et al. revealed that glaucoma patients whose visual fields
had worsened over 3 years had a higher baseline RI of the
SPCA and OA [27]. More recently, Moore et al. discovered
that glaucoma patients with decreased baseline OA PSV
and EDV showed both structural and functional disease
progression after 4 years [28]. Our study shows that after
daily lutein complex supplementation for three weeks,
healthy subjects had a significant increase in CRA PSV

Figure 2. Mean change (standard
error of mean) in superior retinal
capillary blood flow assessed by
Heidelberg retinal flowmeter from
pre-supplementation to post sup-
plementation measured in arbitrary
units. Changes in data from pre-
treatment to post-treatment with
lutein complex supplement revealed
significantly increased mean retinal
capillary blood flow in the superior
retina (p = 0.0466) compared to
non-significant changes with the
placebo. The number of subjects
was 16.

Figure 3. Mean change (standard
error of mean) in the percentage of
avascular area in the superior and
inferior retina assessed by Heidel-
berg retinal flowmeter with lutein
complex and placebo. Changes in
data from pre-treatment to post-
treatment with lutein complex sup-
plement revealed significantly
decreased percentage of avascular
area shown as decimals both in the
superior and inferior retina (p =
0.0491, p = 0.0477, respectively)
compared to non-significant
changes with the placebo. The num-
ber of subjects was 16.

Figure 4. Mean change (standard
error of mean) in systolic and dias-
tolic blood pressures (SBP, DBP)
measured in mmHg from pre-sup-
plementation to post supplemen-
tation. Changes in data from
pre-treatment to post-treatment
with lutein complex supplement
revealed significantly reduced sys-
tolic and diastolic blood pressures
(p = 0.0295, p = 0.0441, respec-
tively) compared to non-significant
readings with the placebo. The
number of subjects was 16.
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(p = 0.0384) compared to placebo, suggesting that daily
supplementation with lutein complex may improve ocular
perfusion in healthy subjects (Table 2).

A slightly unanticipated finding of our study was a signif-
icant decrease in SBP (p = 0.0295) and DBP (p = 0.0441)
after lutein supplementation as well as a decrease in DBP
(p=0.0357)whencomparing the changeswithin thegroups
(Table 2). Systemic blood pressures directly influenceOPP,
andnighttime systemic hypotensionhas been linked tonor-
mal-tension glaucoma progression [29]. Further, hyperten-
sive patients havebeen found tohave lower choroidal blood
flow compared to non-hypertensive subjects, and areas of
poor perfusion in the choroid have been correlated to loca-
tions of neovascular change in patients with AMD [30].
However, this study did not include patients with normal
tension glaucoma or AMD, nor was it designed to address
questions of blood pressure changes and disease progres-
sion. Therefore, the clinical relevance of these findings is
currently unclear. In fact, it is important to notice that the
bloodpressures’ reductiondetected inourstudy, even if sta-
tistically significant,was still intonormal physiological range.

It is important to recognize that our study is not without
limitations. One limitation was that our study was a rela-
tively small sample and wemight have been unable to deter-
mine all effects of lutein complex supplementation.
Although it was determined to not have negatively impacted
the analysis, the administration sequence provides indica-
tion that the washout period might not have been suffi-
ciently long enough to allow subjects to fully return to
baseline. To overcome this limitation, we calculated and
compared the results of study period 1 and 2 and found no
statistically significant differences. Additionally, our study
only included healthy female subjects, thereby eliminating
gender comparison. Additionally, as our subjects were all
free of ocular disease, it can only be speculated how com-
plex administration would compare in the target AMD pop-
ulation. Another limitation is that our study included
patients with hypertension and diabetes; however, to be
included in the study they had to be well-controlled, there-
fore the effects were likely due to the complex supplements
and not to the disease state. Finally, the hematic concentra-
tions of the ingredients of the lutein complex supplement
have not been measured. In fact, we monitored the compli-
ance to the treatment via a self-reported capsules count that
was recorded in a logbook. Also, we did not evaluate the
macular pigment optical density. The collection of blood
samples and the evaluation of the blood concentration of
the ingredients of the lutein complex supplement, and the
measurement of the macular pigment optical density were
beyond the scope of this study, and future studies with these
specific aims are therefore needed.

Our pilot study shows that daily supplementation with a
lutein complexmay have the ability to increase biomarkers

of ocular circulation in healthy subjects. In theory, the
development and progression of AREDs, such as AMD
and glaucoma that have previously identified vascular
mechanistic pathways, may be affected by lutein complex
supplement ingestion. It is important to highlight that the
supplementation period analyzed in our study is relatively
very short and in a relatively small sample group. Future
studies should focus on larger samples and in more ARED
disease specific populations to evaluate its clinical
significance.
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