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those membranes, and possibly enhance gap junc-
tion communications. The aim of this review is to 
present the scientific evidence available to date.

Introduction 

Lutein is well known for its role in eye health [1–4]. 
Three characteristics of lutein are reported to con-
tribute to these health benefits, namely its antioxi-
dant properties, anti-inflammatory benefits, and 
the nature of its interaction with lipid membranes 
[5–9]. New research shows that lutein crosses the 
blood–brain barrier and is the predominant carot-
enoid in the brain [5, 10], further suggesting that 
lutein has a critical role in overall brain health and 
cognitive function.
The eye and brain have a common developmental 
origin in the neural tube. Moreover, both organs 
are characterized by a high content of polyunsatu-
rated fatty acids and high metabolic activity, mak-
ing them particularly susceptible to oxidative stress 
and free radical damage [11]. Furthermore, carot-
enoids have been shown to enhance gap junction 
communication, which is proposed to be impor-
tant for light processing in the retina and proper 
functioning of neural circuits in the visual system 
[5, 12], pointing to a joint role of lutein in both 
eye and brain health and function [13].

Cognition refers to the mental processes used to ac-
quire knowledge and understanding. It is a multi-
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again suggesting a selective uptake of lutein into 
the human brain. Data for carotene and xantho-
phyll concentrations in the serum and brain are 
given in Fig. 1 (data for α-carotene are not pre-
sented because it was detected in serum but not in 
brain tissue). The authors additionally assessed the 
relationship between brain carotenoid levels and 
6-month premortem measures of cognitive func-
tion and found significant and positive correlations 
between several cognitive measures and lutein and 
zeaxanthin concentrations in the cortex. The mean 
concentration of all carotenoids progressively de-
creased with increased Global Deterioration Rat-
ing Scale (GDRS) scores from 1 (normal cognitive 
function) to 3 (mild cognitive impairment, MCI). 
Among all carotenoids, only the difference in brain 
lutein content between MCI and cognitively un-
impaired subjects remained statistically significant 
(p<0.05) after adjusting for age, sex, education, 
diabetes and hypertension. 
A similar result confirming the preferential uptake 
of lutein in the brain was observed in a study on 
infant brains published in 2014 by Vishwanathan 
et al. [10]. Lutein comprised almost two-thirds 
(58%) of the carotenoids in infant brains, while 
zeaxanthin made up 16% of the brain carotenoids, 
resulting in lutein and zeaxanthin together rep-
resenting 74% of the total carotenoids (Fig. 2) 
(data for lycopene, detected in some of the tissue 
in only three infants, are not reported). This high 
concentration of lutein relative to other dietary ca-
rotenoids is noteworthy if we consider a study of 
dietary intake of carotenoids in infants aged 2–11 

dimensional concept divided into 
domains of memory, attention, 
language, information processing, 
and executive function [14]. Each 
of these cognitive domains can 
be influenced by factors such as 
sleep, mood, stress and diet. As the 
brain ages, declines are observed 
in specific domains of cognition 
such as processing speed, episodic 
and working memory, and execu-
tive function. These changes are 
believed to be caused by physi-
ological damage due to oxidative 
stress and inflammation, among 
other factors [15]. Molecules such as lutein with 
strong antioxidant and anti-inflammatory proper-
ties have great potential to play a beneficial role in 
cognitive health. 

Lutein is the predominant 
carotenoid in the brain 

In 2004, Craft et al. published a study that identi-
fied and measured a broad range of antioxidants 
in the adult brain [16]. Sixteen carotenoids, three 
tocopherols and retinol were identified in brain 
tissue. They found that xanthophylls (lutein, zeax-
anthin and cryptoxanthin) account for 66–77% of 
the carotenoids in the brain regions studied, while 
data from previously published research reported 
that xanthophylls only account for about 40% of 
the total carotenoids in human blood [17, 18], 
prompting Craft et al. to suggest that there may 
be a ‘preferential accumulation of xanthophylls’ in 
the brain. Johnson et al. confirmed and extended 
these results in a 2013 study that measured carote-
noid levels in both the serum and brain tissue of 42 
centenarian decedents [5]. Carotenes (α-carotene, 
β-carotene and lycopene) were the predominant 
carotenoids in the serum, accounting for over half 
(57%) of total serum carotenoids. However, the 
ratio was reversed in the brain, with xanthophylls 
(lutein, zeaxanthin and cryptoxanthin) making up 
72% of total carotenoids in the brain with lutein 
alone accounting for over one third (34%) of all 
brain carotenoids, a significantly greater propor-
tion compared to other carotenoids (p<0.02), once 

Figure 1 - Mean (± SEM) concentrations of carotenoids (trans isomers) in the se-
rum and brain (average of cerebellum, frontal, occipital and temporal cortices) of 
decedents from the Georgia Centenarian Study (n=42). Cryptoxanthin is the sum 
of α- and β-cryptoxanthin. 
*Significantly greater than all other carotenoids (p<0.02); **significantly greater 
than all other carotenoids (p<0.0001). Adapted from Johnson et al. [5]
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with lutein) on cogni-
tive health and function 
or their relationship 
in healthy adult sub-
jects, those with MCI 
or those with AD. The 
search terms were “lu-
tein” OR “zeaxanthin” 
AND “cognition” OR 
“brain” OR “dementia”.
Only observational 
studies addressing the 
relationship between 
plasma lutein (and ze-
axanthin) levels and/

or their concentration in the macula expressed as 
macular pigment optical density (MPOD) and 
cognitive status/function, and interventional tri-
als involving adult participants and published in 
English were selected. A total of 24 studies were 
identified that met the search criteria. So that the 
selection would be as comprehensive as possible, 
three known published papers not retrieved by the 
search [21, 28, 29] were additionally included for 
a total of 27 papers. 

Observational studies

Twenty-three papers discussed the results of obser-
vational studies conducted to assess the relation-
ship between plasma levels of lutein and zeaxan-
thin and/or MPOD levels and cognitive status/
function (see flowchart in Fig. 3).
Thirteen of the 16 observational studies retrieved 
in the literature search assessing plasma lutein and 
zeaxanthin levels and cognitive status/function in-
dicate that higher plasma levels of lutein and, to 
some extent zeaxanthin, are positively associated 
with cognitive status/function [5, 7, 23, 25, 30–
38], while three papers reported no or a negative 
association [21, 39, 40]. 
Plasma levels of lutein and/or zeaxanthin were 
found to be significantly lower in subjects with 
MCI, AD or vascular dementia when compared 
to age-matched healthy control subjects [7, 25, 
30–33, 35, 36]. Studies assessing levels of oxi-
dative stress show that AD subjects have higher 
plasma levels of 8-hydroxyl-2’-deoxyguanosine 

months (NHANES 1988-94) [19] which showed 
β-carotene as the major dietary carotenoid and 
lutein (assessed together with its dietary isomer 
zeaxanthin) representing only 17% of the total ca-
rotenoid intake (Fig. 2). 

Scientific evidence

The importance of an adequate diet for main-
taining general health and for sustaining optimal 
brain structure and function throughout life is 
well known [20]. Healthy subjects with high fruit 
and vegetable intake have higher blood antioxi-
dant levels and better cognitive scores than healthy 
subjects with low fruit and vegetable intake [21]. 
Green and cruciferous vegetables are associated 
with a slower cognitive decline in ageing women 
[22]. These beneficial effects have been at least in 
part attributed to the nutritional compounds con-
tained in these foods, including carotenoids [23]. 
For example, carotenoid-rich dietary patterns were 
positively associated with cognitive performance 
measured 13 years later [24]. Dietary intakes of lu-
tein and zeaxanthin were found to be significantly 
lower in Alzheimer’s disease (AD) subjects com-
pared to healthy controls [25]. However, other 
papers assessing the relationship between diet and 
brain health have provided confounding results 
[26, 27]. 
A search of third party literature was conducted 
on PubMed through August 2015 to identify ar-
ticles that evaluated the effect of lutein (and its 
isomer zeaxanthin, commonly discussed together 

Figure 2 - Comparison of relative concentration of carotenoid in the diet of a male population 
2–11 months old (data for lutein and zeaxanthin are combined in the referenced report) [19] and 
in 0–11-month-old infant brain (70% male) [10]
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measure of lutein and zeaxanthin 
deposited in the macula lutea, is 
positively associated with cogni-
tive function. All 10 observational 
studies measuring MPOD identi-
fied in the literature search con-
firmed this positive correlation 
[25, 28, 38, 40–46]. 
Studies conducted in healthy sub-
jects across different age ranges 
have shown that MPOD is posi-
tively correlated with tempo-

ral processing speed and reaction time [28, 41, 
43–45]. This indicates that subjects with higher 
MPOD have faster processing speeds and reaction 
times. It also supports the connection between eye 
and brain functionality.
In a study conducted in Ireland and enrolling 4,453 
subjects 50 years of age or older [42], MPOD was 
found to be significantly and positively associated 
with two tests assessing global cognition – the Mini 
Mental State Examination (MMSE) and the Mon-
treal Cognitive Assessment (MoCA) – as well as oth-
er tests assessing specific cognitive domains. Subjects 
with lower MPOD had lower MMSE and MoCA 
scores and poorer performance in tests of prospec-
tive memory, executive function, mental process-
ing speed and sustained attention. MMSE scores 
ranged on average from 28.6 to 28.2 by MPOD 
quintiles, while MoCA scores ranged from 25.2 to 
24.6. The relationship between MPOD and differ-
ent measures of cognitive performance in healthy 
subjects observed in this large study were addition-
ally supported by two smaller studies published in 
2014 [40] and 2015 [38] which were conducted in 
older and younger populations, respectively.
Research conducted in participants with MCI 
[46] has shown that MPOD is correlated with the 
composite MMSE score, the total score of the Re-
peatable Battery for the Assessment of Neuropsy-
chological Status (RBANS) and index scores of 
visuospatial and constructional abilities, language 
ability and attention. Finally, a study comparing 
AD patients and healthy controls [25] indicates 
that MPOD is significantly lower in AD subjects.
A summary of all the observational studies ad-
dressing the relationship between MPOD and 
cognitive function is reported in Table 1.

(8-OHdG), a well-established biomarker of oxida-
tive stress in DNA [30], or higher levels of phos-
pholipid hydroperoxide (PLOOH) in red blood 
cells (RBC) [7] when compared to healthy sub-
jects. Furthermore, lower plasma lutein levels were 
significantly correlated with higher plasma levels 
of 8-OHdG in AD subjects (p<0.05). A similar 
inverse correlation was observed with levels of 
PLOOH in RBC of both AD subjects and healthy 
controls (p<0.05 and p<0.01, respectively). Finally, 
in 2015 Feart et al. reported that in a population 
of 1,092 elderly subjects without dementia, higher 
plasma lutein levels were significantly associated 
with a decreased risk of dementia and AD over a 
10-year follow-up period [23]. In the EVA (‘Etude 
du Vieillissement Artériel’) study [34] which in-
cluded 589 participants, Akbaraly et al. showed 
that participants with the lowest cognitive perfor-
mance, defined as a score below the 25th percen-
tile in the neuropsychological tests, had a higher 
probability of having plasma zeaxanthin levels also 
below the 25th percentile. Data for the oldest old 
from the Georgia Centenarian Study [5] including 
78 octogenarians (age between 80 and 89 years) 
and 220 centenarians (98 years or older) showed 
that serum lutein and zeaxanthin concentrations 
were more consistently associated with better per-
formance in the different cognitive tests conduct-
ed than α-tocopherol, retinol or the majority of 
the other carotenoids assessed. In the octogenarian 
group, only serum lutein was significantly related 
to better cognition and executive function and 
lower dementia severity. 
Additional support has been provided by the re-
search conducted in the last decade and consolidat-
ed in the last 2 years that indicates that MPOD, a 

Figure 3 - Observational studies retrieved by the literature search addressing the 
relationship between plasma lutein/zeaxanthin (L/Z) and/or macular pigment op-
tical density (MPOD) and cognitive status/function 
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Interventional studies

Interventional studies also provide support that 
supplementation with lutein and/or zeaxanthin 
may enhance cognitive function and help main-
tain cognitive health. A total of six randomized, 
double-blind, controlled interventional studies 
have been conducted to date to investigate the role 
of lutein and zeaxanthin in cognitive functions 
[29, 44, 45, 49–51]; five of these studies used Flo-
raGLO® Lutein as the source of lutein at a dose 
ranging from 8 to 12 mg. A study by Johnson et al. 
[49] provided 4 months of supplementation with 
lutein, DHA or a combination of both to a group 
of healthy 60–80-year-old women. 

The relationship between MPOD and cognitive 
function is further supported by studies conduct-
ed in primates [47] and humans [48]. These stud-
ies have confirmed that lutein concentration in the 
retinal region is consistently related to its concen-
trations in the occipital cortex (the primary visual 
processing area of the brain). Additional macu-
lar–brain associations were found in primates for 
lutein and zeaxanthin and the cerebellum, lutein 
and pons, as well as for zeaxanthin and the frontal 
cortex. These findings suggest that MPOD has the 
potential to be used as a non-invasive biomarker 
for lutein and zeaxanthin concentration in the 
brain and potentially explain the observed rela-
tionship between MPOD and cognition.

Table 1 - Summary of observational studies assessing the relationships between MPOD and cognitive function in healthy subjects 
and patients with age-related macular degeneration or Alzheimer’s disease

Study Participants Key findings

Hammond et 
al, 2005 [28]

134 healthy subjects, 17–92 
years old (average age 43.8 
years)

Significant positive relationship between MPOD and temporal processing speed 
(CFF) threshold

Renzi et al, 
2010 [41]

70 healthy subjects 15–84 
years old (mean age 33 years) 

Significant relationship between MPOD and temporal vision (tCSF)
MPOD was also significantly related to CFF values

Feeney et al, 
2013 [42]

4,453 community-dwelling 
subjects ≥50 years old (mean 
age 62.4 years)

MPOD was significantly associated with the two measures of global cognition: 
the Mini Mental State Examination (MMSE) and Montreal Cognitive Assessment 
(MoCA)
Subjects with lower MPOD showed poorer prospective memory, executive fun-
ction, mental processing speed and sustained attention after adjusting for age, 
sex and education

Renzi et al, 
2013 [43]

49 healthy subjects (mean 
age 54.8 years) and 
106 healthy younger subjects 
(mean age 20.3 years)

MPOD was significantly correlated with simple reaction time and balance ability 
in older healthy subjects
In young subjects, MPOD was significantly related to fixed and variable reaction 
time, and coincidence anticipation ability at high speed

Bovier et al, 
2014 [44]

92 healthy younger subjects 
18–32 years old (average age 
21.7 years)

Significant correlation was found between MPOD and CFF threshold or coinciden-
ce anticipation performance at some speeds indicating that subjects with higher 
MP had faster processing speed and better coincidence anticipation performance

Bovier et al, 
2015 [45]

102 healthy younger subjects 
18–32 years old

Significant correlation was found between MPOD and foveal and parafoveal tCSF 
at all frequencies tested

Nolan et al, 
2014 [25]

36 subjects with mild to mo-
derate AD (80 years old) and
33 controls (76 years old)

Central MP and MP volume were significantly lower in AD subjects compared to 
controls

Renzi et al, 
2014 [46]

53 older subjects aged 65–95 
years, with MCI (n=24; mean 
age 74.5 years) or age-
matched healthy controls 
(n=29, mean age 73.7 years)

In healthy participants, MPOD was correlated with visuospatial and constructio-
nal abilities
In MCI participants, MPOD was correlated with composite MMSE score, visuospa-
tial and constructional abilities, language ability, attention, and total scale of the 
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS).

Vishwanathan 
et al, 2014 [40]

108 healthy subjects (mean 
age 77.6 years)

MPOD was significantly correlated with 6 out of the 8 measures of cognitive 
performance including measures of global cognition, verbal learning and fluency, 
verbal recall, processing speed and perceptual speed

Kelly et al, 
2015 [38]

105 subjects free of retinal 
diseases (mean age 47 years) 
and
121 subjects with AMD (mean 
age 65 years)

Macular pigment was significantly and beneficially correlated with various mea-
sures of cognitive function in both groups

AD Alzheimer’s disease, AMD age-related macular degeneration, CFF critical flicker fusion, MCI mild cognitive impairment, MP macular pigment, 
MPOD macular pigment optical density, tCSF temporal contrast sensitivity function
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posite cognitive score between a lutein/zeaxanthin 
group and a non-lutein/zeaxanthin group follow-
ing 5 years of supplementation. The study only in-
cluded subjects with medically diagnosed AMD, 
a neurodegenerative disease with unknown con-
sequences on cognition in a population with an 
average age of 72 years. In addition, as an ancillary 
evaluation, the authors state that this portion of 
the study was not sufficiently powered to assess the 
cognitive benefits of supplementation. In order to 
control for multiple comparisons, the researchers 
set the α level for the study at p<0.001. With those 
limitations, the researchers still observed trends 
in recall (p=0.06) and Wechsler logical memory 
(p=0.02) test scores in the lutein and zeaxanthin 
treated group.
A 1-year supplementation study with zeaxanthin, 
lutein and zeaxanthin, or lutein by itself by Hoff-
man et al. [29] was also conducted in an older 
population diagnosed with mild AMD. The re-
searchers found a significant improvement from 
baseline in delayed memory in the zeaxanthin only 
group but failed to find any other statistically sig-
nificant changes in cognitive performance among 
the other two groups. Also, a study by Nolan et 
al. [51] with AD subjects (MMSE scores between 
14 and 24) and healthy controls utilized 6-month 
supplementation with meso-zeaxanthin, lutein 
and zeaxanthin or placebo. The researchers ob-
served significant improvements in serum concen-
trations, macular pigment and contrast sensitivity 
but failed to find a significant change in the cogni-
tive measures assessed. The lack of cognitive find-
ings could be due to the start of treatment after 
the onset of AD. The authors concluded that the 
results were not surprising given the fact that for 
lutein to have a beneficial effect, the optimal con-
ditions are to start treatment with lutein prior to 
the onset of a neurodegenerative disease state. In 
addition, the small samples sizes (average of n=13 
per group) resulted in some of the cognitive tests 
not being evaluated due to statistical assumption 
violations.

A summary of the interventional studies is shown 
in Table 2. In order to keep the table concise, only 
lutein or zeaxanthin outcomes in the listed papers 
have been summarized. 

The research found a statistically significant im-
provement in verbal fluency scores for both the 
lutein and the DHA groups as well as significant 
improvements in three other measures of cogni-
tion for the lutein plus DHA combination group. 
Serum lutein and DHA levels also increased sig-
nificantly. This study represents the first of its kind 
conducted to determine the role of lutein on cog-
nitive measures in older adults. It showed that lu-
tein supplementation significantly improved ver-
bal memory, a measure of executive function and 
frontal lobe capabilities.
In addition, Bovier et al. [44] conducted a 4-month 
supplementation regimen in healthy 18–32-year-
old men and women. Subjects were supplemented 
with high-dose zeaxanthin, lutein plus high-dose 
zeaxanthin and omega-3 fatty acids, or placebo. 
Neural processing speed was assessed at the end 
of the supplementation period. The researchers 
found that critical flicker fusion thresholds and 
missed coincidence anticipation time, two meas-
ures of neural processing speed, were improved 
upon supplementation. A second publication by 
the same group in 2015 using the same formu-
lations assessed the effects of supplementation on 
visual processing speed [45]. Significant improve-
ments were seen in temporal processing speeds via 
increased temporal contrast sensitivity function 
scores after 4 months of supplementation. The re-
searchers observed a 20% increase in visual pro-
cessing speed in the young healthy subjects. The 
baseline data in these two studies were also con-
sidered in the observational studies pool discussed 
above.
Three interventional studies have observed mixed 
effects on cognition after supplementation with 
lutein or zeaxanthin [29, 50, 51]. These studies 
are similar in that they were all conducted in non-
healthy subject populations diagnosed with either 
age-related macular degeneration (AMD) or AD, 
so it may not be appropriate to translate the results 
to a general healthy population. Only one of the 
studies used a true placebo-controlled design and 
all studies were conducted in an older subject de-
mographic. 
In 2015, Chew et al. [50] conducted a secondary 
analysis on the AREDS2 trial data and failed to 
find a statistically significant difference on a com-
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pigment carotenoids in the retina are significantly 
correlated with lutein and zeaxanthin concentra-
tions in the brain, further indicating that MPOD 
may serve as a non-invasive biomarker for lutein 
and zeaxanthin concentration in the brain and 
potentially for cognitive health. Furthermore, in-
terventional studies investigating the effects of lu-
tein and possibly zeaxanthin on cognitive function 
provide initial support that supplementation with 
these xanthophylls may enhance cognitive func-
tion and help maintain cognitive health. Although 
most of the data discussed were on older adults, 

Conclusions

The body of literature presented demonstrates 
that lutein crosses the blood–brain barrier and is 
the predominant carotenoid in the adult and in-
fant human brain. This supports lutein’s role as an 
important nutrient for brain health and function 
throughout the lifespan. Observational data are 
consistent in suggesting that plasma lutein (and 
zeaxanthin) levels and MPOD are positively asso-
ciated with cognitive function. Studies conducted 
in primates and humans indicate that macular 

Table 2 - Summary of interventional studies assessing the effects of lutein and/or zeaxanthin supplementation and cognitive func-
tion in healthy subjects, individuals with age-related macular degeneration (AMD), or individuals with Alzheimer’s disease (AD)

Study Cohort Study design Key findings

Johnson et al, 
2008 [49] 

49 healthy wo-
men aged 60–80 
years

R, DB, PC study
4-month supplementation with:
• 12 mg FloraGLO® Lutein
• 800 mg docosahexanoic acid (DHA)
• 12 mg FloraGLO Lutein + 800 mg DHA
• Placebo

Significant improvement in verbal fluency in 
the FloraGLO® Lutein and DHA groups from 
baseline
Significant improvement in shopping list, word 
list and delayed recall memory tests in the 
FloraGLO Lutein+DHA group from baseline

Bovier et al, 
2014 [44]

64 healthy young 
subjects aged 
18–32 years

R, DB, PC study
4-month supplementation with:
• 20 mg zeaxanthin
• 8 mg FloraGLO Lutein + 26 mg zeaxanthin 
   + 190 mg omega-3 fatty acids
• Placebo

Significant improvements in neural processing 
speed (critical flicker fusion thresholds and 
missed coincidence anticipation time) for both 
treatment groups combined from baseline

Bovier et al, 
2015 [45]

69 healthy young 
subjects 18–32 
years old

R, DB, PC study
4-month supplementation with:
• 20 mg zeaxanthin
• 8 mg FloraGLO Lutein + 26 mg zeaxanthin 
   + 190 mg omega-3 fatty acids
• Placebo

Significant improvements in visual processing 
speed (temporal contrast sensitivity function) 
for both treatment groups from baseline

Chew et al, 
2015 [50]

3073 AMD pa-
tients (mean age 
72.7 years)

R, DB, standard of care controlled study
4-year supplementation with:
• 10 mg FloraGLO Lutein + 2 mg zeaxanthin
• 1 g omega-3 fatty acids
• 10 mg FloraGLO Lutein + 2 mg zeaxanthin 
   + 1 g omega-3
• Standard of care placebo*

Secondary analysis did not find a significant 
difference on a composite cognitive score 
between the lutein/zeaxanthin group and a 
non-lutein/zeaxanthin group
Recall and memory test scores showed trends 
towards improvement in the FloraGLO Lutein 
and zeaxanthin group

Hoffmann et 
al, 2015 [29]

60 male subjects 
with early AMD 
(mean age 75.1 
years)

R, DB, lutein controlled study
1-year supplementation with:
• 8 mg zeaxanthin
• 9 mg FloraGLO Lutein + 8 mg zeaxanthin
• 10 mg FloraGLO Lutein

Significant improvements in delayed memory 
test scores in the zeaxanthin only group com-
pared to baseline

Nolan et al, 
2015 [51]

31 AD subjects 
(mean age 80 
years),
and 31 healthy 
controls (mean 
age 76 years)

R, DB, PC study
6-month supplementation with:
• 10 mg lutein + 2 mg zeaxanthin 
   + 10 mg meso-zeaxanthin
• Placebo

No significant change in any cognitive 
functions examined in either AD subjects or 
controls

*All subjects (including those assigned to the placebo group received high doses of vitamin C and vitamin E, and zinc, copper and β-carotene 
(AREDS1 formula or a modification of it)
AD Alzheimer’s disease, DB double-blind, PC placebo-controlled, R randomized
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