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Lower levels of macular pigment may be associated with a thinner 

macular ganglion cell complex.

 BY THOMAS LAWLER, PHD, AND YAO LIU, MD, MS 

MACULAR PIGMENT OPTICAL 
DENSITY AS A STRUCTURAL 
INDICATOR OF GLAUCOMA

C
urrently, the only modifiable risk 
factor for primary open-angle 
glaucoma is IOP. However, 
thinning of the inner retinal 
layers (ie, the ganglion cell 

complex) in the macula represents an 
early structural indicator of glaucoma.1 
Interventions or approaches to prevent 
this thinning may therefore help 
prevent glaucomatous vision loss. 

Low levels of macular pigment, 
composed of the dietary carotenoids 
lutein and zeaxanthin in the retina, 
were associated with a thinner 
macular ganglion cell complex 
among women in the Carotenoids 
in Age-Related Eye Disease Study 2 
(CAREDS2).2 These findings suggest 
that dietary supplementation with 
lutein and zeaxanthin may have 
beneficial effects for preventing 
structural changes implicated in 
early glaucoma.   

 B A C K G R O U N D 
Lutein and zeaxanthin are 

xanthophyll carotenoids found 
predominantly in leafy green 
vegetables. These carotenoids 
accumulate throughout the retina 
and central nervous system, with the 
highest concentration in the macula.3 
Notably, higher levels of macular 

pigment have been consistently 
linked to improved BCVA and 
contrast sensitivity, which may reflect 
macular pigment’s role in filtering 
short-wavelength blue light.4,5 Some 
studies have also observed a link 
between low levels of macular pigment 
and the presence of age-related 
macular degeneration.6,7

Macular pigment is an attractive 
target for possible interventions to 
prevent age-related eye diseases 
such as glaucoma for several reasons. 

Macular pigment levels can be 
measured simply and noninvasively. 
Additionally, they can be increased 
inexpensively (relative to the cost of 
medical treatment) by consuming 
carotenoid-rich foods such as 
leafy green vegetables, broccoli, 
and eggs or dietary supplements.3 
However, the results of prior small 
case-control studies have been 
inconsistent with regard to whether 
low macular pigment is a risk factor 
for glaucoma.8-11

AT A GLANCE

s

 �Macular pigment is composed of the dietary carotenoids lutein and 
zeaxanthin and has been linked to improvements in vision and a reduced 
risk of age-related eye diseases.

s

 �In the Carotenoids in Age-Related Eye Disease Study 2 (CAREDS2), lower 
levels of macular pigment were associated with thinning of retinal 
layers that is an early structural indicator of glaucoma.

s

 �CAREDS2 adds to a growing body of evidence that diets rich in lutein and 
zeaxanthin may reduce glaucoma risk. 

s

 �Additional research is required to determine whether interventions 
designed to increase macular pigment levels via dietary carotenoid 
supplementation can help prevent glaucoma.
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 S U M M A R Y O F P R I M A R Y F I N D I N G S 
CAREDS2 is a longitudinal follow-up 

study of the original CAREDS cohort, 
which included 2,005 women 
recruited from the Women’s Health 
Initiative observational study.12,13 For 
CAREDS2, we analyzed a sample of 
379 women aged 55 to 81 years at 
CAREDS enrollment who completed 
baseline macular pigment testing 
(2001–2004) and underwent OCT 
imaging approximately 15 years later in 
CAREDS2 (2016–2019).2 

We observed that lower levels of 
macular pigment were associated 
with a thinner macular ganglion 
cell complex, including both the 
macular ganglion cell layer and inner 
plexiform layer. These associations 
were statistically significant only in 
the central subfield of the macula, 
the area corresponding to the fovea 
where the density of macular pigment 
is highest. Among eyes with manifest 
primary open-angle glaucoma, lower 
levels of macular pigment were also 
associated with thinner retinal nerve 
fiber layer thickness in the central 
subfield. Overall, these findings are 
consistent with earlier studies that also 
reported an association between low 

levels of macular pigment and reduced 
thickness or volume of the macular 
ganglion cell complex in healthy and 
glaucomatous eyes.8-10 

 C O N C L U S I O N S A N D C L I N I C A L  
 S I G N I F I C A N C E 

The observed association between 
lower macular pigment and thinner 
inner retinal layers as an early 
structural indicator of glaucoma is 
not well understood. Large-scale 
prospective studies and randomized 
controlled trials are required to 
determine whether interventions 
to increase macular pigment could 
decrease the risk of glaucoma 
development or its progression. The 
association between macular pigment 
and inner retinal thickness may reflect 
the benefits of an overall healthy 
diet rich in fruits and vegetables that 
contain protective antioxidants.11 Leafy 
green vegetables also contain high 
levels of dietary nitrates, which have 
been linked to a lower risk of glaucoma 
in large cohort studies.14,15

The evidence that dietary 
supplementation with lutein and 
zeaxanthin may influence glaucoma 
risk remains in its early stages. That 

said, clinicians may consider informing 
interested patients that an overall 
healthy diet rich in leafy green 
vegetables may help lower their risk of 
ocular disease.  n
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 “ W E  O B S E R V E D  T H A T  L O W E R  L E V E L S  O F  M A C U L A R  

 P I G M E N T  W E R E  A S S O C I A T E D  W I T H  A  T H I N N E R  

 M A C U L A R  G A N G L I O N  C E L L  C O M P L E X ,  I N C L U D I N G  

 B O T H  T H E  M A C U L A R  G A N G L I O N  C E L L  L A Y E R  A N D  

 I N N E R  P L E X I F O R M  L A Y E R .  T H E S E  A S S O C I A T I O N S  W E R E  

 S T A T I S T I C A L L Y  S I G N I F I C A N T  O N L Y  I N  T H E  C E N T R A L  

 S U B F I E L D  O F  T H E  M A C U L A ,  T H E  A R E A  C O R R E S P O N D I N G  

 T O  T H E  F O V E A  W H E R E  T H E  D E N S I T Y  O F  M A C U L A R  

 P I G M E N T  I S  H I G H E S T . ” 


