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Background and Objectives: The purpose of this study was to determine whether supplementation with lutein 
improved visual function in patients with nonproliferative diabetic retinopathy (NPDR). Methods and Study De-
sign: In this randomized, double-blind, placebo-controlled trial, 31 patients with NPDR were assigned randomly 
to 10 mg/d of lutein or identical placebo for 36 weeks. Visual performance indices, including visual acuity (VA), 
contrast sensitivity (CS) and glare sensitivity (GS) at four different spatial frequencies, were measured at baseline, 
week 18 and 36. Results: At 36 weeks, a slight improvement in VA was found in the lutein group. A significant 
association was observed between the changes in VA and the corresponding baseline values in treatment group 
(r=-0.53; p=0.04). At 36 weeks, the lutein treatment group increased CS at four spatial frequencies, and the im-
provement achieved statistical significance at 3 cycles/degree (p=0.02). The changes in CS at 3 cycles/degree for 
the lutein group was marginally significantly greater than those for the placebo group (p=0.09). There was also a 
slight increase in GS in the lutein group up to week 36, however, no significant changes were found over time in 
any cycles/degree. Conclusions: In patients with NPDR, supplementation with lutein resulted in potential im-
provements in CS at low spatial frequency. Further studies are required to determine the possibility that such in-
tervention could be used as an adjunct therapy to prevent vision loss in diabetic patients. 
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INTRODUCTION 
Diabetic retinopathy (DR) is retinal damage, specifically 
to blood vessels in the retina, caused by complications of 
diabetic mellitus (DM).1 It is the major cause of adult 
vision impairment and blindness in industrialized coun-
tries.2 The disorder includes the presence of microaneu-
rysms, hemorrhages, hard exudates, and cotton wool spot; 
these events subsequently cause fibrovascular prolifera-
tion and then retinal detachment.3 Although visual dys-
function is found to be initiated in early DR, no perma-
nent cure is currently available.4 Therefore, effective 
treatments are needed to help in preventing or delaying 
the development and progression of the diabetes-induced 
visual dysfunction. 

It has been suggested that oxidative stress is involved 
in the pathogenesis of DM as well as diabetic complica-
tions.5 Sustained hyperglycemia results in greater produc-
tion of reactive oxygen species (ROS) that contribute to 
oxidative stress in diabetes.6 If the production of free rad-
icals overwhelms the capacity of the antioxidant defenses, 
increased free radical activities disrupts the normal cellu-
lar metabolism that leads to the development of retinopa-
thy.7 Antioxidants with free-radical scavenging ability 
provide significant protection against oxidative stress and 
therefore may play a preventive role in development of 
DR. Lutein is one of the dietary xanthophyll carotenoids  

 
 
that are specifically concentrated in the macula, indicat-
ing that it may be crucial in protecting the retina from 
oxidative stress-induced damage.8 Diabetic patients have 
significantly lower serum and retinal levels of lutein than 
did the control subjects.9 Previous studies have shown 
that administration of lutein prevents diabetes-induced 
oxidative stress and inhibits the onset of retinopathy in 
diabetic rats; however, no intervention studies have been 
conducted concerning lutein in the prevention or treat-
ment of DR at an early stage to date.10,11 Meanwhile, most 
of the evidence on the protective role of lutein in eye 
health has been focussed on AMD,12 and little is known 
concerning the effects of this carotenoid on the improve-
ment in visual function in nonproliferative DR (NPDR). 

The aim of this study is to evaluate the potential effects 
of supplementation with lutein on visual function in the 
patients with NPDR. 
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METHODS AND MATERIALS 
Study population 
Participants were recruited from nephrology and diabetes 
clinics. All subjects received a complete ophthalmologic 
examination to detect the presence of retinal disease. This 
included slit lamp, ophthalmoscopy, and stereoscopic 
fundus photographs of the macula. Those participants 
eligible were aged 40 to 85 years and had type 2 diabetes 
and a clinical diagnosis of NPDR in either mild or mod-
erate stage, defined as the presence of microaneurysms, 
hemorrhages, or hard exudates, according to modification 
of the Airlie House Classification system.13 

Patients were excluded from the study if they had pro-
liferative DR or other eye disorders other than NPDR, 
including macular degeneration, diabetic macular edema, 
retinal detachment, ocular trauma or glaucoma requiring 
treatment; had a previous history of intraocular inflamma-
tion or laser treatment for retinal diseases; had any cardi-
ovascular event within the past year, type 1 diabetes, and 
unstable chronic illness; were taking medication that 
would affect visual function for at least the previous 3 
months; were vegetarian; and consumed vitamin, carote-
noids or mineral supplements within the previous 6 
months. 

The research protocol was approved by the medical 
ethics committee of the Xi’an Jiaotong University. Partic-
ipants gave written informed consent prior to study par-
ticipation. 
 
Study design 
The study was a 36-week randomized, double-blind, pla-
cebo-controlled intervention. All participants were ran-
domly assigned to one of two study groups in a 1:1 ratio 
according to a computer-generated randomization sched-
ule in blocks of 4: Group Lutein, who received 10mg of 
lutein once a day for 36 weeks; and Group Placebo, who 
received a placebo capsule. Treatment allocation was 
blinded to the participants, investigators and staff directly 
involved in conduct of the study. All capsules were man-
ufactured by Lutein Pharmaceutical Co Ltd (Guangzhou, 
China). Placebo and active capsules were identical in size 
and color. 

During the study, the participants were requested to 
maintain their usual diet and physical activity and to 
avoid excessive intakes of food items rich in xantho-
phylls. Nutritional status was assessed using food-
frequency questionnaires. Participants were instructed to 
take their supplements with meals, and treatment compli-
ance was checked by returned capsule counts at monthly 
intervals. Visual performance indices were performed at 
baseline, week 18 and 36, including visual acuity (VA), 
contrast sensitivity (CS), and glare sensitivity (GS). 
 
Visual performance indices 
VA was measured with an Early Treatment Diabetic Ret-
inopathy Study chart. The test distance was 4 m and the 
acuity chart was retroilluminated with automatic calibra-
tion to 130 cd/m2. Visual acuity was scored by the total 
number of letters identified correctly with full spectacle 
correction and expressed in logarithm of the minimum 
angle of resolution (logMAR).14 

CS was assessed by using the CSV 1000 contrast sensi-
tivity test system (Vector Vision, Dayton, OH, USA). The 
system provides a fluorescent luminance source that re-
troilluminates the chart. The test was administered at the 
distance of 2.5 m under controlled room illumination (85 
cd/m2). Four different spatial frequencies of 3, 6, 12 and 
18 cycles/degree are measured, and each spatial frequen-
cy are graded on a scale from 1 (high contrast) to 8 (low 
contrast). The subjects were asked to recognize the grat-
ing pattern in each column monocularly with their best 
correction after subjective refraction. Contrast threshold 
for each cycle/degree is determined by the contrast level 
of the last correct response.15 After turning on the glare 
light, GS was assessed using the same method. The lumi-
nance intensity of glare was 350 cd/m2.16 
 
Statistical analyses 
Sample size estimation was based on the change of VA 
from baseline, a 2-sided significance level of 0.05, and a 
power of 80%. To achieve the calculated power, 13 pa-
tients had to be enrolled in each treatment group. All 
analyses were performed using the intent-to-treat popula-
tion. Data were checked for normal distribution using the 
Kolmogorov-Smirnov test. Differences of baseline char-
acteristics among groups were tested with chi-square test 
or t test as appropriate. Changes between the final visit 
and baseline for continuous measures were assessed using 
the paired t test and the between-group differences in 
change among treatment groups were tested by analysis 
of covariance (ANCOVA) adjusted for baseline values. 
Changes in those same variables over time were further 
assessed using a repeated-measure ANOVA, with the 
baseline values as covariates. The Pearson tests were used 
for assessing the relationships between the baseline val-
ues and their changes during 36 weeks. All the calcula-
tions were conducted with SPSS 11.0 for Windows (SPSS 
Inc., Chicago, USA). Any differences showing a p value 
of less than 0.05 were considered to be statistically signif-
icant. 
 
RESULTS 
A total of 31 participants were recruited for the study and 
randomly assigned to receive 10mg lutein (n=15), or pla-
cebo (n=16). The baseline characteristics of the two 
groups are presented in Table 1. The mean (SD) age of 
study population was 60.2 (10.3) years, and the mean 
(SD) BMI was 25.0 (2.1), and about 27% were women. 
Demographic variables and baseline characteristics of 
participants were equally distributed among the groups. 
All participants completed the protocol, except one par-
ticipant in the placebo group dropped out for personal 
reasons. More than 95% of participants took at least 80% 
of their capsules, and there was no difference in adher-
ence between groups (p>0.05). 

The changes from baseline in VA over time are pre-
sented in Figure 1. LogMAR of VA decreased by means 
(SD) of 0.08 (0.22) in the lutein group and increased by 
0.02 (0.19) in the placebo group at 36 week. Relative to 
baseline, there was a slight but non-significant improve-
ment in VA in lutein group throughout the treatment peri-
od (p=0.11). No significant differences were found be-
tween groups in changes in VA from baseline to 36 
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weeks (p>0.05). The relationships between the values of 
baseline VA and the amount of their improvements over 
the study period are shown in Figure 2. The changes in 

logMAR of VA from baseline to 36 weeks were inversely 
correlated with the corresponding baseline values for ac-
tive treatment group (correlation coefficients r=-0.53; 
p=0.04). 

The changes in CS at four spatial frequencies were not 
significant for both groups at 18 weeks (p>0.05). At 36 
weeks, the lutein treatment group increased CS at 3 cy-
cles/degree by 0.16, and the improvement achieved statis-
tical significance (p=0.02, Table 2). An ANCOVA analy-
sis showed a marginally significant difference was noted 
between groups in changes in CS at 3 cycles/degree from 
baseline to 36 weeks (p=0.09). CS at 6 cycles/degree in-
creased from a baseline value of 1.28 to 1.38 in partici-
pants assigned to the lutein group, and increased from 
1.20 to 1.22 in participants assigned to placebo. The 
magnitude of changes was diminished in CS at 12 and 18 
cycles/degree. In contrast with the significant change in 
CS at 3 cycles/degree, no significant changes in CS at the 
other three cycles/degrees were found over time in any 
group. Repeated-measure analyses of CSs at four spatial 
frequencies demonstrated a significant time effect, but not 
intervention effect, for CS at 3 cycles/degree (p =0.04). 

The pattern of changes in GS at different spatial fre-
quencies between groups loosely paralleled the changes 
in CS (Table 2). Although participants assigned to the 
lutein group had slight improvements from baseline in 
GSs, the within-group differences at 36 weeks did not 
achieve statistical significance. Similarly, GS changes at 
different spatial frequencies between groups were not 
statistically significant over time (all p>0.05). 
 
DISCUSSION 
In this study, we demonstrated that supplementation with 
lutein led to improvements in CS at low spatial frequen-
cies for the patients with NPDR. Furthermore, the magni-
tudes of improvements in VA were inversely associated 
with their corresponding baseline levels. These findings 
provide evidence that lutein supplementation may exert 
beneficial effects on the visual function for diabetic sub-
jects. 

The retina is particularly susceptible to oxidative dam-
age by ROS. Hyperglycemia, high oxygen fluctuation and 
high metabolic activity in the retina also induce the for-

Table 1. Baseline characteristics of study participants† 
 

Characteristics Placebo group 
(n=15) 

Lutein group 
(n=15) p value‡ 

Age, y  62.8 (12.0) 58.6 (8.9) 0.22 
Women, n (%) 3 (20.0) 5 (33.3) 0.68 
Education, y 11.7 (4.3) 13.3 (3.1) 0.25 
Body mass index§, kg/m2 24.7 (2.1) 25.2 (2.0) 0.38 
Waist circumstance, cm  89.8 (10.8) 93.0 (9.9) 0.40 
Family history of DM, n (%) 2 (13.3) 2 (13.3) >0.99 
Smoking, n (%) 9 (60.0) 5 (33.3) 0.27 
Drinking, n (%) 9 (60.0) 7 (46.7) 0.72 
Blood pressure, mmHg    

Systolic 130 (12.0) 134 (17.4) 0.50 
Diastolic  83.6 (11.9)  84.1 (13.4) 0.93 

 
DM: diabetic mellitus. 
†Value expressed as mean (standard deviation) unless otherwise noted. 
‡P-values for any difference in groups derived from t test for continuous variables or the χ2 test for categorical variables. 
§Body mass index calculated as weight in kilograms divided by height in meters squared. 
 
 

 
Figure 1. Change in visual acuity for two treatment groups of 
patients with nonproliferative diabetic retinopathy after lutein 
supplementation. Error bars indicate standard error of the mean. 
 
 

 
Figure 2. The relationship between the values of baseline VA 
and the changes in VA from baseline in the lutein group. Abbre-
viations: LogMAR, logarithm of the minimum angle of resolu-
tion; VA, visual acuity 
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mation of ROS which can initiate lipid peroxidation, 
thereby leading to oxidative damage to various cell struc-
tures.17 Cumulative oxidative stress has been implicated 
in etiology of diseases such as AMD and DR.18 As the 
main component of macular pigment, lutein can quench 
singlet oxygen, scavenge free radicals, and protect retinal 
cells from oxidative damage.19 In animal models of DR, 
lutein has been demonstrated to be capable of normaliz-
ing the diabetes-induced histological modifications and 
maintaining mitochondrial homeostasis, suggesting that 
lutein supplementation may reverse the vision loss in ear-
ly DR patients.11,20 Previous studies had suggested sup-
plementation with xanthophylls found in the macular 
might have beneficial effects on improving visual func-
tion. Richer et al demonstrated that lutein and antioxidant 
supplementation in atrophic AMD patients induced a 5.4-
letter increase in Snellen equivalent VA.21 In a 9-month 
supplementation study by Cangemi, subjects with 
atrophic AMD receiving lutein supplement gained an 
average of one-half of a line of VA at 6 months.22 In ac-
cordance with these studies, the results of the study con-
ducted by Dawczynski et al also indicated the significant 
improvement in VA was observed after supplementation 
with macular xanthophylls and co-antioxidants in persons 
with dry AMD.23 However, only a trend toward increase 
in VA was observed in active treatment group in our 
study. This difference in the amount of VA improvement 
across studies can be attributed partly to differences in 
subject populations. Compared with the dry AMD pa-
tients in most previous studies, the subjects with early DR 
in this study had good baseline VA; and therefore the 
magnitude of improvement in VA for these subjects was 
smaller than that for the patients with late AMD. This 
hypothesis was also supported by the finding from our 
study, which demonstrated significant relationships be-
tween the improvements in VA and the corresponding 
baseline level. Consequently, this result indicated that 
individuals with relatively reduced acuity might benefit 
more from supplementation. 

VA at normal illumination level (100%) only relates to 
the ability to resolve details of maximum contrast, and 
increased VA is not always associated with the improve-
ments in quality of vision under photopic and mesopic 
conditions.24-25 Individuals with normal VA can have re-
duced CS and may experience trouble in identifying ob-

jects at night or in dimly lit places. As evaluating visual 
capacity comprehensively, CS is considered a more accu-
rate and reliable predictor of acuity improvement.26 In 
contrast to no significant change in VA during 36 weeks, 
the significant improvements in CS at low illumination 
levels were observed in the present study, suggesting that 
macular carotenoids play the functional roles in the hu-
man eye. The blue-light filtration effects of these xantho-
phylls combined with their ability to minimize chromatic 
aberration may serve to enhance fine detail distinction, 
increase contrast, and improve visual sensitivity.26-27 In 
addition, recent findings demonstrated that the ability to 
withstand glare decreased in people with low macular 
pigment levels.28 The present study showed that lutein 
supplementation led to a slight improvement in GS at 
different spatial frequencies in the patients with NPDR. 
The mechanism by which macular xanthophylls increased 
GS may involve its capability of filtering short-
wavelength light, thereby possibly decreasing glare. 29-30  

The findings of our study have important clinical and 
public health implications concerning DR prevention. DR 
remains a common cause worldwide of blindness and 
visual impairment that has been gaining increased health 
policy importance. Our results showed that high intake of 
lutein and zeaxanthin were expected to have an acuity 
improvement for NPDR patients. As CS and GS were 
correlated highly with reported poor quality of vision, our 
finding has important implications for improving vision-
related quality of life in NPDR patients. It has been esti-
mated that the mean intake of lutein from the diet by the 
entire American population is 1.71 mg/day, which is sub-
stantially lower than the recommended amounts.31 In ad-
dition, consumption of dark-green leafy vegetables, 
which typically contain the highest concentration of lute-
in, tends to be quite low.32 Clinically, ophthalmologists 
could recommend NPDR patients to increase consump-
tion of dark green vegetables and lutein supplements. 
Given the high prevalence and extensive treatment costs 
of DR, such dietary modification by increasing the con-
sumption of lutein-rich foods may bring considerable 
benefits in preventing or reducing progression of DR. 

In conclusion, the results of the present study showed 
that lutein supplementation has the potential to improve 
visual function in the patients with NPDR, especially for 
CS at low spatial frequency. Up to now, no prospective 

Table 2. Change in contrast sensitivity and glare sensitivity from baseline 
 

Outcome 
Placebo group  Lutein group 

p value† Baseline, 
mean (SD) 

Mean (SD) 
change 

p value  
(vs baseline) 

 Baseline, 
mean (SD) 

Mean (SD) 
change 

p value  
(vs baseline) 

Contrast sensitivity, log         
3 cyc/d 1.08 (0.29) 0.02 (0.26) 0.79  1.05 (0.25) 0.16 (0.24) 0.02 0.09 
6 cyc/d 1.20 (0.35) 0.03 (0.31) 0.73  1.28 (0.31) 0.10 (0.23) 0.12 0.13 
12 cyc/d 0.87 (0.30) -0.02 (0.26) 0.84  0.98 (0.34) 0.08 (0.25) 0.24 0.36 
18 cyc/d 0.41 (0.25) -0.05(0.31) 0.59  0.40 (0.31) 0.07 (0.30) 0.39 0.58 

Glare sensitivity, log         
3 cyc/d 1.02 (0.30) -0.01 (0.30) 0.90  0.98 (0.22) 0.07 (0.38) 0.49 0.55 
6 cyc/d 1.18 (0.32) -0.11 (0.22) 0.16  1.18 (0.33) 0.04 (0.36) 0.71 0.27 
12 cyc/d 0.87 (0.31) -0.05 (0.24) 0.45  0.80 (0.30) 0.07 (0.39) 0.49 0.37 
18 cyc/d 0.43 (0.32) 0.08 (0.24) 0.36  0.39 (0.31) 0.04 (0.37) 0.71 0.74 

 
SD: standard deviation. 
†p values for between-group difference in change from baseline derived from analysis of covariance analysis adjusting for baseline value. 
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cohort studies have been conducted to determine whether 
dietary antioxidant carotenoids, in particular lutein, can 
play a role in preventing the onset or progression of DR. 
Therefore, well-designed large prospective cohorts are 
required to examine this relationship between lutein status 
and DR risk. Moreover, further large long-term RCTs 
will be necessary to determine the possibility that such 
intervention could be used as an adjunct therapy to pre-
vent vision loss and inhibit progression of retinopathy in 
diabetic patients, which may be important for establishing 
preventive and treatment approaches for this disease. 
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