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Abstract

Background Diabetic retinopathy (DR) is related to oxidative stress and insufficient intake of dietary antioxidants may be
associated with the onset and progression of DR. This study aimed to detect the association between main dietary anti-
oxidants intake and the risk for DR.

Methods This is a cross-sectional study of a Chinese urban population. Four hundred and fifty-five subjects with type 2
diabetes were recruited and divided into diabetic patients without retinopathy (DWR) group and DR group based on their
retinal status. CSMO (clinically significant macular oedema) was diagnosed by stereoscopic photography. Demographic and
lifestyle characteristics were ascertained by questionnaire. General physical and ophthalmic examinations were completed
for all subjects. Dietary antioxidants were assessed by 3-day food records. Subjects who have taken any type of vitamin
supplements were excluded from the study. The association of dietary antioxidants with the risk for DR was analysed by
logistic regression with adjustment of other factors. The dietary antioxidants levels of the CSMO subjects and non-CSMO
subjects were compared using the Wilcoxon rank sum test.

Results One hundred and nineteen subjects in DR group and 336 subjects in DWR group participated in the study. Only ten
DR subjects had CSMO. The results showed that higher vitamin E (OR (95% CI):0.97 (0.95, 1.00), P = 0.036) and selenium
(OR (95% CT1):0.98 (0.96, 1.00), P = 0.017) intake appear to be the protective factors of DR. The dietary antioxidants levels
of CSMO and non-CSMO subjects had no statistical differences (P> 0.05).

Conclusions Dietary antioxidants intake, particularly vitamin E and selenium, were observed to have protective
effects on DR.

Introduction in adults. With the growing prevalence of diabetes in recent
years, the number of DR subjects in China had rapidly
increased [1]. DR is a multi-factorial disease with a complex
aetiology. Clinical studies have clearly documented that
intensified glycaemic control reduces the occurrence and
severity of DR [2]. But many subjects, even with a careful
glycaemic control, are still affected by diabetic complica-

tions, including DR [3, 4]. The pathophysiology of this

Diabetic retinopathy (DR), one of the microvascular com-
plications in diabetes, remains the major cause of blindness
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blinding disease is complicated, and the exact mechanism
remains elusive. One of the possible mechanism is that
sustained hyperglycaemia induces oxidative stress, which
accelerates the progress of pathogenic lesions of DR [5].
Previous studies showed that administration of antioxidants
can prevent diabetes-induced oxidative stress and the
development of retinopathy in diabetic rats [6]. The effects
of antioxidants on development of diabetic retinopathy in
human remain to be controversial.

Diet control has always been one of the cornerstones
in diabetes management. A recent research found that
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Mediterranean diet enriched with extra virgin olive oil,
which has strong antioxidant effects, may protect against
DR [7]. Fruits and vegetables rich in antioxidants were also
found to reduce the risk for DR [8, 9]. However, previous
study in non-Hispanic white and Hispanic adults in southern
Colorado demonstrated that dietary intake of vitamin C,
vitamin E, and f-carotene has no protective effect on DR
[10]. In contrast, potential deleterious effects of those
nutrient antioxidants were found in this study. Riboflavin
was found to have the ameliorative effect on oxidative stress
in diabetic mice. It is suggested that supplementation with
dietary riboflavin might help to reduce diabetic complica-
tions [11]. Selenium is a component of antioxidant
enzymes, namely glutathione peroxidase and thioredoxin
reductase [12]. High-dose selenium was found to down-
regulate vascular endothelial growth factor which can
increase vascular permeability and stimulate retinal neo-
vascularization [13, 14]. These evidences suggest that
selenium may also play a role in preventing the progression
of retinopathy.

The purpose of this study is to evaluate the effects of
major dietary antioxidants that can be obtained from the
Nutrition Calculator, including vitamin C, vitamin E, vita-
min A, riboflavin and selenium, on risk for DR in a
case—control cohort of Chinese subjects.

Subjects and methods
Study subjects and clinical evaluation

Data were collected from the Desheng Diabetic Eye Study,
details of which have been described previously [15].
Subjects with type 2 diabetes mellitus (DM) were recruited
between January 2010 and January 2011 from the Desheng
community of urban Beijing. The study protocol was
approved by the Ethics Committee of Beijing Tongren
Hospital and adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all
subjects before their enrolment. Diabetic subjects were
recognised based on either a history of known type 2 DM or
undergoing treatment for diabetes, excluding people who
did not respond to the dietary survey and subjects with other
major ocular diseases at baseline. Of the 516 subjects with
type 2 DM were initially recruited, 495 had completed the
3-day food record questionnaire, whereas 21 (4.07%)
subjects had no dietary data. Among the 495 subjects,
9 subjects with non-gradable fundus photographs were
excluded. 31 subjects who had ever taken any type of
vitamin supplements were also excluded from the statistics,
due to lack records of intake frequency and duration of
supplements.
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All subjects underwent a standardised evaluation con-
sisting of a questionnaire, ocular and anthropometric
examinations, as well as laboratory test. The questionnaire
includes basic information (age, sex, ethnicity, income,
education), lifestyle information (such as smoking, exercise
and alcohol intake) and health status information (such as
the use of insulin therapy and any history of systemic dis-
eases). Ethnicity was divided into Han and other minorities.
Exercise was divided into three groups according to the
exercise intensity in the previous 7 days (group 0: have no
exercise, group l: have mild exercise without sensible
perspiration, such as walking; group 2: have moderate or
vigorous exercise with sensible perspiration). Smoking was
also divided into three groups: group O (Never smoke),
group I(current smoker) and group 2 (former smoker).
Drink only referred to current drinkers. Anthropometric
parameters included bodyweight and height, waist and hip
circumference and resting blood pressure which was mea-
sured three times, 5 min apart. Body mass index (BMI, kg/
m?) [16] and waist-to-hip ratio (WHR) were calculated. A
comprehensive ophthalmological examinations, including
corrected visual acuity, slit-lamp biomicroscopy and fundus
photography were performed [17, 18]. Seven fields 30°
colour fundus photographs with stereoscopic images of the
optic disc and macula were taken through the dilated pupils
of each subject using a digital fundus camera (Zeiss Visu-
cam Pro, Oberkochen, Germany). The Early Treatment
Diabetic Retinopathy Study (ETDRS) grid was auto-
matically centred on the fovea [19].

The overall retinopathy grade, including clinically sig-
nificant macular oedema (CSMO), for each eye was deter-
mined according to the protocol described in the ETDRS
[20]. All of the fundus photographs have been graded by a
coauthor (XY) who has been trained at University of Wis-
consin Fundus Photograph Reading Center. Subjects whose
eyes had no signs of DR were assigned to the diabetic-
without-retinopathy (DWR) group. Subjects whose eyes
had DR worse than ‘questionable’ were assigned to the DR
group. CSMO was assessed by stereoscopic photography.
The ETDRS criteria for CSMO included the presence of
any of the following three characteristics: (1) Thickening of
the retina at or within 500 um of the centre of the macula.
(2) Hard exudates at or within 500 um of the centre of the
macula, if associated with thickening of adjacent retina. (3)
A zone or zones of retinal thickening 1-disc area or larger,
any part of which is within 1-disc diameter of the centre of
the macula.

Dietary assessment

Dietary intakes were assessed using a 3-day records [21].
The dietary recording template was shown in Fig. 1. All
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Food and dosage

Breakfast Milk (SanYuan) 250g, Whole-wheatbread 80g

Snacks Soda biscuit 9g

Rise 75g, Celery beef (Celeryl50g, beef 30g), Egg and spinach soup (egg 55g,
Spinach 100g), Salt 5g, Cooking oil (peanut oil) 7g

Lunch

Snacks Apple 50g

Rice 75g, Meat shreds with Chinese cabbage (Chinese cabbage 150g, Lean pork 30g),
Fish fillet black fungus (grass carp 60g, black fungus 10g), Tomatoes (150g), Salt 5g,
Cooking oil (peanut oil) 7g

Supper

Snacks None

Fig. 1 The dietary recording template. Three meals and snacks, with
food portion sizes, should all be included in the record.

subjects included had to fill a dietary record over three
consecutive days except Saturday and Sunday. Common
sets of household measures were used to help subjects to
estimate food portion sizes. The nutrient quantities were
calculated with Nutrition calculator V1.6 (ISBN: 7-900341-
12-9). The database of this software is based on the China
Food Composition 2002, including over 1400 kinds of
food, which was compiled by Institute of Nutrition and
Food Safety of China Centers for Disease Control [22].

Serum and plasma biochemistry

Fasting blood samples were collected for measurement of
C-reactive protein, fasting plasma glucose (FPG), glycosy-
lated haemoglobin Alc (HbAlc), creatinine (CR), uric acid,
lipid profile (levels of total cholesterol, triglycerides, and
high-density and low-density lipoprotein cholesterol). All
biochemical markers were measured using an automated
system with reagents for routine biomarkers. HbAlc was
assessed using a Hitachi analyser 7080 (Ibaraki, Japan). The
first-void, midstream morning spot urine samples were
collected and albuminuria was measured by immunone-
phelometry with a Roche/Cobas C501 analyser (Ibaraki,
Japan). High albuminuria was defined as >20 mg/1 [23].

Statistical analysis

All data were collected by manual double entry using the
EpiData Entry data entry programme to avoid potential
sources of bias. Previous studies have reported OR value of
dietary antioxidants ranging from 1.50 to 5.65 (P <0.02)
and R*<0.8 (P=0.14-0.76) [10, 24]. Sample size was
calculated using PASS (version 11.0.7) to achieve an OR of
3 and R*> = 0.5. Considering an acceptable 95% confidence
interval (P =0.05, power =0.9), a target sample size of
approximately 460 would be needed considering potential
dropouts of the patients. Statistical analysis was performed
using the R statistical analysis package. The y* test was used
to compare categorical data of the two groups. The

Shapiro-Wilk test was performed for normal distribution.
Parametric variables were compared between groups by
T-test. Nonparametric data were compared by using the
Wilcoxon rank sum test. Variables with distributions that
were not normally distributed were log-transformed before
analysis. Binomial logistic regression was used for
multivariate analysis. The odds ratio (OR) and 95% con-
fidence intervals (CI) were calculated. The statistically
significant level was set at P <0.05.

Results

A total of 455 diabetic patients were assessed in the study,
including 336 patients with retinopathy and 119 without
retinopathy. Ten patients had CSMO. The mean age of
DWR and DR subjects were 65.4 + 8.8 and 63.2 + 8.5 years
(P =0.36). The general characteristics of the study subjects
are presented in Table 1. DWR group had more percentage
of higher education subjects (P =0.016) compared to DR
group. DR patients had earlier diabetic onset age
(P=0.015) and longer DM duration (P <0.001). DR was
significantly associated with more insulin use, higher CR,
FPG and HbAlc (P <0.05).

Dietary calories and antioxidants intake of the two
groups are shown in Table 2. The data showed that DR
patients had lower calories intake than DWR patients, but
this difference was not statistically significant (P > 0.05).
Dietary antioxidants, vitamin C, vitamin E, riboflavin and
selenium in DR group were lower than those in DWR
patients, but the difference was not statistical significance
(P>0.05).

The percentage of calories sources (carbohydrate, fat and
protein) were analysed in the multiple logistic regression.
After adjusted of multiple factors, including gender, ethnics,
use of insulin, glycosylated haemoglobin, hypertension and
exercise, dietary vitamin E (OR (95%CI): 0.97 (0.95, 1.00),
P =10.036) and selenium (OR (95%CI): 0.98 (0.96, 1.00),
P =0.017) intake were inversely associated with the risk for
DR (Table 3).

Average dietary antioxidants levels in DR subjects
without CSMO were higher than those in DR patients with
CSMO, but the difference was not statistically significant
(P>0.05) between the two groups when compared using
the Wilcoxon rank sum test.

Discussion

This was the first cross-sectional study to determine the
association between daily dietary antioxidants and the risk
for DR among Chinese urban population. The data showed
that vitamin E and selenium were the protective factors for
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Table 1 Demographic characteristics and clinical findings according to
divided groups.

Table 2 Daily dietary calories and antioxidants intake of the two
groups.

DWR DR P
n=336 n=119

Age 654+88  632+85 0.36°
Ethnics (han%) 310 (92.3%) 111 (93.3%) 0.772¢
Sex (man %) 126 (37.5%) 48 (40.3%)  0.584¢
Education (zhigh school 214 (63.7%) 61 (51.3%) 0.016°
education)
Exercise® 0.589¢

0 37 16

1 206 75

2 93 28
Smoke® 0.999¢

0 235 83

1 39 14

2 62 22
Age onset 55.6+9.2 51.9+9.7 0.015°
DM duration 8.6+5.7 13.1+8.5 <0.001°¢
ISU%" 54 (16.1%) 61 (51.3%) <0.001¢
BMI 247+3.6  253+45 0.127¢
WHR 0.9+0.1 0.9+0.1 0.115°
HDL 1.2+0.3 12+0.3 0.475¢
LDL 3.0+0.8 3.2+09 0.172°
Cholesterol 52+1.0 53+0.3 0.346°
TG 1.7+17 1.6+1.1 0.478°
CRP 02+0.3 03+04 0.220°
CR 65.6+159 71.8+30.8  0.006°
FPG 7.4+2.1 86+26  <0.001°
HbAlc 6.6+1.2 76+15  <0.001°

Data are expressed as mean + SD unless otherwise indicated.

CRP C-reactive protein, DM diabetes mellitus, DR diabetic retino-
pathy, DWR diabetes without retinopathy, FPG fasting plasma
glucose, HbAIc glycosylated haemoglobin, HDL high density
lipoprotein, LDL low density lipoprotein, TG triglyceride, WHR
waist-hip ratio, ISU insulin.

group 0: have no exercise; group 1: have mild exercise without
sensible perspiration, such as walking; group 2: have moderate or
vigorous exercise with sensible perspiration.

bgroup 0: Never smoke, group 1: current smoker, group 2: former
smoker.

“T-test.
42 test.
“Wilcoxon rank sum test.

ISU%: the percentage of the subjects using insulin.

DR, whereas vitamin C, vitamin A and riboflavin were not
significantly associated with the risk for DR. Diabetic
patients with CSMO had more intake of dietary anti-
oxidants, but difference was not statistically significant.
Dietary antioxidants may have the beneficial effect on
DR based on the molecular mechanisms in animal and
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DWR DR P
n=336 n=119

Calories (kcal)
Carbohydrate (g)
Protein (g)

Fat (g)

Antioxidants

1315 (1064.8, 1585.5)
159.8 (134.2, 200.8)
53.2 (41.6, 66)

46.6 (36.3, 60.7)

1270 (1063, 1478.5)  0.113
159 (127.8, 184.9)  0.223
51.2 (42.6, 60.5) 0.182
442 (33.5, 54.9) 0.148
Vitamin C (mg) 83 (55.3, 120.9)
18.5 (14.2, 24.5)

469 (283.2, 737.2)
0.755 (0.57, 1.01)
36.2 (29.6, 48.3)

78.1 (51.5, 115.3) 0.402
17.5 (13.6, 21.8) 0.111
478 (278.5, 751.5) 0.905
0.72 (0.575, 0.9) 0.237
35.8 (27, 43.5) 0.082

Vitamin E (mg)
Vitamin A (ugRE)
Riboflavin (mg)
Selenium (pg)

Data were compared by using the Wilcoxon rank sum test.

RE retinol equivalents.

Table 3 Adjusted regression models of diet calories and antioxidants
as predictors of DR.

OR (95%CI) P

Calories*

Carbohydrate (%) 1.01 (0.98, 1.04) 0.468

Protein (%) 1.01 (0.93, 1.09) 0.823

Fat (%) 0.99 (0.96, 1.02) 0.404
Antioxidants

Vitamin C 1.00 (0.99, 1.01) 0.413

Vitamin E 0.97 (0.95, 1.00) 0.036

Vitamin A 1.00 (1.00, 1.01) 0.423

Riboflavin 0.57 (0.27, 1.18) 0.129

Selenium 0.98 (0.96, 1.00) 0.017

Gender, ethics, use of insulin, glycosylated haemoglobin, hypertension
and exercise were adjusted for all those nutrients.

*The calorie percentages of carbohydrate, fat and protein were
analysed in this multiple logistic regression.

clinical studies. Previous studies on diabetic rats demon-
strate that feeding antioxidants can prevent the development
of retinopathy [25-27]. Nutritional supplementation of
antioxidants also helps to maintain normal retinal function,
mitochondrial homoeostasis and inflammatory mediators
[27]. However, results from human studies have not reached
a consensus. Previously studies of effects of dietary anti-
oxidants on DR included flavonoid, lutein, zeaxanthin,
vitamin C, carotene, vitamin E and selenium. Vitamins C
and E, carotene, selenium, flavonoid and lutein were indi-
cated to be the protective factors for DR in some of the
previous studies [8, 9, 28, 29]. But in large population
studies, dietary vitamins C and E, and lutein are not asso-
ciated with the risk for DR, while decreased risk for reti-
nopathy was found among users of vitamin C or E
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supplements or complex supplements compared with
reported users of no supplements [30].

In our study, vitamin E and selenium were found to be
the protective factors of DR. In the past 20 years, the
consumption of several kinds of cooking oil are the main
source of vitamin E, and animal offal and meats are the
main source of selenium in Chinese population [22]. Vita-
min E is the major antioxidant in lipid phase. The potential
benefit of vitamin E may be due to its free radical scavenger
activity outside the cell through non-enzymatic mechanisms
[31]. It can also improve the action of insulin in patients
with insulin resistance [32]. A previous study suggested
vitamin E supplementation could significantly decrease the
incidence of diabetic retinopathy in both type 1 and 2 dia-
betes [33]. Another study indicated that pharmacological
doses of vitamin E was associated with decreased HbAlc
levels in type 1 diabetic patients [34], which could lead to a
reduction of DR. In the other study, supplementation of
taurine, vitamin E and selenium for 4 months was found to
reduce the biochemical retinal alterations in diabetic rat in
poor metabolic control [35]. In type 1 diabetic patients,
vitamin E could normalise diabetic retinal hemodynamics,
compared with control levels [31, 36]. A previous human
study with large sample, including 1353 subjects with type
2 diabetes, demonstrated no association of retinopathy with
intake of vitamin E from food alone or from food and
supplements combined, while decreased risk for retinopathy
was found with the users of vitamin E supplements or
complex supplements [24]. Another study, including 387
diabetic participants from southern Colorado, even reported
a deleterious effect of nutrient antioxidants [10]. Probably
due to different dietary patterns, the average intake of
vitamin E and C in our study is far more than the intake in
those previous two human studies. It is plausible that pro-
tective effects of dietary vitamin E depends on its dosage,
the relatively small quantity of vitamin E intake in previous
study might not be sufficient to protect the retina in diabetic
patients. It has been showed that plasma protein mask the
dietary polyphenols, and reduce their radical scavenging
potential in type 2 diabetics [37]. Thus, for diabetic patients,
the effective quantity of vitamin E should be higher than
that for normal persons without diabetes. Besides, in our
study, all of the participants come from urban community,
where they can easily get instructions for glucose control.
The HbAlc levels for DWR and DR group were 6.6 + 1.2
and 7.6 = 1.5, respectively. Well-controlled blood glucose
may decrease the masking effect of antioxidants [37]. After
it disarms a free radical, vitamin E becomes a weak free
radical itself, or prooxidant. However, vitamin C can help to
turn vitamin E free radical back into antioxidant [38, 39].
Thus, combining with lower levels of vitamin C supple-
mentation in those two studies, vitamin E could be a risk

factor for DR as a pro-oxidant. Moreover, the classic Chi-
nese diet is considered the healthy diet with lower fat and
higher fibre intake [40]. That may contribute to the obser-
vation of the protective effect of vitamin E on DR in
our study.

In consistent with our study, a review in 1984 has
mentioned that high-dose selenium, supplied with vitamin C
and E, was found to slow the progression of visual loss in
DR and macular degeneration [28]. Several researches of
diabetic rat reported that selenium could reduce biochemical
retinal alterations, blunt the increment in serum glucose,
ameliorate the oxidative stress in liver, and have protective
effects against diabetes-induced brain and erythrocyte oxi-
dative injuries through regulation of the antioxidant level
and cytokine production [35, 41, 42]. On the other hand,
high-dose selenium in proliferative retinopathies may reflect
down-regulation of vascular endothelial growth factor [29].
Those results demonstrate the possible protective effect of
selenium on DR. In human research, selenium was found to
have beneficial effects on antioxidant, insulin resistance and
B cell function in diabetic nephropathy patients [43]. The
mean plasma selenium level in type 1 diabetic patients was
significantly lower than normal controls, and a significantly
lower plasma selenium contents was found in diabetics with
poor metabolic control compared with those with good or
average control [44]. However, in a hospital-based
case—control study including 847 participants, serum sele-
nium levels are positively associated with the prevalence of
diabetes [45]. One possible reason may be the decreased
utility of selenium in diabetic patients. In another study,
including 5423 subjects in Hunan, a positive correlation
between dietary selenium intake and the prevalence of
diabetes was demonstrated [46]. However the results of the
Selenium and Vitamin E Cancer Trial ruled out any sig-
nificant relationship between supplementary selenium and
the risk of type 2 diabetes [47]. Selenium may only be the
protective factor for DR, but not DM. In the above two
studies, the average selenium intake level is higher than that
in our study. Both maximal expression of selenoproteins
and selenoprotein deficiency can promote development of
type 2 diabetes-like phenotype in mice [48], which may be
the reason for the contradictory results.

In our study, no association was found between DR with
vitamin C, A and riboflavin. In a previous study, vitamin C
and carotene have been found to be associated with the
decreased risk of DR [8]. But in a population study, vitamin
C was not associated with DR [24]. In another study, even a
deleterious effect was observed [10]. In type 2 diabetic
mice, it is suggested that supplementation with dietary
riboflavin might help in the reduction of diabetic compli-
cations [I11]. But no study has reported on association
between riboflavin and risk of DR in human.

SPRINGER NATURE
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A recent study in 62 patients with diabetic macular
oedema showed that intravitreal ranibizumab combined
with antioxidant supplementation reduced central subfield
macular thickness after 2 years of follow-up, compared to
ranibizumab alone in patients with diabetic macular oedema
[49]. In a large clinical study with 235 diabetic patients, a
daily dosage of 600 mg alpha-lipoic acid did not prevent the
occurrence of CSMO in diabetic patients [50]. In our study,
only ten patients had CSMO. The small sample size limited
the analysis of association between dietary antioxidants and
risk for CSMO. But the result presented that CSMO patients
had lower levels of dietary antioxidants, which was con-
sistent with the previous study. Larger sample size was
needed for further analysis.

Our study is a cross-sectional study. Lack of follow-up
results prevents us to predict the causality between diet
antioxidants and risk for DR. Consequently, prospective
studies are needed to determine if food antioxidants have
the protective effect on DR. Since most of the food was
cooked, some of the antioxidants might be lost during
cooking. Accurate nutrition data about cooked foods are
needed. Low CSMO numbers could be related with detec-
tion method in this study. The sample size of this study was
relatively small and it leads to low statistical power. Further
studies with a large simple size in Chinese population will
help to give a definitive answer to the issue we are
concerned.

Taken together, the results of this study support the
hypothesis that a diet rich in antioxidants, vitamin E and
selenium, might help to prevent the development of DR in
Chinese populations. However, the adequate dose of sup-
plementation should be carefully assessed and future studies
should focus on potential toxicity of the antioxidants.

Summary

What was known before

e Dietary antioxidants may play a role in preventing the
progression of retinopathy. The results of previous
studies are inconsistent. To date, the relationship
between dietary antioxidants and DR has not been
evaluated in Chinese population.

What this study adds

e A diet rich in antioxidants might help to prevent the
development of DR in Chinese.
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