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We assessed the relationship between blood vitamin A levels and the risk of diabetic retinopathy.

The study was population-based epidemiological study for 11,727 participants aged 40 or older who
participated in the Korean National Health and Nutrition Examination Survey. Vitamin A in the blood
was classified into quartiles. Diabetic retinopathy was diagnosed by the Early Treatment for Diabetic
Retinopathy Study. After adjusting confounding variables such as age, sex, smoking, cholesterol,
diabetes prevalence period, glycated hemoglobin levels, and high blood pressure, the odd ratio (OR) of
vitamin A at quartile level 4 for diabetic retinopathy was 0.32 (95% confidence interval [Cl], 0.14-0.72,
P for trend <0.001). In male, the OR of quartile 3 level vitamin A for diabetic retinopathy was 0.11 (95%
Cl, 0.01-0.69, P for trend =0.010). In adults under the age of 60, the OR of vitamin A at quartile level 3
for diabetic retinopathy was 0.10. (95% Cl, 0.03-0.29, P for trend <0.001). Serum vitamin A high levels
are associated with low risk of diabetic retinopathy. Particularly, there is a more effective relationship
in male and adults under the age of 60.

In the case of diabetes, complications can occur in various parts of the body, among which complications that
may happen in the eyes are diabetic retinopathy. Diabetic retinopathy is caused by angiogenesis, inflammation,
and the formation of fibrous connective tissue'>. Diabetic retinopathy can cause blindness such as vitreous bleed-
ing, diabetic macular edema, neovascular glaucoma, and fibrosis as inflammatory molecules are generated and
angiogenesis occurs during the disease®. In South Korea, 20.9% of diabetic patients with a disease duration of 6
to 10 years and 66.7% of patients with a disease duration of 15 years or more suffer from diabetic retinopathy.
Diabetic retinopathy itself does not increase the mortality rate, but if diabetic patients lose their eyesight, their
quality of life decreases and healthcare expenditure increases.

Vitamin A is essential for maintaining immune system, cell differentiation and maintaining vision®. Vitamin
A has a positive effect on inhibiting angiogenesis, inflammation, and fibrosis”®. Vitamin A is thought to play an
important role in the process of angiogenesis, inflammation, and fibrosis, which are the causes and mechanisms
of diabetic retinopathy. Vitamin A inhibits angiogenesis by inhibiting vascular endothelial growth factor. And
vitamin A works to suppress inflammation by reducing cytokines in the blood flow that increase during the
inflammation process. During inflammation, cytokines interleukin-6 and interleukin-1 increase, which induce
the synthesis of other acute inflammatory biomarkers as initiators of acute inflammation’. Vitamin A also takes
the function of inhibiting fibrosis. Fibrosis builds on the activation of hyaluronidase, which involves increased
permeability of the basal membrane and vascular wall, which in turn leads to exudation of lymph, white blood
cells, fibrinogen and macrophages. The macrophages confined to produced fibrin matrix are differentiated into
the fibroblasts that produce collagen actively'®. Vitamin A has an action of inhibiting fibrosis, and in animal
models, Immunohistochemistry has shown that improved expression of all three fibrosis markers has been
reduced due to vitamin A administration'!.

Considering the effect of vitamin A, it is thought that vitamin A will take an important role in the process
of angiogenesis, inflammation, and fibrosis, the cause and mechanism of diabetic retinopathy. There are several
previous studies showing a relationship between vitamin A and diabetic retinopathy. In a study by Rostam-
khani et al. for 60 diabetic patients, increasing serum vitamin A levels reduced the risk of diabetic retinopathy
by 31.1%"% We previously conducted an epidemiological study using dietary vitamin A and reported that the
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relationship with the risk of diabetic retinopathy did not show statistical significance, highlighting the impor-
tance of methodology"’. However, studies using serum vitamin A rather than dietary vitamin A are rare, and in
particular, studies using serum vitamin A have small samples. Therefore, we conducted the large epidemiological
study to evaluate the risk of diabetic retinopathy using serum vitamin A. This study was accompanied using Korea
National Health and Nutrition Examination Survey (KNHANES) data from adults aged 40 or older represent-
ing Korea to evaluate the relationship between diabetic retinopathy and vitamin A, which has the function of
inhibiting angiogenesis, anti-inflammatory effects, and antifibrotic effects.

Results

The clinical and demographic characteristics of 260 subjects who participated in the study were shown in Table 1
according to status of diabetic retinopathy. Compared to those without diabetic retinopathy, subjects with dia-
betic retinopathy had higher systolic blood pressure (P=0.004), higher fasting blood sugar (P <0.001), higher
glycated hemoglobin levels (P <0.001), longer diabetic prevalence periods (P <0.001), and lower cholesterol
levels (P =0.006). And there were differences in diabetic retinopathy status according to the degree of diabetes
prevalence (P <0.001) and the degree of vitamin A level in the blood (P =0.042). Of the overall 260 subjects, the
group without diabetic retinopathy had 211 subjects and the group with diabetic retinopathy had 49 subjects. The

Characteristics Without DR | Any DR P Participants
Male (%) 57.9 (1.4) 59.1 (2.7) 0.729 |58.2(1.2)
Age (years) 61.3(0.2) 61.5 (0.5) 0.791 |61.4(0.3)
Systolic blood pressure (mmHg) 125.0 (0.3) 128.3 (1.0) 0.004 | 126.6 (0.5)
Diastolic blood pressure (mmHg) 76.2(0.3) 75.7 (0.5) 0.458 | 75.9(0.3)
Fasting glucose (mg/dL) 135.1(0.9) 155.8 (3.7) | <0.001 | 145.4(1.8)
HbAlc (%) 6.93 (0.0) 7.73(0.1) | <0.001 | 7.33(0.0)
Diabetes severity <0.001

Normal 1.0 (0.1) 0.0 (0.0) 0.8 (0.1)
Fasting blood sugar disorder 10.5 (0.7) 2.0(0.3) 8.8(0.6)
Diabetes 88.5 (0.7) 98.0 (0.3) 90.4 (0.6)
Diabetic duration (years) 8.0(0.2) 11.9 (0.5) <0.001 |9.9(0.3)
Total cholesterol (mg/dL) 180.1 (1.2) 170.2 (3.1) 0.006 | 175.2(1.7)
Triglyceride (mg/dL) 180.0 (3.8) 167.2 (6.5) 0.098 | 173.6 (3.7)
Vitamin A (mg/L) 0.63 (0.0) 0.63 (0.0) 0.973 | 0.63 (0.0)
Vitamin A (%) 0.042

Vit A<0.41 8.2 (1.4) 14.4 (4.1) 9.4 (1.4)
0.41<Vit A<0.51 19.8 (2.2) 22.6 (4.3) 20.3 (2.0)
0.51< Vit A<0.64 29.6 (2.1) 17.1 (2.6) 27.2(1.6)
Vita A>0.64 42.4 (2.4) 46.0 (5.0) 43.1(2.2)
Hypertension (%) 0.276

Normal 19.8 (1.0) 19.0 (3.2) 19.7 (1.1)
Prehypertension 19.7 (1.1) 15.9 (1.6) 18.9 (0.9)
Hypertension 60.5 (1.4) 65.1(2.9) 61.4(1.3)
Body mass index (kg/m?) 0.240

BMI<18.5 0.9 (0.3) 0.9 (0.7) 0.9 (0.3)
18.5<BMI<23.0 27.0 (1.1) 24.6 (2.9) 26.5(1.2)
23.0<BMI<25.0 21.9(0.9) 27.4(2.2) 23.0 (0.8)
25.0<BMI<30.0 40.1(1.3) 39.4 (2.7) 40.0 (1.2)
30.0<BMI<35.0 9.8(0.8) 7.0 (1.1) 9.2 (0.7)
BMI>35 0.4 (0.1) 0.7 (0.5) 0.4 (0.1)
Hyperlipidemia (%) 45.5(1.4) 42.0 (3.0) 0.299 |44.8(1.2)
Hypertriglyceridemia (%) 26.7 (1.4) 20.4 (2.7) 0.057 |25.5(1.2)
Smoking status

Never (%) 47.9 (1.4) 46.1 (2.7) 47.6 (1.3)
Former (%) 32.5(1.3) 30.6 (2.4) 32.1(1.2)
Current (%) 19.5(0.9) 23.2(2.8) 20.3 (1.0)

Table 1. Clinical and demographic characteristics, according to diabetic retinopathy status, as reported in the
Korean National Health and Nutrition Examination Survey 2016-2018. Value is described as weighted means
or weighted frequency (%) with standard errors. DR diabetic retinopathy, HbAIc glycated hemoglobin, BMI
body mass index.
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distribution of diabetic retinopathy, according to the quartile of blood vitamin A in the participants, is shown in
Table 2 along with estimated value and unweighted frequency.

Blood vitamin A levels were associated with diabetic retinopathy. After adjusting confounding variables,
people with blood vitamin A quartile 3 levels had an odd ratio (OR) of 0.17 compared to those with the lowest
quartile level (95% CI, 0.08-0.42, P for trend <0.001). In people with blood vitamin A quartile 4 levels, the OR
after adjusting all seven confounding variables was 0.32 compared to those with the lowest quartile level (95%
CI, 0.14-0.72, P for trend < 0.001) (Table 3).

For each sex, the relationship with the risk of diabetic retinopathy according to the degree of blood vitamin
A level was shown in Table 4. In male, the OR of blood vitamin A for diabetic retinopathy after adjusting con-
founding variables was 0.11 (95% CI, 0.01-0.69, P for trend =0.010). However, in female, there was no statistical
difference between diabetic retinopathy and blood vitamin A levels after adjusting confounding variables.

Regarding age, the relationship with the risk of diabetic retinopathy according to the degree of blood vitamin
A level was shown in Table 5. For those under 60, in people with blood vitamin A quartile 3 levels, the OR for
diabetic retinopathy was 0.10 (95% CI, 0.03-0.29, P for trend <0.001) compared to those with the lowest quar-
tile level after adjusting confounding variables. For those over 60 years of age, in people with blood vitamin A
quartile 3, the OR for diabetic retinopathy was 0.21(95% CI, 0.07-0.59, P for trend = 0.045), compared to those
who had the lowest quartile level after correcting confounding variables. For those aged 60 and older, the OR
after adjusting all seven confounding variables was 0.20 (95% CI, 0.06-0.68, P for trend =0.045) compared to
those with the lowest quartile level in people with blood vitamin A quartile 4 levels.

Diabetic retinopathy status

Quartile blood vitamin A level (mg/L) | Without DR \ DR \ Total
Quartile level 1 (<0.41)

Estimated value 73.1% 26.9% | 100.0%
Standard error 4.3% 4.3% 0.0%
Unweighted frequency 49 15 64
Quartile level 2 (0.41-0.51)

Estimated value 90.4% 9.6% 100.0%
Standard error 2.2% 2.2% 0.0%
Unweighted frequency 58 10 68
Quartile level 3 (0.51-0.64)

Estimated value 79.4% 20.6% | 100.0%
Standard error 3.6% 3.6% 0.0%
Unweighted frequency 52 13 65
Quartile level 4 (>0.64)

Estimated value 80.2% 19.8% | 100.0%
Standard error 2.7% 2.7% | 0.0%
Unweighted frequency 52 11 63
Total

Estimated value 80.7% 19.3% | 100.0%
Standard error 1.8% 1.8% | 0.0%
Unweighted frequency 211 49 260

Table 2. Distribution of diabetic retinopathy according to quartile levels of blood vitamin A in representative
Korean adults aged 40 years or older. Value is described as estimated value (%) or standard error (%) or
unweighted frequency. DR diabetic retinopathy.

Quartile blood vitamin A level (mg/L) Crude Model 1 Model 2
Quartile level 1 (<0.41) 1.0 (reference) 1.0 (reference) 1.0 (reference)
Quartile level 2 (0.41-0.51) 0.65 (0.26-1.60) | 0.55 (0.20-1.51) | 0.50 (0.20-1.24)
Quartile level 3 (0.51-0.64) 0.32 (0.14-0.74) |0.28 (0.11-0.68) | 0.17 (0.08-0.42)
Quartile level 4 (>0.64) 0.62 (0.26-1.42) | 0.46 (0.18-1.17) | 0.32 (0.14-0.72)
P for trend 0.014 0.016 0.001

Table 3. Adjusted odds ratio of diabetic retinopathy stratified according to quartile levels of blood vitamin
A in representative Korean adults aged 40 years or older. Value is described as odd ratio (95% confidence
intervals). Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, smoking, cholesterol, diabetes
duration, glycated hemoglobin, and hypertension.
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Quartile blood vitamin A level (mg/L) ‘ Odds ratio

Male

Quartile level 1 (<0.41)

1.0 (reference)

Quartile level 2 (0.41-0.51)

0.40 (0.85-1.89)

Quartile level 3 (0.51-0.64)

0.11 (0.01-0.69)

Quartile level 4 (>0.64) 0.27 (0.05-1.39)
P for trend 0.010
Female

Quartile level 1 (<0.41)

1.0 (reference)

Quartile level 2 (0.41-0.51)

0.82 (0.25-2.65)

Quartile level 3 (0.51-0.64)

0.47 (0.22-1.01)

Quartile level 4 (>0.64)

0.42 (0.14-1.27)

P for trend

0.277

Table 4. Odds ratio of diabetic retinopathy in male and female stratified according to the quartile category
of vitamin A in the blood in representative Korean adults aged 40 years or older, after adjusting for age, sex,
smoking, cholesterol, diabetes duration, glycated hemoglobin, and hypertension. Value is described as odds
ratio (95% confidence intervals).

Quartile blood vitamin A level (mg/L) Odds ratio

Age<60

Quartile level 1 (<0.41)

1.0 (reference)

Quartile level 2 (0.41-0.51)

0.35 (0.02-5.28)

Quartile level 3 (0.51-0.64)

0.10 (0.03-0.29)

Quartile level 4 (>0.64) 0.23 (0.05-1.01)
P for trend <0.001
Age>60

Quartile level 1 (<0.41)

1.0 (reference)

Quartile level 2 (0.41-0.51)

0.34 (0.11-1.06)

Quartile level 3 (0.51-0.64)

0.21 (0.07-0.59)

Quartile level 4 (>0.64)

0.20 (0.06-0.68)

P for trend

0.045

Table 5. Odds ratio of diabetic retinopathy in older and younger adults stratified according to the quartile
category of vitamin A in the blood in representative Korean adults aged 40 years or older, after adjusting for
age, sex, smoking, cholesterol, diabetes duration, glycated hemoglobin, and hypertension. Value is described as
odds ratio (95% confidence intervals).

Discussion

Our study found that vitamin A was associated with lowering the risk of diabetic retinopathy. Particularly, it was
found that vitamin A was more associated with the low risk of diabetic retinopathy in males and younger under
60. And when blood vitamin A level was above 0.51 and below 0.64, it was found that the risk of developing
diabetic retinopathy was reduced compared to other vitamin A concentrations in the blood. This study is the first
study to examine the relationship between serum vitamin A and the risk of diabetic retinopathy.

The reason for this result that vitamin A reduces the risk of diabetic retinopathy can be explained by the
mechanism of developing diabetic retinopathy and the mechanism of action for vitamin A. The mechanisms
for developing diabetic retinopathy include angiogenesis, inflammatory reactions, and fibrosis'*!*>. With these
pathogenesis, diabetic retinopathy develops complications such as non-proliferative diabetic retinopathy, pro-
liferative diabetic retinopathy, vitreous hemorrhage, and traction retinopathy'®!”. On the contrary, vitamin A
has anti-angiogenesis, anti-inflammatory reactions, and anti-fibrotic functions, which are contrary to the onset
of diabetic retinopathy'®'°. Vitamin A is a powerful regulator of cell differentiation and proliferation and acts as
an immunomodulatory and antiangiogenic activity?’-?2. Vitamin A is one of the representative antioxidants and
acts as an anti-inflammatory to protect the body in response to inflammation in the body by removing active
oxygen and improving immune function in the body****. Vitamin A has anti-fibrotic effects, so studies have been
conducted on the treatment of vitamin A-binding drugs in diseases such as pulmonary fibrosis, liver fibrosis,
and skin fibrosis. And vitamin A is also expected to have anti-fibrotic effects in the retina of our eyes*. For
these reasons, vitamin A can be explained to decrease the risk of diabetic retinopathy.

In this study, vitamin A was found to be associated with a low risk of diabetic retinopathy, especially in men.
These results can be explained by biological, social behavior, and cultural differences between men and women.
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According to one study, the average level of each biomarker varied significantly by gender at birth, cardiac
metabolism biomarkers were higher in men, and inflammation and neuroendocrine biomarkers were higher in
women. However, over time, the biomarker characteristics of gender were mediated, attenuated, or interacted
with each other according to socio-environmental differences®.

Our study found that higher levels of blood vitamin A were associated with a lower risk of diabetic retinopathy
especially in people younger than 60, compared to people age 60 and older. Vitamin A acts in the visual system
by transformation between all-trans-retinal and 11-cis-retinal®. In the case of old age, metabolic activity in
our body decreases as we age, which can be explained as the reason why blood vitamin A levels have a greater
effect on lowering the risk of diabetic retinopathy in young people under the age of 60. It is thought that with
age, the function of mitochondria decreases and the sensitivity of vitamin A to the retina decreases, resulting
in these results*"*2, The effect of vitamin A may be greater in young people due to the greater metabolic activity
of photoreceptors.

The level 3 of vitamin A was more effective to reduce the risk of diabetic retinopathy than the level 4. And
when blood vitamin A level was between 0.51 and 0.64, it was found that the risk of developing diabetic retin-
opathy was reduced compared to other vitamin A concentrations in the blood. Considering the cutting point of
vitamin A was 0.64, vitamin A levels above 0.64 becomes less effective to reduce the risk of diabetic retinopathy
than level 3. The normal range of vitamin A is from 0.3 to 0.6. The upper limit of normal vitamin A level in blood
is 0.6. So excessive vitamin A above normal limit is less effective to reduce risk. Although exact reason is unclear,
vitamin A is fat soluble, so excessive vitamin A is not good for diabetic retinopathy.

There are several studies on vitamin A and diabetic retinopathy. Ruamviboonsuk et al. reported that serum
vitamin A levels were lower in diabetic participants without retinopathy than in the DR group. Patients with DR
had significantly lower serum vitamin A levels than control (P=0.01). Higher serum vitamin A levels reduced
the risk of DR development by 31.1% (P =0.007)*. Rostamkhani et al. reported that the low concentration of
vitamin A in the blood was related to the severity of diabetic retinopathy, followed by the group without diabetic
retinopathy, the group with non-proliferative diabetic retinopathy, and the group with proliferative diabetic
retinopathy'?. Zhang et al. reported that dietary vitamin A intake was lower in the group with diabetic retinopathy
than in the group without diabetic retinopathy. In the past, we conducted a study on 1948 adults over the age
of 40 representing Korea on the risk of dietary vitamin A levels and diabetic retinopathy’®. However, we did not
find evidence of association between high levels of dietary vitamin A and low risk of diabetic retinopathy. Our
previous study did not find evidence of the relationship between vitamin A and diabetic retinopathy through
dietary information. This does not mean that diabetic retinopathy is not related to dietary vitamin A, but meas-
uring the amount of dietary vitamin A means that there is a limitation. Vitamin A is a fat-soluble vitamin, and if
people have conditions such as small intestine disorders, chronic absorption disorders, and decreased pancreatic
function, the absorption rate can vary®. Also, dietary vitamins A is absorbed into the blood and act in different
forms when they actually act on the retina®. Therefore, we think measuring vitamin A levels in the blood type
rather than the dietary type is more suitable for evaluating the relationship between diabetic retinopathy and
vitamin A. This means that identifying association through blood sampling is a more accurate and effective way
to see and interpret the results. Through this study, we were able to find that high levels of blood vitamin A were
associated with a low risk of diabetic retinopathy.

Diabetic patients with diabetic retinopathy need health policies or health education supplements. As diabetic
retinopathy worsens, quality of life decreases and vision decreases, which can lead to dangerous accidents, and
healthcare expenditure rises®. Therefore, health policies or health education supplements for diabetes control
and diet control are needed for patients with diabetic retinopathy. Ultimately, education such as diet control that
can increase vitamin A, as revealed through this study, is needed. Through health policies and health education,
we must ensure that patients can consume vitamin A and create an environment in which vitamin A can be
synthesized well.

The strength of this study is that the study was conducted on a large number of people through random
sampling of statistical multi-level clusters. Considering the formula for calculating the P value, the statistical
significance increases when the effect is large or the sample size is large. Conversely, if the number of samples is
small, statistical significance may decrease. We selected 260 subjects suitable for the study from a total of 11,727
subjects, and the results showed statistical significance. The fact that a statistically significant result was obtained
with a small number of samples actually has much greater statistical significance. In previous studies, most were
case—control studies. This may have selection bias. Our study is a population-based study, which is significance
compared to previous studies. We conducted study targeting people with diabetes and diabetic retinopathy
among all people without any manipulation of sampling. In addition, by measuring blood vitamin A levels, not
diet, more scientific and accurate results could be achieved. Our research has some limitations. This study is the
results of research in South Korea and cannot represent other regions. There may be different results for other
ethnic groups or regions, so further studies are needed. Our study is a cross-sectional study. The microvascular
complication such as diabetic retinopathy are result from the long duration of metabolic control, several years
before the onset of diabetic retinopathy as previous report in Asian population®. So, the cross-sectional vitamin
A level might not represent the vitamin throughout several year level in the body. We need large sample size
cohort study. The model that was adjusted only recent glycemia, blood pressure should interpret in cautions.
Since it is a cross-sectional study, it can be seen that there is a relationship with each other, but it was difficult to
confirm the information according to the cause and effect, that is, which comes first. The use of prospective health
survey data remains necessity. The results are interesting and motivate bigger studies to confirm the observation.
Therefore, further studies in the future are needed to supplement these limitations.

In conclusion, a high level of vitamin A in the blood is associated with a low risk of diabetic retinopathy. In
particular, there is a more effective relationship between male and young people under the age of 60. Increas-
ing vitamin A in the blood to reduce the incidence of diabetic retinopathy is thought to help prevent diabetic
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retinopathy. Therefore, it is necessary to create a good environment for consuming vitamin A to increase vitamin
A or synthesizing it on its own. Further research on future care, health policies, or health education for patients
vulnerable to diabetic retinopathy is thought to be needed in the future.

Methods

This study was conducted using data from KNHANES from 2016 to 2018. KNHANES is a population-based data
survey using statistical, multi-level, and clustered sampling methods representing Korea. All participants pro-
vided informed consent for the use of their clinical records. From 2016 to 2018, the total number of people who
participated in KNHANES was 20,180. Of these, 8453 people under the age of 39 were excluded. Of the 11,727
participants aged 40 or older, 7877 people who did not take blood vitamin A tests and 3590 who did not take
fundus imaging tests were excluded from the study. Finally, 260 participants who performed blood vitamin A tests
and fundus imaging tests were included in study (Fig. 1). Because the prevalence of diabetic retinopathy increases
in people over 40 years of age, many epidemiological studies in various countries target this age demographic,
when determining the risk of diabetic retinopathy®*-*%. We also targeted people over 40 years of age. The study
was approved by the Institutional Review Board of the Catholic University of Seoul in Korea and all methods
were carried out in accordance with the principles of the Helsinki Declaration (IRB number: VC22ZESI0175).

Health interviews including age, sex, body mass index, and smoking status were conducted for participants.
The body mass index was classified into six stages. The cutting points were 18.5, 23.0, 25.0, 30.0, and 35.0.
Smoking status was classified into three categories: non-smoker, past smoker, and current smoker. Blood pres-
sure was taken by mercury sphygmomanometer (Baumanometer; W.A. Baum Co., Copiague, NY, USA). After
3 measurements at interval of 5 min, the average of measured value was used for analytics. Hypertension was
stated as a systolic pressure was 140 mmHg or higher or diastolic pressure was 90 mmHg or higher, or the use of
prescribed anti-hypertensive medication. Prehypertension was defined as a systolic pressure of 120-139 mmHg
or a diastolic pressure of 80-89 mmHg*.

Blood samples were taken after fasting for 10-12 h. The fasting glucose, glycated hemoglobin, triglyceride
and total cholesterol were taken by Hitachi automatic analyzer 7600 (Hitachi, Ltd., Tokyo, Japan). All blood sam-
ples for analysis were properly processed, promptly refrigerated, and transported in cold storage to the Neodin
Medical Institute (Seoul, Korea), a Korean Ministry of Health and Welfare-certified laboratory. Serum levels of
vitamin A are measured by isocratic high performance liquid chromatography with detection at three different
wavelengths. Serum is mixed with an ethanol solutionof the internal standards. The analytes are extracted into
hexane, which is removed under vacuum. The extract is redissolved in ethanol; an equal volume of acetonitrile
is then added. The extract is filtered to remove insoluble material. An aliquot of the filtrate is injected onto a C18
reversed-phase column and eluted with a 50% ethanol:50% acetonitrile solution containing 100 pL of diethyl-
amine per liter. Chromatograms are recorded. Quantitation is accomplished by comparing the peak height of the
analyte in the unknown with the peak height of a known amount of the same analyte in a standard solution. A
correction based on the peak height of an internal standard is used. The prevalence of diabetes was divided into
three stages. ‘Normal’ was defined as case that fasting glucose was 100 or less, and ‘fasting blood sugar disorder’
was defined as case that fasting glucose was 100 or more and 125 or less. ‘Diabetes’ was defined as case that
fasting glucose was 126 or higher, taking diabetes drugs, or injecting insulin. Vitamin A levels in the blood are
divided into four levels with equal participant number depending on the severity; Level 1: Blood vitamin A <0.41,
Level 2:0.41 <Blood vitamin A <0.51, Level 3 : 0.51 < Blood vitamin A <0.64, Level 4 : Blood vitamin A >0.64.
The fundus photography was measured using a fundus optical instrument (VISUCAM 224, Carl Zeiss Meditec
AG, Jena, Germany). Diabetic retinopathy was diagnosed if lesions defined by the Early Treatment for Diabetic
Retinopathy Study were existent: these were characteristic lesions as hemorrhage, microaneurysm, hard exudate,
intraretinal microvascular abnormalities, cotton wool spots, new vessels, venous beading and cotton wool spots*.

\ Invited to KNHANES 2016-2018, n = 20,180 |

| Aged <39 years, n = 8453 |

| Aged > 40 years, n = 11,727 |

‘ Without vitamin A exam, n = 7,877 |

‘ Aged > 40 years + Vitamin A exam, n = 3,850 ‘

‘ Without DMR exam, n = 3599 |

| Aged > 40 years + Vitamin A exam + DMR exam, n = 260 |

Figure 1. Flow chart presenting the selection of study participants.

Scientific Reports |

(2024) 14:491 | https://doi.org/10.1038/s41598-023-49937-x nature portfolio



www.nature.com/scientificreports/

This study used complex sampling design for analysis. Complex sample surveys involve the identification
and data collection of a sample of population units via multiple stages or phases of identification and selection.
Logistic regression analysis was conducted to assess the relationship between blood vitamin A and diabetic retin-
opathy. The value that is not adjusted is defined as ‘Crude. ‘Model 1’ is an analysis after adjusting the variables
of age and sex. ’Model 2’ is a value analyzed after adjusting confounding variables including age, sex, smoking
status, cholesterol, diabetes prevalence period, glycated hemoglobin levels, and high blood pressure. Statistical
analysis was taken through SPSS (ver. 18.0; SPSS, Inc., Chicago, IL, USA), and was defined as statistically sig-
nificant when P value was less than 0.05.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Received: 6 June 2023; Accepted: 13 December 2023
Published online: 04 January 2024

References

1. Noma, H. et al. Regulation of angiogenesis in diabetic retinopathy: Possible balance between vascular endothelial growth factor
and endostatin. Arch. Ophthalmol. 120, 1075-1080. https://doi.org/10.1001/archopht.120.8.1075 (2002).

2. Roy, S., Amin, S. & Roy, S. Retinal fibrosis in diabetic retinopathy. Exp. Eye Res. 142, 71-75. https://doi.org/10.1016/j.exer.2015.
04.004 (2016).

3. Riibsam, A., Parikh, S. & Fort, P. E. Role of inflammation in diabetic retinopathy. Int. J. Mol. Sci. https://doi.org/10.3390/ijms1
9040942 (2018).

4. Capitdo, M. & Soares, R. Angiogenesis and inflammation crosstalk in diabetic retinopathy. J. Cell. Biochem. 117, 2443-2453. https://
doi.org/10.1002/jcb.25575 (2016).

5. Schmier, J. K., Covert, D. W, Lau, E. C. & Matthews, G. P. Medicare expenditures associated with diabetes and diabetic retinopathy.
Retina 29, 199-206. https://doi.org/10.1097/IAE.0b013e3181884f2d (2009).

6. Dawson, M. I. The importance of vitamin A in nutrition. Curr. Pharm. Des. 6, 311-325. https://doi.org/10.2174/1381612003401190
(2000).

7. Saghiri, M. A., Asatourian, A., Ershadifar, S., Moghadam, M. M. & Sheibani, N. Vitamins and regulation of angiogenesis: [A, B1,
B2, B3, B6, B9, B12, C, D, E, K]. J. Funct. Foods 38, 180-196 (2017).

8. Forrester, J. V., Kuffova, L. & Delibegovic, M. The role of inflammation in diabetic retinopathy. Front. Immunol. 11, 583687. https://
doi.org/10.3389/fimmu.2020.583687 (2020).

9. Gholizadeh, M. et al. Influence of Vitamin A supplementation on inflammatory biomarkers in adults: A systematic review and
meta-analysis of randomized clinical trials. Sci. Rep. 12, 21384. https://doi.org/10.1038/s41598-022-23919-x (2022).

10. Bozhkov, A. L et al. Vitamin A reduces the mortality of animals with induced liver fibrosis by providing a multi-level body defense
system. J. Clin. Exp. Hepatol. 13, 48-63. https://doi.org/10.1016/j.jceh.2022.09.006 (2023).

11. Murakami, K. et al. Therapeutic effects of vitamin A on experimental cholestatic rats with hepatic fibrosis. Pediatr. Surg. Int. 27,
863-870. https://doi.org/10.1007/s00383-011-2853-0 (2011).

12. Rostamkhani, H., Mellati, A. A., Tabaei, B. S., Alavi, M. & Mousavi, S. N. Association of serum zinc and vitamin a levels with
severity of retinopathy in type 2 diabetic patients: A cross-sectional study. Biol. Trace Elem. Res. 192, 123-128. https://doi.org/10.
1007/s12011-019-01664-z (2019).

13. Choi, Y. J., Kwon, J. W. & Jee, D. Are dietary intake parameters of vitamin A, carotene, retinol appropriate factors to evaluate the
risk of diabetic retinopathy?. Medicine (Baltimore) 102, €33969. https://doi.org/10.1097/md.0000000000033969 (2023).

14. Hammes, H. P. Diabetic retinopathy: Hyperglycaemia, oxidative stress and beyond. Diabetologia 61, 29-38. https://doi.org/10.
1007/s00125-017-4435-8 (2018).

15. Kastelan, S., Oreskovi¢, 1., Bid¢an, F, Kastelan, H. & Gverovi¢Antunica, A. Inflammatory and angiogenic biomarkers in diabetic
retinopathy. Biochem. Med. (Zagreb) 30, 030502. https://doi.org/10.11613/bm.2020.030502 (2020).

16. Wang, W. & Lo, A. C. Y. Diabetic retinopathy: Pathophysiology and treatments. Int. . Mol. Sci. https://doi.org/10.3390/ijms190618
16 (2018).

17. Ucgun, N. L, Zeki-Fikret, C. & Yildirim, Z. Inflammation and diabetic retinopathy. Mol. Vis. 26, 718-721 (2020).

18. Oikawa, T. et al. A highly potent antiangiogenic activity of retinoids. Cancer Lett. 48, 157-162. https://doi.org/10.1016/0304-
3835(89)90054-2 (1989).

19. Reifen, R., Levy, E., Berkovich, Z. & Tirosh, O. Vitamin A exerts its antiinflammatory activities in colitis through preservation of
mitochondrial activity. Nutrition 31, 1402-1407. https://doi.org/10.1016/j.nut.2015.05.011 (2015).

20. Acharya, P, Black, M., Bressner, G. & Amengual, ]. Development and validation of a method to deliver vitamin A to macrophages.
Methods Enzymol. 674, 363-389. https://doi.org/10.1016/bs.mie.2022.04.008 (2022).

21. Lippman, S. M. et al. 13-cis-retinoic acid and interferon alpha-2a: Effective combination therapy for advanced squamous cell
carcinoma of the skin. J. Natl. Cancer Inst. 84, 235-241. https://doi.org/10.1093/jnci/84.4.235 (1992).

22. Xavier-Elsas, P, Vieira, B. M., Masid-de-Brito, D., Barradas, M. G. & Gaspar-Elsas, M. I. C. The need to consider context in the
evaluation of anti-infectious and immunomodulatory effects of vitamin A and its derivatives. Curr. Drug Targets 20, 871-878.
https://doi.org/10.2174/1389450120666181217095323 (2019).

23. Takahashi, N, Saito, D., Hasegawa, S., Yamasaki, M. & Imai, M. Vitamin A in health care: Suppression of growth and induction
of differentiation in cancer cells by vitamin A and its derivatives and their mechanisms of action. Pharmacol. Ther. 230, 107942.
https://doi.org/10.1016/j.pharmthera.2021.107942 (2022).

24. Ni, X, Hu, G. & Cai, X. The success and the challenge of all-trans retinoic acid in the treatment of cancer. Crit. Rev. Food Sci. Nutr.
59, S71-S80. https://doi.org/10.1080/10408398.2018.1509201 (2019).

25. de Souza, M. M. et al. Hepatic capillariasis in rats: A new model for testing antifibrotic drugs. Braz. J. Med. Biol. Res. 33, 1329-1334.
https://doi.org/10.1590/s0100-879x2000001100011 (2000).

26. Sato, Y. et al. Resolution of fibrosis by siRNA HSP47 in vitamin A-coupled liposomes induces regeneration of chronically injured
livers. J. Gastroenterol. Hepatol. 36, 3418-3428. https://doi.org/10.1111/jgh.15587 (2021).

27. Otsuka, M. et al. Treatment of pulmonary fibrosis with siRNA against a collagen-specific chaperone HSP47 in vitamin A-coupled
liposomes. Exp. Lung Res. 43, 271-282. https://doi.org/10.1080/01902148.2017.1354946 (2017).

28. Yamakawa, T. et al. Vitamin A-coupled liposomes containing siRNA against HSP47 ameliorate skin fibrosis in chronic graft-versus-
host disease. Blood 131, 1476-1485. https://doi.org/10.1182/blood-2017-04-779934 (2018).

29. Colineaux, H., Neufcourt, L., Delpierre, C., Kelly-Irving, M. & Lepage, B. Explaining biological differences between men and
women by gendered mechanisms. Emerg. Themes Epidemiol. 20, 2. https://doi.org/10.1186/s12982-023-00121-6 (2023).

Scientific Reports |

(2024) 14:491 | https://doi.org/10.1038/s41598-023-49937-x nature portfolio


https://doi.org/10.1001/archopht.120.8.1075
https://doi.org/10.1016/j.exer.2015.04.004
https://doi.org/10.1016/j.exer.2015.04.004
https://doi.org/10.3390/ijms19040942
https://doi.org/10.3390/ijms19040942
https://doi.org/10.1002/jcb.25575
https://doi.org/10.1002/jcb.25575
https://doi.org/10.1097/IAE.0b013e3181884f2d
https://doi.org/10.2174/1381612003401190
https://doi.org/10.3389/fimmu.2020.583687
https://doi.org/10.3389/fimmu.2020.583687
https://doi.org/10.1038/s41598-022-23919-x
https://doi.org/10.1016/j.jceh.2022.09.006
https://doi.org/10.1007/s00383-011-2853-0
https://doi.org/10.1007/s12011-019-01664-z
https://doi.org/10.1007/s12011-019-01664-z
https://doi.org/10.1097/md.0000000000033969
https://doi.org/10.1007/s00125-017-4435-8
https://doi.org/10.1007/s00125-017-4435-8
https://doi.org/10.11613/bm.2020.030502
https://doi.org/10.3390/ijms19061816
https://doi.org/10.3390/ijms19061816
https://doi.org/10.1016/0304-3835(89)90054-2
https://doi.org/10.1016/0304-3835(89)90054-2
https://doi.org/10.1016/j.nut.2015.05.011
https://doi.org/10.1016/bs.mie.2022.04.008
https://doi.org/10.1093/jnci/84.4.235
https://doi.org/10.2174/1389450120666181217095323
https://doi.org/10.1016/j.pharmthera.2021.107942
https://doi.org/10.1080/10408398.2018.1509201
https://doi.org/10.1590/s0100-879x2000001100011
https://doi.org/10.1111/jgh.15587
https://doi.org/10.1080/01902148.2017.1354946
https://doi.org/10.1182/blood-2017-04-779934
https://doi.org/10.1186/s12982-023-00121-6

www.nature.com/scientificreports/

30. Martin Ask, N., Leung, M., Radhakrishnan, R. & Lobo, G. P. Vitamin A transporters in visual function: A mini review on membrane
receptors for dietary vitamin A uptake, storage, and transport to the eye. Nutrients https://doi.org/10.3390/nu13113987 (2021).

31. Li, W, Jiang, Y., Sun, T,, Yao, X. & Sun, X. Supplementation of procyanidins B2 attenuates photooxidation-induced apoptosis in
ARPE-19 cells. Int. J. Food Sci. Nutr. 67, 650-659. https://doi.org/10.1080/09637486.2016.1189886 (2016).

32. Sun, N, Youle, R. J. & Finkel, T. The mitochondrial basis of aging. Mol. Cell 61, 654-666. https://doi.org/10.1016/j.molcel.2016.
01.028 (2016).

33. Ruamviboonsuk, V. & Grzybowski, A. The roles of vitamins in diabetic retinopathy: A narrative review. J. Clin. Med. https://doi.
0rg/10.3390/jcm11216490 (2022).

34. Zhang, C. et al. Relationship between retinol and risk of diabetic retinopathy: A case—control study. Asia Pac. J. Clin. Nutr. 28,
607-613. https://doi.org/10.6133/apjcn.201909_28(3).0021 (2019).

35. Blaner, W. S. et al. Vitamin A absorption, storage and mobilization. Subcell. Biochem. 81, 95-125. https://doi.org/10.1007/978-94-
024-0945-1_4 (2016).

36. Orji, A, Rani, P. K., Narayanan, R., Sahoo, N. K. & Das, T. The economic burden of diabetic retinopathy care at a tertiary eye care
center in South India. Indian J. Ophthalmol. 69, 666—670. https://doi.org/10.4103/ijo.IJO_1538_20 (2021).

37. Washirasaksiri, C. et al. Fasting plasma glucose and HbAIc levels predict the risk of type 2 diabetes and diabetic retinopathy in a
Thai high-risk population with prediabetes. Front. Pharmacol. 13, 950225. https://doi.org/10.3389/fphar.2022.950225 (2022).

38. Kempen, J. H. et al. The prevalence of diabetic retinopathy among adults in the United States. Arch. Ophthalmol. 122, 552-563.
https://doi.org/10.1001/archopht.122.4.552 (2004).

39. Xie, X. W, Xu, L., Jonas, J. B. & Wang, Y. X. Prevalence of diabetic retinopathy among subjects with known diabetes in China: The
Beijing Eye Study. Eur. J. Ophthalmol. 19, 91-99. https://doi.org/10.1177/112067210901900114 (2009).

40. Zhang, X. et al. Prevalence of diabetic retinopathy in the United States, 2005-2008. JAMA 304, 649-656. https://doi.org/10.1001/
jama.2010.1111 (2010).

41. Elshafei, M. et al. Prevalence and determinants of diabetic retinopathy among persons > 40 years of age with diabetes in Qatar: A
community-based survey. Eur. J. Ophthalmol. 21, 39-47. https://doi.org/10.5301/€j0.2010.2699 (2011).

42. Jee, D., Lee, W. K. & Kang, S. Prevalence and risk factors for diabetic retinopathy: The Korea National Health and Nutrition
Examination Survey 2008-2011. Investig. Ophthalmol. Vis. Sci. 54, 6827-6833. https://doi.org/10.1167/iovs.13-12654 (2013).

43. Cui, Y. et al. Prevalence and risk factors for diabetic retinopathy in a cross-sectional population-based study from rural southern
China: Dongguan Eye Study. BMJ Open 9, €023586. https://doi.org/10.1136/bmjopen-2018-023586 (2019).

44. Yasir, Z. H., Hassan, A. D. & Rajiv, K. Diabetic retinopathy (DR) among 40 years and older Saudi population with diabetes in
Riyadh governorate, Saudi Arabia—A population based survey. Saudi J. Ophthalmol. 33, 363-368. https://doi.org/10.1016/j.sjopt.
2019.03.001 (2019).

45. Chobanian, A. V. et al. Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure. Hypertension 42, 1206-1252. https://doi.org/10.1161/01.HYP.0000107251.49515.c2 (2003).

46. Grading diabetic retinopathy from stereoscopic color fundus photographs—An extension of the modified Airlie House classifica-
tion. ETDRS report number 10. Early Treatment Diabetic Retinopathy Study Research Group. Ophthalmology 98, 786-806 (1991).

Acknowledgements

The authors thank the Epidemiologic Survey Committee of the Korean Ophthalmologic Society for providing
data for this study. This research was supported by a grant of Patient-Centered Clinical Research Coordinating
Center (PACEN) funded by the Ministry of Health and Welfare, Republic of Korea (grant number: HC23C0130).

Author contributions
D.H.J. performed analysis. Y.J.C. and D.H.]. wrote the manuscript. Y.J.C., JW.K. and D.H.]. analyzed data. J W.K.
reviewed the manuscript. D.H.]. supervised the study.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.].

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:491 | https://doi.org/10.1038/s41598-023-49937-x nature portfolio


https://doi.org/10.3390/nu13113987
https://doi.org/10.1080/09637486.2016.1189886
https://doi.org/10.1016/j.molcel.2016.01.028
https://doi.org/10.1016/j.molcel.2016.01.028
https://doi.org/10.3390/jcm11216490
https://doi.org/10.3390/jcm11216490
https://doi.org/10.6133/apjcn.201909_28(3).0021
https://doi.org/10.1007/978-94-024-0945-1_4
https://doi.org/10.1007/978-94-024-0945-1_4
https://doi.org/10.4103/ijo.IJO_1538_20
https://doi.org/10.3389/fphar.2022.950225
https://doi.org/10.1001/archopht.122.4.552
https://doi.org/10.1177/112067210901900114
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.1001/jama.2010.1111
https://doi.org/10.5301/ejo.2010.2699
https://doi.org/10.1167/iovs.13-12654
https://doi.org/10.1136/bmjopen-2018-023586
https://doi.org/10.1016/j.sjopt.2019.03.001
https://doi.org/10.1016/j.sjopt.2019.03.001
https://doi.org/10.1161/01.HYP.0000107251.49515.c2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The relationship between blood vitamin A levels and diabetic retinopathy: a population-based study
	Results
	Discussion
	Methods
	References
	Acknowledgements


