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Introduction: The retinal vasculature, a surrogate for the systemic microvasculature, can
be observed non-invasively, providing an opportunity to examine the effects of modifiable
factors, such as nutrient intake, on microcirculation. We aimed to investigate the possible
associations of dietary nutrient intake with the retinal vessel caliber.

Methods: In this cross-sectional study, a total of 584 participants in a medical survey of
Japanese descendants living in Los Angeles in 2015 underwent a dietary assessment,
fundus photographic examination, and comprehensive physical and blood examinations.
Retinal vessel caliber was measured using fundus photographs with a semi-automated
computer system and summarized as central retinal artery and vein equivalents (CRAE
and CRVE). The association between dietary nutrient intake and retinal vessel caliber was
analyzed using a multivariate linear regression model adjusted for two models including
potential confounders. The first model was adjusted for age and sex. The second model
was adjusted for age, sex, smoking status, body mass index, hypertension, diabetes,
dyslipidemia, history of coronary heart disease, and history of stroke.

Results: After adjustment of potential confounders, compared to the quartile with
the lowest intake, the difference in CRVE for the highest quartile was —5.33 um [95%
confidence interval (Cl): —9.91 to —0.76, P for trend = 0.02] for vitamin A, —4.93 um
(95% Cl: —9.54 to —0.32, P for trend = 0.02) for vitamin C and —3.90 um (95% CI: —8.48
to 0.69, P for trend = 0.04) for potassium.

Conclusions: A significant association was observed between higher vitamins A, C and
potassium intakes and narrower retinal venular caliber.
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INTRODUCTION

The retinal microvasculature is the easiest and most widely
used vascular bed that can be directly visualized in vivo
and may provide a non-invasive, surrogate method to study
early structural changes and pathological features of the
human microcirculation (1-3). Over the past two decades, a
computerized method of measuring the retinal vascular caliber
using retinal photographs has been developed (4). Deviations
from the optimal structure of the retinal vasculature have
been shown to involve narrower retinal arterial caliber and
wider retinal venular caliber, which have been demonstrated
to independently predict coronary heart disease (CHD) and
stroke (2, 5, 6).

Modificable dietary factors are presumably associated with
cardiovascular disease; meta-analyses have shown that higher
intake of fish, nuts, fruits, and vegetables is inversely associated
with the development of CHD (7-9). It has been reported
that dietary nutrition intake of antioxidants, vegetable proteins,
potassium, magnesium, and fiber might be partially effective
in reducing the risk of CHD and stroke, independent of
cardiovascular risk factors (10-14). Similarly, the relationship
between retinal microvascular caliber and dietary factors is
under investigation. Gopinath et al. (15) have reported that the
consumption of a high-quality diet, reflecting high compliance
with published dietary guidelines or recommendations, is
associated with an advantageous retinal microvascular profile,
that is, a wider retinal arteriolar caliber and narrower retinal
venular caliber. Keel et al. (16) reported that lower intake of
vegetables and fish is associated with wider retinal venular
caliber in children and adolescents with type 1 diabetes. Some
studies have shown that higher dietary fiber (17), yogurt
(18), and fish (19) consumption is associated with a wider
retinal arterial caliber and narrower retinal venular caliber.
However, these reports are limited and sufficient evidence has not
been established.

Since 1970, we have conducted medical surveys of Japanese
Americans who migrated from Japan to the United States and
their descendants, an epidemiological study called the Hawaii-
Los Angeles-Hiroshima Study, to investigate the effects of
environmental factors on disease structures among Japanese
people (20). We hypothesized that there may be an association
between various nutrient intakes and retinal microvascular
caliber, just as there is an association between dietary factors
and cardiovascular disease. To substantiate this hypothesis,
we conducted a study in 2015 using fundus photographic
examination and dietary assessment together with a computer-
assisted menu suggestion system for Japanese Americans living
in Los Angeles, California. The purpose of this study was to
investigate the association between retinal vascular caliber and
dietary nutritional intake.

METHODS

Study Design and Population
As part of the Hawaii-Los Angeles-Hiroshima Study (20),
medical examinations were conducted in Los Angeles for

Japanese Americans in August 2015. The medical examinations
were announced through the local Japanese newspaper “Rafu
Shimpo” and radio advertisements in Los Angeles; a total
of 584 Japanese-Americans participated. First-generation
Japanese immigrants from Japan and their descendants born
and raised in the United States (second-generation and later)
were included. Individuals who had mixed/non-Japanese
ethnicity were excluded. All participants received an explanation
of the study procedures and provided written informed
consent. Participants underwent physical, dietary, and fundus
photographic examination by a team of well-trained internists,
optometrists, dietitians, and nurses. This study was carried out
in accordance with the Declaration of Helsinki and approved by
the Ethics Committee of Hiroshima University (No. E-139).

Dietary Assessment

Dietary intake and dietary habits of all participants were assessed
by a food frequency method, as previously described (21-23).
First, a paper questionnaire concerning the frequency of food
intake was given to the participants. Then, two trained dietitians
conducted detailed interviews regarding the frequency of food
intake, amount consumed per meal, and preparation method for
each food group; they used food models and real foods, while
observing the results in personal interviews. They calculated the
values for daily total energy and intake for individual nutritional
elements [i.e., animal protein, vegetable protein, animal fat,
vegetable fat, saturated fatty acids (SFA), polyunsaturated fatty
acids (PUFA), cholesterol, carbohydrates, fiber, vitamins A, B1,
B2 and C, calcium, iron, potassium and salt]. The average daily
intake of each food group was calculated as (average intake per
meal) x (frequency of intake per day); the nutrient intake from
each food group was calculated as (nutrient value per 1 gram
of each food) x (average daily intake of each food group) (21—
23). The nutritional value of each food group was determined on
the basis of the US Department of Agriculture Nutritive Value of
American Foods in Common Units (24).

Retinal Vascular Caliber Measurement
Bilateral fundus photographs were captured with a 45 degree
non-mydriatic retinal camera (NIDEK AFC-300, NIDEK CO.,
LTD., Gamagori, Japan). Retinal vascular caliber was measured
using a semi-automated computer imaging program (Retinal
Analysis-IVAN, University of Wisconsin, Madison, WI) by a
trained ophthalmologist masked to participants’ clinical data
(4, 25, 26). Images were presented randomly to a grader. Two
circular grids with radii of 0.5 and 1.0 disc diameters were semi-
automatically drawn from the edge of the disc; the calibers of all
arterioles and venules passing completely through the region of
0.5-1.0 disc diameter were measured. Using the calibers of the
six widest arterioles and venules, the central retinal artery and
vein equivalents (CRAE and CRVE) were summarized according
to the formulae described by Parr-Hubbard (25) and revised
by Knudson (27). For the reproducibility of retinal vascular
measurements, the intraclass correlation coeflicient was high
(>0.9). For this study, data of the right eye were included. When
the right eye was ungradable, we used data from the left eye.
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584 were identified in study.
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548 were included for analysis.

FIGURE 1 | Flow chart showing participant selection in the present study. BMI, body mass index.

23 with ungradable fundus photographs

2 with missing measurement of BMI

5 with missing smoking data

1 with missing dietary data

5 with missing medical history data

Assessment of Covariates

All participants underwent an interview and comprehensive
physical examination, and each provided a blood sample after
an overnight fast. Venous blood was collected to measure high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglyceride (TG) and blood glucose levels.
These measurement methods are described elsewhere (28).
Height and weight were measured using a digital scale with
a stadiometer. Body mass index (BMI) was then calculated as
weight divided by height squared (kg/m?). Information regarding
smoking history and a previous diagnosis of hypertension,
diabetes, dyslipidemia, CHD, and stroke was obtained in personal
interviews. According to participants’ self-reports, smoking
history was categorized as never, former, and current smoker.
Hypertension was determined as a history of hypertension
or using mean arterial blood pressure (MABP), calculated
as one-third of the systolic blood pressure plus two-thirds
of the diastolic blood pressure; hypertension was defined as
MABP >105.68 mmHg (29). Each participant without diabetes
underwent fasting serum glucose measurement and a 75-g oral
glucose tolerance test (OGTT). In line with American Diabetes
Association guidelines (30), diabetes was defined as either a
previous diabetes diagnosis, a fasting serum glucose level of >126
mg/dL or a 2-h serum glucose level of >200 mg/dL after an
OGTT. Dyslipidemia was defined as a history of dyslipidemia
diagnosis, HDL-C <40 mg/dL, LDL-C >140 mg/dL, or
TG >150 mg/dL (31).

Statistical Analysis

In this study, CRAE and CRVE were examined as continuous
dependent variables. Continuous variables are expressed as
mean =+ standard deviation (SD). First, the mean values of
CRAE and CRVE were compared according to participants’

background data. After application of the Anderson-Darling
test for each variable, the Wilcoxon rank-sum test was used
for comparisons between two groups, and the Kruskal-Wallis
test was used for comparisons between three or more groups
(smoking status and BMI). Next, we used multivariate linear
regression model to evaluate the association between retinal
vascular caliber (CRAE and CRVE) and dietary nutrient intake.
In model 1, we adjusted for age (years, continuous) and sex
(male/female). To subsequently assess the effect of confounders,
model 2 was additionally adjusted for several known potential
confounding factors: smoking status (current/former/never),
BMI (kg/m?, continuous), hypertension (yes/no), diabetes
(yes/no), dyslipidemia (yes/no), history of CHD (yes/no), and
history of stroke (yes/no) (1). Spearman’s rank correlation test
was performed to examine correlations regarding nutrient intake.
Each dietary nutrient intake was adjusted for total energy intake
using the residual method described by Willett et al. (32) and
was categorized into quartiles, with the first quartile indicating
lower intake. Differences in retinal vascular caliber per quartile
of nutrient intake were estimated using the first quartile as a
reference. P-values for trend were estimated using nutrient intake
as a continuous variable. All statistical analyses were performed
using JMP Pro statistical software 15.0.0 (SAS Institute Inc., Cary,
NC, USA). All P-values were two-sided, and a P-value < 0.05 was
considered significant.

RESULTS

Characteristics of Study Participants

Of the 584 participants, we excluded 23 with ungradable fundus
photographs and 13 with missing data of BMI, smoking status,
dietary intake, and medical history, leaving 548 participants
included in the analyses (Figure 1).
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TABLE 1 | Demographic characteristics of study participants?.

Characteristics N =548
Age, mean + SD, years 61.7 £13.3
Sex, N (%)
Male 210 (38.3%)
Female 338 (61.7%)
BMI, mean + SD, kg/m? 23.3+3.6

Smoking status, N (%)

Never 324 (59.1%)

Former 161 (29.4%)

Current 63 (11.5%)
Diabetes, N (%) 72 (13.1%)
Hypertension, N (%) 95 (17.3%)
Dyslipidemia, N (%) 323 (58.9%)
HDL-C <40 mg/dL 24 (4.4%)
LDL-C >140 mg/dL 181 (33.0%)
TG >150 mg/dL 139 (25.3%)
Previous CHD, N (%) 13 (2.4%)
Previous stroke, N (%) 9 (1.6%)
CRAE, mean + SD, pm 131.8+ 155
CRVE, mean 4 SD, p m 192.0 +19.8

aData are presented as number (percentile) unless otherwise indicated. SD, standard
deviation; N, number; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; CHD, coronary heart disease;
CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent.

Table 1 gives the demographic characteristics of the included
participants and mean retinal vessel caliber. Of the overall
participants, 38.3% were men and the mean age & SD was 61.7 &
13.3 years. The mean CRAE and CRVE was 131.8 £ 15.5 wm and
192.0 £ 19.8 pm, respectively. In univariate analysis, narrower
CRAE was related to older age, male sex, hypertension, previous
stroke, and obesity. Wider CRVE was related to younger age and
current smoking (Table 2). The mean nutrient intake for each
quartile is shown in Table 3.

Association of Nutrient Intake With Retinal

Vessel Diameters

Table 4 shows the association of dietary nutrient intake with
retinal arterial caliber in multivariate linear regression analysis.
There was no significant linear association between CRAE and
intake of animal protein, vegetable protein, animal fat, vegetable
fat, SFA, PUFA, cholesterol, carbohydrates, fiber, vitamins A,
B1, B2 and C, calcium, iron, potassium and salt in both model
1 (adjusted for age and sex) and model 2 (adjusted for age,
sex, smoking status, BMI, hypertension, diabetes, dyslipidemia,
history of CHD, and history of stroke).

Table 5 demonstrates the association of nutrient intake in
multivariate linear regression analysis for retinal venular caliber.
After adjustment for age and sex (model 1), there were significant
inverse associations of retinal venular caliber with vitamins A,
C, and potassium [mean difference for the second, third, and
highest quartiles: —2.35 (95% CI: —6.94, 2.24), —2.27 (—6.88,
2.33), and —5.70 (—10.29 to —1.11), P-value for trend = 0.01

TABLE 2 | Relationship between participants’ background data and retinal
vascular caliber (CRAE and CRVE).

CRAE CRVE
Variables N Mean + SD  P-value? Mean + SD P-value?
Age, years <0.01 <0.01
<65 284 1345+ 14.8 195.3 +18.9
>65 264 129.0+156.8 188.5 +£20.2
Sex <0.01 0.31
Male 210 129.3+16.6 192.8 +20.3
Female 338 133.4+ 14.6 19156+ 19.5
BMI, kg/m? <0.01 0.08
<18.5 49 139.7 £ 17.5 195.6 + 18.3
18.5-24.9 340 132.0+ 15.0 190.4 + 20.1
>25 159  129.0 £ 15.2 1943+ 19.4
Smoking status 0.16 <0.01
Never 324 18322+ 157 190.5 + 19.5
Former 161 130.0 £ 15.9 191.4 £ 19.8
Current 63 135.0 + 13.0 201.0 £ 19.6
Hypertension <0.01 0.16
Yes 95 1261 +£14.9 189.6 + 19.3
No 453 133.3+ 153 192.5 +19.9
Diabetes 0.35 0.39
Yes 72 130.5+ 14.8 194.0 +£22.3
No 476 132.0+ 15.6 191.7 £ 19.4
Dyslipidemia 0.28 0.38
Yes 323 1315+ 154 192.5 +19.3
No 225 1323+ 157 191.2 £ 20.5
HDL-C <40 mg/dL 0.53 0.53
Yes 24 128.5 +19.1 196.56 +19.2
No 524 132.0+ 153 191.8 £ 19.8
LDL-C >140 mg/dL 0.27 0.13
Yes 181 1334 +£15.2 194.0 £ 19.0
No 367 131.0+ 15.6 191.0 £ 20.2
TG >150 mg/dL 0.71 0.06
Yes 139  131.2+15.2 194.7 £ 20.0
No 409 1for32.0+ 15.6 191.1 £ 19.7
Previous CHD 0.32 0.88
Yes 13 1295+ 6.4 190.5 + 21.1
No 5635 1319+ 157 192.0 £ 19.8
Previous stroke 0.04 0.65
Yes 9 1219+ 124 190.1 £17.4
No 539 132.0+ 155 192.0 £ 19.9

aAnalyzed with Wilcoxon rank-sum test to compare two groups (age, sex, hypertension,
diabetes, dyslipidemia, HDL-C <40 mg/dL, LDL-C >140 mg/dL, TG >150 mg/dL,
previous CHD and previous stroke) and Kruskal-Wallis test to compare three groups
(smoking status and BMI). P < 0.05 was considered significant. SD, standard deviation;
CRAE, central retinal artery equivalent; CRVE, central retinal vein equivalent; BMI, body
mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglyceride; CHD, coronary heart disease.

for vitamin A; —2.12 (—6.74, 2.50), —0.39 (—5.04, 4.25), and
—5.20 (—9.82 to —0.58), P-value for trend = 0.02 for vitamin
C; —2.67 (—7.27,1.94), —4.61 (—9.23, 0.02), and —3.95 (—8.56,
0.66), P-value for trend = 0.04 for potassium]. We found that
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TABLE 3 | Mean daily energy-adjusted nutrient intake, by quartile.

Nutrient Q1 Q2 Q3 Q4
Animal protein, g 25.0+ 4.6 335+1.8 39.5+1.6 51.9+8.0
Vegetable protein, g 26.2+4.2 329+1.2 374 +13 442 £ 3.7
Animal fat (g) 99+ 11.8 281 +3.2 39.0+3.9 72.7 £30.8
Vegetable fat (g) 2514 4.6 329415 37.9+1.4 46.6 + 5.4
SFA, g 124 +£3.9 18.8+ 1.0 225+1.1 31.7+7.7
PUFA, g 10.8+1.3 13.3+0.4 148+ 0.6 182+23
Cholesterol, mg 179.7 £37.3 244.0 £13.5 290.4 + 16.0 400.6 + 84.3
Carbohydrates, g 216.8 £ 55.5 282.0 + 8.4 308.6 + 8.4 357.4 +32.0
Fiber, g 10.7+1.9 14.1+0.8 17.2+1.0 240+ 4.2
Vitamin A, ngRAE 341.4 +£79.2 466.6 + 30.2 644.0 + 62.6 961.9 + 207.7
Vitamin B1, mg 0.6 £0.1 0.8 £0.04 1.0 £ 0.06 1.3+0.2
Vitamin B2, mg 0.8+ 0.1 1.1 £ 0.06 1.3+ 0.07 1.7+£02
Vitamin C, mg 95.1 £21.8 139.1 £10.9 180.9 + 156.1 267.0+51.5
Calcium, mg 384.9 + 63.5 537.7 + 36.8 661.0 + 36.2 858.7 + 99.4
Iron, mg 47 +0.6 6.1 +0.38 7.4+04 9.8 +1.3
Potassium, mg 2,1561.8 £ 250.3 2,613.0+111.4 3,088.5 + 151.3 3,978.5 + 517.1
Salt, g 29+ 1.1 47 +£04 6.3+05 8.8+ 1.1

SD, standard deviation; SFA, saturated fatty acids, PUFA, polyunsaturated fatty acids; RAE, retinol activity equivalent; Q, quartile.

higher intake of vitamins A, C and potassium had a significant
inverse association with venular caliber after adjusting for age,
sex, smoking status, BMI, hypertension, diabetes, dyslipidemia
and history of diagnosed CHD and stroke (model 2); mean
difference for the second, third, and highest quartiles: —2.55
(95% CI. —7.15, 2.05), —1.83 (—6.45, 2.78), and —5.33 (—9.91
to —0.76), P-value for trend = 0.02 for vitamin A; —2.18 (—6.83,
2.47), —0.27 (—4.92, 4.37), and —4.93 (—9.54 to —0.32), P-value
for trend = 0.02 for vitamin C; —2.64 (—7.26, 1.97), —4.58
(—9.24, 0.07), —3.90 (—8.48, 0.69), P-value for trend = 0.04 for
potassium. There were no significant associations of CRVE with
animal protein, vegetable protein, animal fat, vegetable fat, SFA,
PUFA, cholesterol, carbohydrates, fiber, vitamin B1, vitamin B2,
calcium, iron, or salt in either model.

Correlations between the intake of these nutrients (vitamins
A, C, and potassium) are shown in Figure 2. Intake of vitamin
A and vitamin C, vitamin A and potassium, and vitamin C and
potassium were significantly correlated with each other (vitamin
A vs. vitamin C, R = 0.86, P < 0.01; vitamin A vs. potassium, R
= 0.87, P < 0.01; vitamin C vs. potassium, R = 0.91, P < 0.01).

DISCUSSION

In the present study, we found that vitamins A, C and potassium
intake had an inverse association with retinal venular caliber after
accounting for cardiovascular disease factors. The nutritional
intake of the population in this study generally did not greatly
deviate from the U.S. Dietary Reference Intakes (33). With
respect to vitamin C, the recommended intake of vitamin C is
75-90 mg/day (33); the majority of participants in this study
met the recommended intake. Previous studies have shown that
intake of vitamins A and C, which have antioxidant properties,
contributes to a reduction in the risk of CHD and stroke (10,

12, 14). Adequate dietary potassium reduces the risk of CHD
and stroke (34). Retinal vessel diameter, which reflects systemic
microvascular status, has been shown to be associated with
CHD and stroke outcomes, and epidemiological studies have
shown that wider CRVE is independently associated with future
risk of CHD and stroke (1, 5, 6). Although the association
between these individual nutrient intake and the structure of
the retinal microvasculature has not been reported, our results
are supported by Gopinath et al. (15). They reported that a
high-quality diet rich in fruits and vegetables was associated
with narrower retinal venular caliber, indicating better retinal
microvascular health. Vitamins A, C and potassium come largely
from fruits and vegetables (34), and our results are consistent
with their report.

We consider that the antioxidant effects of vitamins A and C
might be involved in our finding that higher intake of vitamins
A and C prevented retinal venular caliber enlargement. It has
been suggested that retinal venular caliber widening underlies
destruction of the endothelial surface layer (ESL) (35). Indeed,
Wong et al. reported that wider retinal venular caliber is related
to higher levels of soluble intercellular adhesion molecule-1
and plasminogen activator inhibitor-1, biomarkers of endothelial
dysfunction (26). Tamai et al. reported that oxidative stress
caused by lipid hydroperoxide injection into the vitreous of
rats resulted in an increase in the number of leukocytes in the
retinal microvasculature and an enlarged retinal venular caliber
(36). Epidemiological studies have also reported that systemic
inflammatory markers such as white blood cell count, erythrocyte
sedimentation rate, high-sensitivity c-reactive protein (CRP),
interleukin-6, and serum amyloid A are associated with wide
retinal venular caliber (35, 37).

Antioxidants, such as vitamins A and C, are considered
to protect against oxidant-mediated inflammation by virtue
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TABLE 4 | Mean CRAE (um) differences across quartiles of energy-adjusted nutrient intake compared with the lowest quartiles.

Nutrient Model Q2vs. Q1 Q3 vs. Q1 Q4 vs. Q1 P for trend
Animal protein 1 4.61(1.09, 8.14) 2.07 (—1.46, 5.59) 1.61(=1.92,5.13) 0.45
2 4.41(0.93, 7.89) 1.50 (—=2.02, 5.01) 1.93 (—1.59, 5.45) 0.38
Vegetable protein 1 2.46 (—1.08, 6.00) —1.85(-5.41,1.70) —0.97 (—4.54, 2.60) 0.30
2 2.14 (~1.37, 5.66) —2.22 (=5.73,1.29) —0.88 (—4.40, 2.65) 0.38
Animal fat 1 1.09 (—2.48, 4.67) 2.32(—1.28, 5.91) 1.99 (—1.59, 5.57) 0.32
2 0.32 (—3.24, 3.87) 1.36 (—2.24, 4.95) 1.56 (—1.99, 5.11) 0.41
Vegetable fat 1 0.50 (—3.07, 4.08) —1.83(—5.43, 1.76) 0.95 (—2.59, 4.50) 0.98
2 0.64 (—2.89, 4.17) —1.41(-4.99, 2.17) 1.08 (—2.42, 4.59) 0.85
SFA 1 2.65 (—0.95, 6.25) 2.52(-1.13,6.17) 2.68 (—0.91, 6.26) 0.20
2 1.88 (—1.69, 5.46) 1.75(—1.89, 5.39) 2.31(—1.27,5.89) 0.24
PUFA 1 0.28 (—3.28, 3.83) —0.05 (-3.67, 3.57) 0.69 (—2.86, 4.24) 0.73
2 0.43 (—3.08, 3.94) 0.18 (—3.42, 3.79) 0.78 (—2.74, 4.30) 0.53
Cholesterol 1 1.08 (—2.47, 4.63) 1.29 (-2.26, 4.83) 1.73(-1.81,5.27) 0.16
2 1.08 (—2.43, 4.58) 0.76 (—2.74, 4.27) 2.29 (-1.22, 5.81) 0.15
Carbohydrates 1 0.98 (—2.56, 4.52) 2.31 (—1.23, 5.85) 0.15(—8.39, 3.70) 0.97
2 0.76 (—2.77, 4.28) 2.31(-1.19,5.82) 0.58 (—2.94, 4.11) 0.90
Fiber 1 1.16 (—2.40, 4.72) 1.62 (—1.93,5.18) —0.15(-8.70, 3.41) 0.35
2 0.70 (—2.83, 4.24) 1.22 (—2.31, 4.75) —0.02 (—3.53, 3.48) 0.62
Vitamin A 1 1.15 (—2.41, 4.70) 1.05 (—2.52, 4.62) 0.14 (-3.42, 3.71) 0.44
2 0.68 (—2.87, 4.23) 1.00 (—2.57, 4.56) 0.36 (—3.17, —3.89) 0.62
Vitamin B1 1 —0.36 (—3.86, 3.13) 2.26 (—1.26, 5.79) —0.75 (—4.29, 2.79) 0.73
2 —0.23 (—8.70, 3.24) 2.31(—1.24,5.85) 0.36 (—3.17, 3.89) 0.73
Vitamin B2 1 0.63 (—2.90, 4.16) 1.60 (—1.95, 5.14) 1.27 (-2.24, 4.79) 0.80
2 0.52 (—2.96, 4.01) 1.89 (—1.62, 5.41) 1.35 (—2.17, 4.88) 0.74
Vitamin C 1 —2.22 (—5.78, 1.35) 0.63 (—2.95, 4.22) —2.87 (—6.43, 0.70) 0.28
2 -2.10 (-5.67, 1.48) 0.61 (—2.96, 4.18) —2.41(-5.95, 1.13) 0.43
Calcium 1 1.69 (—1.89, 5.26) 1.61 (—2.00, 5.22) 1.20 (—2.41, 4.81) 0.82
2 1.80 (—1.72, 5.32) 2.22 (—1.35,5.79) 1.31 (—2.26, 4.88) 0.69
Iron 1 0.84 (—2.71, 4.39) —0.66 (—4.21, 2.89) —1.61(-5.15, 1.93) 0.24
2 0.38 (—3.14, 3.90) —0.76 (—4.29, 2.76) —1.33(-4.83, 2.17) 0.34
Potassium 1 —0.52 (—4.08, 3.04) —0.95 (—4.53, 2.63) —1.02 (—4.59, 2.55) 0.32
2 —1.12 (—4.68, 2.44) —1.30 (—4.89, 2.29) —0.81(—4.35, 2.72) 0.45
Salt 1 —2.33(-5.87,1.22) —3.11 (—6.64, 0.43) —0.87 (—4.43, 2.68) 1.00
2 —2.05 (—5.58, 1.47) —2.88 (—6.39, 0.64) —0.63 (—4.17, 2.90) 0.95

The 95% confidence interval is in parentheses. Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, smoking status, body mass index, hypertension, diabetes, dyslipidemia,
history of coronary heart disease and stroke. CRAE, central retinal artery equivalent; Q, quartile; SFA, saturated fatty acids, PUFA, polyunsaturated fatty acids.

of their capacity to scavenge reactive oxygen species (ROS)
and inhibit the activation of nuclear factor kappa-B (NF-
kB), a transcription factor that promotes the expression of
genes that induce inflammation (38, 39). Previous studies have
shown that blood concentrations of vitamins A and C have
a negative association with CRP, a marker of inflammation
(40-42). Additionally, Hermersson et al. showed that higher
dietary B-carotene and vitamin C intake significantly reduced
formation of F2-isoprostanes, a marker of oxidative stress (43).
Experimental studies have also reported that vitamins A and C
inhibit the activation of NF-«B, which regulates the promotion
of inflammation (44, 45). The detailed mechanism by which
antioxidants prevent the enlargement of retinal venular caliber
remains to be elucidated. However, according to the evidence

presented above, we consider that higher intake of vitamins A
and C prevented ESL destruction by reducing oxidative stress and
inhibiting the development of inflammation, thereby preventing
retinal venular caliber widening.

Hypertension is a risk factor for CHD and stroke. It has
been considered that the antihypertensive effect of potassium is
responsible for the reduced risks of CHD and stroke associated
with high potassium intake (46). However, Tobian et al. reported
that the incidences of stroke and death were drastically reduced
in rats with high potassium intake, regardless of identical blood
pressure (47). These findings suggest that potassium has a
beneficial effect on blood vessels through mechanisms other
than its antihypertensive effect. The mechanism has not yet
been fully elucidated; however, the antioxidant effect may be a
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TABLE 5 | Mean CRVE (um) differences across quartiles of energy-adjusted nutrient intake compared with the lowest quartiles.

Nutrient Model Q2vs. Q1 Q3 vs. Q1 Q4 vs. Q1 P for trend?
Animal protein 1 2.86 (—1.73, 7.45) 3.48 (—1.11, 8.06) 1.33 (159, 5.91) 0.84
2 2.53(-2.02,7.07) 1.91 (-2.69, 6.50) 0.27 (—4.33, 4.88) 0.80
Vegetable protein 1 —0.09 (—4.70, 4.52) —0.96 (—5.59, 3.67) —2.41 (—7.06, 2.24) 0.24
2 —0.22 (—4.82, 4.38) —0.56 (—5.16, 4.03) —2.40 (-7.01, 2.21) 0.29
Animal fat 1 0.89 (—3.74, 5.52) 3.30 (—1.36, 7.96) 0.69 (—3.95, 5.32) 0.95
2 0.22 (—4.40, 4.04) 3.06 (—1.61,7.73) 0.51 (—4.11, 5.13) 0.95
Vegetable fat 1 —1.92 (-6.56, 2.73) —2.41 (—7.08, 2.26) —0.72 (-5.32, 3.89) 0.45
2 —2.35(—6.94, 2.25) —3.00 (—7.66, 1.67) —1.40(—5.97, 3.16) 0.28
SFA 1 0.60 (—4.07, 5.28) 1.99 (—-2.75, 6.73) —0.03 (—4.69, 4.63) 0.95
2 0.55 (—4.10, 5.21) 1.72 (-3.02, 6.46) —0.08 (—4.75, 4.58) 0.90
PUFA 1 0.41 (—4.20, 5.01) —0.57 (—5.26, 4.12) —0.17 (—4.78, 4.43) 0.38
2 0.23 (—4.34, 4.80) —1.48 (—6.17, 3.21) —1.19 (-5.77, 3.39) 0.21
Cholesterol 1 —0.34 (-4.983, 4.25) 3.33(—1.24,7.91) —1.08 (-5.66, 3.49) 0.52
2 —0.43 (-4.98, 4.12) 3.38 (—1.18, 7.93) —0.97 (-5.58, 3.59) 0.59
Carbohydrates 1 3.56 (—1.03, 8.14) 2.49 (-2.09, 7.07) 0.50 (—4.08, 5.09) 0.56
2 3.34 (—1.25,7.92) 2.45(-2.10, 7.01) 0.92 (—3.67, 5.51) 0.46
Fiber 1 —1.55(—6.17, 3.06) —0.49 (-5.10, 4.12) —4.82 (—9.44, —0.19) 0.05
2 —0.57 (-5.16, 4.02) 0.33 (—4.25, 4.91) —3.37(=7.92, 1.19) 0.06
Vitamin A 1 —2.35(—6.94, 2.24) —2.27 (—6.88, 2.33) —5.70 (-10.29, —1.11) 0.01
2 —2.55(-7.15, 2.05) —1.83 (—6.45, 2.78) —5.33 (—9.91, —0.76) 0.02
Vitamin B1 1 0.37 (—4.15, 4.89) 3.91 (-0.65, 8.48) —1.23(-5.81,3.34) 0.88
2 —0.76 (—5.27, 3.76) 2.39 (—2.215, 7.00) —2.58 (—7.18, 2.01) 0.42
Vitamin B2 1 —0.67 (-5.25, 3.91) 0.51 (—4.08, 5.11) —1.17 (-5.74, 3.39) 0.69
2 —1.06 (—5.60, 3.48) 0.17 (—4.41,4.75) —2.13 (—6.72, 2.46) 0.44
Vitamin C 1 —2.12 (—6.74, 2.50) —0.39 (—5.04, 4.25) —5.20 (—9.82, —0.58) 0.02
2 —2.18 (—6.883, 2.47) —0.27 (—4.92, 4.37) —4.93 (—9.54, —0.32) 0.02
Calcium 1 —1.68 (—6.30, 2.94) —4.91(-9.57, —0.24) —2.41(-7.07, 2.26) 0.40
2 —1.02 (-5.60, 3.55) —4.40 (—9.04, 0.24) —2.61(-7.25,2.03) 0.31
Iron 1 1.46 (—3.13, 6.04) —2.38 (—6.97, 2.21) —3.38(—7.96, 1.20) 0.05
2 1.60 (—2.97, 6.16) —2.63 (—7.19, 1.94) —3.04 (-7.58, 1.49) 0.05
Potassium 1 —2.67 (—7.27,1.94) —4.61(-9.23,0.02) —3.95 (—8.56, 0.66) 0.04
2 —2.64 (-7.26,1.97) —4.58 (—=9.24, 0.07) —3.90 (—8.48, 0.69) 0.04
Salt 1 —0.38 (—4.98, 4.22) 212 (—2.47,6.70) —2.07 (—6.68, 2.55) 0.62
2 —0.64 (—5.23, 3.94) 1.87 (-2.71, 6.44) —2.62 (—7.21,1.98) 0.35

The 95% confidence interval is in parentheses. Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, smoking status, body mass index, hypertension, diabetes, dyslipidemia,
history of coronary heart disease and stroke. 4P < 0.05 considered significant. CRVE, central retinal vein equivalent; Q, quartile; SFA, saturated fatty acids; PUFA, polyunsaturated

fatty acids.

contributing factor. Although vitamins A and C are the typical
antioxidant nutrients, a potassium diet also has antioxidant effect,
and it reduces the free radical formation (34). He et al. showed
that without changing blood pressure, 64 mmol of potassium,
whether as the chloride or bicarbonate salt, improved vascular
endothelial function in 42 adults (48). Our result might be
explained by the antioxidant effects described above. However, in
this study, there were significant correlations between the intake
of vitamins A, C and potassium. Vitamins A, C, and potassium
are abundant in fruits and vegetables; therefore, it might not be
possible to simply conclude that high potassium intake is related
to narrower CRVE.

In this study, no significant association was found between
dietary nutrient intake and retinal arterial caliber. In particular,

there was no significant association of arterial caliber with
vitamins A, C and potassium which were found to be associated
with venous caliber. In previous animal studies, administration
of lipid hydroperoxide did not result in narrowing of the
retinal arterial caliber (36), which is consistent with our results.
Although the mechanism explaining this observation is unclear,
these findings suggest that ROS/antioxidants might only affect
the retinal venous caliber and not the arterioles. As there are
still few reports on the relationship between antioxidants and
retinal blood vessel diameter, it is possible that confounding
factors not analyzed in this study may have influenced the results.
Both arterial caliber narrowing and venous caliber enlargement
have been considered to indicate deterioration of the systemic
microvascular circulation; however, in recent years, the role of
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venules, independent of arterioles, has been attracting attention.
In particular, wider venular caliber has been shown to be a
potentially important marker of micro-vascular disease (35).
Smoking has also been shown to be associated with only a wider
venular caliber but not arterial caliber (1, 49). Further research
is needed to fully elucidate all aspects of the effects of nutrient
intake on the microcirculatory system.

There are several limitations in this study. First, the number
of participants was limited. Second, the participants in this
study were not representative of the general population.
Hence, our results might not be relevant to the general
population as the current study only included Japanese
American individuals. Third, our study used a cross-sectional
design; thus, it was impossible to determine the directional
associations. Fourth, physical activity, socioeconomic factors,
eye condition, and serum levels of vitamins and minerals
were not examined. In myopic eyes, retinal vessel caliber
is reportedly narrower because of longer ocular axis (50).
To clarify the causal relationships between vitamins A,
C, and potassium with the microvasculature, prospective
studies with larger sample sizes drawn from the general

population are needed; such studies should examine serum
levels of vitamins and minerals, ocular conditions (e.g.,
refractive status and ocular axial length), and physical and
social factors.

In conclusion, we showed that vitamins A, C and potassium
intake was inversely associated with retinal venular caliber. This
suggests that dietary intake of vitamins A, C and potassium
might be beneficial for a healthy retinal microvascular profile.
The retinal vasculature provides a non-invasive window into the
status of systemic microvascular (1). This study provides insights
for clarifying the effects of dietary nutrition on microvasculature.
We would like to emphasize that this is the first time that the
association of dietary vitamins A, C and potassium intake with
retinal vascular status has been demonstrated; therefore, further
prospective studies are needed to assess whether the evidence
is consistent.
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