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Aims: Small arteries can be visualized in the ocular fundus, and findings of retinopathy based on Scheie classifi-
cation are often applied to evaluate the impact of hypertension and atherosclerosis. However, the relationship
between damage in the large and small arteries has not been investigated sufficiently, especially in the early
stages. The present study investigated possible associations between large artery atherosclerosis and small artery
retinopathy in untreated middle-aged individuals.

Methods: Untreated middle-aged workers undergoing periodic health check-ups (2=7,730, 45 £ 8 years) were
enrolled in this study. The absence or presence and extent of retinopathy were characterized by ophthalmologists
as hypertensive (H0-4) and atherosclerotic grades (S0-4) based on Scheie classification. Large artery atherosclero-
sis was examined based on functional assessment of the cardio-ankle vascular index (CAVI) and morphological
assessment of the carotid intima-media thickness (IMT) by ultrasound.

Results: We found significant differences in CAVI and carotid IMT between individuals with and without
hypertensive or atherosclerotic retinopathy. Multivariable regression analysis showed that the presence of hyper-
tensive and atherosclerotic retinopathy was significantly associated with CAVI and carotid IMT. Logistic regres-
sion analysis with the endpoint of a hypertensive or atherosclerotic lesion revealed that CAVI and carotid IMT
are independent determinants of retinopathy.

Conclusions: CAVI and carotid IMT were significantly associated with the presence of retinopathy based on
Scheie classification in untreated middle-aged subjects, implying that atherosclerotic examination in large arteries
could reveal early-stage small artery retinopathy.

See editorial vol. 29; 1-2

Key words: Retinopathy, Scheie classification, CAVI, Carotid IMT, Subclinical atherosclerosis

changes that lead to primary organ damage'”. Hence,

Introduction . : :
preventing the progressive processes of atherosclerosis

The onset of cardiovascular disease is mainly
based on the development and progression of
atherosclerosis that provokes a decrease in blood flow
in systemic or local circulation, resulting in ischemic

is one of the most critical strategies in public health.
Hypertension, dyslipidemia, diabetes mellitus, and
smoking promoted atherosclerosis are established
cardiovascular risk factors related to unhealthy
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lifestyles; thus, individuals having such risk factors are
at increased cardiovascular risk®'?. In addition to
these factors, aging and the presence of chronic kidney
disease (CKD) are also considered high-risk conditions
of cardiovascular disease'*'®.

Atherosclerosis is a chronic disease of the arterial
wall characterized by functional and structural
alterations in the vascular endothelium and smooth
muscle layer'™. In the clinical setting, the extent of
subclinical atherosclerosis is mainly evaluated in large
arteries by non-invasive examinations, including the
cardio-ankle vascular index (CAVI) and carotid
intima-media thickness IMT)'”. CAVT is a functional
index that indicates arterial stiffness, which is
pathologically characterized by decreased arterial
elasticity'"??, whereas carotid IMT is a morphological
index of atherosclerotic vascular damage that reflects
pathological thickening in the vascular wall'*%.

Small arteries can be visualized in the ocular
fundus, and findings of retinopathy based on the
Scheie classification are often applied to evaluate the
impacts of hypertension and atherosclerosis*”. Notably,
hypertensive changes in the fundus (i.e., hypertensive
retinopathy) are the only way in which to visually
capture vascular morphological changes due to high
blood pressure (BP), making them important findings
in the target organ damaged by hypertension®2%. The
presence of small artery retinopathy in the fundus has
been reported to be associated with increased risk of
cardiovascular diseases and future cardiovascular
events” ). However, the relationship between arterial
damage in the small and large arteries, including the
muscular and elastic arteries, has not been investigated
sufficiently, particularly in early-stage atherosclerosis.
Here, we hypothesized that atherosclerosis in small
arteries and large arteries progresses in relation to one
another from an early stage, and that examination of
large artery atherosclerosis could reveal small artery
retinopathy.

Aim
In the present study, our aim was to investigate
possible associations between retinopathy in small
arteries based on the Scheie classification and
examinations of large artery atherosclerosis, and to test
whether the atherosclerotic examination reflects the
presence of retinopathy in seemingly healthy untreated

middle-aged individuals.

Methods

The present study enrolled individuals attending
their periodic physical check-up. The study was
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performed in accordance with the principles of the
Declaration of Helsinki, and the ethics committees of
Toyota Memorial Hospital approved the protocol. All
data used in the analysis were anonymized, and opt-
out opportunities were provided to participants.

Subjects

This study screened 15,764 individuals who
visited the Health Support Center WELPO in 2008—
2009 for a periodic health check-up. The center
provides health care for Toyota Motor Corporation
(Toyota, Japan) employees and their spouses, and all
employees receive annual medical examinations under
the Industrial Safety and Health Law of Japan. All
obtained data were supplied as medical examination
records. Of the 15,764 people screened, 4,901
individuals were excluded due to blank of data on
fundus examination, because they were non-workers
(spouses), or due to an uncertain workstyle. An
additional 3,133 individuals taking medication were
excluded to eliminate the effects of medications
because the detailed classifications of the medications
were unknown. The data from the remaining 7,730
untreated workers were finally used for the analyses.

After overnight fasting, body height and weight
were measured using an automated BF-220
instrument (Tanita, Tokyo, Japan), and systolic and
diastolic BP were measured using a validated
oscillometric technique in a seated position. Blood
was sampled from the antecubital vein in the morning
for laboratory measurements, and CAVI and carotid
IMT were measured to assess subclinical
atherosclerosis. CAVI was measured in a supine
position to evaluate peripheral artery disease or arterial
stiffness, followed by ultrasound examination to
measure the carotid IMT. Individuals with a systolic
BP > 140 mmHg and/or diastolic BP > 90 mmHg
were defined as having hypertension®”. Individuals
with high-density lipoprotein cholesterol (HDL-C)
levels <40 mg/dL, low-density lipoprotein cholesterol
(LDL-C) levels > 140 mg/dL, or triglycerides > 150
mg/dL were defined as having dyslipidemia'”.
Individuals with a fasting blood glucose (FBG) level >
126 mg/dL were defined as having diabetes®”. The
estimated glomerular filtration rate (eGFR) was
calculated using a modified formula from the
Modification of Diet in Renal Disease study for the
Japanese population and eGFR <60 mL/min/1.73 m?
was defined as CKD '3V,

Biochemical Analysis
Biochemical tests, including the determination
of total cholesterol, LDL-C, HDL-C, triglycerides,

creatinine, and FBG, were performed using standard
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laboratory assays as described previously??.
Concentrations of glycated hemoglobin Alc (HbAlc)
were measured by high-performance liquid
chromatography and expressed according to the
National Glycohemoglobin Standardization Program.

Assessment of Arterial Stiffness in a Muscular
Artery

Arterial stiffness was assessed by CAVI using a
Vasera VS-1000 automatic system (Fukuda Denshi,
Tokyo, Japan), as described previously'”??, after
resting in the supine position. Electrocardiogram
electrodes and a microphone were placed on both
wrists and the sternum to detect heart sounds. Cuffs
were wrapped around both upper arms and both
ankles. Cardio-ankle pulse wave velocity (PWV) was
measured by dividing the distance from the aortic
valve to the ankle artery by the sum of the difference
between when the time the pulse waves were
transmitted to the brachium and when they were
transmitted to the ankle, combined with the time
difference between the second heart sound on the
phonocardiogram and that on the notch of the
brachial pulse wave. CAVI is expressed as stiffness
parameter f according to the following equation:
CAVI=a [2p/ PPx[In Ps/Pd] PWV? +b, (where a
and b are constants, p is blood density, PP is pulse
pressure, Ps is systolic pressure, and Pd is diastolic
pressure). Theoretically, BP does not affect the CAVI
measurement, and the mean CAVI from the left and
right parts of the body was used for analysis.

Assessment of Carotid IMT

The IMT of the carotid artery was assessed by
ultrasound using the Aplio 500 device (Canon
Medical Systems, Otawara, Japan), as described
previously®”. All estimations of carotid IMT and
plaque were performed by well-trained clinical
laboratory technicians who were blinded to other
clinical information. The common carotid artery
(CCA) is one of the elastic arteries, and the CCA IMT
was evaluated manually using a 7.5 MHz frequency
probe, with all individuals in the supine position.
CCA IMT was evaluated in the far wall ~20 mm from
the carotid bifurcation using recorded images of the
carotid artery, with the mean IMT from both sides
used for analysis*'*). Carotid plaque was identified as
an elevated lesion with a maximum thickness > 1.1
mm and a point of inflection on the surface of the
intima-media complex in the CCA, carotid bulb, and
internal carotid artery. Carotid plaque was considered
representative of subclinical atherosclerosis®' 2.

Assessment of Retinopathy in the Fundus

Fundus photographs were taken using a non-
mydriatic retinal camera (CR-DGi, Canon, Inc.,
Tokyo, Japan). All photographs were evaluated by
ophthalmologists who were blinded to the
participants’ backgrounds. Hypertensive and
atherosclerotic changes graded the retinopathy
according to the Scheie classification®”. Hypertensive
retinopathy was graded as follows: HO, normal; H1,
barely detectable arterial narrowing; H2, obvious
arterial narrowing with focal irregularities plus light
reflex changes; H3, grade H2 plus retinal hemorrhages
and/or exudates; H4, grade H3 plus papilledema.
Atherosclerotic retinopathy was graded as follows: SO,
normal; S1, there is broadening of the light reflex
from the arteriole with minimal or no arteriovenous
compression; S2, light reflex changes and crossing
changes are more prominent; S3, the arterioles have a
copper wire appearance, and there is more
arteriovenous compression; S4, the arterioles have a
silver appearance, and arteriovenous crossing changes
are most severe.

Statistical Analysis

Data were analyzed using SPSS Statistics 19
(IBM Corp., Chicago, IL, USA). Normally distributed
data are expressed as mean=*standard deviation.
Dichotomous variables (gender, smoking status,
complications, and retinopathy) were assigned values
of 0 (female, non-smoker, without each complication,
and absence of retinopathy) or 1 (male, smoker, with
each complication, and presence of retinopathy).
Differences in continuous variables among more than
three groups were tested using analysis of variance
(ANOVA) followed by Scheffe’s post-hoc analysis.
Logistic regression analyses were performed to
determine the independent variables. Multivariable
regression analyses were performed as appropriate.
Receiver operating characteristics (ROC) curve
analysis was performed to determine the cut-off level,
area under the curve (AUC) with 95% confidence
interval (CI), sensitivity, and specificity. Two-tailed p
<0.05 was considered significant.

Results

A total of 7,730 untreated workers, including
7,120 males and 610 females, aged 35 to 61 years,
were enrolled in the present study (Table 1). CAVI
and carotid IMT showed nearly normal distributions
with median values of 7.25 and 0.55 mm, respectively
(Supplementary Fig. 1). Carotid plaque was found in
1,110 of the 7,730 enrolled individuals. Most of the

enrolled individuals were classified as HO grade (i.e.,
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Table 1. Characteristics of the study participants (z =7,730)

Variable All participants
Age, years 453+8.1
Male gender 7120 (92.1)
Body mass index, kg/m* 22.8%3.0
Current smoker 3023 (39.1)
Systolic BB, mmHg 118.2%13.9
Diastolic B, mmHg 75.0£9.4
Creatinine, mg/dL 0.80%0.13
HDL-C, mg/dL 60.4+15.6
LDL-C, mg/dL 118.8+27.9
Triglyceride, mg/dL 113.6%=75.0
FBG, mg/dL 94.3+12.9
HbAlc, % 5.63+0.45
Examination for subclinical atherosclerosis
CAVI 7.29+0.78
Carotid IMT, mm 0.55+0.11
Scheie classification in the retinal artery
Hypertensive grade (0-4)
HO 7513 (97.2)
H1 194 (2.5)
H2 23 (0.3)
Atherosclerotic grade (0-4)
SO 6671 (86.3)
S1 1050 (13.6)
S2 9 (0.1)

Data are presented as the mean *standard deviation or 7 (%).
BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; FBG, fasting blood glucose; CAVI, cardio-ankle vascular index; IMT, intima-media thickness.

without hypertensive retinopathy; Table 1). Only a
few individuals had grade 2 hypertensive or
atherosclerotic findings, and grade 3 or 4 findings
were not observed in this study population (Table 1).
The proportion of obesity, CKD, hypertension,
dyslipidemia, or diabetes was significantly increased
with hypertensive retinopathy, but that of current
smoking decreased (Supplementary Table 1). The
proportion of CKD, hypertension, dyslipidemia, or
diabetes was also increased with atherosclerotic
retinopathy (Supplementary Table 1).

CAVTI or IMT was significantly different between
individuals with and without retinopathy, whereas we
did not observe a step-wise increase in CAVI or IMT
with increasing severity of retinopathy (grades 1 and 2;
Fig. 1). As the hypertensive and atherosclerotic grades
did not exhibit a normal distribution in this
population, linear regression analyses could not be
applied to assess the relationship between the
hypertensive and atherosclerotic grades and CAVI or
IMT. Thus, we performed multivariable regression
analyses in which atherosclerotic examination was
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considered a dependent variable, and the absence or
presence of hypertensive and atherosclerotic
retinopathy was included as an independent variable.
The multivariable regression analyses revealed that the
presence of hypertensive and atherosclerotic
retinopathy was significantly associated with CAVI
and carotid IMT after adjusting for possible
confounders (Table 2).

To investigate the impact of atherosclerotic
examinations on the presence of retinopathy and to
identify the potential risk factors as categorical
variables, logistic regression analyses were performed
with the endpoint of the presence of retinopathy. The
logistic regression analyses showed that CAVI was
significantly associated with hypertensive retinopathy,
whereas carotid IMT was significantly associated with
hypertensive and atherosclerotic retinopathy (Table 3).
Among the 7,730 enrolled individuals, 1,115 had
hypertensive or atherosclerotic retinopathy. Logistic
regression analysis with the endpoint of the presence

of hypertensive or atherosclerotic findings based on
the Scheie classification revealed that CAVI and
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Fig. 1

Impacts of hypertensive (a, ¢) and atherosclerotic grades (b, d) in the Scheie classification on the cardio-ankle vascular index (a, b) and carotid
intima-media thickness (c, d) in untreated middle-aged participants. Data are shown as mean * standard deviation. CAV], cardio-ankle vascu-
lar index; IMT, intima-media thickness.

Table 2. Results of multivariable regression analysis showing the association between atherosclerotic examinations and the presence
of retinopathy based on Scheie classification in all participants (z=7,730)

a) Cardio-ankle vascular index (CAVI)

Independent variable Dependent variable: CAVI

Model 1 Model 2 Model 3

Coefficient (B) Pvalue Coefficient () Pvalue Coefficient (B) P value

Hypertensive retinopathy 0.081 <0.0001 0.081 <0.0001 0.050 <0.0001
Atherosclerotic retinopathy 0.371 <0.0001 0.080 <0.0001 0.071 <0.0001

Model 1 included hypertensive and atherosclerotic retinopathy as covariates. Model 2 was adjusted for age (years), male gender (yes or no), body
mass index (kg/m?), and smoking status (yes or no) in addition to the factors in Model 1. Model 3 was adjusted for mean blood pressure (mmHg),
creatinine (mg/dL), high-density lipoprotein cholesterol (mg/dL), low-density lipoprotein cholesterol (mg/dL), triglyceride (mg/dL), and fasting
blood glucose (mg/dL) in addition to the factors in Model 2. Mean blood pressure was calculated as sum values of diastolic blood pressure and (sys-
tolic blood pressure - diastolic blood pressure)/3.

b) Carotid intima-media thickness (IMT)

Independent variable Dependent variable: carotid IMT

Model 1 Model 2 Model 3

Coefficient (B) Pvalue Coefficient (3) P value Coefficient () Pvalue

Hypertensive retinopathy 0.072 <0.0001 0.043 <0.0001 0.030 <0.01
Atherosclerotic retinopathy 0.305 <0.0001 0.050 <0.001 0.046 <0.001

Model 1 included hypertensive and atherosclerotic retinopathy as covariates. Model 2 was adjusted for age (years), male gender (yes or no), body
mass index (kg/m?), and smoking status (yes or no) in addition to the factors in Model 1. Model 3 was adjusted for mean blood pressure (mmHg),
creatinine (mg/dL), high-density lipoprotein cholesterol (mg/dL), low-density lipoprotein cholesterol (mg/dL), triglyceride (mg/dL), and fasting
blood glucose (mg/dL) in addition to the factors in Model 2. Mean blood pressure was calculated as sum values of diastolic blood pressure and (sys-
tolic blood pressure - diastolic blood pressure)/3.
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Table 3. Results of logistic regression analysis showing possible associations between the presence of hypertensive or atherosclerotic
retinopathy based on Scheie classification, the presence of cardiovascular risk factors, and atherosclerotic examination in

all participants (2=7,730)

a) Cardio-ankle vascular index (CAVI) as the atherosclerotic examination of the large artery

Variable Hypertensive retinopathy

Atherosclerotic retinopathy

Odds ratio  95% confidence Pvalue

Odds ratio  95% confidence P value

interval interval
Age, per year 1.157 1.124 - 1.192 <0.0001 1.988 1.890 — 2.092 <0.0001
Gender male 0.462 0.267 — 0.800 <0.01 1.346 0.803 — 2.257 0.259
With current smoking 0.773 0.551 — 1.084 0.136 0.795 0.623 - 1.014 0.065
With obesity 1.556 1.094 - 2.212 <0.05 1.250 0.922 — 1.695 0.152
With chronic kidney disease 1.056 0.749 — 1.489 0.756 0.891 0.688 —1.153 0.380
With hypertension 11.561 8.478 — 15.764  <0.0001 1.191 0.860 — 1.648 0.292
With dyslipidemia 1.084 0.796 — 1.475 0.609 0.983 0.776 — 1.246 0.890
With diabetes 1.057 0.619 —1.805 0.838 1.183 0.770 - 1.817 0.443
CAV], per 1.0 1.341 1.106 - 1.626 <0.01 1.077 0.925 - 1.253 0.338

Obesity: body mass index > 25 kg/m”. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m”.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were

simultaneously evaluated in the multivariable analysis.

b) Carotid intima-media thickness (IMT) as the atherosclerotic examination of the large artery

Variable Hypertensive retinopathy

Atherosclerotic retinopathy

Odds ratio  95% confidence P value

Odds ratio  95% confidence P value

interval interval

Age, per year 1.164 1.132 - 1.197 <0.0001 1.986 1.889 — 2.089 <0.0001
Gender male 0.503 0.292 - 0.866 <0.05 1.346 0.804 — 2.255 0.258
With current smoking 0.775 0.553 — 1.087 0.140 0.782 0.612-0.997 <0.05
With obesity 1.359 0.954 — 1.936 0.089 1.193 0.879 — 1.620 0.258
With chronic kidney disease 1.009 0.716 — 1.423 0.958 0.884 0.683 —1.145 0.351
With hypertension 12.210 8.955 -16.59 <0.0001 1.196 0.867 — 1.650 0.276
With dyslipidemia 1.063 0.781 — 1.447 0.698 0.977 0.771 - 1.237 0.844
With diabetes 1.130 0.666 — 1.916 0.650 1.177 0.769 — 1.802 0.452
Carotid IMT, per 0.1 mm 1.230 1.078 — 1.402 <0.01 1.120 1.012 — 1.240 <0.05

Obesity: body mass index > 25 kg/m”. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m”.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were

simultaneously evaluated in the multivariable analysis.

) Both cardio-ankle vascular index (CAVI) and carotid intima-media thickness (IMT) were simultaneously included as the atherosclerotic

examination of the large artery

Variable Hypertensive retinopathy Atherosclerotic retinopathy

Odds ratio  95% confidence Pvalue Odds ratio  95% confidence P value

interval interval

Age, per year 1.145 1.112 -1.180 <0.0001 1.978 1.880 — 2.082 <0.0001
Gender male 0.456 0.263 - 0.790 <0.01 1.316 0.783 —2.210 0.300
With current smoking 0.741 0.527 — 1.042 0.085 0.775 0.606 —0.990 <0.05
With obesity 1.447 1.013 — 2.068 <0.05 1.206 0.887 — 1.640 0.232
With chronic kidney disease 1.031 0.730 — 1.456 0.861 0.887 0.685 —1.148 0.362
With hypertension 11.279 8.263 — 15.396 <0.0001 1.171 0.845 — 1.622 0.344
With dyslipidemia 1.068 0.784 — 1.465 0.677 0.976 0.770 — 1.237 0.841
With diabetes 1.045 0.613 - 1.781 0.872 1.157 0.754 - 1.776 0.505
CAV], per 1.0 1.313 1.080 — 1.597 <0.01 1.064 0.914 - 1.238 0.422
Carotid IMT, per 0.1 mm 1.212 1.061 — 1.383 <0.01 1.117 1.009 - 1.237 <0.05

Obesity: body mass index = 25 kg/m®. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m’.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were

simultaneously evaluated in the multivariable analysis.
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Table 4. Results of logistic regression analysis showing the association between hypertensive and atherosclerotic retinopathy based
on Scheie classification and possible factors including cardio-ankle vascular index (CAVI) and carotid intima-media thick-
ness (IMT) in all participants (z=7,730)

a) CAVI

Variable Odds ratio 95% confidence interval P value
Age, per year 1.633 1.580 — 1.689 <0.0001
Gender male 1.376 0.882 —2.148 0.160
With current smoking 0.841 0.678 — 1.042 0.114
With obesity 1.323 1.012 - 1.732 <0.05
With chronic kidney disease 0.823 0.655 - 1.034 0.094
With hypertension 2262 1.669 — 3.066 <0.0001
With dyslipidemia 0.966 0.784 —1.191 0.747
With diabetes 1.149 0.775-1.703 0.489
CAVI, per 1.0 1.152 1.005 — 1.321 <0.05

Obesity: body mass index > 25 kg/m”. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m*.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were
simultaneously evaluated in the multivariable analysis.

b) Carotid IMT

Variable Odds ratio 95% confidence interval P value
Age, per year 1.634 1.582 —1.688 <0.0001
Gender male 1.389 0.890 — 2.168 0.147
With current smoking 0.825 0.665 — 1.024 0.081
With obesity 1.227 0.937 — 1.606 0.137
With chronic kidney disease 0.812 0.646 — 1.020 0.073
With hypertension 2.310 1.708 — 3.124 <0.0001
With dyslipidemia 0.958 0.777 — 1.181 0.686
With diabetes 1.144 0.775 — 1.688 0.500
Carotid IMT, per 0.1 mm 1.183 1.080 — 1.296 <0.001

Obesity: body mass index > 25 kg/m”. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m*.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were
simultaneously evaluated in the multivariable analysis.

¢) Both CAVI and carotid IMT

Variable Odds ratio 95% confidence interval P value
Age, per year 1.622 1.569 — 1.677 <0.0001
Gender male 1.331 0.851 —2.082 0.210
With current smoking 0.811 0.653 — 1.007 0.058
With obesity 1.256 0.958 — 1.647 0.100
With chronic kidney disease 0.816 0.649 — 1.025 0.081
With hypertension 2.220 1.636 - 3.013 <0.0001
With dyslipidemia 0.955 0.775-1.178 0.670
With diabetes 1.105 0.746 — 1.637 0.617
CAV], per 1.0 1.133 0.988 — 1.299 0.074
Carotid IMT, per 0.1 mm 1.176 1.074 —-1.289 <0.001

Obesity: body mass index > 25 kg/m*. Chronic kidney disease: estimated glomerular filtration rate <60 mL/min/1.73 m>.
The endpoint of the analysis was the presence of hypertensive or atherosclerotic retinopathy based on Scheie classification. Listed variables were
simultaneously evaluated in the multivariable analysis.

carotid IMT were independently associated with the included as independent variables showed that carotid
retinopathy (Table 4a, 4b). However, the model in IMT was still independently associated with the
which CAVI and carotid IMT were simultaneously retinopathy while CAVI was not (Table 4c).
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Results of receiver operating characteristics curve analyses to determine the cut-off levels of the cardio-ankle vascular index (CAVI) or carotid
intima-media thickness (IMT) discriminating untreated middle-aged individuals with at least whether hypertensive or atherosclerotic retinop-
athy based on Scheie classification. (a) The cut-off level, area under the curve, sensitivity, and specificity for the CAVI were 7.55, 0.80 (95%
confidence interval [CI] 0.79-0.81, »<0.0001), 0.705 (95% CI 0.68-0.73), and 0.751 (95% CI 0.74-0.76), respectively. (b) The same val-
ues for carotid IMT were 0.55 mm, 0.75 (95% CI 0.74-0.76, p<0.0001), 0.66 (95% CI 0.63-0.69), and 0.70 (95% CI 0.69-0.71), respec-

tively.

ROC curve analysis discriminating individuals
with hypertensive or atherosclerotic retinopathy
revealed that the cut-off levels and AUC values for
CAVI and carotid IMT were 7.55 and 0.80 (95% CI
0.79-0.81, p<0.0001) and 0.55 mm and 0.75 (95%
CI 0.74-0.76, p<0.0001), respectively (Fig.2).
Subsequently, the effects of coincident retinopathy
and carotid plaque were investigated; 409 of the 7,730
enrolled individuals were identified as having both
retinopathy and carotid plaque. ROC curve analysis
discriminating individuals with the complication of
both retinopathy and carotid plaque using CAVI or
carotid IMT revealed that the cut-off levels and AUC
values for CAVI and carotid IMT were 7.55 and 0.79
(95% CI 0.77-0.82, p<0.0001) and 0.60 mm and
0.78 (95% CI 0.75-0.80, p<0.0001), respectively
(Fig. 3).

Discussion

The main finding of the present study was
significant differences in the CAVI and carotid IMT
between patients with and without retinopathy, but
not between those with grade 1 and 2 retinopathy. In
addition, the presence of hypertensive and
atherosclerotic retinopathy was significantly associated
with CAVI and carotid IMT, which were independent
determinants of the presence of retinopathy based on
Scheie classification. Thus, a close association between
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atherosclerotic examination in large arteries and small
artery retinopathy based on Scheie classification was
confirmed in untreated middle-aged individuals,
supporting the finding that vascular damage progresses
in association with small and large arteries from an
early stage.

Atherosclerosis examinations are widely
performed, and CAVI and carotid IMT are
representatives of functional and morphological
assessments in large muscular and elastic arteries'%.
The usefulness of atherosclerotic examinations has
been established not only in individuals with
progressive atherosclerosis in clinical settings, but also
in the asymptomatic general population at health
check-ups'? 2% 233235 The ability to detect subclinical
atherosclerosis in asymptomatic individuals is not so
great with a single examination, though it could be
improved by combining the examinations. In the
present study, we investigated subclinical atherosclerosis
in large arteries using CAVI for functional assessment
and carotid IMT for morphological assessment and
confirmed significant associations between these
examinations and the presence of small artery
retinopathy. Although an association between the
small artery retinopathy and aortic stiffness measured
by PWV was reported previously, the previous study
included a small number of hypertensive
individuals***. The present study enrolled a larger
number of individuals with relatively low risk and
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Results of receiver operating characteristics curve analyses to determine the cut-off levels of the cardio-ankle vascular index (CAVI) or carotid
intima-media thickness (IMT) discriminating untreated middle-aged individuals with the complication of both retinopathy and carotid
plaque. (a) The cut-off level, area under the curve, sensitivity, and specificity for the CAVI were 7.55, 0.79 (95% confidence interval [CI]
0.77-0.82, p<0.0001), 0.76 (95% CI 0.71-0.80), and 0.71 (95% CI 0.70-0.72), respectively. (b) The same values for carotid IMT were
0.60 mm, 0.78 (95% CI 0.75-0.80, p<0.0001), 0.60 (95% CI 0.55-0.65), and 0.82 (95% CI 0.81-0.82), respectively.

evaluated both functional and morphological
examinations, supporting the concept that the
interaction between impairments in the small and
large arteries was similarly consistent in the early
stages.

Interactions between microvascular and
macrovascular impairments were conceptualized
previously, and vascular endothelial dysfunction and
increased arterial stiffness are considered the
fundamental mechanisms*- V. Oxidative stress and
systemic inflammation have also been raised as
common factors of vascular endothelial dysfunction'.
Although, in the present study, we examined neither
vascular endothelial function nor parameters regarding
oxidative stress or inflammation, we previously
reported that oxidative stress and inflammation are
significantly associated with vascular endothelial
dysfunction and increased arterial stiffness'® "3 42
Decreased elasticity in the arterial walls has been
reported as a mechanism underlying increased arterial
stiffness, and physiological alterations with aging and
inflammatory modifications being possible factors
leading to decreased elasticity in the presence of
increased arterial stiffness'” *”. Thus, vascular
impairment in the small and large arteries may
simultaneously initiate and progress through
increasing oxidative stress and inflammation.

The prevalence of retinopathy was different based
on the background of the enrolled individuals*”.

Although the proportion of individuals with
hypertensive retinopathy (2.8%) was lower than the
proportion with atherosclerotic retinopathy (13.7%),
it may be partly due to the exclusion of currently
medicated individuals from the present study. Among
the cardiovascular risk factors, hypertension and
obesity were independent determinants of
hypertensive retinopathy although the BP levels were
around the normal range and the untreated
individuals with hypertension comprised only 8.4%
of the total participants. This result reinforces that
hypertensive retinopathy was strongly influenced by
high BP?. In contrast, the presence of atherosclerotic
retinopathy was dependent primarily on age. Although
current smoking status had a seemingly inverse
influence on the presence of retinopathy, this may be
because current smokers with retinopathy had been
excluded from the study due to current medication
use.

When the presence of retinopathy was analyzed
based on the presence of hypertensive or atherosclerotic
findings based on the Scheie classification, both CAVI
and carotid IMT were independent determinants of
retinopathy in models where these indices were
separately included. However, only carotid IMT was
independently associated with the retinopathy in the
model where CAVI and carotid IMT were
simultaneously included as independent variables. The
detailed mechanism is not clear, but it may be partly
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attributable to the different features of the two indices.
CAVI is a functional index of arterial stiffness, while
carotid IMT is a morphological index of atherosclerotic
vascular damage. In general, the elastic property of the
large arteries buffers pulsation to deliver the flow with
less pulsatile pressure to the peripheral microvascular;
however, the coincidence of aging or cardiovascular
risk factors promotes arteriosclerosis, limiting this
buffering, and increases pulsatile pressure in the
microvascular systems® “. Hypertensive retinopathy
might be directly influenced by high BP and reflecting
the clinical severity of hypertension, while
atherosclerotic retinopathy presents structural
alteration in retinal small arteries due to continuous
vascular damage?* 4 4 4 Thus, atherosclerotic
retinopathy would manifest morphological property,
while hypertensive retinopathy might contain
functional property. In addition, in the present study,
the number of individuals having hypertensive
retinopathy was smaller than that of individuals
having atherosclerotic retinopathy. Hence, when
CAVI and carotid IMT were included in the same
model, the association between CAVI and the
retinopathy might have been relatively attenuated as
compared to that between carotid IMT and the
retinopathy.

The ROC curves analysis discriminating the
presence of retinopathy revealed that the cut-off levels
for the CAVI and carotid IMT for the presence of
either retinopathy or the complication of both
retinopathy and carotid plaque were equivalent or
slightly higher than the mean. These findings imply
that some middle-aged individuals may already have
subclinical atherosclerosis in the large and small
arteries, and also support the concept that vascular
damage progresses in both the small and large arteries
from an early stage. Notably, the cut-off for the CAVI
for discriminating the presence of retinopathy was
identical for detecting the combination of retinopathy
and carotid plaque, which are representative of small
artery and large artery diseases.

The present study has several limitations, and the
findings should be interpreted with caution. Firstly,
this study was a cross-sectional study of individuals
with a heterogeneous background. Secondly, a large
proportion of the enrolled individuals were male
workers, and the proportion of female individuals was
small. Thirdly, the causal relationship underlying the
associations between large artery atherosclerosis and
small artery retinopathy was not investigated in this
study. Finally, vascular endothelial function was not
evaluated. Therefore, further investigations with a
longitudinal design and including a broad number of
patients are necessary to obtain definitive conclusions.
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Conclusions

The findings revealed a close association between
retinopathy based on the Scheie classification and
examinations of large artery atherosclerosis, rather
than large artery stiffness, in seemingly healthy,
untreated middle-aged workers. These findings imply
that vascular damage progresses in both the small and
large arteries from an early stage, and that atherosclerotic
findings in large arteries indicate small artery
retinopathy and vice versa.
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Supplementary Fig. 1
Distribution of a) cardio-ankle vascular index (CAVI) and b) carotid intima-media thickness (IMT) in all participants (z=7,730).

Supplementaly Table 1. Logistic regression analysis showing possible associations of each each cardiovascular risk factor and the
presence of hypertensive or atherosclerotic retinopathy based on Scheie classification and atherosclerotic
examination in all participants (z=7,730)

Variable All subjects, Absence or presence of hypertensive retinopathy Absence or presence of atherosclerotic retinopathy
AN Ho, H1 and H2, Unadjusted OR P value S0, S1and S2, Unadjusted OR P value
7513 (97.2) 217 (2.8) [95% CI] 6671 (86.3) 1059 (13.6)  [95% CI]

Current smoking 3023 (39.1) 2958 (39.4) 65 (30) 0.66 <0.01 2625(39.3) 398 (37.6) 0.93 0.274
[0.49 — 0.88] (0.81 —1.06]

Obesity 1484 (19.2) 1424 (19.0) 60 (27.6) 1.63 <0.01 1275 (19.1) 209 (19.7) 1.04 0.633
[1.21-2.21] [0.88 - 1.23]

CKD 3167 (41.0) 3044 (40.5) 123 (56.7) 1.92 <0.0001 2947 (442) 670 (63.3) 2.88 <0.0001
[1.46 -2.52] [2.52-3.29]

Hypertension 651 (84)  519(69  132(60.8) 209 <0.0001 449 (67) 202 (19.1) 3.27 <0.0001
[15.7 -27.9] [2.73-3.91]

Dyslipidemia 2815 (36.4) 2712(36.1) 103 (47.5) 1.60 <0001 2379(35.7) 436 (41.2) 1.26 <0.001
[1.22 - 2.10] [1.11 - 1.44]

DFelmics 230(3.0)  208(28)  22(10.1) 3.96 <0.0001  123(1.8) 107 (10.1) 5.98 <0.0001
[2.50 - 6.29] [4.58 -7.82]

Data are presented as 7 (% in the grade) or unadjusted odds ratio (OR) [95% confidence interval (CI)].
CKD, chronic kidney disease (defined as estimated glomerular filtration rate <60 mL/min/1.73 m?).
Body mass index > 25 kg/m? was defined as obesity.
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