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Abstract

Background: Various studies have shown that vascular changes in the retina can be a primary indicator of cardiovascular
disease risk. CRAE, CRVE, and AVR are three important markers for determining retinal vascular changes. The aim of this
study was to determine the changes in these three ocular markers and their relationship with blood pressure and heart race.
Method: In this cross-sectional analytical study, 96 workers from one of Yazd's tile and ceramic industries were studied.
Fundus images were prepared from both eyes and then analyzed using ARIA software and related protocols. Data were
analyzed by Kolmogorov-Smirnov test, and Mann-Whitney test and Correlation test was performed. Results: The mean
and standard deviation of age and working experience of the population under study were 34.93(6.06) and 9.85(6.26) years,
respectively. There was no statistically significant correlation between ocular parameters with blood pressure and heart rate
(p-value >0.05). The relationship of CRAE and CRVE with heart rate, although not statistically significant, was inverse.
Conclusion: The results of this study showed no relationship between retinal vascular changes with changes in cardiovascular
parameters such as blood pressure and heart rate among workers. Also, there was no significant difference between BMI and
mean of three ocular parameters.
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Introduction

schemic heart disease and stroke are the most
common causes of death in the United States. '

Approximately 12 million people in the United
States are suffering from heart disease, and this is the
leading cause of death in adults in the United States
and 22% of deaths in the world.In Iran, the first and

most common cause of death in all ages and both

males and females is cardiovascular disease, so much
that out of 700 to 800 deaths per day, 317 cases are
due to cardiovascular disease, 166 of which are due
to the heart attack after the age 35.” In addition to
blood circulation in large vessels, microcirculation
also plays an important role in the physiology and

health of the cardiovascular system. Microcirculation
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is the blood circulation between in the smallest
blood vessels of the human body.” Microcirculation
consists of blood vessels with a diameter of less than
150 micrometers, which constitute the major part
of the cardiovascular system, and delivery of
nutrients, removal of metabolites and exchange of
gases (O2 and CO2) with organs of the body are
among their duties. For this reason, any
dysfunction in the cross-section of these vessels, as
well as the presence of inflammatory factors, will
have a more severe effect on their proper
functioning .** Changes in the autonomy function
of heart, functional changes in micro and
macrovascular systems, induction of systemic
inflammation, endothelial dysfunction, changes in
peripheral resistance of blood vessels, and eventually
changes in  microcirculation can lead to
cardiovascular complications. ¢ Capillary changes can
be a primary indication of the onset of cardiovascular
disease or an indication of the course of these
diseases.” Microcirculation plays an important role in
regulating blood pressure, and diseases associated
with small vessels are one of the pathological causes
of high blood pressure.” However, the relationship
between the changes in the microcirculation of small
veins (venules and arterioles), which form a large
part of the circulatory system, is not clear with
the development of chronic diseases, especially
cardiovascular ~ disease.’”  Studying and  direct
observing of microcirculation changes is difficult.'*"
Studying the involvement of small retina vessels by
retinal imaging is a noninvasive invivo method that
allows for the examination of changes in the small
retinal capillaries (with a diameter of 60-300
pm).l’lz’13 In other words, many of the major
diseases, such as diabetes, diabetic retinopathy and
various strokes, are first revealed in the retina and
they originate in the eye, brain, or cardiovascular
system, which can be detected by imaging the eyes
and the study of analysis of these images '

Symptoms such as narrowing of the retinal arteries,
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abnormal increase of the intracranial cysts, retinal
spots, spotting or swelling of the optical disc
independent of other influential factors can be
evidence of hypertension.” High blood pressure,
aging, diabetes and cardiovascular disease cause
problems such as arterial stenosis, arterial gap,
retinopathy and ... in small retina vessels.'® Because
workers are at risk for cardiovascular diseases, such
as blood pressure, in the present study, retinal
vascular changes were evaluated using fundus

photographic method.

Methods

This research is descriptive analytical and
cross-sectional which was conducted in the year
2016 in one of the tiles and ceramic industries
of Yazd. The study protocol was in accordance
with institutional medical ethics board and
approved by the ethic committee of the
University  (IR.SSU.SPH.REC.1395.107).  The
statistical population in this research included
all workers working in different units of the
related industry. The method of the present
study was in four stages as follows. 1- Screening
the sample subjects 2- Fundus photography 3-
Analyzing  images  4-  Measurement  of
cardiovascular parameters.

Sample screening: After reviewing the medical
records of workers, people without a history of
cardiovascular disease, ocular diseases, diabetic
retinopathy, and any disorder affecting the study
were screened. The criteria for entering the study
were a work experience of at least one year in the
industry. Due to the different parameters in the
study, female workers were excluded from the
study. Eventually, 96 healthy male workers were
selected for research purposes. After obtaining a
written informed consent from the subjects, their
demographic characteristics were collected using a
pre-made questionnaire from the researcher.

Fundus Photography: At first, the researcher

was trained to take Fundus photography. Subjects
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were then placed in a dark place designated for
fundus photography. Because of the sensitivity of
the fundus imaging to light, the presence of people
in this place was necessary. The digital camera
Canon CR-2 AF non-mydriatic 20.2-megapixel
with a 45° angle was used for retina imaging.
Fundus images were taken from subjects' both eyes
for 5 minutes and re-imaging was performed in the
absence of high-quality images. During the fundus
photography, subjects with a small pupil were
provided with mydriatic."”

Image Analysis: This step was carried out
according to the proposed protocols with a few
changes and the Automated Retinal Image Analyzer
(ARIA) software was used. Using the related
software according to Fig. 1, from the optical disk
margin concentric circles were drawn at a distance
of half or one time the diameter of the disk.'® The
diameter of six arterioles and the six larger venules
of this region were measured in micrometers.

After measuring the diameter of the vessels,
three markers, central retinal arteriolar equivalents
(CRAE), central retinal venular equivalent
(CRVE) and arterial (Retinal Arterio-Venule-
Ratio) (AVR) were calculated using the Parr-
Hubbard equation."”

Para-Hubbard equation:*
For the CRAE

A\

Extended zone O\ » Standard zone
e
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WNew = (0.87 * W2small + 1.01 * W2large 0.22*
Wsmall* Wlarge - 10.76) 0.5
For the CRVE
WNew=(0.72*W2small+0.91*W2large+450.05)0.5
Cardiovascular Parameters: To determine the
relationship between retinal vascular changes and
cardiovascular parameters, systolic blood pressure,
diastolic blood pressure, heart rate, and body mass
index (BMI) of 96 subjects were measured. Before
doing these measurements, the subjects did not
have any physical activity for at least five minutes.
During the break, their waist and wrist
circumference was measured with a tape measure.
Systolic blood pressure, diastolic blood pressure,
and heart rate were measured five times
consecutively, and the mean of three final

measurements was taken.3’21

Systolic  blood
pressure(SBP) (Diastolic Blood Pressure)(DBP) was
measured using the Emsig SP05 barometer and
heart rate (HR) and also the Himmel HP-10 pulse
oximeter.

Statistical analysis: Data were inserted into the
spss software and then necessary statistical analyses
were performed. The results were analyzed using
descriptive statistics of SPSS21 software such as
percentage, mean, standard deviation, and

appropriate statistical tests such as Kolmogorov-

Smirnov test, correlation, and Mann-Whitney test.

Figure 1. A retinal region with a diameter of one to half times the optical disk, venules in blue and arterioles in red.
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Results

In this study, all subjects were male. The mean
and standard deviation of age and their working
experience were 34.93 (0.60) and 9.85 (4.62)
respectively. To test the normal distribution of
variables, the Kolmogorov-Smirnov test was used.
The results of the test showed that the two
variables CRAE and CRVE follow the normal
distribution (CR-value of p-value = 0.20 and
CRAE p-value = 0.10). But the AVR variable does
not follow the normal distribution (P-Value =
040). The subjects were classified into three
categories: normal, overweight, and obese.

To study the relationship between the mean and
standard deviation of ocular parameters with BMI
of subjects for normal data, T-student and
ANOVA tests, and for abnormal data, Mann-
Whitney and Kruskal-Wallis tests were used. The
results were obtained according to table 1.

According to the results of the above table,
there was no significant difference between BMI
and mean of the three ocular parameters, and in
other words, the mean in compared groups is not
different. Pearson Correlation test obtained a
correlation between CRAE, CRVE and AVR

parameters with systolic blood pressure, diastolic

blood pressure, heart rate, waist circumference and
wrist circumference for normal data and abnormal
data by Spearman test according to Table 2 .

According to the results of the above table,
there was no statistically significant relationship
between CRAE, CRVE and AVR parameters with
systolic blood pressure, diastolic blood pressure,
heart rate, wrist, and waist circumference (P-
Value> 0.05). The relationship of CRAE and
CRVE with heart rate, though not statistically
significant, was inverse.

Pearson correlation coefficient and Spearman
correlation coefficient were used to determine the
relationship between ocular and age parameters.
This coefficient for the CRAE, CRVE and AVR
parameters was 0.02-0.03 and 0.10, respectively,
which were not statistically significant. Finally,
ANOVA and Kruskal-Wallis tests were used to
examine the relationship between the mean of
ocular parameters and workers' shift. According to
the results, there was a statistically significant
correlation between the mean CRVE and the
work-shift (P-Value = 0.04).
statistically significant relationship was found
between the mean of CRAE, AVR and work-shift
(P-Value = 0.20, 0 = P-Value).

However, no

Table 1. The Relationship between Ocular Parameters and Body Mass Index.

variable frequency CRAEmean(SD) CRVEmean(SD) AVRmean(SD)
normal 45 163.79(17.95) 225.80(23.09) 0.72(0.06)
Body mass index overweight 39 171.25(18.33) 229.53(22.79) 0.74(0.06)
obese 12 163.43(15.21) 224.16(28.76) 0.73(0.07)
P-Value - 0.13 0.69 0.03

Table 2. Correlation between Ocular Parameters and Heart Parameters

. Waist Wrist Systolic blood Diastolic blood
variables Heart rate . .
circumference  circumference pressure pressure
CRAE Correlation coefficient -0.03 0.1 -0.01 -0.17 -0.13
P-Value 0.74 0.30 0.91 0.01 0.18
CRVE Correlation coefficient -0.04 -0.01 -0.05 0.05 -0.17
P-Value 0.69 0.92 0.60 0.65 0.09
AVR Correlation coefficient 0.01 0.18 0.04 -0.15 0.01
P-Value 0.96 0.01 0.60 0.15 0.90

w5

Correlation is significant at the 0.01 level (2-tailed)
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Discussion

Blood pressure is a measure of the power with
which blood circulates on the wall of the arteries.
High blood pressure is one of the most important
non-communicable diseases that has increased
dramatically in developing societies during the last
few decades. The severity of the complications
depends on race, sex, increased blood fat, diabetes,
and so on. One of the pathological causes of high
blood pressure is small-vessel-related diseases.
Specifically, the contraction and narrowing of the
small peripheral vessels cause a rise in blood pressure.
The most important side effect of high blood
pressure is the increased risk of cardiovascular
disease.”®?? In the retina, different symptoms, such
as narrowing of the retinal arteries, an abnormal
increase of the retinal staining, spotting, or swelling
of the optical disc, independent of other influential
factors, can be evidence of hypertension [15]. In this
study, the three parameters of CRAE, CRVE, and
AVR  in ceramic —tile workers were investigated by
standard imaging to investigate the relationship
between blood pressure and heart rate and retinal
vascular changes. The results of this study did not
show a significant difference between the changes in
ocular parameters with heart rate and blood pressure.
The study of wong and colleagues is in tandem with
our study. With the difference that in his studies, the
relationship between changes in the diameter of the
small vessels of the retina, especially the narrowing of
the arteries with cardiovascular disease, was observed
only in women, and the researcher did not see such a
relationship in men. He and his colleagues believe
that factors such as smoking, diabetes, high blood
pressure and elevated lipid plasma levels increase the
risk of developing cardiovascular disease in women
following changes in the diameter of small retinal
vessels.” However, in this study, the statistical
population of the study was male, and due to the
different parameters of the study, women were
excluded from our research. Findings of Ljungman et

al. Show that dilatory responses of small vessels in

microcirculation has no significant relation with a
heart attack and related disorders, and this response
can only be used to regulate systolic blood pressure.**
But some studies support results which are
contradictory to our study. Cheung and colleagues
believe that the thinner diameter of retinal
vasculaturs can be a predictive factor of
cardiovascular disease, hypertension, heart rate, and
so on. From the viewpoint of this researcher, there is
a statistically significant difference between changes
in the diameter of the retina with hypertension, heart
rate, and other cardiovascular disorders.”

Given that blood pressure is a highly variable
factor that is affected by various factors and can be
the cause or result of vascular dysfunction, our
study did not have enough power to fully
understand the factors affecting it and to recognize
its role. On the other hand, our study population
was all young and healthy people who had no
history of cardiovascular disease. Studies on
changes in the diameter of the retina based around
the fact that these changes, due to the
combination of factors such as exposure to
contaminated particles, can lead to increased heart
rate, followed by hypertension. There is, of
course, not enough evidence that this high blood
pressure or heart rate can be the cause or result of
changes in the retina.*® Other reasons for the lack
of significant relationship between blood pressure
and heart rate with ocular parameters in the
present study can be relatively low mean of the age
in this study. Therefore, the effect of age can also
be a possible explanation for our findings. Because
young people with lower age are in very good
health and the impact of adverse factors is less
than that of the elderly. According to some
studies, it can be predicted that with increasing
age, the number of microvascular changes in the
retina increases and age is an effective factor in
increasing the risk of cardiovascular disease,

hypertension, and heart rate.”’
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In general, the results of this study showed that
among workers without a history of cardiovascular
disease in the ceramic and tile industry, changes in
ocular parameters due to blood pressure and heart
rate are very small and negligible. While the
increase in these changes may indicate an increased
risk of cardiovascular disease. In our study, we can
not use these changes in the small sample size as a
predictor of cardiovascular disease. In other words,
this study supports the hypothesis that the
accurate study of microvascular changes in the
retina requires a large sample size. It is suggested
that more samples should be used to ensure the
accuracy and validity of this study and, in
addition, the use of specialized software for
measuring the diameter of the vessels with higher
accuracy is recommended. For the reasons given,
more research is needed to clarify the relationship
between blood pressure and heart rate with ocular

parameters.
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