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Association between Brachial Flow-Mediated Dilation and Calcium Score
in Patients with Symptomatic CAD

Abstract

Background: Endothelial function plays an important role in the protection of vessels from
atherosclerosis. Detection of endothelial dysfunction by non-invasive methods (flow-mediated
dilation) and its association with other imaging modalities (calcium score in coronary computed
tomography [CT] angiography) is still controversial. In this study, we aim to investigate the
association between endothelial function evaluated by flow-mediated dilation (FMD) and calcium
score evaluated by coronary CT. Methods: In this cross-sectional study, 124 patients with known
coronary artery disease (CAD, positive calcium score) were enrolled. FMD as an indicator of
endothelial function was evaluated in these participants. FMD less than 7.1%was considered
abnormal. Correlation between calcium score and severity of calcification(calcium score above 100
considered as the cutoff point of the high score) and glow-mediated dilation was obtained using the
linear regression model. Results: The association between calcium score and FMD was strongly
significant (P < 0.001). Among individuals with low calcium scores, only 15 (18.1%) had abnormal
FMD findings, but the majority of individuals with high calcium scores (95.1%) had abnormal FMD
findings. Conclusions: Our findings provide strong evidence of association between FMD, a marker
of vascular endothelial dysfunction, and intensity of coronary atherosclerosis, as assessed by the

calcium score on the CCTA.
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Introduction

Cardiovascular disease is a great burden
to health systems worldwide.! Twenty
percent of patients who experienced
cardiac events die in the first year of
diagnosis.”! Atherosclerotic process begins
from childhood and is the most common
cause of cardiovascular disease. Coronary
endothelial dysfunction is an independent
predictor of cardiovascular disease risk and
cardiac events.’] The endothelium protects
vessels from stiffness and atherosclerosis
and its progression by secreting nitric
oxide. Endothelial cells also play an
important role in initiating and regulating
arterial calcification.™

Early detection of endothelial dysfunction
by non-invasive modalities can lead to early
prevention and treatment of this condition
and consequently decrease the burden
of cardiovascular diseases. Non-invasive
evaluation of endothelial function is an
inexpensive and reasonable test that can
show the cumulative cardiovascular risk
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and response to treatment in patients.'®
Flow-mediated dilation (FMD) has been the
most widely used non-invasive modality
among all developed methods for the
evaluation  of  endothelial  function.
Recent studies have demonstrated that
the brachial artery FMD technique has
a strong relationship with coronary
artery endothelial function.?  Forearm
measurement of FMD can potentially reveal
the extent and severity of coronary artery
atherosclerosis. It correlates with coronary
endothelial function and the prognosis of
patients.®! Changes in endothelial function
cause morphological atherosclerotic changes
and may lead to clinical consequences.”

Coronary artery calcification (CAC) is
an important marker of the presence and
severity of atherosclerotic coronary artery
disease (CAD).'Y Altered coronary blood
flow in the presence of CAC may affect
the progression of atherosclerosis, which
is one of the determinants of the
complexity of CAD.!'J Cardiac computed
tomography (CT) is an accurate modality

How to cite this article: Tabesh F, Amooali M,
Zavar R, Sajjadieh Khajouei A. Association between
brachial flow-mediated dilation and calcium score
in patients with symptomatic CAD. Int J Prev Med
2023;14:128.

Faezeh Tabesh,
Mozhgan Amooali,
Reihaneh Zavar,
Amirreza Sajjadieh
Khajouei'

Cardiac Rehabilitation Research
Center, Cardiovascular Research
Institute, Isfahan University

of Medical Sciences, Isfahan,
'Department of Internal

Medicine, Isfahan University of
Medical Sciences, Isfahan, Iran

Address for correspondence:
Dr. Amirreza Sajjadieh
Khajoueli,

Department of Internal
Medicine, Isfahan University
of Medical Sciences, BOX:
8158388994, Isfahan, Iran.
E-mail: Amirrezasajjadie
hkhajouei@gmail.com

Access this article online

Website:
www.ijpvmjournal.net/www.ijpm.ir

DOI: 10.41083/ijpvm.ijpvm_143_22
Quick Response Code:

O A0

[=] e 2

© 2022 International Journal of Preventive Medicine | Published by Wolters Kluwer - Medknow



Tabesh, et al.: FMD and calcium score in symptomatic CAD patient

for the calculation of calcium scores. The total CAC
score calculated using automated analysis software, called
the calcium score, is related to the severity and extent of
atherosclerosis.['?

In recent years, studies revealed controversial results
in the evaluation of the relationship between FMD and
calcium score; but due to the importance of the issue and
the need to predict atherosclerotic disorders earlier, we
aimed to investigate the association between endothelial
function evaluated by FMD and calcium score on coronary
CT angiography in this study. Symptomatic patients with
CAD (confirmed by positive calcium score on coronary
CT angiography) but without other risk factors of
atherosclerosis that affect both FMD and CAC participated
in the study. In this study, we aimed to find the relationship
between FMD and calcium score that can lead to the earlier
and less expensive diagnosis of early stages of CAD and
implementation of preventive strategies.

Methods
Patients’ setting

This cross-sectional study was held up in ..., Iran, from
September 2019 to September 2020. All participants were
assigned a full written and informed consent form. The
ethics committee of. approved all steps of the study (...).

One hundred twenty-four outpatient participants aged
35-60 years who were referred for coronary computed
tomography angiogram (CCTA) due to symptoms
suggestive of CAD and who were otherwise healthy (no
prior history of diabetes mellitus, hypertension, and
hyperlipidemia) and had calcium score equal or more
than 1 (based on Agatston score) were enrolled in the
study.[’¥! Participants also did not take medications that
altered FMD. CAD symptoms defined clinically in this
study were retrosternal pressure, a choking sensation or
pain that may radiate to the left arm, jaw, neck, or back,
brought on predictably by exertion or by emotional upset
and relieved after sublingual nitroglycerin consumption or
cessation of exertion.['¥

Measurements

According to the indication diagnosed by the referring
physician, participants underwent coronary CT angiography.
These participants underwent brachial artery ultrasound
to calculate FMD as the indicator of endothelial function.
The standard method was used to measure FMD.!'S) The
examination was performed in a silent room with constant
temperature. The fasting patient was lying in the supine
position. Patients were prohibited from consuming caffeine,
high-fat foods, and vitamin C for 8 to 10 hours before
the examination. The left arm was used to check the
FMD. All measurements were performed with a GE Vivid
3 ultrasound device and a 10-MHz linear probe. The size of
the brachial artery was measured at rest, then the artery was
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occluded for 5 minutes using a blood pressure measuring
cuff 50 mmHg above systolic blood pressure, then the cuff
was deflated and the diameter of the brachial artery was
measured again. FMD was calculated as the percentage
change in peak vessel diameter from the baseline value.
Percentage of FMD ([peak diameter — baseline diameter]/
baseline diameter) was used for analysis. FMD below 7.1%
is considered abnormal.['s]

Calcium score measurement ~ was done by
non-contrast-enhanced CT imaging with Philips ICT
256 slice system with the standard protocol of KV at
120, rotation time at 330 ms, slice thickness of 2.5 mm,
and prospective ECG-gated protocol. CAC above one
Agatston score was considered as positive CAC. According
to previous studies, patients with calcium score less than
100 were categorized as low calcium score.l'”l Agatston
score calculation software was also used. It was calculated
by multiplying the number of voxels with calcification by
the volume of each voxel, including all voxels with an
attenuation >130 HU.

Statistical analysis

For baseline variables, descriptive statistics (proportions
and mean =+ standard deviation) were used. Data on
categorical variables were presented as the percentage of
cases. Fisher’s exact test was used for categorical variables.
The linear regression model was used to determine the
relationship between quantitative variables. P values <0.05
were considered to be statistically significant. The entire
data was analyzed using the Statistical Package for the
Social Sciences (SPSS) version 20, (SPSS Inc. Chicago).

Results

One hundred twenty-four patients (70 of them male)
with positive CAC were enrolled in the study. FMD
was done for all of them. According to previous
studies, 7.1% was considered as cutoff point for FMD.
Demographic characteristics are shown in Table 1. Male
dominancy was seen in the group with a high calcium
score (80.5%, P < 0.001). The mean age of patients was
58.31 + 9.90 and 59.59 + 12.88 in the low and high
calcium score group, respectively, without significant
difference (P = 0.54). The mean body mass index (BMI)
in patients with low calcium scores was 25.51 + 3.92 and
26.07 £ 3.77 in patients with high calcium scores. There

Table 1: Demographic characteristics among patients
with low and high calcium score
Statistical P

Calcium Score

Low High Value
Age [mean+SD] 58.31£9.90 59.59+12.88 —0.608  0.54°
BMI [mean=SD]  25.51+3.92 26.07+3.77 —0.761  0.45°
Male [ (%)] 37 (44.6%) 33 (80.5%) 14.395 <0.001°
Positive FH [n (%)] 27 (32.5%) 22(53.7%) 5.126  0.024"

sobtained based on #-test. Pobtained based on Chi-squared test
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were no significant differences between the BMI of the
two groups (P = 0.45). Fifty-three point seven percent of
patients with high calcium scores had a positive family
history of CAD in comparison to 32.5% of in-group
patients with low calcium scores (P = 0.024).

The frequency of high and low calcium scores and normal
and abnormal FMD are shown in Table 2.

The association between calcium score and FMD was
strongly significant (correlation coefficient = —0.829;
P < 0.001). Among individuals with low calcium scores,
only 15 patients (18.1%) had abnormal FMD findings, but
the majority of individuals with high calcium scores, that is,
39 patients (95.1%) had abnormal FMD findings [Table 3].
Participants who had normal FMD were highly unlikely to
have a high calcium score (4.9%).

The sensitivity and specificity of FMD for predicting
calcium score were 95% and 82%, respectively. Positive
predictive value (PPV) and negative predictive value (NPV)
were 72% and 97%, respectively.

Discussion

In this study, we evaluated the association between FMD
(an indicator of endothelial function) and calcium score
in CCTA in patients with positive calcium scores which
revealed a strong association between abnormal FMD
and high calcium score (defined as greater than 100).
Interestingly, we also found that participants who had
normal FMD were highly unlikely to have a high calcium
score (4.9%), which means a high NPV of normal FMD
for calcification of coronary arteries. As atherosclerotic
risk factors can affect both FMD and CAC and act as
confounding risk factors, patients with these risk factors
were excluded to evaluate just the association of CAC and
FMD. Also, we excluded patients with zero calcium scores
in our study because previous studies showed normal FMD
among these participants.['¥]

Table 2: Frequency of patients with high and low
calcium score and normal/abnormal FMD

There is a correlation between endothelium-mediated
vasodilation and coronary response.!'” Previous studies that
evaluated the association between FMD and atherosclerosis
revealed conflicting results. Early studies have shown an
association between FMD and angiographic findings,?"
but larger recent studies have shown that there is no
significant association between FMD and angiographic
findings.?'*? Chan et al® showed that there was no
significant association between impaired FMD and the
risk of cardiovascular events. Another study showed that
patients with two vessels and three vessel diseases had
lower FMD than patients with single vessel disease.!
Another study showed that patients with left main disease
on coronary angiography had lower FMD than other
patients.”’! These studies can lead to the hypothesis that the
FMD results are more disrupted in more extensive CAD.
This is in line with our findings of lower FMD in higher
calcium scores and not just the positive calcium score.

Also, the controversial results may be due to the study
patients’ characteristics; for example, higher frequency of
non-calcified plaques which are more vulnerable in patients
with acute coronary syndrome who usually underwent
coronary angiography instead of coronary CT angiography.

However, the relationship between FMD and subclinical
markers of atherosclerosis has not been established well.>®!
Our results revealed a strong association between FMD—a
marker of vascular endothelial dysfunction—with vascular
atherosclerotic load assessed by the calcium score on the
CCTA.

Various studies have shown that both FMD and calcium
scores independently predict the incidence of CAD
events in a variety of populations.?’?1 FMD evaluates
vascular function in response to shear stress, and CCTA
represents the anatomical marker of atherosclerosis.?*3"
Lakshmanan et al.*" also showed that brachial FMD was
independently associated with the presence and extent of
subclinical atherosclerosis in the CCTA, but in comparison
to our study they did not exclude the patients with traditional
coronary risk factors affecting the FMD and calcium score.
They also considered a lower cutoff point (4.5%) for FMD

Frequency () Percentage (%) for predicting a higher calcium score.
Calcium Score
Low 33 66.9 The present study revealed that FMD less than 7.1%
High 41 33.1 could predict CADs evaluated by coronary artery calcium
FMD scoring.
Abnormal 34 43.5 The sensitivity and specificity of FMD with a cutoff value
Normal 70 56.5 of 7.1% for the diagnosis of endothelial dysfunction are
Table 3: Association between calcium score and FMD
FMD Calcium Score P* Regression Coefficient (95% CI)*
Low High Crude Adjusted
Non-normal 15 (18.1%) 39(95.1%) <0.001 —9.28 (-10.41, —8.16) —9.07 (-10.27, =7.87)
Normal 68 (81.9%) 2 (4.9%)

*obtained based on Fisher’s exact test. **obtained based on linear regression. Models were adjusted by gender and FH
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53% and 70%, respectively.l'®! In studies that CCTA used
as a gold standard test, the cutoff point of 4.5% for FMD
in patients with positive CAC (0 < CAC < 100) was
useful. In this scenario, the sensitivity and specificity of
FMD are 62.2% and 66.7%, respectively.’) Given the
exclusion of patients with cardiovascular risk factors in
our study, determining a cutoff value of less than 7.1%
would be most useful for estimating a high level of
CACs (above 100).

Several studies have described the role of FMD in
predicting cardiovascular events. Currently, the European
Society of Cardiology Working Group on peripheral
circulation advocates evaluating FMD as a research tool
only.* Accordingly, our findings could introduce FMD as
an accurate, less expensive, and conventional modality to
improve risk classification in CAD patients.

Limitations

The present study was performed on a limited number
of participants. Further studies with larger sample sizes
are recommended. Also, this study was observational and
included all the limitations of this type of study.

Conclusion

Finally, our findings provide evidence of a strong
association between FMD-—a marker of vascular
endothelial dysfunction—with vascular atherosclerotic load,
as assessed by the calcium score. These results suggest the
possibility of the usage of FMD as a low-cost non-invasive
test to predict the burden of atherosclerosis.
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