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Abstract

Background: Congenital heart disease (CHD), a developmental abnormality of the heart and vessels, is encountered in the 
pediatric age group frequently. Brachial artery flow-mediated dilation (FMD) and carotid intima-media thickness (CIMT) 
are indicators of subclinical cardiovascular disease and are used as surrogate measures of subclinical atherosclerosis. The 
present study aimed to compare CIMT and FMD between children with acyanotic congenital heart disease (ACHD) and 
healthy controls.

Methods: A case-control study on 50 children with ACHD and 43 healthy individuals was done in Isfahan, Iran, between 
2021 and 2022. The case group was selected via non-random sampling, and healthy controls were recruited from the relatives 
of the patients. A checklist, including age, sex, body mass index, and blood pressure, was filled out for all the participants. 
Then, FMD and CIMT were measured with brachial and carotid artery ultrasonography. 

Results: Fifty children with ACHD and 43 healthy individuals (controls) under 18 years old participated in this study. Of 
these, 44 (47.3%) were girls and 49 (52.7%) were boys. The mean FMD was significantly higher in the ACHD group than 
in the control group (0.084±0.027 vs 0.076±0.042; P=0.021; 95% CI, 007 to 0.122;). CIMT was significantly higher in the 
ACHD group than in the control group (0.39±0.12 vs 0.34±0.1; P=0.037; 95% CI, 0.009 to 0.102;). However, systolic and 
diastolic blood pressure did not show differences between the groups.

Conclusion: Based on our results, CIMT and FMD assessment may help detect early changes in peripheral vessels 
associated with atherosclerosis in the future in ACHD. Further studies are needed to confirm our findings.

Introduction 
In the last decade, cardiovascular disease (CVD) has been 

a major cause of death and health costs in industrialized 
countries.1, 2 The progression of atherosclerosis, a principal 
cause of CVD, commences in the early years of life and 
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continues for a long time invisibly and without clinical 
symptoms. Accordingly, identifying individuals at risk 
is crucial to preventing the occurrence and development 
of this disease.3-5 Several studies have shown that early 
atherosclerosis can be detected in children with congenital 
heart disease (CHD).6 A developmental abnormality of the 
heart and great vessels, CHD is encountered in the pediatric 
age group frequently. The disease can be classified into 
cyanotic CHD and acyanotic CHD (ACHD). The incidence 
of CHD is estimated to be about 5 to 8 per 1000 live births.7-10 
ACHD with a left-to-right shunt has 3 types: ventricular 
septal defect, atrial septal defect, and patent ductus arteriosus. 
ACHD with obstructive lesions are considered coarctation of 
the aorta and valvular or supravalvular aortic stenosis.11-13

Endothelial dysfunction plays a role in every step during 
the atherosclerotic process, even in the early stages before 
the atherosclerotic plaque has developed.14-16 Brachial 
artery flow-mediated dilation (FMD) is a well-studied 
measure of endothelial function and helps determine 
cardiovascular risk. Similarly, increased carotid artery 
intima-media thickness (CIMT), considered an early phase 
of atherosclerosis, is correlated with cardiovascular risk and 
coronary atherosclerosis severity.15, 17-20 A few researchers 
have examined the relationship between FMD and CIMT 
in Iranian patients with ACHD. Accordingly, we aimed to 
compare the efficacy of CIMT and FMD in children with 
ACHD vs healthy controls. 

Methods

The present case-control study was conducted at the 
pediatric clinic of Imam Hossein and Shahid Chamran 
hospitals, affiliated with Isfahan University of Medical 
Sciences, Isfahan, Iran, from 2021 through 2022 via 
available sampling. The study protocol was approved by 
the Ethics Committee of Isfahan University of Medical 
Sciences (IR.MUI.MED.REC.1399.622), and the study 
participants’ welfare was ensured by adherence to the 
ethical conduct standards of the Declaration of Helsinki. 
Fifty patients with ACHD were selected through non-
random sampling, and 43 healthy controls were recruited 
from the relatives of the patients. The nearest neighbor 
matching method was employed for age, sex, and body 
mass index. The inclusion criteria were all children under 
18 years and consent to participate in the study. Individuals 
with hypertension, malignant pulmonary hypertension, and 
a history of taking diuretics, nitrates, and lipid-lowering 
drugs were excluded from the research. 

In a pre-prepared checklist, the study population’s 
anthropometric characteristics, including height, weight, and 
body mass index, and demographic indicators, such as age 
and sex, were recorded.

CIMT measurements were performed via B-mode 

ultrasonography (MEDISON EKO 7; Samsung, Korea) with 
a high-resolution, 10 MHz linear array transducer in all the 
patients. The measurements were taken while the subjects 
were in the supine position, with their necks rotated to the 
opposite side. A single trained pediatric cardiologist fellow, 
blind to the participants’ clinical characteristics, took the 
measurements in a dark, quiet room. The region of interest 
for measuring the CIMT of the right and the left common 
carotid arteries was selected 1 cm proximal to the common 
carotid artery bifurcation. Three CIMT measurements were 
made on the near and far walls of the left and right common 
carotid arteries, carotid bifurcation, and internal carotid. The 
mean CIMT was calculated by averaging the values of the 
CIMT measured.

The FMD of the brachial artery was evaluated according 
to the guidelines of a prior study.21 The resting diameter of 
the right brachial artery was measured 3 to 5 cm above the 
antecubital fossa. Next, a blood pressure cuff was inflated 
around the right forearm to at least 50 mmHg above the 
systemic blood pressure for 4 to 5 minutes. Forty-five to 
60 seconds after cuff release, the diameter of the brachial 
artery was measured. The brachial FMD was calculated as 
the percentage of change in the maximum post-occlusion 
diameter of the brachial artery relative to the mean baseline 
diameter.

The SPSS (Statistical Package for the Social Sciences, 
version 25.0) software was used for all the statistical 
calculations. The results are reported as means, standard 
deviation (SD), frequencies, and percentages. The 
Kolmogorov-Smirnov test was utilized to determine 
the distribution characteristics of continuous variables. 
Differences between the groups were analyzed with the 
Student t test (for normal distribution), the Mann Whitney U 
test (for variables different from normal), and the χ2 test or 
the exact Fisher test (for qualitative data). Additionally, the 
receiver operating characteristic (ROC) curve and its area 
under the ROC curve (AUC) were assessed for CIMT and 
FMD to determine their ability to discriminate between the 
2 groups. Statistical significance was defined as a P value of 
less than 0.005.

Results 

The study population consisted of 50 children with ACHD 
and 43 healthy individuals (controls). There were 44 (47.3%) 
girls and 49 (52.7%) boys. Atrial septal defect was reported 
in 13 patients (26.0%), ventricular septal defect in 9 (18.0%), 
coarctation of the aorta in 15 (30.0%), and patent ductus 
arteriosus in 13 (26.0%). 

The 2 groups were not statistically significantly different 
vis-à-vis sex (P=0.785). The mean±SD of all the participants’ 
age was 6.35±4.69 (range = 1-16) years, with the difference 
between the groups failing to constitute statistical significance 
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(P=0.470) (Table 1).
According to Table 2, the mean CIMT was significantly 

higher in the case group than in the control group (P=0.037). 
In addition, the mean FMD in the case group was higher than 
that of the control group (P=0.021). Nevertheless, the mean 
systolic and diastolic blood pressure was similar in both 
groups (Table 2).

The ROC curve for FMD, with an AUC of 0.640, showed 
that it could significantly indicate atherosclerosis changes in 
children with ACHD (95% CI, 0.525 to 0.754; P=0.021) (Figure 
1). Further, the ROC curve for CIMT demonstrated that it could 
detect atherosclerosis early in children with ACHD (AUC, 
0.626; 95% CI, 0.512 to 0.739; P=0.037) (Figure 2).

Figure 1. The image illustrates the FMD ROC curve to detect atherosclerosis 
early in children with ACHD.
FMD, Flow-mediated vasodilation; ROC, Receiver operating characteristic; 
ACHD, Acyanotic heart disease

Figure 2. The image depicts the CIMT ROC curve to detect atherosclerosis 
early in children with ACHD.
CIMT, Carotid intima-media thickness; ROC, Receiver operating 
characteristic; ACHD, Acyanotic heart disease

Discussion

The principal finding of this present case-control research 
was the increase in CIMT and FMD in children with 
ACHD compared with healthy controls. Atherosclerosis 
is the precursor to coronary heart disease and stroke and 
is characterized by an accumulation of cholesterol-rich 
material in the arterial intimal-medial layers.22 The CIMT of 
the common carotid artery, measured with high-resolution 
B-mode ultrasonography, is a useful noninvasive anatomic 
structural measure of cardiovascular disease.22, 23 Moreover, 
CIMT is an excellent surrogate marker of macrovascular 

Table 1. Demographic characteristics of the study population*

Characteristic Case (n=50) Control (n=43) P
Sex n (%) 0.785

Male 23 (52.3) 21 (47.7)
Female 27 (55.1) 22 (44.9)

Age (y) 5.81±4.21 6.98±5.18 0.470
Weight (kg) 23.50±15.22 28.27±18.24 0.285
Height (cm) 111.90±26.06 117.10±29.85 0.425
BMI 16.97±3.13 18.26±3.75 0.088

Systolic blood pressure 101.45±11.71 99.65±9.47 0.741
Diastolic blood pressure 68.54±6.18 56.69±7.20 0.101

*Data are presented as mean±SD or n (%).
BMI, Body mass index

Table 2. Clinical characteristics of participants*

Clinical Characteris-tic Case (n=50) Control (n=45) Mean differ-ence P
95% CI

Upper Lower
CIMT (mm) 0.399±0.12 0.344±0.10 0.055 0.037 0.009 0.102
FMD 0.084±0.027 0.076±0.042 0.008 0.021 0.002 0.014

*Data are presented as mean±SD or n (%).
CIMT, Carotid intima-media thickness; FMD, Flow-mediated vasodilation
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atherosclerotic disease. It is widely used to study early 
structural changes in the arterial wall, including the 
endothelium, connective tissue, and smooth muscle.22, 24

 Several studies have indicated that increased common 
CIMT is a more suitable indicator of generalized 
atherosclerosis and coronary artery disease than earlier 
methods.3, 24-26 Meyer et al27 showed that in patients with 
a history of coarctation of the aorta and repair, who were 
between 6 and 17 years old, CIMT was significantly 
higher than that in controls. Ayer et al28 and Reiner et al29 
demonstrated that in children with a history of CHD, the 
average of CIMT was augmented, in line with our study.

Past investigations have suggested that factors related to 
atherosclerotic plaque progression (eg, VEGF, ET-1, iNOS, 
and HIF-1α) increased in patients with ACHD compared with 
controls.30-33 CIMT is considered by the European Society of 
Pediatric Cardiology as a predictor of CVD among children 
and adolescents and can detect subclinical atherosclerosis, 
which was increased in our study. Consequently, patients 
with ACHD may be associated with the risk of atherosclerosis 
and endothelial dysfunction in the future.

The CIMT measurement in the current research differs 
from that in other studies. Duffels et al indicated that the 
mean CIMT was considerably decreased in adult cyanotic 
patients compared with controls.34 In contrast, there was 
no difference in CIMT between adult cyanotic patients and 
healthy controls in the study by Trap et al.35 Our results 
and those reported in previous studies are incompatible. 
What should be taken into consideration in this regard is 
the possible difference in the endothelial function in CHD 
patients with diverse age groups, warranting further research.

FMD is another noninvasive method with good validity 
and reasonable costs that indicates the diameter of the 
vessel wall due to changes in blood flow and is proposed as 
another predictor for CVD among children and adolescents.6, 

21-32 Evaluation of the endothelial function with FMD is 
as valuable as the invasive tests of coronary arteries and 
the assessment of the presence and severity of coronary 
atherosclerosis.36, 37

 Liao et al38 reported that in children with postural 
orthostatic tachycardia syndrome, FMD was significantly 
increased, similar to our study. Nevertheless, in contrast 
to our findings, 2 prior studies reported remarkably lower 
FMD in adult cyanotic CHD.39, 40 Çiftel et al41 indicated that 
in children with irreversible pulmonary hypertension due to 
CHD, the mean FMD was decreased compared with healthy 
subjects. 

Other investigations have reported no difference 
concerning FMD changes between adults with cyanotic 
CHD and controls. Still, it is noteworthy that changes in age, 
disease type, and the measurement method may affect the 
results of FMD.

In the current study, we assessed the performance of FMD 
and CIMT. According to ACU, the performance of FMD and 

CIMT was poor but meaningful.

Conclusion

 In children with ACHD, FMD and CIMT measurements 
improved cardiovascular risk assessment. CIMT and FMD 
were significantly increased, which may be a predictive 
factor for atherosclerosis risk in patients with ACHD. Further 
research in this regard is recommended.
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