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Abstract  

BACKGROUND: Cardiovascular diseases (CVD) are primarily caused by atherosclerosis, which first 
manifests in children as damage to the arteries and its inner linings. Evidence suggested that childhood 
obesity and adult CVD risk factors are positively correlated. An independent CVD risk factor is the 
measurement of carotid intima-media thickness(cIMT), a noninvasive technique which is substitute or 
early marker for atherosclerotic changes. Its helps to find out the main risk factors that occurs mainly 
between obese children and teenagers who are more likely to experience an increase in cIMT. 
OBJECTIVES:  The aim was to assess the association between Carotid artery intima-media thickness 
(cIMT) and risk factors of cardiovascular disease such as body mass index (BMI), waist circumference, 
blood pressure, fasting blood sugar, lipid profile among the study participants and to measure the cIMT 
among obese and overweight children of age 5 to 18 years. MATERIALS AND METHODS: It was a 
cross-sectional study in which 150 obese and overweight children of age group between 5 to 18 years 
seen in the OPD, Specialty Clinics and IP in various departments of the VMKV Medical College and 
Hospital over a period of 1 year and 10 months. Statistical analysis utilized windows 16.0. RESULT: The 
current study shows that 48% females and 52% males, which includes participants from age 5 to 18 
years. The average age of the participants in the current study was 12.15 yrs. Participants in the part 
of study had a mean CIMT value of 0.58 and SD of 0.098.  There was association between carotid 
intima media thickness and BMI, waist circumference, BP and biochemical parameters such as 
triglycerides, total cholesterol, serum LDL and serum HDL. CONCLUSION: The study implies 
that cardiovascular disease risk factors may exist from early age group and should be tested for in 
children. Hence, evaluating carotid arteries by doing carotid ultrasound is a very safe, practical, 
trustworthy procedure that can reveal information about common and internal cIMT. Early identification 
of high-risk individuals by screening for dyslipidaemia and other relevant risk factors can help in 
developing a proper preventative measure for cardiovascular disease.  

 
INTRODUCTION 

Cardiovascular diseases (CVD) are primarily caused by atherosclerosis, which first 
manifests in children as arterial damage to the arteries' inner linings.1,2 Evidence 
suggested that childhood obesity and adult CVD risk factors are positively correlated.3 
Therefore, monitoring the development of atherosclerosis in obese children and 
adolescents may be aided by the assessment of subclinical markers of the disease.4   
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Over the past few decades, obesity in children and adolescents has become a major 
global problem. Childhood obesity has been linked to several cardiometabolic 
conditions including high blood pressure (BP), irregular glucose metabolism, 
dyslipidemia, and insulin resistance. However, not all obese people eventually develop 
metabolic disorders; these people are referred to as having "metabolically healthy 
obesity" (MHO).5–7  

An independent CVD risk factor is the measurement of carotid intima-media thickness 
(cIMT), a noninvasive technique and substitute marker for early atherosclerotic 
changes.8 Finding the main risk factors is important because children and teenagers 
with obesity are more likely to experience an increase in cIMT.9  

MHO was not found to be associated with an increased risk of cardiovascular disease 
(CVD) when compared to metabolically healthy normal weight in some earlier studies 
in adults. However, accumulating evidence, including meta-analyses, suggests that 
MHO is not a benign condition and that it is linked to higher CVD risk and mortality in 
adults compared to adults with normal weight and a healthy metabolism.10–13  

Atherosclerosis-related artery damage and dysfunction are strongly influenced by 
modifiable lifestyle factors, such as diet and exercise.14 There is some evidence that 
dietary intakes in kids and teenagers are related to cIMT.15–18 In a study by Giannini 
et al., pre-pubertal children with hypercholesterolemia had cIMT that significantly 
decreased after a 12-month intervention using a Mediterranean diet.19   

Additionally, a study that examined the degree to which typical childhood dietary 
patterns predict adolescent cardiovascular phenotypes found that decade-long dietary 
patterns were not linked to resting heart rate but did not appear to affect macrovascular 
or microvascular structure or stiffness by mid-adolescence, suggesting an opportunity 
for prevention in the early years.15 .   

The carotid artery's combined intima and medial thickness (cIMT) is measured. B-
mode ultrasound is the method most frequently used to measure cIMT. Hypertrophy 
of the intimal or medial layers, which are in charge of the onset and development of 
atherosclerosis, causes increase in cIMT.20-23   

As a preliminary indicator of generalized atherosclerosis, the intima-media thickness 
(IMT) of the common carotid artery is measured on ultrasound images. Future 
cardiovascular morbidity and mortality are accurately predicted by this non-invasive 
method.22   

Particularly in subjects who had been consistently obese from childhood to adulthood, 
increased carotid artery IMT (cIMT) in adults has been significantly linked to 
cardiovascular morbidities.23  

The results of studies on the relationship between cIMT and various clinical and 
metabolic factors among overweight and obese children have varied.  The data from 
the Cardiovascular Risk in Young Finns Study suggest that obesity indices measured 
in youth are significantly associated with increased carotid artery IMT and decreased 
elasticity in adulthood. T 

hese relations are, at least, partly explained by significant tracking of obesity from 
youth to adulthood.24  
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With this above background, the present study has been conducted with the aim of 
measuring Carotid artery intima-media thickness (cIMT) among obese, and 
overweight children and to assess the association between cIMT and risk factors like 
body mass index (BMI), waist circumference, blood pressure, Fatty liver diagnosed 
with Ultrasonogram (USG), fasting blood sugar and lipid profile including HDL, LDL, 
total cholesterol and triglycerides. 

Aim:  

To assess the association between Carotid artery intima-media thickness (cIMT) and 
risk factors of cardiovascular disease.  

Objectives:  

1)  To measure the Carotid artery intima-media thickness (cIMT) among obese, and 
overweight children of age 5 to 18 years.  

2)  To assess the association between cIMT and risk factors of cardiovascular 
disease like body mass index (BMI), waist circumference, blood pressure, fasting 
blood sugar and lipid profile among the study participants.  

 
MATERIALS AND METHODS 

Data for the cross-sectional study sourced all the obese and overweight children of 
age between 5 to 18 years who were seen in the OPD, Specialty Clinics, and 
hospitalised as IP in various departments of the VMKV Medical College and Hospital.  

The study was conducted over a period of 1 year and 10 months, excluding Genetic 
Syndromes associated with obesity, Familial Dyslipidemias, Primary Hypothyroidism, 
Primary Hypertension and Children with Renal Disorders. Sample size of the study 
was 150 participants.  

Following the parents informed consent, the first 150 obese and overweight children 
were enrolled and data such as Age, Gender, Socio-economic status, Height, Weight, 
Waist circumference, Blood pressure, Fasting blood sugar, Total cholesterol, 
Triglycerides, HDL, LDL, HDL:LDL ratio, Thyroid function tests and Mean Carotid 
Intima thickness were collected.     

All data were analysed with a statistical software package of SPSS, version 16.0 for 
windows.  
 
RESULT 

The primary objective was to assess the association between Carotid artery intima-
media thickness (cIMT) and risk factors of cardiovascular disease.  

The study results were analysed using statistical software package SPSS version 16.0 
for windows. The data were reported as the mean +/- SD or the median, depending 
on their distribution. Frequencies were exposed in percentages. chi-square test and 
fishers’ exact test were used to assess the differences in categoric variables between 
group. A p value of <0.05 using a two tailed test was taken as being of significance for 
all statistical test.  

The current study had got 48% females and 52% males, between 5 to 18 years. The 
mean age of the study population was found as 12.15 years. The gender was more or 
less evenly distributed among the study population at each age group.  
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69% hailing from urban area. The mean, maximum, minimum value and standard 
deviation of the data collected is as described in table 1.  

Association between demographic, clinical variables and biochemical parameters 
using chi square test is as shown in table 2 and table 3.  

Table 1 

 Mean ± SD Lower Bound Upper Bound Minimum Maximum 

Age  12.15±3.69 11.55 12.74 6 18 

Gender       

Female  48%     

Male  52%     

Location       

Rural   31%     

Urban  69%     

BMI  24.54±1.60 24.28 24.79 22.26 28.36 

WC  70.99±11.32 69.16 72.81 53 100 

Systolic  104.67±11.22 102.86 106.48 90 120 

Diastolic  65.13±9.61 63.58 66.68 50 80 

FBS  94.29±16.58 91.61 96.96 56 136 

Lipid Profile       

CHOL  171.35±42.90 164.43 178.27 115 311 

TG  129.38±27.91 124.88 133.88 73 194 

HDL  43.11±7.74 41.86 44.35 26 60 

LDL  113.98±18.42 111.01 116.95 80 143 

CIMT  0.58±0.098 0.57 0.60 0.31 0.76 

Table 2: Association of Demographic & Clinical Variables with CIMT 

     CIMT       

   Variables ≤ 0.5   ˃ 0.5 % TOTAL % Sig 

   n 26   124   150     

Age > 5 - ≤ 10 6 23% 42 34% 48 32%  

 > 10 - ≤ 15 11 42% 61 49% 72 48% >0.05 

 > 15 - ≤ 18 9 35% 21 17% 30 20%  

Gender Female 13 50% 59 48% 72 48% >0.05 

 Male 13 50% 65 52% 78 52%  

Location Rural 10 38% 37 30% 47 31% >0.05 

 Urban 16 62% 87 70% 103 69%  

BMI Normal 13 50% 87 70% 100 67%  

 Over weight 13 50% 37 30% 50 33% <0.05 

WC Low Risk 19 73% 104 84% 123 82%  

 High Risk 0 0% 13 10% 13 9% <0.01 

 Very High Risk 7 27% 7 6% 14 9%  

BP LOW 0 0% 26 21% 26 17%  

 NORMAL 20 77% 80 65% 100 67% <0.05 

 HIGH 6 23% 18 15% 24 16%  

FBS NORMAL 19 73% 105 85% 124 83% >0.05 

 HIGH 7 27% 19 15% 26 17%  
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Table 3: Association of Bio-chemical Parameters with CIMT  

     CIMT       

   Variables ≤ 0.5   ˃ 0.5 % TOTAL % Sig 

   n 26   124   150     

Total Cholesterol  Desirable 6 23% 73 59% 79 53%  

  Border line 20 77% 20 16% 40 27% <0.001 

  High Risk 0 0% 31 25% 31 21%  

TG  Desirable 6 23% 10 8% 16 11% <0.05 

  Border line 7 27% 28 23% 35 23%  

  High Risk 13  86  99   

HDL  Desirable 0 0% 39 31% 39 26% <0.001 

  Border line 7 27% 55 44% 62 41%  

  High Risk 19  30  49   

LDL  Desirable 7 27% 56 45% 63 42%  

  Border line 6 23% 44 35% 50 33% <0.01 

   High Risk 13 50% 24 19% 37 25%   

There was association between carotid intima media thickness and BMI, waist 
circumference, BP and biochemical parameters such as triglycerides, total cholesterol, 
serum LDL and HDL with significant p-value <0.05 and there was no association 
between cIMT and age measurements, location, gender and fasting blood sugar which 
had p-value >0.05 as shown in the table 2 and 3.  
 
DISCUSSION  

Obesity in children and adolescents is a result of modern lifestyle changes, such as 
altered eating patterns, decreased physical activity and increased time spent watching 
television and playing video games. 80 percent of obese teenagers and about a third 
of obese youngsters continue to be obese as adults. It is well recognised that 
cardiovascular issues are favoured by atherogenic development starting in childhood. 
The most significant factor is the rising incidence of overweight and obesity in the 
world. Early detection makes atherosclerosis reversible and appropriate measures 
can be taken. High resolution B-mode ultrasonography is used to show an increase in 
IMT, arterial stiffness and endothelial dysfunction at the carotid artery.25   

Comparison of basic characteristics of the study children with similar studies  

The average age of the participants in the current study was 12.15 years, with a 
standard deviation of 3.69 years. Men made up most study participants (52 percent). 
The study participants had a mean BMI of 24.54 and a standard deviation of 1.60. 
Participants in the study had a mean fasting blood sugar of 94.29 mg/dl with a standard 
deviation of 16.58 mg/dl. Participants in the study had a mean total cholesterol reading 
of 171.35 with a standard deviation of 42.9. The study participants' mean triglyceride 
level was 129.38 with a standard deviation of 27.91. Participants in the study had an 
average HDL level of 43.11 with a standard deviation of 7.74. Participants in the study 
had a mean LDL level 113.98 with a standard deviation of 18.42.  

378 toddlers participated in the cross-sectional, observational study that was carried 
out by Kumar Jain et al. The average age was 9.1 ±2.6 years, and 74.6 percent of the 
population was male. The average BMI was 18.7±3.9 kg/m2. The mean TG level was 
96.85±2.7mg/dL and the mean cholesterol level was 142.1±58.7mg/dL. The mean 
LDL level was 84.2 mg/dL,  
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The mean HDL level and fasting blood sugar was 38.4mg/dl and 83.5±16.5 mg/dl.26 
Due to the different settings and different study population when compared to this 
study, all of the parameters are increased.   

81 overweight or obese children and adolescents (age 13.6 ± 2.7 years, 62% females) 
who were hospitalised for weight loss were progressively recruited for the Schiel et al 
investigations in Germany. The average BMI was 31.2 ± 5.5 kg/m2.27   

Sajja et al. in Tamilnadu carried out the hospital-based descriptive study and found 
that the mean age was 13.68 ± 2.4 years. The mean TG level was 113.42 ± 54.8mg/dL 
and the mean cholesterol level was 142.34±28.1mg/dL. Mean LDL levels were 
95.46±27.9mg/dL and mean HDL levels were 43.18±13.9mg/dL. The blood sugar level 
at fasting was 89.16±17.6 mg/dL.28   

Comparison of carotid-intima thickness among obese and overweight children 
with similar studies  

The subjects in the current study had a mean Carotid-Intima thickness value of 0.58 
and a standard deviation of 0.098. Mean CIMT was significantly higher (0.58mm), 
suggesting that preclinical atherosclerosis may have started in children at this young 
age. The present study's mean CIMT for overweight and obese children (0.58 mm) 
was similar to research by Elkiran et al. (0.53 mm), Ozguven et al. (0.57 mm), and 
Dabas et al (0.54 mm).29-31   

Similar results were found by Kumar Jain et al. in their cross-sectional observational 
study, where they found that the average Carotid-Intima thickness of the study's 
participants was 0.58± 0.08 mm.26   

In research by Schiel et al., conducted in Germany, participants' average Carotid-
Intima thickness was 0.48± 0.09 mm.27   

Sajja et al. in Tamilnadu carried out the hospital-based descriptive study where they 
found that the average Carotid-Intima thickness among youngsters was 0.5 ± 0.1 
mm.28   

Comparison of association between carotid-intima thickness and risk factors 
for cardiovascular disease with similar studies   

The link between childhood BMI, BP and CIMT as risk factors for CVD has been the 
subject of certain investigations. CIMT, which is linked to coronary artery disease, 
stroke and the progression of coronary atherosclerosis can be utilised as a non-
invasive method for the evaluation of subclinical atherosclerosis. An established 
predictor of early preclinical atherosclerosis is a higher CIMT. The causes of early 
carotid atherosclerosis in obese children haven't been fully understood, though. 
Recent research on overweight kids revealed considerably greater CIMT.   

According to the results of the chi-square test, the mean Carotid-Intima thickness and 
risk factors such as BMI, waist circumference, BP, triglycerides, total cholesterol, 
serum LDL and serum HDL among obese and overweight children are positively 
associated. The test also suggested that there is a no link between the mean Carotid-
Intima thickness and age measurements, gender differences and fasting blood sugar 
(FBS).  
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Similar results were seen in the cross-sectional observational study by Kumar Jain et 
al, which found that CIMT was substantially correlated with advancing age, rising blood 
pressure, and rising body mass index. The levels of HDL cholesterol, LDL, the 
LDL/HDL ratio, and the TC/HDL ratio were also found to be significantly correlated.26   

Age, obesity, high blood pressure, and smoking were other significant risk factors for 
increased carotid intima media thickness in a study of young Gujarati children. Low 
HDL cholesterol and rising LDL cholesterol were the strongest present predictors of 
higher CIMT.   

The Young Finns project, in which children aged 3 to 18 were re-examined 21 years 
later in adulthood, found a direct correlation between CIMT in adults and risk factors 
like high levels of LDL, SBP, BMI, and cigarette smoking.24  

Ozcetin et al. did a prospective case-control analysis, which supports with the results 
of our investigation and found a positive connection between high BMI, high blood 
pressure, and increased carotid-intima thickness.25   

Increased IMT in conjunction with additional cardiovascular risk factors in overweight 
and obese children, as well as the relationship between risk factors and BMI, strongly 
suggest that these conditions are important predictors of early atherosclerosis 
manifestations that have an impact on the structural and mechanical characteristics of 
major vessels. Atherosclerosis has been demonstrated in numerous studies to be a 
complex process that is sped up by metabolic problems, high blood pressure and low-
grade inflammation. It appears that an increased mortality risk and risk for 
cardiovascular events in overweight and obese patients may be easily explained by 
the coexistence of numerous risk factors and an underlying chronic inflammatory 
process.  
 
CONCLUSION  

Participants in the study had a mean Carotid-Intima thickness value of 0.588 and a 
standard deviation of 0.097. According to the results of the chi-square test the mean 
Carotid-Intima thickness had association with BMI, waist circumference, blood 
pressure and biochemical parameters such as triglyceride levels, total cholesterol, 
serum LDL and serum HDL among obese and overweight children. 

The test also suggested that there is a no association between the mean Carotid-
Intima thickness and age measurements, gender and fasting blood sugar.  

The study's findings imply that CVD risk factors may exist from an early age. Such risk 
factors should be tested for in children. When evaluating the carotid arteries, carotid 
ultrasound is a very safe, practical and trustworthy tool that can reveal information 
about both the common and internal carotid IMT. Early identification of high-risk 
individuals by screening for dyslipidaemia and other relevant risk factors can help in 
developing the proper preventative measures for cardiovascular disease.  

Due to the rarity of cardiovascular clinical events in children, further cross-sectional 
research using standardised CIMT measurement technique is required to establish 
accurate normal values for age and gender in the paediatric population.  
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