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A B S T R A C T

Background: This study aimed to evaluate the risk markers of Coronary Artery Disease 
(CAD), so that appropriate lifestyle changes can be instituted early to prevent or delay 
development of the disease.
Objectives: This study aimed to evaluate the risk markers of CAD based on inflammation 
and arterial morphology; i.e., high sensitivity C-Reactive Protein (hs-CRP) and carotid 
artery Intima Media Thickness (IMT), in children of patients with premature CAD.
Patients and Methods: This was a case-control study with predetermined end points. 
It was conducted on 40 subjects randomly selected from the children of premature 
CAD patients and 40 age- and sex-matched healthy controls. Blood levels of hs-CRP, 
lipid profile, and carotid IMT were assessed for all the subjects. The relationship among 
these parameters was evaluated by univariate and multivariate analyses using the SPSS 
statistical software, version 22.0 and P < 0.05 was considered as statistically significant. 
Results: The mean values of Total Cholesterol (TC, 139.8 ± 24 vs. 111.3 ± 14.7, P < 0.05), 
Triglycerides (TG, 81.8 ± 15.3 vs. 63.4 ± 10.8, P < 0.05), Low Density Lipoprotein (LDL, 
85.2 ± 22.2 vs. 57.5 ± 14.1, P < 0.05), hs-CRP (1.2 ± 0.77 vs. 0.79 ± 0.27, P < 0.05) and 
carotid artery IMT (0.49 ± 0.09 vs. 0.422 ± 0.03, P < 0.05) were significantly higher in 
the cases compared to the controls. Also, both LDL/High Density Lipoprotein (HDL) 
and TC/HDL ratios were significantly higher in the cases compared to the controls. 
Moreover, a significant positive correlation was found between carotid IMT and hs-CRP.
Conclusions: Children of patients with premature CAD showed a significantly higher 
incidence of dyslipidemia as well as significantly increased levels of the inflammation 
marker, hs- CRP, compared to the age- and sex-matched controls. This indicates that 
atherosclerosis is not only a disease of lipid deposition, but also an inflammatory process. 
This was further confirmed by demonstration of a significantly raised IMT.
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1. Background
Coronary Artery Disease (CAD) is a major global health 

problem with high morbidity and mortality in the U.S., 

Europe, and Southeast Asia (1). The prevalence of CAD 
is very high in both migrant Asian Indians and among 
the people of the Indian subcontinent (2). Furthermore, 
CAD affects Indians 5 - 10 years earlier compared to other 
communities (3) and its prevalence is 5 - 10 folds higher in 
patients under the age of 40 years (4). In spite of the lower 

►Implication for health policy/practice/research/medical education:
This study evaluated non-conventional risk factors in children of patients with premature CAD. This is a relatively untouched field with a very 

scanty literature on risk assessment parameters. This pilot study showed significantly higher values of hs-CRP and carotid intima media thickness 
in this population. Thus, these parameters can potentially be used for future risk assessment of CAD and initiating preventive measures early in life.
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rates of traditional risk factors in Indians (5), the prevalence 
rate of CAD in India is about 10%, with a 2-fold rise in 
urban population. An important feature of CAD in India 
is its prematurity and severity.

High prevalence rate of CAD in Indians is not fully 
explained by well documented traditional risk factors of 
CAD, such as age, male sex, family history of Myocardial 
Infarction (MI) and sudden death, dyslipidemia, 
smoking, hyperhomocysteinemia, high blood pressure, 
diabetes mellitus, obesity, sedentary lifestyle, stress, 
and inflammation (6, 7). Hence, a genetic component is 
believed to be involved (8-10). This familial predisposition 
aggravates the effects of conventional risk factors leading 
to higher CAD rates (11, 12).

The fact that atherosclerotic lesion is not simply a disease 
of lipid deposition but represents an aggregate of an 
inflammatory disease has been demonstrated by laboratory 
and clinical evidence (13). Fatty streak is the earliest type of 
lesion, which is common in infants and young children (14).

Highly sensitive C-Reactive Protein (hs-CRP) has also 
been found to be a good predictor of future coronary 
event in healthy men and women as well as in those with 
pre-existing cardiac disease (15). However, few studies 
have assessed hs-CRP in children with family history of 
premature CAD.

The early onset in the fetal arteries and silent progression 
of atherosclerosis is well known (16, 17). Measurement 
of carotid artery Intima Media Thickness (IMT) by non-
invasive methods, such as ultrasound and color Doppler 
technique, is considered a reliable surrogate marker for pre-
clinical atherosclerosis in high-risk children. Yet, paucity 
of data linking carotid IMT to CRP levels in children of 
premature CAD patients justifies further studies.

2. Objectives
Considering what was mentioned above, the present study 

was planned to evaluate the risk markers of CAD based on 
inflammation and arterial morphology; i.e., hs-CRP and 
carotid artery IMT, in children of patients with premature 
CAD in Indian population. In this way, appropriate 
lifestyle changes can be instituted early to prevent or delay 
development of CAD in young Indian individuals.

3. Patients and Methods
The present study was carried out in the department of 

Biochemistry, Medicine, and Radio diagnosis of Maulana 
Azad Medical College and the affiliated hospitals after 
gaining the approval of the institutional Ethics Committee. 
A total of 80 subjects, mostly children, were included in 
this study. They were divided into a study group (Group 
I, N = 40) and a control group (Group II, N = 40). Written 
informed consents were obtained from all the subjects or 
their parents.

3.1. Methodology
This was a case-control study with predetermined end 

points.

3.2. Selection of Cases and Controls
Study group: This group included 40 subjects randomly 

selected from the children of patients with premature CAD 
who were admitted to the medical emergency and Coronary 
Care Unit (CCU) of Lok Nayak hospital. At first, a detailed 
history was taken from and physical clinical examination 
was performed for all the study subjects and their mothers 
or fathers admitted or treated for premature CAD. Details 
of the relevant laboratory investigations were also noted.

3.3. Control Group
For this group, 40 age- and sex-matched controls were 

chosen from the general population. The parents of these 
children had no history of CAD as evidenced by a detailed 
history, physical examination, and routine laboratory 
investigations.

3.4. Inclusion Criteria
The inclusion criterion of the study for the case group was 

suffering from proven premature CAD (MI, angina, and 
unstable angina or sudden death before the age of 45 years in 
fathers and 55 years in mothers). Also, the inclusion criteria 
for the control group were being age- and sex-matched with 
the cases and having no manifestation of CAD. On the other 
hand, the exclusion criteria of the study were having chronic 
liver disease and thyroid disorders, being on glucocorticoid 
therapy, and suffering from acute/chronic infections since 
these factors are known to affect the parameters under our 
investigation.

3.5. Collection of Blood Samples
After an overnight fasting, 5 ml blood samples were 

taken from antecubital vein in all the subjects under aseptic 
precautions. In order to separate the sera collected in clean 
appendorfs, the blood samples were centrifuged at 2000 
rpm for 10 minutes and were stored at -70ºC for estimation 
of hs-CRP and lipid profile in batch analysis.

3.6. Estimation of hs-CRP
Hs-CRP was analyzed by immunoassays based on 

ELISA method using commercially available kits. In fact, 
estimation of hs-CRP was based on the principle of a solid 
phase sandwich ELISA.

3.7. Lipid Profile Estimation
Lipid profile (TC, TG, HDL cholesterol, and LDL 

cholesterol) was analyzed through enzymatic methods 
using ‘Autozyme’s cholesterol enzymatic kit’ by an auto-
analyzer (Olympus AU 400®).

3.8. Measurement of Carotid Artery Intima Media 
Thickness

This was done by ultrasonography (on ENVISOR®/
PHILIPS-HD 11®/ATL® USG machines) and/or color 
Doppler in the radiology department.

In each examination, the sonographer used different 
scanning angles (anterior and lateroposterior) to identify 
the greatest IMT, defined as the distance between the 
junction of the lumen and intima and that of the media and 
adventitia.18 Overall, three measurements of IMT were 
made in the right and left carotid arteries and were averaged 
to determine the mean IMT for each side and for both sides.
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3.9. Statistical Analysis
The results of parametric and non-parametric data were 

expressed as mean ± Standard Deviation (SD) and median 
(range), respectively. Comparisons between the two groups 
were carried out using Fisher’s exact test for discrete 
variables and Student’s t-test for continuous variables. 
Additionally, univariate and multivariate analyses were 
performed to find out the role of independent risk factors 
considering the confounding factors. All the statistical 
analyses were performed using IBM ® SPSS ® Statistical 
software, version 22.0. Confidence intervals were set at 95% 
and two-sided P value ≤ 0.05 was considered as statistically 
significant.

4. Results
4.1 Demographic Features and Conventional Risk Factors

The subjects’ age distribution along with the conventional 
risk factors of CAD, namely Body Mass Index (BMI), 
Systolic Blood Pressure (SBP), Diastolic Blood Pressure 
(DBP), and blood sugar, have been presented in Table 1. The 
results showed that among the cases, 25 children’s fathers 
and 15 ones’ mothers had premature CAD. Besides, the 
means of SBP, DBP, and BMI were significantly higher in 
the cases compared to the controls.

4.2. Lipid Parameters
The results indicated that the mean values of TC, TG, 

and LDL were significantly higher in the cases compared 
to the controls, whereas the mean of HDL was higher in 
the controls compared to the cases (Table 2). Both LDL/
HDL and TC/HDL ratios were also significantly higher 
in the cases in comparison to the controls. However, no 
significant difference was found between male and female 
children regarding the lipid parameters.

4.3. Comparison of hs-CRP and Carotid IMT
The results revealed a significant increase in hs-CRP and 

carotid artery IMT in the cases compared to the controls 
(Table 3). Besides, in comparison to female cases, male 
ones had significantly higher values of hs-CRP (1.6 ± 0.8 
vs. 1.0 ± 0.6, P = 0.022) and Carotid IMT (0.5 ± 0.1 vs. 0.4 
± 0.1, P = 0.008). However, no significant difference was 
observed between male and female controls regarding these 
parameters.

The correlations between hs-CRP and carotid IMT 
and lipid profile, blood pressure, and blood sugar were 
also studied (Table 4) and the results indicated a highly 
significant positive correlation between carotid IMT and 
hs-CRP.

In unconditional logistic regression multivariate analysis, 
the only parameters that retained statistical significance 
were blood sugar (P = 0.025), TC (P = 0.044), and DBP (P = 
0.025). Although IMT did not reach statistical significance, 
its P value was 0.091 which shows that it may attain 
significance in larger series.

5. Discussion
Scanty data is available from limited studies on the 

relationship between hs-CRP and carotid artery IMT in 
children of patients with premature CAD. This implies 
that changes in serum hs-CRP levels and IMT in children 
of premature CAD patients in India have mostly remained 
unknown. The present study unraveled the importance of 
these parameters in children of patients suffering from 
premature CAD. This study was conducted in children and 
adolescents because of the well-known fact that atherogenic 
process begins in early childhood when fatty streaks 
develop in the intima of arteries. Strong and McGill studied 
aortic and coronary lesions in 4737 young subjects (10 - 

Table 1. Demographics and Conventional Risk Factors in the Cases and Controls (Correlation is Significant at P ≤ 0.05)
Cases (Mean ± SD) Controls (Mean ± SD) P value

Age (years) 13.3 ± 5.1 12.2 ± 4.1 > 0.05
BMI (Kg/m2) 18.7 ± 3.4 17.2 ± 2.9 0.042
SBP (mm Hg) 109.6 ± 14.2 104.5 ± 8.2 0.05
DBP (mm Hg) 65.6 ± 10.1 58.8 ± 6.5 0.001
Blood sugar (mg %) 76.4 ± 7.1 71.4 ± 9.3 0.009
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure

Table 2. Lipid Parameters in the Cases and Controls (P ≤ 0.05 Denotes Statistical Significance)
Parameters Cases (Mean ± SD) Controls (Mean ± SD) P value
TC (mg/dL) 139.8 ± 24 111.3 ± 14.7 ≤ 0.05
TG (mg/dL) 81.8 ± 15.3 63.4 ± 10.8 ≤ 0.05
HDL (mg/dL) 37.8 ± 5.2 41.4 ± 4.5 ≤ 0.05
LDL (mg/dL) 85.2 ± 22.2 57.5 ± 14.1 ≤ 0.05
LDL/HDL 2.3 ± 0.7 1.4 ± 0.4 ≤ 0.05
TC/HDL 3.8 ± 0.8 2.7 ± 0.5 ≤ 0.05
Abbreviations: TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low density lipoprotein

Table 3. Comparison of hs-CRP and Carotid IMT between the Cases and Controls
Parameters Cases (Mean ± SD) Controls (Mean ± SD) P value
High sensitivity C-reactive protein (mg/L) 1.2 ± 0.77 0.79 ± 0.27 ≤ 0.05
Carotid intima media thickness (mm) 0.49 ± 0.09 0.42 ± 0.03 ≤ 0.05
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39 years of age) included in International Atherosclerosis 
Project, an autopsy study from 14 different countries (18). 
They showed that by 10 years of age, the autopsied aorta 
had fatty streak in the majority of subjects and some had 
coronary fatty streaks. Hence, it is justified to detect and 
track early dyslipidemia and other early markers of CAD 
from childhood.

Similarly, Sniderman et al. reported that children 
of patients with premature MI had significantly high 
lipid levels, except for HDL (19). Kelishadi et al. also 
demonstrated high levels of TC, TG, and LDL and low 
levels of HDL in children of patients with premature CAD 
(20). In the same line, Gulati et al. revealed that TC, LDL, 
and TG levels were significantly higher among children of 
patients with premature CAD compared to age- and sex-
matched controls (21). In contrast, Khalil et al. indicated 
no significant difference between the children of patients 
with proven CAD and healthy parents concerning the lipid 
profile (22).

In our study, LDL-C/HDL-C and TC/HDL-C ratios were 
significantly higher in the cases compared to the controls. 
Widhalm et al. also reported a significant difference 
between at risk and non-risk groups of children regarding 
HDL-C, TC/HDL-C, and LDL-C/HDL-C (23). LDL-C/
HDL-C ratio is an important predictor of CAD. A 1-unit 
change in this ratio has been reported to correspond to a 
37% change in the risk of CAD. Kelishadi et al. also showed 
higher levels of TC, TG, and LDL-C and lower levels of 
HDL-C in children of parents with premature CAD (20).

In the current study, lipid parameters were analyzed 
among the cases and controls according to 4 age groups 
(0 - 5, 6 - 10, 11 - 15, and > 15 years). The results showed 
a difference among all the age groups in the cases and 

controls regarding all the lipid parameters. The mean 
levels of TC and TG showed an increasing trend with age, 
except for > 15 years age group, in both cases and controls. 
However, the mean HDL-C and TG levels were not altered 
significantly with age. There is increasing evidence that 
inflammation plays an important role in pathogenesis of 
atherosclerosis and its complications. CRP is a member 
of pentraxine family of proteins and is an acute phase 
reactant. There is also evidence that CRP is an independent 
risk factor for atherosclerosis. It is likely that hs-CRP 
directly participates in atherogenesis by binding to the LDL 
particles in atherosclerotic plaques, leading to activation 
of the complement system.

The findings of the present study demonstrated a 
significant increase in hs-CRP levels in children of patients 
with premature CAD. hs-CRP level was 1.2 ± 0.77 mg/L 
in the cases and 0.60 ± 0.18 mg/L in the controls, and the 
difference was statistically significant. Sharma SB et al. 
also disclosed that hs-CRP levels significantly increased 
in young CAD patients compared to the normal subjects 
(24). Moreover, Cao JJ et al. showed that addition of CRP 
to conventional risk factors modestly increased the ability 
to predict CAD (25). Guran O et al. also demonstrated 
that children with risk factors (hypercholesterolemia, 
hypertension, obesity, low HDL-C, and familial history 
of Coronary Heart Disease (CHD)) had significantly higher 
serum levels of hs-CRP compared to the control group 
(3.33 ± 4.58 vs. 0.92 ± 1.90 mg/L, P < 0.01). Thus, they 
concluded that serum hs-CRP level was a useful marker 
in screening the children at risk of CHD in adulthood (26).

The results of our study showed significantly higher hs-
CRP levels in the male cases compared to the female ones. 
The hs-CRP level was 1.58 ± 0.84 mg/L in males and 1.03 

Table 4. The Correlations between hs-CRP and Carotid IMT and Lipid Profile, Blood Pressure, and Blood Sugar (P < 0.05 Denotes 
a Significant Positive Correlation)

hs-CRP Carotid IMT
SBP Correlation Coefficient 0.385 0.477

P value 0.014 0.002
DBP Correlation coefficient. 0.141 0.314

P value	 0.387 0.049
TC Correlation coefficient 0.523 0.507

P value 0.001 0.001
TG Correlation coefficient 0.389 0.388

P value 0.013 0.013
HDL Correlation coefficient 0.086 0.110

P value 0.597 0.498
LDL Correlation coefficient 0.463 0.435

P value 0.003 0.005
LDL/HDL Correlation coefficient 0.325 0.279

P value 0.041 0.081
TC/HDL Correlation coefficient 0.347 0.309

P value 0.028 0.053
Blood sugar Correlation coefficient -0.103 -0.083

P value 0.526 0.610
hs-CRP Correlation coefficient 1 0.810

P value 0.000
Abbreviations: BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; TG, 
Triglycerides; HDL, High Density Lipoprotein; LDL, Low Density Lipoprotein; hs-CRP, High Sensitivity C Reactive Protein; IMT, 
Intima Media Thickness
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± 0.63 mg/L in females (P = 0.02).
The current study also assessed the relationship between 

carotid IMT and vascular reactivity in patients with 
suspected CAD and/or symptomatic hypertension. The 
results showed a significant difference between the cases 
and controls regarding IMT. However, no significant 
difference was found between the male and female 
controls concerning IMT (P = 0.93). Comparison of age 
wise distribution also revealed no significant difference 
in IMT levels. Furthermore, the study results indicated a 
significant correlation between IMT and CRP and other 
lipid parameters (correlation coefficient of IMT and CRP = 
0.810, P < 0.001). Barra S et al. demonstrated that compared 
to the controls, the subjects with Parental History of 
Premature Myocardial Infarction (PHPMI) had increased 
IMT of common carotid arteries (mean of combined sites: 
0.444 (0.076) mm in the cases vs. 0.382 (0.062) mm in 
the controls, P = 0.001) (27). Additionally, Yang XZ et 
al. showed that the incidence of increased carotid artery 
IMT was significantly higher (P < 0.05) in the children 
with compared to those without positive family history of 
CAD (28). Cuomo S et al. also found that the subjects with 
parental history of premature MI had increased IMT of 
common carotid arteries (mean at 5 – 18 years of age: 0.45 ± 
0.076 mm vs. 0.40 ± 0.066 mm in the controls, P = 0.008) (29). 
Pourafkari et al. studied 400 subjects and obtained reference 
values of IMT in patients without any cardiovascular risk 
factors (30). Moreover, Cao JJ et al. found a significant 
association between CRP and IMT in predicting future CAD 
(25). Our study also revealed a significant positive correlation 
among early markers of atherosclerosis, namely hs-CRP, IMT, 
and lipid profile (P < 0.001).

Current studies suggest that the weight of heritability 
decreases whereas the influence of environmental and 
lifestyle factors increases with ageing (13-15). Thus, very 
young children of patients with early-onset atherosclerotic 
disease may represent an ideal study population for 
evaluation of the potential genes implicated in the 
pathogenesis of atherosclerosis. Therefore, all children 
of premature CAD patients, independent of sex and age 
groups, should be screened for dyslipidemia, so that dietary 
measures can be instituted as the first step towards a 
healthy lifestyle.

The present study had many limitations, the first of which 
being its small sample size. Secondly, we included the 
children of patients referring to a particular hospital, which 
might have caused selection bias. Thirdly, the cases were 
selected only from symptomatic patients with premature 
CAD, while there are asymptomatic CAD patients, as well. 
Thus, this may be considered a pilot study based on which, 
larger studies may be performed across the population to 
bring out a statistically powerful answer to these questions.

5.1. Conclusions
This study revealed that the children of patients with 

premature CAD had significantly higher incidence of 
dyslipidemia and significantly increased levels of the 
inflammation marker; i.e., hs-CRP, compared to the age- 
and sex-matched controls. This indicates that atherosclerosis 
is not only a disease of lipid deposition, but also an 

inflammatory process. This was further corroborated by 
demonstration of a significant rise in IMT (P < 0.001) in 
the cases compared to the controls. Yet, more studies with 
larger sample sizes are required to be performed across the 
population in order to validate the findings.
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