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ABSTRACT
Incidence of cardiovascular disease in adulthood could not be separated from the continuous interaction from 
infancy through adolescence. Some risk factors for cardiovascular disease occurred since his teens. High level of 
low-density lipoprotein and cholesterol is often indicative of increased risk for cardiovascular disease. The ratio 
of LDL to HDL and total cholesterol to HDL can be used to reveal the risk of it. This research is to estimate the 
influence of 12 potential factors and to find association of BMI and waist to hip ratio with the level of LDL to HDL 
and total cholesterol to HDL ratio. A correlation ratio (ETA) design study using primary data which are gathered 
prospectively among random adolescents in Jambi whose BMI is under weight, normal, overweight, and obese that 
could participate on the day of the survey. Data on 12 potential factors including daily intake, physical activity, 
and family history were collected three days. We administered a questionnaire and measured BMI and waist to hip 
ratio to assess statistical relation with the level of LDL to HDL and total cholesterol to HDL ratio. Category of LDL 
to HDL and total cholesterol to HDL ratio was stratified from high risk and low risk. Examination of lipid profiles 
was done at the clinical laboratory of Abdul Manap Regional Public Hospital in Jambi. Duration of research was 
about 3 months. The study included 50 people with age span of 16 to 20 years old with all of them had low level 
of LDL to HDL and total cholesterol to HDL ratio. Most of samples were underweight (42%) resulting low risk 
for cardiovascular disease as well as normal (24%), overweight (26%), and obese (8%) people. BMI was likely 
to influence the low level of LDL to HDL (ƞ2=0,705) and total cholesterol to HDL ratio (ƞ2=0,765), confirmed 
statistically significant. 94% samples with low risk category of waist to hip ratio were likely to have low risk for 
cardiovascular disease. Waist to hip ratio influenced the low level of LDL to HDL (ƞ2 =0.003) and total cholesterol 
to HDL ratio (ƞ2 =0.021). Other factors that associated with the level of LDL to HDL and total cholesterol to HDL 
ratio were frequency of daily intake including fruit, vegetables, and snacking consumption, physical activity, and 
family history of uncommunicable disease. The strongest association was a relation of the level of LDL to HDL and 
total cholesterol to HDL ratio with Body Mass Index. By knowing the risk factors, cardiovascular disease can be 
prevented at earlier age.
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Introduction
Cardiovascular disease is a general term to indicate the presence 
of abnormalities in the heart and blood vessels. Coronary heart 
disease and stroke belong to the abnormalities of blood vessels 
of the heart and brain, either single or pair. The risk factor of 

cardiovascular disease (CVD) can be divided into two, namely 
uncontrolled and controlled factors [1].

The uncontrolled factors are age, sex, and family heart disease 
history. While the controlled ones are cholesterol content in the 
blood, hypertension history, diabetes mellitus, obesity, bad life 
style such as smoking, seldom doing sports, and stress. These 
factors are the ones that accelerate or worsen the cardiovascular 
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disease. Of those risk factors, high cholesterol content is the major 
factor [2].

In the past it was the elderly people who aged above 60 years old 
suffering the disease because an age was one of the risk factors to 
have heart disease and stroke. But now there is a tendency that it 
is also suffered by patients under the age of 40 years old. This can 
happen because of lifestyle changes, especially in modern urban 
adolesents [3]. 

Incidence of cardiovascular disease in adulthood could not be 
separated from the continuous interaction from infancy through 
adolescence. According to the result of research conducted by 
the scientists of the University of California, San Francisco and 
published in the Journal of Annals of Internal Medicine, young 
people in their 20s needed to pay attention to cholesterol because 
if it had high value it could damage blood vessels and trigger a 
cardiovascular disease. In the research, a team led by Dr. Mark 
Pletcher monitoreda group of respondents aged 18 to 30 years. 
This monitoring was carried out for 20 years. The research result 
showed that the high cholesterol content at a relatively young age 
increased the risk of heart disease and stroke when reaching an old 
age [3].

Hypercholesterolemia is caused by several factors. They include 
the factors of heredity, obesity, lack of exercise, diet, stress-, 
and smoking habits. The prevalence of hypercholesterolemia in 
Indonesia tends to be more in women than men of 55 years old 
and above in urban areas. The data show that the prevalence of 
hypercholesterolemia of people aged 20-34 years old is 9.3%, and 
aged 55-64 years old 15.5%, in women 4.5%, men8.6%, in urban 
population 13.3%, and rural population 10.9% [4].

The 1986 Household Health Survey (HHS) conducted in 7 
provinces in Indonesia resulted in the prevalence of coronary 
disease and others in the 15-24-year-old group which was 18.3 per 
100,000 people. This number increased sharply in the 45-54-year-
old group which was 174.6 per 100,000 people and 461.9 per 
100,000 people at 55 years old and above. While deaths due to 
cardiovascular with the major causes of ischemic heart disease and 
others were17.5 per 100,000 people and deaths associated with the 
disease were 27.4 per 100,000 people [4] (Figure 1).

Cholesterol is one of the main risk factors triggering atherosclerosis 
(the hardening of arteries). Deposition of the cholesterol on the 
inner walls of the arteries can disturb the flow of the blood and 
inhibit oxygen to reach the heart muscle and blood vessels of the 
brain that it can eventually lead to heart attacks and stroke. The 
amount of cholesterol in the blood circulation is affected by the 
amount of cholesterol produced by our body [5,6].

In line with the advances in knowledge and examination 
technology, based on the recognition of lipoproteins, in 1970 beta-
lipoprotein was examined and in the end of 1970 the examination 
was carried out with low density lipoprotein (LDL) and high 
density lipoprotein (HDL). In this case, the examination was 

focused on the contents of HDL and LDL cholesterol. The latter 
is considered as a bad one and the former is considered as a good 
one/protector [5,6].

The ratio of LDL to HDL cholesterol and the ratio of total 
cholesterol and HDL can be used to assess the risk of CVD. This 
ratio is the most predictive value for the incidence of atherosclerosis. 
Maintaining a good ratio of LDL to HDL cholesterol and the ratio 
of total cholesterol to HDL is a good way to reduce the risk of heart 
disease and stroke [5,6].

Previous research showed that being overweight increases the 
risk of heart disease. Obesity indicators such as Body Mass Index 
(BMI) are still used by researchers as an instrument to predict 
health problems. Waist to hip circumference ratio (the figures 
obtained from the results between waist size and hip size) and 
self-measurement of waist circumference was also an accurate 
instrument for identifying anyone at highest risk. Some people 
who had a normal BMI score but had an above-average waist 
circumference score were at significantly higher risk for CVD [3]. 

The presence of risk factors for CVD, especially the controllable 
one, is an interesting phenomenon for further investigation. The 
following study aimed to relate the ratio of LDL to HDL cholesterol 
and the ratio of total cholesterol to HDL cholesterol with BMI and 
the ratio of waist to hip circumference of the urban adolescents in 
Jambi city against their relationship with the risk of CVD.

Risk Factors of Cardiovascular Disease (CVD)
There have been found several factors known as risk factors 
that increase susceptibility to the occurrence of CVD in certain 
individuals. They are divided into two, namely uncontrollable 
factors and controllable factors. Biological factors that are 
uncontrollable include age, sex, and history of CVD in the family 
[7].

Uncontrollable Factors [7]
Age
Vulnerability to coronary heart disease increases along with the 
increase of age of an individual. Age over 45 years in men and 55 
years in women are the most vulnerable ages for this disease.

Sex
On the whole, the cardiovascular disease is more risky in men than 
in women. Women are relatively immune to this disease until the 
age of after menopause, and then become as vulnerable as men in 
menopause. The protective effect of estrogen is thought to explain 
the presence of female immunity at the age before menopause. It 
is assumed that the higher the content of estrogen in the body, the 
higher the content of HDL cholesterol, which one of its functions 
can reduce and inhibit the process of atherosclerosis in the blood 
vessels, including the blood vessels of the heart and brain. 

History of heart disease in the family
The presence of a family history of heart disease, a brother 
or a parent having cardiovascular disease before the age of 50, 
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increases the likelihood of early atherosclerosis. The offspring 
of a person with early CVD are known to cause changes in early 
atherosclerotic indication, for instance reactivity of the brachial 
artery and increased carotid artery intima tunica and thickening of 
the media tunica. The presence of hypertension such as an increase 
in homocysteine and increased lipid is found in the individual. 
The presence of family history reflects a genetic predisposition to 
endothelial dysfunction in coronary arteries. 

Controllable Factors
Hypercholesterolemia
When consuming a lot of food containing cholesterol, one will 
have excessive cholesterol content in his/her blood. It is called 
hypercholesterolemia [9]. Excessive cholesterol content in blood 
will be stored in the lining of artery walls as plaque which then 
becomes harmful to the body. An increase in cholesterol levels 
whose figure is more than 200 is the most important single risk 
factor in the CVD [8]. 

Hypertension
Chronic high blood pressure mainly affects the heart and arteries. 
Having high blood pressure means the heart must work harder 
than usual and circulate blood throughout the body. After a time 
this makes the heart wear out, and like other muscles, enlarged 
by excessive effort, which affects its work in pumping blood 
[2]. Consequently, ventricular hypertrophy occurs to increase 
contraction strength. However, the ability of the ventricles to 
maintain cardiac output with compensatory hypertrophy is 
ultimately exceeded, and dilatation and heart failure occur. 
The heart is increasingly threatened by the increasingly severe 
atherosclerosis [8]. 

Diabetes Mellitus
Diabetes mellitus induces hypercholesterolemia and significantly 
increases the likelihood of atherosclerosis. It deals with the 
proliferation of smooth muscle cells in coronary artery blood 
vessels, cholesterol synthesis, triglycerides and phospholipids, 
elevated levels of LDL and low HLD levels.

Ratio of LDL to HDL Cholesterol and total cholesterol to HDL
A number of researches conducted by the experts made criteria for 
figures of threshold limit of fat profiles such as total cholesterol, 
LDL, HDL, and triglycerides. The purpose was that if the figure 
was met, one would be considered having low risk on the formation 
of plaque on the arteries that can lead to heart attack and stroke. 
But it is not easy to meet all the fat profiles in the blood at low 
levels, while total cholesterol, LDL, and triglycerides are within 
the limits of the specification, to easily memorize the figure of 
threshold limit of cholesterol and triglyceride, the following table 
describes the summary of them [9] (Table 1).

Ratio of Waist to Hip Circumference
Knowing the total of fat in the body is important to find out the 
obesity level or risk of having a disease. It is necessary to find 
out where the fat distribution/location is. Fat around the abdomen 
causes higher health risk than that around the thigh or other parts 

of the body. To find out the fat is by measuring waist circumference 
[10-12].

Ratio of waist and hip circumference is a way of assessing of 
finding out the distribution or location of fat around the abdomen 
and hip because it causes higher health risk than the fat in thigh 
area or other parts of the body. Ratio of waist to hip circumference 
is used to measure one’s risk of cardiovascular disease [13]. The 
normal value of the ratio is less than 0.80 for women and less than 
0.90 for men. The higher value indicates a person is at high risk of 
cardiovascular disease (CVD) [14]. The threshold limit of ratio of 
waist/hip circumference (Table 2).

Table 1: Threshold Limit of Cholesterol and Triglyceride Levels in Blood.

Measurement Man Woman

Increased
Risk

Very 
Increased 

Risk

Increased
Risk

Very 
Increased 

Risk

Waist circumference
Ratio of > 94 cm > 102 cm > 80 cm > 88 cm

Waist circumference/
hip circumference 0.9 1.0 0.8 0.9

Table 2: Threshold Limit of Ratio of Waist/Hip Circumference.

Body Mass Index
BMI is interpreted differently for children and teens even though 
it is calculated as weight ÷ height [2]. Because there are changes 
in weight and height with age, as well as their relation to body 
fatness, BMI levels among children and teens need to be expressed 
relative to other children of the same sex and age. These percentiles 
are calculated from the CDC growth charts, which were based on 
national survey data collected from 1963-65 to 1988-94.

The BMI-for-age percentile growth charts are the most commonly 
used indicator to measure the size and growth patterns of children 
and teens in the United States. BMI-for-age weight status categories 
and the corresponding percentiles were based on expert committee 
recommendations and are shown in the following table [15]. The 
threshold limit of Body Mass Index (Table 3).

Weight status category Percentile range

Underweight  Less than the 5th percentile

Normal 5th percentile to less than the 85th percentile

Overweight 85th to less than the 95th percentile

Obese Equal to or greater than the 95th percentile

Table 3: The threshold limit of Body Mass Index.
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Correlation between Body Mass Index (BMI) and Waist to Hip 
ratio and Risk of Having Cardiovascular Disease
A big waist circumference (reflecting abdomen fat) is very 
dangerous. Bigger hip circumference can protect against the 
cardiovascular disease. Ratio of waist to hip circumference is the 
best assessment of obesity to measure the risk of heart attack. It 
is concluded in the global research of the experts of Mc Master 
University of Canada, published in the newest journal of the 
Lancet. If obesity is determined by using the ratio of the waist 
and hip circumference, in addition to using Body Mass Index, one 
is increasingly at risk of getting heart attack by threefold [13]. 
Previous study showed that obesity increased the risk of heart 
disease. It was conducted in the population of Europe and North 
America that the result of the study in the other population was 
seldom found [16].

Methods
A correlation ratio (ETA) design study approach on the relationship 
between cardiovascular risk factors viewed from the ratio of 
BMI and ratio of waist to hip circumference with ratio of LDL 
to HDL and ratio of total cholesterol to HDL. All sample data 
were taken from primary data which are gathered prospectively 
among random adolescents in Jambi whose BMI is underweight, 
normal, overweight, and obese that could participate on the day 
of the survey. Data on 12 potential factors including daily intake, 
physical activity, and family history were collected three days. We 
administered a questionnaire and measured BMI and waist to hip 
ratio to assess statistical relation with the level of LDL to HDL and 
total cholesterol to HDL ratio. Category of LDL to HDL and total 
cholesterol to HDL ratio was stratified from high risk and low risk. 
Examination of lipid profiles was done at the clinical laboratory 
of Abdul Manap Regional Public Hospital in Jambi. Duration of 
research was about 3 months. 

Results
The study included 50 people with age span of 16 to 20 years 
old. There were 12 people (24%) having normal BMI, 21 people 
(42%) having BMI below normal (underweight), 13 people (26%) 
having BMI above normal (overweight), and 4 people (8%) having 
obesity. The ratio of waist to hip circumference from the samples 
show that 3 people (6%) having high risk category and 47 people 
(94%) having low risk category. The frequency of all potential 
factors is listed in the table below (Table 4).

Table 4: Frequence of all potential factors.

All of samples had low level of LDL to HDL and total cholesterol 
to HDL ratio (Chart 1). Most of samples were underweight who 
show the result of developing low level of LDL to HDL ratio and 
total cholesterol to HDL ratio as well as normal, overweight, and 
obese people.

Chart 1: Distribution and Frequence of the ratio of LDL to HDL and total 
cholesterol to HDL.

Theoretically, the excessive body weight increases the risk of 
CVD by looking at the blood cholesterol content because the body 
weight can affect one’s cholesterol value. Each loss of 1 kilogram 
(2 pounds), the HDL can increase 0.35 mg/dl and approximately 1 
mg/dl for every 3 kg (6 pounds). Calculating the ratio of LDL and 
HDL is one way of measuring the cardiovascular risk factor. This 
ratio is the most predictive value for atherosclerosis incidence. If 
the ratio of LDL to HDL is more than 3, it can increase the risk 
of CVD [13]. This study aimed to find out if BMI correlated with 
the assessment of cardiovascular risk factor based on one’s ratio 
of LDL to HDL and total cholesterol to HDL using correlation 



Volume 2 | Issue 1 | 5 of 5J Med - Clin Res & Rev, 2018

ratio design study. BMI was likely to influence the low level of 
LDL to HDL ratio (ƞ2=0,705) and total cholesterol to HDL ratio 
(ƞ2=0,765), confirmed statistically significant. 94% samples with 
low risk category of waist to hip ratio were likely to have low risk 
for cardiovascular disease. Waist to hip ratio influenced the low 
level of LDL to HDL (ƞ2 =0.003) and total cholesterol to HDL 
ratio (ƞ2 =0.021). Other factors that associated with the level of 
LDL to HDL and total cholesterol to HDL ratio were frequency of 
daily intake including fruit, vegetables, and snacking consumption, 
physical activity, and family history of incommunicable disease 
(Tables 5 and 6).

Table 5: Correlation of the potential factors with ratio of LDL to HDL 
cholesterol.

Table 6: Correlation of the potential factors with ratio of total cholesterol 
to HDL.

Conclusion
The strongest association was a relation of the level of LDL to 
HDL and total cholesterol to HDL ratio with Body Mass Index. By 
knowing the risk factors, cardiovascular disease can be prevented 
at earlier age.

Acknowledgments
Thank to Prof. DR.dr. Zarkasih Anwar, Sp.A (K) and Dr. Kemas 
Ya’kub R, Sp.PK who assist me to finish my research, and all those 
who help me collect the data.

References
1. Ghanie, Ali. Diagnosis and treatment for cardiovascular 

disease. In proceeding book of cardiology symposium. 2001; 

Palembang.
2. Brown C. Coronary atherosclerotic disease. Inside: Price A 

Sylvia, Wilson M Lorraine, ads. Pathophysiology: Clinical 
concept of disease. Jakarta: EGC. 2006; 576-611.

3. Manninen V, Tenkanen L, Koskinen P, et al. Joint effects of 
serum triglyceride and LDL cholesterol and HDL cholesterol 
concentrations on coronary heart disease risk in the Helsinki 
Heart Study. Implications for treatment. Circulation. 1992; 
85: 37-45.

4. http://www.who.int/cardiovascular_disease/en/
5. Criqui MH, Golom BA. Epidemiologic aspects of lipid 

abnormalities. Am J Med. 1998; 105: 48S-57S.
6. Walldius G, Junger I, Aastveit A, et al. The apoB-apoA-I ratio 

is better than the cholesterol ratios to estimate the balance 
between the plasma proatherogenic and antiatherogenic 
lipoproteins and to predict coronary risk. Clin Chem Lab 
Med. 2004; 42: 1355-1363.

7. Castelli WP, Anderson K, Wilson PW, et al. Lipids and 
risk of coronary heart disease: the Framingham Study. Ann 
Epidemiol. 1992; 2: 23-28.

8. Grundy SM. Small LDL, Atherogenic dyslipidemia, and the 
metabolic syndrome. Circulation. 1997; 951-954.

9. Miller GJ, Miller NE. Plasma high density lipoprotein 
concentration and development of ischaemic heart disease. 
Lancet. 1975; 116-119.

10. Not Available, Final report: Canadian Consensus Conference 
on the prevention of heart and vascular disease by altering 
serum cholesterol and lipoprotein risk factors. CMAJ. 1988; 
1391-1398.

11. Kannel WB, Neaton JD, Wenworth D, et al. Overall and 
coronary heart disease mortality rates in relation to major risk 
factors in 325,348 men screened for the MRFIT. Am Heart J. 
1986;112825- 836

12. Castelli WP, Garrison RJ, Wilson PWF, et al. Incidence of 
coronary heart disease and lipoprotein cholesterol levels: the 
Framingham Study. JAMA. 1986; 256: 2835-2838.

13. Armato J, Reaven G, Ruby R. Triglyceride/High-Density 
Lipoprotein Cholesterol Concentration Ratio Identifies 
Accentuated Cardio-Metabolic Risk. Endocrine practice: 
official journal of the American College of Endocrinology and the 
American Association of Clinical Endocrinologists. 2015; 1-18.

14. Bacopoulou F, Efthymiou V, Landis G, et al. Waist 
circumference, waist-to-hip ratio and waist-to-height ratio 
reference percentiles for abdominal obesity among Greek 
adolescents. BMC pediatrics. 2015; 15: 50.

15. Maruyama C, Imamura K, Teramoto T. Assessment of LDL 
particle size by triglyceride/HDL-cholesterol ratio in non-
diabetic, healthy subjects without prominent hyperlipidemia. 
Journal of atherosclerosis and thrombosis. 2003; 10: 186-191.

16. Hadaegh F, Khalili D, Ghasemi A, et al. Triglyceride/HDL-
cholesterol ratio is an independent predictor for coronary heart 
disease in a population of Iranian men. Nutrition, metabolism, 
and cardiovascular diseases: NMCD. 2009; 19: 401-408.

© 2017 Aurora B, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License


