
INTRODUCTION

India is experiencing an alarming increase
in cardiovascular disease (CVD), which seems to
be linked to changes in lifestyle and diet, rapid
urbanization, and possibly an underlying genetic
component. The World Health Organisation (WHO)
estimates that, by 2010, 60 percent of the world’s
cardiac patients will be in India. About 50 percent
of CVD–related deaths occur among people
younger than 70, compared with about 22 percent
in the West. Between 2000 and 2030, about 35
percent of all CVD deaths in India will occur among
those aged 35 to 64, compared with only 12 percent
in the United States and 22 percent in China (Leeder
et al., 2004).

While the measurement of total cholesterol
(TC), low-density lipoprotein (LDL) cholesterol, and
high-density lipoprotein (HDL) cholesterol are
recommended in most current cardiovascular
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ABSTRACT

Cardiovascular disease (CVD) is multifactorial in etiology. No other life–threatening disease is
as prevalent or expensive to society as CVD.  Hence it is essential to diagnose the complications with
multi markers and inexpensive methods. Atherogenic dyslipidemia, metabolic syndrome, non-high-
density lipoprotein (non–HDL) cholesterol and lipid ratio offers the benefit of being an aggregate measure
and currently believed to contribute to atherosclerosis.  Therefore the present study was aimed to
investigate the role atherogenic dyslipidemia, metabolic syndrome, non–HDL cholesterol and the various
lipid ratios as an individual marker of cardiovascular events. Two hundred patients were recruited for
the study, of which hundred belongs to control and hundred were had CVD (test group). The result
showed that the test group have elevated levels of total cholesterol (TC), triglyceride (TG), low-density
lipoprotein (LDL) cholesterol, non-HDL cholesterol and various lipid ratios promotes CVD. Similarly,
decreased levels of high-density lipoprotein (HDL) cholesterol were associated with the development
of CVD. Atherogenic dyslipidemia and metabolic syndrome were also positively associated with CVD.
These are more sophisticated methodology than that used in routine clinical practice can identify
these multiple interrelated abnormalities.
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screening algorithms (Conroy et al., 2003), recent
guidelines have emphasized the importance of non-
high density lipoprotein (non–HDL) cholesterol as
a predictor of cardiovascular risk (Executive
summary of the Third Report of the National
Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, 2001), while others have
strongly advocated the use of specific lipid ratios
such as TC to HDL cholesterol, LDL to HDL
cholesterol, triglycerides (TG) to HDL cholesterol
and non-HDL cholesterol and HDL cholesterol
(Natarajan et al., 2003; Kinosian et al., 1994; Grover
et al., 1995).  The aim of the present study is to
focus the clinical utility of atherogenic dyslipidemia,
metabolic syndrome, non–HDL cholesterol and the
lipid ratios (TC to HDL cholesterol, LDL to HDL
cholesterol, TG to HDL cholesterol, non-HDL to HDL
cholesterol,) as an individual marker of
cardiovascular events.
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MATERIAL AND METHODS

Patients
The total number of patients included in

this study was 200, all registered for a medical
check-up at the Ramakrishna Nursing Home, Trichy,
between April 2006 to September 2007.  At the time
of admission or entrance all patients responded to
a standardized questionnaire covering many
personal details (such as smoking habit, alcohol
intake, physical activity, food habit, family history,
and medical information) organised by trained
interviewers. The study population consisted of 100
patients (test group) with a mean age of 59.4±8.2
years, the control group included 100 patients with
mean age of 54.3±6.0 years.

Characterization of the study subjects
According to NCEP ATP III standard

guidelines (Executive Summary of The Third Report
of The National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults,
2001), hypercholesterolemia and
hypertriglyceridemia were defined as TC and TG
levels of >200 mg/dL and >150 mg/dL, respectively.
Low-HDL cholesterolemia was defined as HDL
cholesterol level of <40 mg/dL. LDL
hypercholesterolemia was defined as >100 mg/dL.
Atherogenic dyslipidemia was defined as having
hypercholesterolemia, hypertriglyceridemia, and/or
low-HDL cholesterolemia. According to the NCEP
criteria, an individual may be diagnosed to have
metabolic syndrome if he or she has three or more
of the following: obesity, hypertriglyceridemia, low-
HDL cholesterolemia, hypertension and diabetes.

Biochemical parameters and Assay
Samples for the analysis of lipid profile

were obtained in the fasting state. The venous blood
samples were drawn into pyrogen-free blood
collection tubes without additive. TC and TG were
assayed by routine enzymatic methods using an
auto analyser.  HDL cholesterol was measured using
the same enzymatic method after precipitation of
the plasma with phosphotungstic acid in the
presence of magnesium ions. For cost reasons, LDL
cholesterol values have long been estimated using
the Friedewald formula: [TC] “ [total HDL cholesterol]

“ 20% of the TG value = estimated LDL cholesterol.
The VLDL cholesterol is estimated as one-fifth of
the TG.  Non-HDL cholesterol value has calculated
as TC “ HDL cholesterol. The value of TC to HDL
cholesterol ratio, LDL to HDL cholesterol, TG to HDL
cholesterol and non-HDL to HDL cholesterol ratios
were calculated by TC/HDL cholesterol, LDL/HDL
cholesterol, TG/HDL cholesterol and non-HDL/HDL
cholesterol respectively.

Statistical Analysis
Statistical analysis was performed with

SPSS 12 statistical software package. Data were
recorded on a pre-designed proforma and managed
on spreadsheet. Descriptive statistics for
quantitative variables were computed by mean and
standard deviation.  Means in the two groups were
compared by Student’s t-test. In this study, p<0.05
has been considered as statistically significant.

RESULTS

The study sample in control consisted of
58 males and 42 females and in test group 68 males
and 32 females. Baseline characteristics of the test
group (Table 1) were identified a predominantly male
cohort (68%), with a relatively high percentage of
smokers (48%), obesity (8%), diabetes (47%) and
hypertension (49%) when compare with control. The
percentage of hypercholesterolemia (44%),
hypertr iglyceridemia (53%), low–HDL
cholesterolemia (65%), high–LDL cholesterolemia
(50%), atherogenic dyslipidemia (21%) and
metabolic syndrome (32%) were higher in test group
when compare with control.

Table 2 summarises the baseline mean
levels of blood pressure and lipid data in the control
and test group. The mean values of sugar (p <
0.001), TC (p < 0.001), TG (p < 0.003), HDL
cholesterol (p < 0.001), LDL cholesterol  (p < 0.001),
VLDL cholesterol (p < 0.004), non-HDL cholesterol
(p < 0.001), TC to HDL cholesterol (p < 0.001), TG
to HDL cholesterol (p < 0.001), LDL to HDL
cholesterol (p < 0.001) and non-HDL to HDL
cholesterol (p < 0.001) in test group was higher than
in control.  There were a significant increase found
between test group and control in systolic BP
(p<0.03) and diastolic BP (p<0.02).
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Table 1: Clinical characteristic of the
study subjects

Control Test group
(n=100) (n=100)

Age 54.3±6.0 59.4±8.2
Elders e” 65 years (%) 4 21
Sex M/F 58/42 68/32
Family History of CHD (%) Nil (0) 11
Food Habit – Veg/Non-Veg (%) 91/9 93/7
Cigarette Smoking –
Ever/Never (%) 21/79 48/52
Alcohol Consumption –
Ever/Never (%) 9/91 10/90
BMI (%) 2 12
Obesity (%) 2 8
Physical Activity –
Low or Lack (%) 72 87
Diabetes (%) 20 47
Hypertension (%) 32 49
Hypercholesterolemia (%) 14 44
Hypertriglyceridemia (%) 33 53
Low-HDL cholesterolemia (%) 21 65
High-LDL cholesterolemia (%) 10 50
Atherogenic Dyslipidemia (%) 1 21
Metabolic Syndrome (%) 3 32

Table 2: Baseline mean levels of the blood
pressure and biochemical parameters

examined in serum samples of all patients

Control Test group

Systolic BP 123.5±11.3 127.3±14.7
Diastolic BP 81.8±7.8 84.4±8.9
Glucose 111.6±18.1 134.6±46.8
Total Cholesterol 165.3±29.9 202.0±41.4
Triglycerides 140.4±67.3 175.6±86.2
High-density
lipoprotein cholesterol 42.1±8.3 36.9±6.1
Low-density
lipoprotein cholesterol 95.2±25.6 137.4±41.9
Very Low-density
lipoprotein cholesterol 28.2±13.7 35.1±16.9
Non-HDL cholesterol 123.3±27.1 164.9±39.9
TC to HDL cholesterol 4.0±0.8 5.6±1.2
LDL to HDL cholesterol 2.4±0.8 3.8±1.2
TG to HDL cholesterol 3.4±1.7 4.8±2.5
Non-HDL to
HDL cholesterol 3.0±0.8 4.5±1.3

DISCUSSION

Atherogenic dyslipidemia, metabolic
syndrome, non-HDL cholesterol and lipid ratios were
positively associated with CVD.  The lipid triad occurs
commonly in persons with premature coronary heart
disease (CHD) (Austin et al., 1988; Austin et al.,
1990), hence the designation atherogenic
lipoprotein phenotype or atherogenic dyslipidemia.
Typical characteristics of persons with atherogenic
dyslipidemia are obesity, abdominal obesity, insulin
resistance, and physical inactivity (National
Institutes of Health, 1998; National Institutes of
Health, 1998). Many persons with type 2 diabetes
have atherogenic dyslipidemia (Kreisberg, 1998;
Verges, 1999; Durrington, 1999). In epidemiological
studies in high-risk populations, the contributions
of individual components of atherogenic
dyslipidemia to CHD risk cannot reliably be
dissected from the sum of lipid risk factors.  Although
there is evidence that each component of the lipid

triad—low HDL cholesterol, small LDL, and remnant
lipoproteins—is individually atherogenic, the relative
quantitative contribution of each cannot be
determined.  For this reason, it is reasonable to view
the lipid triad as a whole as a “risk factor.”

From a population viewpoint, the
increasing prevalence of the metabolic syndrome
threatens to partially reverse the reduction in CHD
risk that has resulted from a decline in serum LDL
cholesterol levels in the United States population,
which has occurred over the past three decades.
The metabolic syndrome and its associated risk
factors have emerged as a coequal partner to
cigarette smoking as contributors to premature CHD
(U.S. Department of Health and Human Services,
1996; Wilson et al., 1998; National Institutes of
Health, 1998; National Institutes of Health, 1998;
Assmann et al., 1998; Eckel and Krauss, 1998). In
addition, the insulin resistance accompanying the
metabolic syndrome is one of the underlying causes
of type 2 diabetes (Groop, 1999; Cavaghan et al.,
2000). For these reasons, ATP III places increased
emphasis on the metabolic syndrome as a risk
enhancer.
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Non–HDL cholesterol offers the benefit of
being an aggregate measure that includes the
concentrations of all lipoproteins currently believed
to contribute to atherosclerosis. By providing an
inclusive measure of all atherogenic particles, there
is a strong degree of biologic plausibility for the
hypothesis that non–HDL cholesterol is a superior
predictor of CVD. Not surprisingly, as TG increase,
non–HDL cholesterol correlates with apo B much
better than LDL cholesterol (Abate et al., 1993;
Ballantyne et al., 2001). Several groups encouraged
use of non–HDL cholesterol long before supporting
longitudinal epidemiologic data was published (Garg
and Grundy, 1990; Frost and Havel, 1998).

Two recent studies from the Framingham
Cohort Study (FCS) confirm what has been learned
about non–HDL cholesterol. First, Liu et al., (2006)
found that after multivariate adjustment, there was
no residual association between LDL cholesterol
and risk for CHD after accounting for non–HDL
cholesterol, whereas a strong positive and graded
association between non–HDL cholesterol and risk
for coronary disease after accounting for LDL
remained. More recently,  (Ingelsson et al., 2007)
reported improved discrimination, better model
calibration statistics, and a significant association
between non–HDL cholesterol and CHD after
adjusting for other risk factors. In their model, the
association between LDL cholesterol and CHD was
not significant.  Non–HDL cholesterol also appears
to be a superior predictor of subclinical
atherosclerosis.

Lipid parameters can be combined into
ratios that reflect the proportion of atherogenic to
antiatherogenic lipids and lipoproteins. With regard
to lipid ratios, the present study data are consistent
with prior reports that the ratio of TC to HDL
cholesterol, LDL to HDL cholesterol, non-HDL to
HDL cholesterol and TG to HDL cholesterol, (Castelli
et al., 1983; Grover et al., 1995; Natarajan et al.,
2003; Blake et al., 2002; Dobiasova, 2004) are
strongly associated with incident cardiovascular
events independently.

Perhaps the most widely used ratios are
LDL to HDL cholesterol and TC to HDL cholesterol.
Retrospective analysis of the Helsinki Heart Study
(HHS) revealed that LDL to HDL cholesterol values

>5 were associated with increased coronary risk
(Manninen et al., 1992), whereas an analysis of 5-
year data from the Program on the Surgical Control
of the Hyperlipidemias (POSCH) study found that
the highest hazard ratios were for LDL to HDL
cholesterol, with each 1-unit increment associated
with a 1.2-fold increase in CHD risk (Buchwald et
al., 2001).

The ability of the TC to HDL cholesterol
ratio to predict development of CHD has been
evaluated by statistical tests that compared this ratio
with other lipid measures (Kinosian et al., 1994).
The TC to HDL cholesterol ratio was superior to
LDL to HDL cholesterol in the Lipid Research Clinics
Coronary Primary Prevention trial (LRC-CPPT)
cohort, an advantage that may be due to the
inclusion of potentially atherogenic VLDL cholesterol
(a surrogate for TG) in the numerator of the TC to
HDL cholesterol ratio. In addition, analysis of the
association between TC to HDL cholesterol and 8-
year CHD risk among Framingham men and women
revealed a continuous increase in risk with
increasing ratio (Kinosian et al., 1994).  Thus, on
the basis of the data in this study, as well as other
nested case-control studies that have found the ratio
of TC to HDL cholesterol to perform favorably.
However, the present investigation showed that, high
TG to HDL cholesterol ratio was as strong a lipid
predictor of CHD as the widely used TC to HDL
cholesterol ratio.  Thus, the ratio of TG to HDL
cholesterol is likely to be the result of metabolic
interactions, which may confer greater risk than the
isolated factor in either (Lianqun et al., 2006). As a
result of this interrelation between TG and HDL
cholesterol, recent focus on high TG-low HDL
cholesterol abnormality has grown considering risk
assessment and drug therapy for CHD (Gaziano et
al., 1997; Rizos and Mikhailidis, 2002).
Nevertheless, few data are available at this time
regarding the relation of the non-HDL to HDL
cholesterol ratio to CHD risk.

CONCLUSION

Non-HDL cholesterol shows a significant
correlation with CVD and it has been useful to
identify high-risk individuals.  Cholesterol ratio is a
simple approach for lipid risk assessment. This ratio
reflects two powerful components of risk. A high
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TC, TG and LDL cholesterol is a marker for
atherogenic lipoproteins, whereas low HDL
cholesterol correlates with the multiple risk factors
of the metabolic syndrome and probably imparts
some independent risk. A final advantage of non–
HDL cholesterol and the various lipid ratios are that
it can be readily calculated from the values obtained
on a routine lipid profile.
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