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ABSTRACT
Objective Low density lipoprotein (LDL) particles are
heterogeneous in terms of size, density, chemical
composition and electric charge with certain particle of
LDL being more atherogenic than the others. The present
study aimed to look at the LDL particle heterogeneity,
particle size and association with other cardiovascular
disease (CVD) risk factors in young Indian industrial
population.
Methodology 600 employees of an industry of Delhi,
aged 20-39 years were selected for the study. Data on
demographics, individual characteristics associated with
major risk factors of CVD, past medical history, clinical
and anthropometric profile was collected. Fasting
glucose, lipid profile, apolipoprotein (A1, B, and E),
lipoprotein (a), high sensitive C-reactive protein (hsCRP)
and insulin were estimated. LDL particle size was
determined in ethylenediamminetetraacetate (EDTA)
plasma by 3% polyacrylamide gel electrophoresis.
Result We found a prevalence of small dense LDL
phenotype (LDL size ≤ 26.3) in 27.4% of males and
24.0% of females. The mean waist circumference, blood
pressure, triglycerides (TAG), cholesterol, hsCRP,
apolipoprotein (A1, B and E) and insulin were higher in
males whereas mean high density lipoprotein was higher
in females. Females also had a significantly higher mean
LDL particle diameter as compared to males.
Conclusion TAG, physical activity and lipoprotein (a)
correlated with small dense LDL in this young Indian
population.

INTRODUCTION
Low density lipoprotein (LDL) is recognised as an
important risk factor for coronary artery disease
and is the main target for lipid lowering therapy.1

LDL particles are heterogeneous in terms of size,
density, chemical composition and electric charge,2

with certain particles of LDL being more athero-
genic than the others. A number of case control
and prospective studies3–5 from different parts of
the world have found association between small,
dense, LDL particles and increased risk of coronary
heart disease (CHD). Small, dense, LDL occurs
along with other well-recognised risk factors, such
as increased plasma triglycerides and apolipopro-
tein (Apo) B, as well as decreased high density
lipoprotein (HDL) cholesterol levels.

The greater atherogenecity of small, dense, LDL
is due to a number of factors. The small, dense,
LDL particle shows much greater susceptibility to
oxidation,6 has a decreased affinity for LDL recep-
tor,7 binds to the arterial wall with more affinity,8

and crosses the arterial wall more readily.9

Furthermore, the small, dense, LDL particle also
has a negative effect on endothelial function.10

Lipid lowering trials also support the role of small,
dense, LDL in CHD progression.11 However, evidence
in the literature is conflicting with a few prospective
and case control studies showing that small, dense,
LDLs are not risk factors for CHD.12–15 Some of
these studies have in fact suggested that large LDL
particles may also be associated with CHD.12

About 30%–60% of the variance in LDL particle
size is attributable to genetic factors, and the
remainder due to non-genetic influences. A number
of environmental factors, like food, physical activ-
ity, abdominal obesity, insulin resistance and hyper-
insulinemia affect the LDL particle size. LDL
particle size is under the influence of a number of
genes, which include: Apo E, hepatic lipase, choles-
terol ster transfer protein (CETP), LPL and the
ApoA1/C3/A4/A5 cluster.

Reports from India and abroad have demon-
strated that Indians have a high propensity to cor-
onary artery disease (CAD) compared with other
ethnic groups despite lower prevalence of conven-
tional risk factors. To the best of our knowledge,
no study has evaluated LDL heterogeneity in the
resident Indian population and its association
with other established cardiovascular risk factors.
Study of LDL heterogeneity may be particularly
important as Indians have an atherogenic/meta-
bolic profile, and small, dense, LDL may be part of
this multifaceted phenotype.

The present study aimed to look at the (a) LDL
particle heterogeneity in a young industrial popu-
lation from India. (The industrial setting may not
be representative of the general population. The
participants in this study formed a stable surro-
gate community for surveillance, unlike the
general population where loss to follow-up is high,
and continuous monitoring is difficult); (b) deter-
minants of LDL particle diameter in Indians and
(c) association between LDL particle size and
other cardiovascular disease (CVD) risk factors in
this population.

MATERIALS AND METHODS
All employees and family members of Bharat
Electronics Limited, an industry located in
Ghaziabad, New Delhi, who were below the age of
40 years, were eligible for the study. Of the total
subjects available, 600 individuals, aged 20–39 years
were selected by stratified random subsampling for
adequate representation of the two age deciles and
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sex groups. Data on demographics, individual characteristics asso-
ciated with major risk factors of CVD, past medical history, clin-
ical and anthropometric profile were collected. Information on
tobacco and alcohol use was obtained from all subjects. Subjects
were asked to describe their daily physical activity in the past
5 years as very light, light, moderate or heavy. Dietary informa-
tion with respect to consumption of egg, meat, chicken and fish
was collected.

For biochemical investigations, blood was collected after an
overnight fast of 10–12 h in one vacutainer with no additive, a
second vacutainer with EDTA as additive, and a third vacutainer
with fluoride as additive. Informed consent was taken from all
subjects as per the ethical guidelines of the institute. Plasma and
serum were separated. Serum was stored at −80°C till analysis.
Plasma glucose was estimated by GOD-PAP (glucose oxidase/
peroxidase-4-aminophenazonephenol; Randox) method, serum
cholesterol by CHOD-PAP (cholesterol oxidase/p-aminophenazone;
Randox) method, and serum triglycerides by GPO-PAP (glycerol
phosphate oxidase-peroxidase aminophenazone; Randox) method.
HDL was estimated by the precipitation method using phospho-
tungstate/magnesium-precipitation of apolipoprotein B containing
lipoproteins, followed by estimation of cholesterol in the super-
natant by enzymatic method. LDL was calculated using
Friedwald formula. Serum apolipoprotein A1, B, E and lipopro-
tein (a) were estimated using immunoturbidimetric kits from
RANDOX. HsCRP and insulin in serum were measured by
ELISA.

LDL particle size was determined in EDTA plasma by electro-
phoresis.16 Briefly, a 3% slab gel was prepared by mixing 3.7 ml
of solution 1, 3.7 ml of solution 2, 0.1 ml of tetramethyl ethyl-
enediamine (TEMED) and 0.5 ml of ammonium per sulphate
(APS). Samples prestained with Sudan Black were electrophor-
esed along run standards of known diameter, carboxylated
polystyrene beads (diameter 40.0 nm), apoferritin (diameter
12.2 nm) and thyroglobulin (diameter 17.0 nm). Electrophoresis
was performed in cold (4–8°C) using Tris borate EDTA (TBE)
buffer (90 mM tris base, 80 mM boric acid, and 3 mM EDTA,
pH 8.3). The gel was prerun for 10 min at 50 V. Samples were
run initially at 70 V for 30 min, followed by 125 V for 1 h, and
200 V for 1.5 h. Gel was allowed to remain in darkness for 1 h.

Densitometry was performed in a Helena electrophoresis data
center (EDC) system (Helena Laboratories). Particle diameter
corresponding to LDL peaks was calculated from a calibration
curve prepared from standards of known diameters which were
incorporated in every run.

STATISTICAL ANALYSIS
Statisticial analysis was carried out using SPSS (V.16) (SPSS Inc,
Chicago, Illinois, USA) software. Normality of the sampling
distribution of each variable was tested with the Lilliefors test
for normality (a modified Kolmogorov-Smirnov test). Baseline
characteristics and biochemical estimates in men and women
were compared using Student t test for continuous variables,
and χ2 test for categorical variables. p Value less than 0.05 was
considered significant. The distributions of all the biochemical
variables were not normal, and values were log transformed for
analysis. The Pearson correlation coefficients were computed to
assess the association between LDL size and other variables.
Standard regression analysis was carried out to study the inde-
pendent association between LDL size and other variables.

RESULTS
The characteristics of the employees of the industry under study
are listed in table 1. Fifty-five percent of the subjects were men,
and 45% were women. The mean waist circumference, blood
pressure, triglycerides (TAG), cholesterol, hsCRP, apolipoprotein
A, B and E and insulin were higher in men, whereas, mean HDL
was higher in women. Women also had a significantly higher
mean LDL particle diameter as compared with men. The distri-
bution of LDL particle size was Gaussian with a coefficient of
variation (CV) of 1.99%. Subjects who smoked tobacco had a
significantly lower (p=0.029) mean LDL particle diameter
(26.56±0.48 nm) as compared with non-smokers (26.72
±0.53 nm). Metabolic syndrome, as classified by International
Diabetes Federation criteria using cutoffs specified for Indians,
was present in 16.3% of this young population. Mean LDL par-
ticle diameter (26.56±0.54 nm) was significantly lower in these
subjects as compared with normal subjects (26.71±0.52 nm,
p=0.035).

A total of 34.6% of the subjects were nonvegetarians as
assessed by fish, meat and chicken consumption. Subjects were
asked if they ate chicken, fish and meat occasionally or regu-
larly. Mean LDL particle diameter did not differ between sub-
jects who consumed meat, chicken, fish and egg, and those
who did not; 2.7% of the subjects ate meat regularly. Although
mean particle diameter was lower in these subjects as com-
pared with others (26.48±0.76 nm vs 26.69±0.52 nm), the dif-
ference was not statistically significant.

Table 1 Characteristics of the study population
Men Women p Value
n=316 n=260

BMI (kg/m2) 23.35 (3.00) 23.13 (4.14) 0.466
WC (cm) 84.10 (9.14) 76.11 (12.63) 0.000
SBP (mm Hg) 120.88 (10.69) 110.79 (11.09) 0.000
DBP (mm Hg) 74.96 (9.04) 70.65 (9.45) 0.000
Glucose (mg/dl) 96.74 (16.67) 96.36 (23.57) 0.425
Cholesterol (mg/dl) 178.14 (35.09) 167.94 (35.47) 0.000
TAG (mg/dl) 138.53 (80.68) 104.44 (45.20) 0.000
HDL (mg/dl) 41.91 (7.82) 45.92 (9.79) 0.000
LDL (mg/dl) 108.52 (29.54) 101.14 (30.77) 0.002
LDL particle diameter 26.64 (0.53) 26.76 (0.50) 0.033
APO A1 (mg/dl) 158.06 (41.01) 142.10 (41.24) 0.000
APO B (mg/dl) 98.77 (36.11) 66.68 (28.97) 0.000
APO E (mg/dl) 2.08 (1.57) 1.26 (1.35) 0.000
Lipoprotein (a) (mg %) 7.74 (8.52) 6.70 (9.42) 0.649
hsCRP (mg/l) 0.49 (1.59) 0.40 (0.79) 0.000
Insulin (mIU/ml) 7.37 (5.86) 5.36 (3.76) 0.000

Values were log transformed for analysis.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TAG, triglycerides; HDL, high density lipoprotein; LDL, low density
lipoprotein; APO, apolipoprotein; CRP; C-reactive protein.

Table 2 Pearson correlation between low density lipoprotein (LDL)
particle diameter and other clinical and anthropometric variables
LDL- PD
Variable Pearson correlation coefficient p Value

Age 0.078 0.144
Smoking −0.116 0.029
Alcohol use −0.002 0.965
Physical activity 0.130 0.015
BMI −0.071 0.181
Waist circumference −0.052 0.327
SBP −0.154 0.004
DBP −0.124 0.019

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Bold font shows the significant correlations and their p-value.
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There was a strong positive correlation of LDL peak particle
diameter with physical activity (p=0.015). Systolic blood pres-
sure, diastolic blood pressure, and smoking showed a negative
correlation with LDL particle diameter, which was significant
(table 2).

Among the biochemical risk factors for CVD studied, trigly-
cerides and cholesterol levels showed a strong negative correl-
ation with peak LDL particle diameter (table 3). Triglycerides/
HDL which can be considered a surrogate marker for LDL par-
ticle diameter also showed significant positive correlation with
particle diameter. Lipoprotein (a) correlated negatively with
LDL particle diameter, and this correlation was significant.
Multiple regression analysis was performed to explore the rela-
tionship of LDL particle diameter with parameters which
showed significant associations in univariate analysis. Only
physical activity, triglycerides and lipoprotein (a) significantly
predicted LDL particle diameter (table 4).

Based on LDL particle diameter, the population was divided
into those with LDL particle diameter less than or equal to
26.3 nm (small/intermediate LDL), and those with particle
diameter more than 26.3 nm (large LDL);17 27.4% of the men
and 24.0% of women had small dense/intermediate phenotype.
Figure 1 depicts the distribution of cardiovascular risk factors
with different LDL phenotype in the two age categories.
Atherogenic B phenotype was associated with higher mean
Apo B and Lp(a) levels in subjects in the 30–39 years age cat-
egory. The ApoB/ApoA1 ratio was also significantly higher in
subjects with atherogenic phenotype (0.76±0.43 vs 0.60±0.38,
p=0.022). Subjects with B LDL phenotype also had higher
hsCRP and insulin levels; the difference, however, was not stat-
istically significant.

DISCUSSION
Data on distribution of LDL in resident Indian population are
limited. In this study of a young resident Indian industrial

population, using polyacrylamide slab gel electrophoresis to
characterise LDL particle size, we found a prevalence of small,
dense, LDL phenotype (LDL size ≤26.3 nm) in 27.4% of men
and 24.0% of women. Indians have higher triglycerides and
lower HDL as compared with Caucasians. Small, dense, LDL is
part of this atherogenic/metabolic profile. Differences in preva-
lence of small, dense, LDL have been reported in different
ethnic populations.18 A prevalence of small LDL particle size of
20%–27% is reported in European populations,15 27%–33% in
Americans,3 19 23%–27% in Japanese and Korean, and 7% in
Mongolians. In a study carried out in a small number (n=39)
of Asian Indians residing in UK, a prevalence of small, dense,
LDL was reported in 44%, as compared with 21% in whites.20

In a recent study, prevalence of small, dense, LDL of 12.5%–

14.2% was reported in migrant Indians, as compared with
15.7%–17.2% in rural Indians.21 In another study comparing
normolipidemic migrant, Asian Indians and Caucasians, a 15%
frequency of pattern B was reported in Indians as compared
with 41% in Caucasians.22 Genetic makeup and environment
factors are important determinants of sdLDL. A number of
studies have looked at factors associated with small, dense,
LDL. Gender has been reported to be a determinant of LDL
size, and decreased activity of hepatic lipase is the possible
reason for larger LDL diameter in women23 as compared with
men. A similar association was observed in the present study. A
smaller mean LDL particle diameter was found in the present
study in subjects with metabolic syndrome. Small, dense, LDL
has been reported in cross-sectional studies to be associated
with metabolic syndrome,24 and in a recent follow-up study,
small, dense, LDL was found to be independent predictors of
cardiovascular and cerebrovascular events in subjects with
metabolic syndrome.25 Metabolic syndrome is widely prevalent
in Indians, and small, dense, LDL may be an important compo-
nent of the syndrome in Indians. Among the components of
metabolic syndrome, triglycerides were significantly correlated
with small, dense, LDL, and so was triglyceride/HDL. A high
prevalence of small, dense, LDL (21.4%) was seen even in sub-
jects with low triglycerides (<133 mg/dl). In a study compar-
ing Koreans, Mangolians and Japanese, an ethic difference in
prevalence of small, dense, LDL was seen in subjects with low
triglycerides (<133 mg/dl), and the difference in the diet con-
sumed was attributed to it.26 Indians also consume a high
carbohydrate diet, and this excess carbohydrate is converted to
fat through de novo lipogenesis, thereby increasing very low
density lipoprotein (VLDL) production and small, dense, LDL
formation. Lipoprotein (a) was also significantly correlated
with small, dense, LDL in the present study. Moon et al27

found a similar correlation between sdLDL and Lp(a). Increased
oxidative stress is likely to increase both sdLDL and Lp(a), and
may explain the correlation between the two. Physical activity
was another important determinant of small, dense, LDL. Daily
physical activity showed correlation with LDL particle diameter
with higher particle diameter in subjects who were physically
more active, and 39% of the subjects did moderate to heavy phys-
ical activity. Those who did very light to light physical activity
had a mean particle diameter of 26.63±0.48 nm as compared
with 26.78±0.58 nm in those who did moderate to heavy phys-
ical activity. Moderate intensity exercise leads to increase in lipase
activity in muscle and liver, followed by increase in lipid uptake
and oxidation by muscles, and improved insulin action, lower tri-
glycerides, and large buoyant LDL.28 Among the apolipoproteins,
only apo B showed some association with LDL particle diameter.
Other factors, like insulin and hsCRP, did not show any correl-
ation with LDL size.

Table 3 Correlation of LDL particle diameter with lipids,
apolipoproteins, hsCRP and insulin
LDL- PD
Variable Pearson correlation coefficient p Value

Glucose (mg/dl) −0.089 0.149
Cholesterol (mg/dl) −0.118 0.026
Triglycerides (mg/dl) −0.273 0.000
HDL (mg/dl) 0.069 0.193
LDL (mg/dl) −0.089 0.096
TG/HDL −0.270 0.000
APOA1 (mg/dl) 0.046 0.395
APO B (mg/dl) −0.009 0.870
APO E (mg/dl) 0.020 0.714
Lipoprotein (a) (mg/dl) −0.119 0.031
hsCRP (mg/l) −0.032 0.553
Insulin (mIU/ml) 0.008 0.885

HDL, High density lipoprotein; LDL, low density lipoprotein; APO, apolipoprotein; CRP;
C-reactive protein.
Bold font shows the significant correlations and their p-value.

Table 4 Stepwise multiple regression analysis of correlates of low
density lipoprotein (LDL) particle size

Independent parameters R r2

Step 1 Triglycerides 0.27 0.07
Step 2 Physical activity, TAG 0.34 0.12
Step 3 Physical activity, TAG, Lp(a) 0.38 0.15

The independent parameters excluded were cholesterol and smoking.
TAG, triglycerides.
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The limitation of this study is that the population is mainly
composed of industrial employees and their family members,
and may not be representative of the general population.

In conclusion, triglycerides, physical activity and lipoprotein
(a) emerged to be important determinants of small, dense, LDL
in this young Indian population.
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