ORIGINAL ARTICLE

Small dense LDL and its Association with Hypertension:
a Case-Control Study
S Sharmin1, MM Hoque2, A Ahmed3, I Ara4, F Afrin5, S Islam6, S Akhter7
1Dept of Biochemistry, Holy family Red Cresent Medical College, Dhaka
2Dept of Biochemistry, Bangabandhu Sheikh Mujib Medical University, (BSMMU), Dhaka
3Dept of Biochemistry National Medical College, Dhaka
4Dept of Biochemistry, Popular Medical College, Dhaka
5Dept of Biochemistry, Ibn Sina Medical College, Dhaka
6Anser and VDP Hospital, shafipur, Gazipur
7Dept of Biochemistry, National Institute of Neuroscience, Dhaka

ABSTRACT
Hypertension is one of the most common diseases affecting humans throughout the world.
The commonest variety of hypertension is benign essential hypertension. Cardiovascular risk
is more in hypertensive patients as their lipid profile is more atherogenic than normotensive
subjects. Traditionally, estimation of total serum cholesterol and LDL-C are used as an
indicator of atherogenicity. But subjects may develop hypertension and CHD with normal
levels of LDL cholesterol. So assessment of LDL cholesterol concentration may not entirely
reflect its atherogenic potential. Because LDL-C is not a single entity rather it consists of
seven distinct subclasses of different particle size. The size of the LDL particle is inversely
correlated to their atherogenicity. Smaller LDL particles are more atherogenic despite their
less cholesterol content than the larger more buoyant LDL particles containing more
cholesterol. Therefore individuals having smaller LDL particles are more atherogenic and
more at risk to develop hypertension inspite of even normal LDL cholesterol concentration.
So measurement of small dense LDL particle is more important than any other lipid measure.
With this aim 122 subjects were included in this study, among them 82 were diagnosed cases
of essential hypertension with the mean age of 42.56±9.98 years and 40 were healthy
controls. Serum apo-B was measured in all study subjects. The amount of apoB is almost
similar in every LDL subtypes but the amount of cholesterol increases with the increasing
particle size. So the ratio of cholesterol to apo-B decreases as the particle size decreases, thus
LDL cholesterol / apo-B ≤ 1 indicates the presence of atherogenic small dense LDL. So the prevalence
of small dense LDL was evaluated by calculating the ratio of LDL-C/apo B. The ratio was significantly
lower in hypertensive cases (0.093±0.18) compared to controls, indicating presence of sd LDL in
hypertensive patients. When the risk ratio was calculated, the patients having small dense LDL in their
plasma were found to have 2.87 times more risk for developing CVD then the persons who doesn't
have small dense LDL in their plasma.
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Introduction
Hypertension is one of the most common
diseases affecting humans throughout the world.
About 3.45 billion adults in the world are
estimated to have hypertension. Untreated
hypertension affects all organ system and can
shorten one's life expectancy by 10-20 years1.
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Despite of its high prevalence and considerable
health impact in almost all population, knowledge on
risk factors for essential hypertension is still limited2.
Risk factors for the development of hypertension
include positive family history of hypertension,
hypercholesterolemia, obesity, sedentary life style,
high sodium intake, high dietary fat intake, alcohol
use, smoking and stressful lifestyle3.
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Elevated low density lipoprotein (LDL)
cholesterol concentration has been established as
a modifiable risk factor for hypertension.
Dyslipidemia, in addition to hypertension may play
an important role in initiation and progression of
atherosclerosis4. Clinical practice has traditionally
been based on the concentration of total serum
cholesterol total, triglyceride in plasma as well as
on LDL cholesterol and HDL cholesterol. Among
them, LDL cholesterol has been declared the most
important5.
LDL is the main carrier of plasma cholesterol
and probably the most atherogenic of all
lipoproteins and a major component of
atherosclerotic plaque6.
However, subjects may develop hypertension
and CHD with normal levels of LDL cholesterol
and
assessment
of
LDL
cholesterol
concentration may not entirely reflect its
atherogenic potential7. Because circulating LDL
particles differ in size, density, composition and
atherogenic potentials8.
LDL consists of at least seven distinct subclasses
of different particle size7. The sizes of the LDL
particles are inversely correlated to their
atherogenicity. Several lines of evidence
indicated that small LDL particle is a risk factor
for CHD7. Patients with predominantly small LDL
particles are considered to have more atherogenic
profile than those with larger particles despite of
identical total LDL cholesterol levels9. Smaller
and denser subtypes are less cholesterol containing
but more atherogenic than larger more buoyant
particles which are relatively cholesterol rich7.
The amount of apoB is almost similar in every
LDL subtypes but the amount of cholesterol
increases with the increasing particle size. So
the ratio of cholesterol to apo-B decreases as the
particle size decreases, thus LDL cholesterol/
apoB ≤ 1 indicates the presence of atherogenic
small dense LDL in hypertensive patients10.
So to assess accurately the risk from LDL, one
needs to know not only the amount of LDL
cholesterol but also the number and size of the LDL
particles11.
LDL particles become smaller and more
heterogeneous in hypertensive patients. But this
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dyslipidemia remain undetected by conventional
lipid assay. So subclinical (silent) atherosclerosis
develops and patients may present with
complications because the total number of LDL
particles is more important determinant of risk of
vascular disease than any other lipid measures8.
Apo-B also significantly increases in
hypertensive patients and the ratio of cholesterol
to apo-B significantly decreases in LDL and
IDL, which indicates the presence of Small
dense LDL4. Small dense (sd LDL) LDL is the
most common profile in patients with
hypertension and reduction in small dense LDL
may be associated with clinical benefit8.
In hypertensive patients, it is more important to
find out the presence of sd LDL as their lipid
profile is more atherogenic than those of
normotensive patients12. In our clinical practice
conventionally we measure traditional lipid
profile to assess the risk in hypertensive patients
where we evaluate LDL cholesterol not the LDL
particle size or number. Several times we find
normal lipid profile in essential hypertension.
This is quite expected if an individual contain
large number of sd LDL which are cholesterol
depleted but highly atherogenic. So normal or
even less LDL cholesterol concentration in an
individual may in disguise be the harbinger of
alarming metabolic and clinical scenario, that we
frequently miss looking at the individual through
the traditional window of lipid profile.
So assessment of LDL cholesterol concentration
may not entirely reflect its atherogenic potential.
Assessment of LDL particle size is more
comprehensive answer in this situation. So this
study has been planned to investigate the LDL
subtypes in patients with essential hypertension
with normal conventional lipid profile13.
Materials and Methods
This case-control study was conducted in the
department of Biochemistry, Bangabandhu Sheikh
Mujib Medical University, Dhaka, Bangladesh
during the period from july 2007 to june 2008. In
this study our aim was to see the preponderance of
sd LDL in essential hypertensive subjects.
Hypertension is defined as systolic blood pressure
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>140 mm Hg and/or diastolic blood pressure
>90 mm Hg or current treatment with
antihypertensive medication13. And essential
hypertension means that the underlying cause of
hypertension is unknown.
With this aim 82 diagnosed essential
hypertensive subjects of both sex and 40 age and
sex matched healthy controls were enrolled. All
the study subjects were non diabetic and subjects
having hepatic failure, renal failure, thyroid
disorders were excluded. Patients taking OCP, HRT
and lipid lowering drugs were also excluded. On the
basis of conventional lipid profile the cases were
subdivided into two groups as normolipidaemic and
dyslipidaemic. Dyslipidaemia was defined as total
cholesterol>150 mg/dl, triglyceride>150 mg/dl,
LDL cholesterol>100 mg/dl & HDL cholesterol<40
mg/dl in men; 50 mg/dl in women. ApoB was
measured in all study subjects. LDL-C/apoB<1
indicates presence of atherogenic sd LDL in
hypertensive patients. Chi-square test was done to
compare sd LDL between and within groups.
Result and Observation
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Table II. Shows small dense LDL status of the cases and
controls. x2 test of association revealed strong association of sd
LDL with essential hypertension.
Small dense LDL

Case
(n=82)

Control
(n=40)

Predominant
(LDL-C/apoB<1)

40 (48.8%)

10 (25%)
<0.001

Not
Predominant
LDL-C/apoB>1)

Characteristics

Age
Sex male

Healthy
controls
(n=40)

p-value

42.56±9.98

40.28±11.88

0.267

56

22

26
24.91±1.23

18
24.43±1.53

<0.05
female
BMI

0.481

p-value reached by unpaired t- test and chi square test.

30 (75%)

Table III shows the risk ratio of plasma sd LDL
taking serum LDL-C/apoB concentration <1 as a
cutoff point. Where the ratio <1 indicates presence
of sd <LDL in plasma. The persons having sd LDL
are at 2.87 times more risk for developing
cardiovascular events than those having serum
apoB/LDL-C>1.
Table III Risk ratio of high plasma sd LDL concentration in
relation to HTN.
Small dense LDL

Essential
hypertensive
subjects
Case (n=82)

42(51.2%)

Table II Small dense LDL status between case & control Pvalue reached by x2 test.

During the period of july '07 to june '08 a total
of 122 subjects of both sexes were selected for Predominant
the study of which 82 were hypertensive cases (LDL-C/apoB<1)
and 40 were healthy controls. The mean (±SD)
age of our cases and controls were 42.56±9.98 Not
Predominant
years and 40.28±11.80 years respectively. LDL-C/apoB>1)
Among cases 56 were male and 26 were female.
And in control group 22 were male and 18 were
female.
Discussion
Table I. Grouping of the study subjects with baseline
characteristics

P value

Case
(n=82)

Control
(n=40)

40

10

42

30

Odds
ratio

2.87

In this case-control study our aim was to see the
preponderance of small dense LDL in essential
hypertensive subjects. With this aim we have
measured serum lipid profile and apoB in all the
study subjects. Preponderance of small dense
LDL was evaluated by LDL-C /apoB ratio.
With respect to lipid profile, hypertensive
patients and healthy controls showed significant
difference which is in agreement with the
findings of other studies4,12,13,14.
When LDL-C/apoB ratio was taken into account
it was significantly lower in hypertensive cases
in comparison to the normotensive controls
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indicating the presence of small dense LDL in
hypertensive cases. Many other studies have
demonstrated abnormalities in LDL sub fraction
profile in patients with uncomplicated essential
hypertension. They observed that LDL particles
are on average smaller and heterogeneous in
hypertensive patients12,13,14.

5. Durrington, P & Sniderman, A. Lipids & lipoproteinstructure & physiology, in Durrington P, Sniderman
A, Fast Facts hyperlipidaemia, 3rd edn, Health press
limited, Oxford. 2005.

The prevalence of sd LDL was significantly
higher in hypertensive cases than normotensive
controls. That means small dense LDL is more
predominant in hypertensive subjects and it is not
independent of traditional lipid profile15. But it is
an important indicator of plasma atherogenicity in
patients with normal traditional lipid profile.

7.

Our present study shows association of sd LDL
with essential hypertension. Similar findings
were evident in 2 other studies4,12.
When the risk ratio was evaluated, the persons
having sd LDL in their plasma were at 2.87 times
more risk for developing hypertension than those
who does not have sd LDL in their plasma.
From this study it can be concluded that sd LDL
cholesterol predominate in individuals having
essential hypertension. The persons with sd
LDL in their plasma are at 2.87 times more risk
for developing hypertension when compared
with the healthy controls.
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